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E^xplnnntory  Note. 

Illustrated  articles  are  marked  witb  an  as- 
terisk (•).  Book  notices  are  denoted  by  a 
dagger  (t).  The  cross  references  condense 
the  matter  and  assist  the  reader,  but  are  not 
to  be  regarded  as  conclusive.  So,  It  there 
were  a  reference  from  "Boiler"  to  "Furnace" 
and  If  the  searcher  failed  to  find  the  required 
article  under  the  latter  word,  he  should  look 
through  the  "Boiler"  entries,  or  others  that 
the  topic  might  suggest,  as  he  would  have 
done  had  there  been  no  cross  reference.  Let- 
ters are  indexed  under  title  or  subject,  gen- 
eral articles  under  writer's  name  as  well. 
Not  all  articles  relating  to  a  given  topic  nec- 
essarily appear  under  the  same  entries. 
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•733,    ^764,    (Operation)    Hill 584 

Arch,  Would  it  affect  boiler's  operation? 
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Arches,  Furnace,   Firebrick.    Dixon. .^246,  449 
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Bearings,  Gas  engine.     Latta   19 
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Bearings,    Hot,    Glass    for.      Bailey    343, 

Davis     566 

Bearings,  Hot.  Sand  for.  Blessing,  Pe- 
trasek,  Blttenhouse,  Wlnterbottom, 
Reddle    127.    Wesley,    Maclean    240, 

Jones    343 

Bearings,  Llndhe  shim  for '230 

Bearings,   Troublesome.      Pagett    905 

Bearings,   Type   metal   tor   lining    567 

Bearings,  Valve-stem,  Grease  for.     Berna 

413,    Baker    635 

Bearings,  Wear  of,  and  unbalanced  air- 
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Some  exhaust  troubles    '872 
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Belliss   &  Morcom   tests    •138 

Belt  cement.  378,  (Waterproof)  Coch- 
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Belt,   Length  of.     Hirst  66,   Kent,  Jump  204 

Belt  side  next  to  pulley   567 
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Bending  pipe.      Terman   580,   Dlehl  748, 
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Benz  reversing  engine   473 
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Braces,   Effect  of  head  stiffness  on 843 

Braced  heater  heads.  Grandmontagne. .  *339 
Bracing,  Boiler.     A.  W.  T.  167,  Palmer.. •oSl 

Brake  horsepower   (Inq. )    241,  601 

Brake  test,  Small  gas  engine 551,  884 

Brakes,  Rope.     Smallwood   "754 

Brakpan  Mines  power   171 

Brazing    condenser    tubes,    Cuba    •616 

Brennan    circulating   attachment '381 

Brick,      See  also  "Furnace,"  "Arch,"  etc. 
Brick   for   boiler  walls.      Scheiderer    ^64, 
Bonn  204,  Warren,  Hood  237,  Leon- 
ard         274 

Brinckerhoff.    Cost  of  power,  N.  E.  mills. 

164,  530,   747 
Brine,    Calcium-chloride,   Making,      Kai- 
ser   439,    Ashworth    664 

Brine     line.     Loss    of    refrigeration     in, 

Robertson     438 

Bristol  recording  water  gage    •713 

British.     See  also  "England." 
British  practice,   marine  engineering.  .  .  .    218 
British   practice,    superheating.      White.  .'ISS 
British    thermal    unit    303,     (Inq.)     408, 

Kent  4.S4,   Bureau  of  Standards,,..    611 

Bronze  radiators,   Enamel  vs 841 

Brooklyn   Edison   rates  reduction    787 

Brossmann,     Plant  economy  factors    . .  .  ^544 
Brown.      Rope   power   transmission    354. 
Boiler    connections,     641,     Draft     In 
the  boiler  687,  Testing  internal-com- 
bustion  engines    905 

Brownholst  suspended  bin    •602 

Brush,  Flue,  extension  rod.  Masters.  .  .^269 
Brushes,      Chattering       and       sparking. 

O'Shea    836 

Buffalo   Forge   "Spiro"    motor    . . .    ^187, 

809,   •849 
Building,  City,  Coal  to  heat.     Tweedy...    '87 

Bundy   trap.    First    •oSl 

Bureau  of  Mines — Appropriations  3S. 
Peat  Investigations  79.  Various  pub- 
lications     tl35,    280,    690.    ^798 

Burnham   steam    meter    ^177 

Burns.      Repairing  boiler  tubes .893 

Burt   fan   ventilator    ^134,   172 

Bushed  flywheel.      Kropldlowskl    ^306 

Busse.  Pyrometers  and  boiler  efficiency . '728 
Butler.  White-metal  bearing  troubles.  .  247 
Byproduct  gas  producers    702 


Cable  grounds,   Locating.     IIimmel.sbach.^803 
Calking  boiler  joints.      Ed.    844.    Beets.  .    846 

Calorimeter,    Smith    recording   gas •IS 

Caliery.      Laundry   boiler  exploded 279 

Calumet    &   Arizona    hoist    •84 

Campbell.      Rock      filling     for     concrete 
foundations    •437,    Points    on    knife 

switches     ^582 

Canada's   license   law,      Swanton    596 

Candler   Bldg.   coal   delivery.     Turner.  .  .    *12 

Canton   grate   locking  device    •170 

Capital   Trac.   Co.   plant.      Beattle ^208 

Car  to  ascend  grade.  Watts  for 4ST 

Carbon   dioxide.      See   also   "Gas." 
Carbon    dioxide    percentage.      Uehling.  .  .    701 
Carbon    dioxide    properties.      Barker....    334 
Carbon-dioxide       recorder.       Value       of. 
Weaver      67,      Pohlman      238,      7S4. 

Franklin     565 

rarboD-dioxide   recorders.      Clarke    '833 

Carbon-dioxide   recorders   and    fuel   econ- 
omy.    Williams   109.   529.    Rogers. .   272 

Carbon    dioxide — "The    Orsat" 369 

Carburetors.    Tests    of.      Munro 853 

Card  abstract.   The    122 

Carelessness  and   mistakes.     Glllean....    371 

Carpathla's    crew    honored    844,  855 

Carpenter.        Comparing       turbo-pumps, 

blowers     ^612 

Carr   cylindrical    header   boiler    ...♦714 

Case    hardening.      McCurdy    ."ifiO 

Cash    value    elec.    knowledge.      Leese....    115 
Cassard.       Switchboard    connections    for 

testing    meters    •SS  t 

Catalogs.  Writing  for  :   firm's  stationary  ; 
quoting    prices,    etc.    98,    128,     239. 

310.  504,  747 
Catechism  of  electricity — Vapor-tube  In- 
candescent lamps  •IS.  •ns.  Arc 
Inmps  *222.  ^256.  •313.  ^733.  ^764. 
(Their  operation  discussed  bv  Hill) 
.384.  Substations,  boosters,  batteries.^800 
Cement.  Belt.  378.  (Waterproof)  Coch- 
rane   846.    Ranch    915 

Cement  for   pipes.      P.   G 531 

Center  of  gravity,   trapezoid    •344 

Centering   device.    Cvlinder.      Svensen. .  .  ♦324 
Central   R.    R.  of  N.   J.  winding  engines.. •436 
Central    refrlg.   plant.   Atlanta.      Turner.. ^662 
Central    station— Elec.    lighting   rate   ad- 
justment.   Wis.  report :  Cory's  paper.^498 
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Central    station,    Hot-water    heating    £t>i'-,   .,_ 

Evans     •  •■  •    ''-'' 

Central    station,    Large    Southern,    Bir-      ^ 

mingham.      O'Brien    •  •    *-' 

Central-station    man,    Iteal,    Opportunity  __ 

for.     Graham  514,   Kimball    •■••••.■    '">^ 
Central    station    vs.     isolated    plant— Oil 

power    comparison     u.  — >" 

—Why    "block"    stations    do    not    thrive.     __ 

Jackson     •,•■?■  'oV.-,'      ' 

— How    cent.    sta.     got    one    plant    2.-f.i,    ^_ 

— ISO.   plant   would   save  $24,000— Heat- 

ing!      Evans    w'^'   ■'1°^ 

— N.   Y.   Edison  rate  hearings.  .380,  568,   6^9 

—Some    data.      Holbrook    4b.) 

— The  dividing  line    •  •  •  •    441 

—Isolated   plant  power  cost.     Am.   ling. 

Co '^^'^ 

— Concentrated  ry.  power  generation   . .  .   021 

— Competition     • 'i--' 

— Foolish  central  sta.  arguments   .. ....    Jiu 

— Various  discussion.  Chadwick  97,  ilO, 
Creen  161,  Jackson  103,  577,  Miles 
273  Barber  311,  Johnson  376,  i06, 
Chester   448,    Dunlap   526,    Ball   530, 

Ford  706,    Healy    _•  ■  ■    Djt' 

— Various    notes    o4l,   j4d 

Centrifugal  pump.     See  'Pump. 

Chadwick.     Mass.  exam,  questions rfb9 

Chain   block.   Power  for    ■  ■-•  ■ -Ai  ■  s^n    s'l^ 

Chain   questions    5i4,    fadS,    8-0,   oo- 

Changes   necessary.     Gilmore  %%^^-  ^^^    ^g.^ 

Chart,   De  Laval   MoUier    . . . . • 604 

Check  valve  did   not  work.     Fryant no9 

Check-valve   repair.   Quick.      Hankin 'l'-* 

Chemistry,    Boiler-room.      Atticks. ilo 

Chicago  Mai.  Castings  Co.  accident is 

Child.      Blooming-mill   engine    04a 

Chimney.     See  also   "Stack." 

Chimney    questions    .514,    OJS,   .'15 

Chimney,  Kazing  huge.  Newark  . .  . .  ._. .  osi 
Chimneys    for    dissipating    smoke,     Wis-  _ 

licenus.  Gradenwitz  •464,  Bailey..  iS2 
Chinese  power  plant.  Small.  Adams... *608 
Choke  coil  between  rotary  converter  and 

transformer     ggi 

Christie,  A.  G.     Turbine  tests 831 

Christie    air-steam    engine.      toone    Ifab, 

Sullivan     *?^ 

Chubb.     Boulton  and  Watt  letters ..   2o4 

Circulating     attachment     tor     internally 

fired    boilers,    Brennan 381 

Circumference,    Increased,   Effect  of    .  .  .  .    il- 

Civil  Service  examination.     Lloyd   _w 

Clarion   River   power   plant    .  • ' '^9 

Clarke.      Carbon-dioxide   recorders    acid 

Clayton.      Analysis    of    indicator    cards     _ 

Clean-up  spirit.   The.     Beets    ..........    312 

Cleanliness    in    power    station    4i7,    And 

mechanical   efficiency.     Aldrich    h4S 

Clearance  effect.     F.   W.   D 8ol 

Clearance,     Equalizing ■  •  •  •      bJ 

Clearance   loss.    Inexcusable    .iJo,  4»« 

Clerk    on    Diesel    engine d->9 

Cleveland  Cliffs  power  system.  Tupper..  •40 
"Climax"  belt  hooks  . .  ...  • .  ■ .  ■  •  ■  ■  •  •  ■  134 
Clinker    forms.    Why.        McDowell    668, 

Parson.    Coile,    Chester    914 

Clinkers    and    coal ;    ash    fusing   temper- 
ature.     Steely    log 

Clutch  guard,  Ewart    • |3J 

Clutch  more  than  paid.      Lamarlne.  .  .  •  .      Md 

Clyde   steam   meter    •Ii8,  2i8 

COo.      See   "Carbon   dioxide."  _ 

Coal,  Air  needed  to  burn    o67 

Coal,   Alaskan,    lands,    leasing    ^49 

Coal,  Ampere  load  to  raise   ■   313 

Coal  and  ash  storage.  Combined,  Hazard 

plant.      Rogers    '61;; 

Coal  and  clinkers.     Steely   lOj 

Coal   bill  saving,   N.   Y.      Harvey » 

Coal    bin,    Brownhoist   suspended    'bO^ 

Coal,    Bituminous,    Storing    •  ■    819 

Coal,  Bituminous,  suction  producer  prob- 
lems.     Fielden    6-1. 

Coal.    Calculating    heat    value    of.      Ko- 

walke    'oSS,    Correction    0i7 

Coal   delivery,    Candler    Bldg.,   Atlanta— 

Auto,    truck.      Turner    '12 

Coal     deterioration     in     storage :     spon- 
taneous   heating.      Porter,    Ovitz    6,        _ 

Bement      S^S 

Coal.    "Duff."      S.    A.    G..... Gi2 

Coal   handling,   Aeolian   plant    '681 

Coal    handliag.    Pacific    mills '4 

Coal    land    statistics    693,   70o 

Coal   metering— Havard   meter    •327 

Coal   needed   to   run   engine    ■••••••  •  ■  ■  ■    637 

Coal  production.  World's  183,  V.  S..183,  4.i4 
Coal,  Pulverized,  combustion.     Hughes. .   327 

Coal   purchase   basis.      Cosgro    3a8 

Coal   purchasing,   B.t.u.   basis    131 

Coal  required  to  heat  modern  city  build- 
ing.     Tweedy    87 

Coal,  Rhode  Is.  242,  556,  Lewis.. 270 

Coal,  Sampling  and  analyzing.  Watson..  2u3 
Coal    screenings.    Burning.      Mowat    656, 

Fieux     ^2i 

Coal   strike   possibilities    44- 

Coal  waste  in   refuse   410 


FAGS 

Coaling  steamers,   German   port •.   206 

Coal,    Systematic    purchase   of,    by    N.    Y. 

Cy,      Hutton,    Pultz •285,303 

Coaling  the   "Moltke" 920 

Coating,    National    ^91 

Cochrane   exhaust-outlet   valve    ........    'oJ 

Coil,   Where  should   it   be  placed?     Bel- 

monte  633,  Mowat,  Brown,  Thorn..   882 
Coke-oven  gas.   Extensive  use  of,  in   Eu- 
rope.     Tupper    T-Jb 

Coking  arch  ;  dutch  oven    40 

Cold   storage.      See   "Refrigeration." 
College     graduate    and     practical     expe- 
rience.     Berger     914 

Collegian's  come  back.     Ralph    -39 

Collins,   A.   G.      Engine-room   experience..  509 
Collins,   B.   R.   T.     Lowpres.   turbine  in- 
stallation         46L 

Color,   Effect  on  radiation    loA 

Colors  for  piping,  German ■  •    -'9 

Coloring   lamp    bulbs ■'''  }i| 

Columbia  course.   Six  years lo8 

Colvin.       Sugar-mill     boiler    plant    •18b,         _ 
Repairing  condenser   tubes,   Cuba...'61b 
Combustion,  Controlled,  Acme  system. .  .'490 
Combustion  rate.  Different  stoker  speeds. 

McGregor     6o0 

Commutator   bars.   Burnt.     Kramer 73o 

Commutator,    Burnt   spots   on 531 

Commutator     chattering     and     sparking. 

O'Shea     •  •    836 

Commutator,   Guard   tor   keeping   oil   off. 

Black     ■  ■  •  •  *402 

Commutator    lubrication.      Barrick    621, 

Drewry,  Hansa  803,  Wood,  Hubert..  8il 
Commutator,        Sparking  —  Compressor 

motor.     Hawkins,   Hill    17 

Commutator  undercutting  kink.      Fries.. .^048 

Commutators— High     mica.       Koppel 621 

Commutators,    Repairing.      A.    v.    C 27.0 

Commutators,  Treatment   of.     Flash boS 

Competition    :-\i:-; a^A 

Compounding,  Too  much.     \\  eil    83b 

Compression,    Engine    needs.      Moore.  ...      9 J 
Compression,    Full,    Trouble    running    at.   _ 

Wesley   195,    Humm    •"87 

Compression,    Value   of   57,    Piescott ....   238 
Compressor.       See    "Air,"    "Refrigation 

(sub-entries   "Ammonia,"  etc.) 
Concentrated  power  generation.     Insull..  021 
Concrete    foundations.    Rock    filling    tor. 

Campbell     43" 

CONDENSER 

— Air    in    steam.      Fullgraf 444,  634 

— Barometric  condenser  in  turbine  prac-  ^ 

tice.      Kimball    ■  • •    '^■^ 

—Condenser  and  steam  jet  froze.    Mowat. "-ill 
— Condensers   for   power   plant — Different 

types.       Fischer     39- 

— Condensing,  Feasibility  of  running.  .  .  7bu 
— Condensing  vs.  non-condensing.     John-      •  • 

son     ■'13 

— Contraflow   condenser   with   temp,   reg-  ^ 

ulator     J3 

— Drain    trap.    Automatic    41 

— Head    broken    by    gasket.      Freer    501,        __ 

Johnson     ■  ;  •  •    'Jl'> 

— Jet  condenser,  Heater  acted  as.      "'''■„,_ 

dron     8l7 

— Kinetric   theory,   steam.     Booth '089 

— LeBlanc    condenser    suspension,    Provi-  ^ 

deuce     A'  ','■'  ' 

— Reservoirs.   Condensing  water.   Cooling 

of.      Ruggles    ■ 8.30 

—Saddle   Flanges,   Riveting.      Lane '450 

—Steam   Tables,    Wheeler ._ |49o 

— Surface  condenser  accident.  Ft.  Wayne     os 
— Surface  condenser  chart.     Turner. ..  .•tol 
— Thermometers   on   condensers.      Lane.  .    52b 
— Troublesome   condenser.      Jacobs   •633, 
Bridges,   Colton,   Winterbottom,   Dal- 

ley    850,    Bennett   883,   Aldrich •SSI 

— Tube    corrosion.      Philip    319 

—Tubes,    Repairing,    Cuban    plant.      Col- 
vin      •.-■,=•    Six 

-Water    required— Question il5,    loO 

— Wheeler  barometric  ejector  condenser.,  '^.t 
Confessions  of  engineer.     Warren.. ^248,     3.-i3 

Connecting  rod   broke.     Seymour o96 

Connecting-rod  ends.      Levy  ^144,   Pullen 

•341,    Beets    i99 

Consolidated   Ice  plant  wreck    24'2 

Constructive    thinking     ■  ■  •  •  •  •  •   4 10 

Consulting  engineers.  Standard  of.     197, 

Stern  311,   Compensation   504 

Converse.      Boiler  waters    <  60 

Converter,     Rotary,     7500-kw.      Westing- 
house,    Interborougb's    '584 

Converters,  Rotary  ;  operation.  Meade.. •OOO 
Converters,   Rotary,  vs.  motor  generators. 

Tupper,    Jackson    S.t 

Conve.vor,    Ash,    Hazard    plant *61.j 

Conveyors,  Belt,  Notes  on.  Ridgway. .  .  3S7 
Cooling  system.  Jacket  water.  Garlitz..^839 
Cooper    Hewitt    vapor    lamp    'IS,    (Po- 

larity)    Hoppe    JiJ 

Copper    crosshead    shoes.      Johnson    123, 

Fowler,   Beets    2l'5 

Cork   Inserts,   Pulley    •126,   '0-7 

Corliss.     See   "Engine,   Steam,"   "Valve. 
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Corresponding  with  manufacturers.    Dick- 
son      310,  747 

Corroded  pipe,  What'.'     Phelps    913 

Corrosion   and. hot   water.     Whipple....   906 

Corrosion,    Boiler    tube — Tests    382 

Corrosion,   boiler  tubes,   Nashville.     Tay- 
lor           93 

Corrosion,   Condenser-tube,     Philip 3l9 

Corrosion,    Peculiar.      Little    597 

Corrugated    flue    heating   surface •lb? 

Cory.   Elec,    lighting   rates •49S 

Cosgro.      Coal    purchase    basis 358 

Cost   accounting.    Moody    Inst •758 

Cost     of     isolated     plant     power.      Am. 

Engine    Co •ieO 

Cost  of  power,  N.  E.  mills.     Van  Winkle 

164,    Brinckerhoff    530,    Jackson....    747 

Costs,  Gas,  oil  steam   328,  473 

Costs,   Power-plant  operating  556,   Wood  670 

Costs,  Producer  and   Diesel    873 

Costs,      Steam-turbine      plant,       Lyford, 

Btovel     554 

Costello   lubricator   heating   attachment,. ^559 

Cotter   pin   exti'actor.     Nichols ^373 

Courts-Turner   damper    ^640 

Cowell    threader    •381 

Crack,    Lap,   discovery.      Fitts 30,  203 

Crane,    Cylinder-head,    Susquehanna..  .  ...•763 

Crane,    R.    T.,    Death    of •lOO 

Crane,   Motor-driven,   hp 637 

Cranes,   Home-made.     Everette '687 

Cranes,    Traveling,   safety    device.      Mar- 

zolf     •332 

Crank   positions,   W'hat  should  beV     Aid- 
rich     'SIS 

Crankpin   brasses,   clearance  arcs ^20 

Crankpin,  Center,  oiling.  Wakeman. .  . ^812 
Crankpin,  Hot,  Unusual  cause.  Fagnan..^330 
Crankpin,  New,  Putting  In.  Gllson....  848 
Crankpin  oilers.  Ashworth  68,  McGahey.^373 
Crankshaft  and   bolt   breakage,     Leese.  .    297 

Crankshaft,   break.     Ulmann    ^694 

Cranshatts,    Weak,      .\lofsen    '696 

Creen.     Scale  prevention    459 

Critic   criticized.      Smith    709,    Linker...    747 

Critical  data  of  gases 275 

Crosshead   shoes.   Copper.     Johnson   123, 

Fowler,    Beets    375 

Crosshead,   What  broke'.'     Williams  '444, 

Johnson,    Cox    600 

Crosshead,    Valve,    Broken.      Winterbot- 
tom         163 

Crossley  peat-gas  plant   116,  661 

Cruisers,   Scout,   Tests    9,     10 

Cruse  accumulator,  etc '576,  882 

Cuban   plants.     CoIvln    •186,  •616 

Curtis   turbine.   Large,   Providence. •ll 

Cushion  valves.     G.  A.   W .  :. '672 

Cutoff,    Automatic    vs.    fixed,    for    comp. 

engines.      Mason    711 

Cutolt   questions    712 

Cutoff    relations — Indicator    cards •SOS 

Cylinder,    Air-compressor,    Patched ^284 

Cylinder,    Ammonia,    Blowing    off    beads 

of.      Koark    438 

Cylinder,     Ammonia     compressor,     wear. 

Anderson      876 

Cylinder    centering   device.      Svensen...  .^524 
Cylinder      condensation — Initial.         Mel- 
lanby     •145,     Kinetic     theory     ^689, 

Speed  influence.      Abbott    779 

Cylinder,    Corliss,    Patching.      Sterling..  .•481 
Cylinder,    Cracked,    Strengthening.      Kop- 
pel      '562 

Cylinder    distortion    case.      Parker '30 

Cylinder,    Engine,    Repairing.      Cunning- 
ham      •SSI 

Cylinder    heads    blown    off— Potter    Wks. 
279,    Hotel    Jermyn,    Scranton    294, 

Hahne   store,    Newark    856 

Cylinder      heads.      Cracked,      Repairing. 

Radcliffe  444,   Utz    •839 

Cylinder,  Hoisting  engine,  repaired  ^731,  _•■ 

Device   for  removing  beads   •763 

Cylinder,    L.p.,   Water   in.     Low    ..'898,  909 

Cylinder  oil   test.     Walden   •Sll 

Clyinder,     Pump,     repairs.       Hopes     •62, 

Donovan   ^306,  Coleman    846 

Cylinder,   Sperm   oil  for.      Blackner 201 

Cylinder    walls,    Thickness   of 487 

Cylinder,   What   cuts   top   of?     Dixon...   847 
Cylinders,    Engine,    Cut.      Low 445 

D 

Dale.     Engine  foundations   322 

Damper    and    fan    control.    Hazard    Mfg. 

Co *762 

Damper      frame,      Non  leaking,      Courts- 
Turner    •640 

Damper    regulator,    Gas    ^505 

Damper    regulator.       Smith    446,    Jump, 

Auchenbach     636 

Damper    regulator,    Air-operated.       Craw- 
ford      *30» 

Damper    regulator,    Homemade.       Seimes 

33,   Handley,   McGerry   ^236,   King..    482 

Dashpot,   Miller   quick-acting    *24 

Dashpot-plunger  troubles    276 

Dashpot  repair.     Beneflel   ^267 

Davis.     Exhaust-steam  accumulators 
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De  Laval  MolUer  dlagiam   CU4 

De  Laval  multl  stage   turbine    •71)a 

Dead  center,  Finding.     U.  W 'ST 

Deanc  high-pressure  pump    '389 

Defective  work,  Responsibility  for.     Bai- 
ley       203 

Delaunay-Kellevllle,    L. — Death    340 

Delray   boilers,   Large  •44,  92,  Bell 165 

Demagnetizing   watch.      Koee   299,    Hey- 

der,    Williams    469 

Denton,   Dr.,   honored    6U5 

Depreciation   and   obsolescence    878 

Derby.     Care  of  belting   '42 

Detroit  Edison's  Stirling  boilers...    '44, 

92,  165 

Devo   gasket    'SSS 

Diagram,  Indicator.     See  "Indicator." 
Diagrams — Arithmetical    mean.       Small- 
wood   'SSG.   884,   Ulchardson    'eVO 

"Diamond."    Towboat,    explosion    242 

Diary,   Engineers'    370 

Die  stock,  Emergency.     Bair   'OS 

Diesel    engine    and    producer-gas    plants. 

Comparative  costs.      Scott    873 

Diesel  engine  at  South  Pole   414 

Diesel  engine,  Dr.  Diesel  on  522,  Clerk  '65Q 
— Dr.    Diesel    on    present    status    •767, 

Button     839 

Diesel  engine  explosion,   Germany 838 

Diesel  engine,    fuel   costs.      Mathot   328, 

Busch-Sulzer   Bros.-Diesel  Co.    473 

Diesel  engine  in  U.  S 773 

Diesel   engine  ship   "Selandia"    •585 

Diesel  engines.  General  Elec 715 

Diesel    engines,    Marine. .  .259,    206,    330, 

400,  ^510 
Diesel  engines.  Long  Acre  Co.  to  use...   249 

Diesel  locomotive   ^769 

Diesel,    Rudolph — Sketch    •642 

Discharge  line.   Pump,   Pressure   917 

Dividing  line,  The   441 

Dixon.      Raising  water  tank   •214,   Fire- 
brick    furnace     arches     '246,     449, 
Taking  measurements   for  plans.  ..  .•293 
Doederlein.      Kerchove   and    uniflow    en- 
gines      •539 

Doing  wrong  thing  first.     McLaren •661 

Dome,   What   means  if.'      Blanchard   130, 
Francis  164,   Chambers  271,   Browne 

311,   Thomas    375 

Door  buffer.  Triangle.     O'Conor   •305 

Dorsch  &  Co.  boiler  accident   •US 

Draft,    Balanced.       Rogers    ^504,     Norr- 

man     884 

Draft  and  efficiency.     Uehling    761 

Draft,    Balanced — Burning    screenings 

^  656,   882 

Draft   control,   Hazard   Mfg.   Co •762 

Draft,   Exhaust  steam  assisting   ^708 

Draft,  Hot  air  for.     Hawkins   725 

Draft  in  boiler.     Brown   687 

Draft     in     boilers.        Ray,     Krelslnger, 

Lent     •798 

Draft  readings — Steam  Jets  '75,  ^274,  273 
Draft,     Restricted     flue    opening    causes 

poor.     Blessing   845 

Draft   troubles.      McGahey    •668 

Drain,    Steam    whistle.       Beecher    ^268,  •000 

Drain  valve,  Vulcan  automatic   •476 

Drainage     power     plant,     New     Orleans. 

Poole     ^421 

Draining  dry  house  coils.     Dickson    ....♦842 

Draining  steam  pipes.      Wakeman •912 

"Drawing,    Machine."      Robson    t403 

Drawing  triangle.   Improved.     Dow •l->.j 

Drum,   Indicator.     See  "Indicator." 

Drum,  Load  raised  by   313 

Dry-back  marine  boiler.     Wallace,  Fran- 
cis,   McGahey    ^34 

Dry  house,  Draining  coils  In.     Dickson.  .^842 

Dry  kiln.  Piping.     Wakeman    •552 

Dunn.     Grinding  tube  caps   •656 

Durmon.      Removing  flywheel    •8''9 

"Duro"    blowoff   valve    'ISS 

Dust,  relation  to  heating.     Meier 474 

Dynamiting     off     pinion.       Pagett      160,  ' 
(Keys)      Tomllnson      ^294,      Buffum 

485,    (Car  wheels)    Hansen    341 

Dynamo.     See  "Electricity,"  etc. 

E 

Earth  circumference.  Problem  of   .  71'' 

Eccentric  rod.  Bent.     Wakeman    •745 

Eccentric  rod   repair.     Sterling   •376 

Eccentric   slipped.       Wakeman    !   •669 

Eccentric  strap.   Broken.      Sengstock.        •41'> 

Eccentric  strap   repair.      Pohlman ^669 

Eccentrics,   Two,   for   "Corliss"    69 

Eckhardfs   meters    'lOS    •''18 

Economical  operation,  A  few  factors...'.  157 
Economizer  flue.  Caught  in.  Emerson  .  ^14 
Economy   factors,   power   plants.      Bross- 

mann     '544 

Edge.    Charging  and  starting  absorption 

plant    119,     Siphoning    and    boiling 

over     "t^f  r! 

Effective  head.     D.   B '..',"   313 

Efficiencies  in  production  of  power.  Mac- 

intlre     «(;59 

Ejector,  Homemade.  Wilhelm  ..'..'.'.'.'. •leo 
Ejectors,  Penberthy  water,  with  priming 

attachment  •26,  Sump  draining  ...•776 
Eldredge.     Abuse  of  valves •619 
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ELECTRICITY 

See       also       "Lamp,"       "Bearing," 
"Switchboard,"    "Commutator,"    etc. 
— Alternators,    Westinghouse   belt-driven. ^401 
— Armature     and     coll     testing     outlits, 

Westinghouse     ' •433 

— Armatures,      D.c,      Locating     defects, 

with   telephone.    Fox   ^83,  Parllman.^766 

— Bad  start.     Blanchard   299 

— Bearing  wear  and  unbalanced  airgaps. 

Cultra     115 

— Blowing  engine,  Elec.  driven.     Stone..     17 
— Cable    grounds.    Locating.       Ulmmels- 

bach    ^803 

— Car,  Trolley — Watts  upgrade   487 

— Catechism — Vapor-tube  incandescent 
.lamps  •IS,  115,  Arc  lamps  •222, 
•256,  •SIS,  ^733,  •764,  Their  opera- 
tion discussed  by  Hill  584,  Substa- 
tions,  boosters,   batteries    •800 

— Commutator,   keeping  oil  off   ^402 

— Compounding,  Too  much.    Well 836 

— Current   consumed   by   light 277 

— Dynamo,    Plating,    Optimus    •298 

— Efficiency,  elec.  plant.     F.  J.  F 851 

— Electrical    energy.    Low    record    rate, 

Winnipeg     902 

— Valves,  Elec.  operated.  Gassman ....  765 
— Emergency  arrangement.  Ingenious — 
A.c.  generator  used  as  synchronous 
motor  to  alternate  with  engine  in 
driving  belted  direct-current  gen- 
erator.    Specht   . .  -. ^331 

— Equalizing  connection.      Calderwood. .  .^766 
— Excess   loads.   Automatic   exchange   of, 

between   two  systems.     Nigh    332 

— Exciter  rattle.  What  causes?  Mc- 
Ginnitie    17,    Johnson,    Jump    258, 

Brown j..   299 

— Experiences     in     small     elec.     plants. 

Graham  514,   Kimball   735 

— Feeder,  Power  factor  of   205 

— Field   excitation   and   load   division   of 

alternators  in  parallel.      Morris....   332 
—Field     voltage.     Fluctuating.       Oppen 

helmer    299 

— Generator  size  for  engine    '.   344 

— German  elec.   plant,  Marklsches    ^316 

— Heating,  Elec,  in  Norway   302 

— High-potential  project.   So.  Af 298 

— Hoisting  set,  Westinghouse  load- 
equalizing    •84 

— Hydro-elec.     See  "Water." 

— ^Ilgner  drive  for  rolling  mills.     Ablett  434 

—International    Elec.    Congress 335,920 

— Knowledge,   Elec,   Cash   value.      Leese  115 
— Lighting    circuit    for    either     220     or 

110  volts.     Forblng   •735 

— Lighting  rate  adjustment.      Wisconsin 

report ;  Cory's  paper   •498 

— Line  current  problem.     Ranev.  Wing. .    ^86 
—  Mech.     World     Elec.     Pocket     Book" 

— Meters,    Switchboard    connections     for 

-.tfst'os^ ^834 

— Motor,  Compressor,  Sparking  com- 
mutator.    Hawkins,   Hill    . .  /. .  17 

— Motor,    Induction,    Speed    of    !   408 

—Motor,    3-phase,    on    2-phase   circuit. .   487 
— Motors,   Elevator,   will  not  carry  load 

Shrodc     871 

— Motors,   Induction,    Rewinding! ' '  Fcnk- 

hausen    'SO,    •149.    Browne 514 

— Motors,    Induction,    Wire   size    .  275 

—National    Elec    Light   Asso.— Charging 

for  steam  and  hot-water  service '840 

— Navy,   Elec.   propulsion  In    414 

— Pac  Gas  &  Elec.  Co •720    744 

— Parallel,    Shunt   and    compound-wound 

generators   in    241 

— Paralleling,    Promiscuous.    Ga. '  Ry  '  '& 

Elec  Co.'s.     Malcolm    434 

— iRacIng     Peculiar    cause     of— Ground 

In   field   lead.     Mead •514 

—Reduction,   Elec,    for   ship   propulsion. 

Eimmet    01 

—Resistance,   Copper  wire! " 'c. 'e.'n  .' .'   167 
—Rheostat  repair.   Quick.      Pagett  'lis 

— Rotary    converter,    7,500-kw.    .  .  "  •584 

—Rotary  converters:  operation.    Meade' •OOO 
— Rotary    converters    vs.    motor    genera- 

tors.      Tupper,   Jackson    . . .  85 

— Safety   precautions,   elec.   work  360 

-Short     circuiting     shunt-wound  '  Eeii- 

erator   "*        275 

—Southern    Power   Co.'s    transmission!!   554 
— fetar   connections   of   wattmeter.    Easy 

problem.     Cooper »q>: 

"I^'I'/Sk"'    ?"'*''•      Campbell !!!!!!!!.  .582 
—Switchboard       connections.       Careless. 

Russell     ♦871 

—Synchronizing  with   lamp's!  "m! 'h'J' 

J.  H.  M.  531,  Joseph   "  73.5 

—Test  voltage  source.     Werner   .     •87] 

-Three-phase       circuits.        Power-factor 

chart  for.      Phillips    .589 

-Three-phase       circuits.        Unbalanced,       ' 

Measuring.     J.  p.   F •408 

— Three-phase  system.  Improvsed.    'scaV- 

borough   •402,    Benjamin    •fioq 

—Traction,    Electric,    London    ' "   35q 

—Transformer    connections    •657,    Poole 

•691,   ^869 
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ELECTRICITY 

—Transformer  trouble,  Ga.  Power  Co...   114 
— Turbine   generators.    Small   direct-cur- 
rent  Westinghouse    •  620 

— Voltmeter   Index,   Attaching.      Winter- 
bottom    •86 

— Wattmeter  readings.   Unexpected.    Cro- 

teau   •584,   766,   Bodemuller    902 

— Wires      for      direct-current       circuits. 

Poole     46ft 

Elevator   motor  trouble.      Shrode    *871 

Elevator  plunger  friction.     H.  T 917 

Elevators,    Boiler   hp.   for ST 

Ells,    What   cracked    the'/      Blessing   235, 

Johnson,   Boone,   Wesley,   Lane •447 

Emergency        arrangement.        Ingenious. 

Specht     •SSI 

Emerson,   E.   R.      Caught   in   economizer 

flue    »ii 

Emmet.      Elec    reduction    for   ship    pro- 

pulsion     81 

Employer  and  engineer,  Relations  be- 
tween.    Kimball   339 

Enamel  vs.  bronze  radiators   841 

Energy,    Natural   sources   of    702 

ENGINE,    INTERNAL  COMBUSTION. 

See  also  "Gas,"  "Piston "  etc. 

— Backfiring  overcome.     Fish   ^805 

— Bearings,   Gas  engine.     Latta   19 

— Care  of  int.  comb,  engines   198 

— Compression,    Normal,    Failure   to   run 

with.     Wesley  195,   Humm •SST 

— "Construction    and    Working     of     Int. 

Comb.   Engine."      Mathot    t414 

— Cooling  jacket  water.     Garlltz    ^839 

— Crankshaft   and   bolt   breakage    297 

— Crankshafts,   Weak.      Alofsen    •696 

— Diesel  and  producer  costs.     Scott   ....   873 

—Diesel   engine  at  South   Pole 414 

— Diesel     engine.     Dr.     Diesel     on     522, 

Clerk     .659 

Dr.    Diesel   on   present   status    •767, 

^Hutton     839. 

— Diesel   engine   explosion,   Germany ....   838 

— Diesel  engine  In  U.  S "n^ 

— Diesel   engine  ship   "Selandia"    !!^385 

— Diesel   engines,   G.    E.   Co 715 

— Diesel  engines,   German   navv    ! .   266 

— Diesel  engines.  Marine  259,  330,  400,   •SIO 
— Diesel  engines.  Long  Acre  Co.  to  use..   249 

— Enriching  producer  gas.     Walker ^296 

— Exhaust-pipe  leak.      Seager    ^696 

— Exhaust  pipe  "palut."     Fries 661 

—Exhaust  pipes.  Gas  engine.     Hays •3'>9 

— Exhaust  troubles.  Some.     Beattle  ....•872 
— Explosive   pressures    In     gas    engines. 

Munro     •SeS 

— Foos   ignition  system    .!!!!!^363 

— Foundation    weight — Question...    786,  820 
— Gas    blowing    engines.    Two    and    four 

cycle    gas.       Augsburg-Niirnberg    A. 

G OQ 

— Gas  engine.  Big,  Ga.     Percy 437 

— Gas  Engine  Handbook.     Hader    t492 

— Gas  engines.  Large,  Increasing  capacity 
of — Hellmann's — Scavenging        with 

compressed  air.     Junge   •soe 

— "Gas   Engines."      Marshall,   Sankey. . . t492 
— Gas,   Natural,   engines — Air  required..   531 
— Gas,    oil   and     steam     motive    powers 
Comparison  of.     Mathot  328,  Busch- 

Sulzer  Bros.-Dlesel  Engine  Co 473 

— Gas   power   sec,    A.    S.    M.   E. — Munro 

on    carburetors,    etc 853 

— Gasoline  engine  wrecks — What  caused 
explosion'?        Browne      '54,      Leese 

Handley,    Brown     '•259 

—Igniter    timing     too  '  early — Accident. 

\vall   54,   Leese    950 

— Igniter    trouble — Doing    wrong    thing  " 

first.      McLaren    •661 

—Ignition.  Timing  the     Leese   ...!!!!!   330 
— Indicator     cards.     Gas-engine.        Clay- 
ton        •seo 

— Indicator  diagrams.   Freak."wesley'. ! !  •oS" 

— Journal  heating  cause.     Bricker 661 

—Magneto   drive,    Improving.      Pagett.. ^297 

— r\au.   Gas   Engine   Asso 469,   522. 

^,„.       ,  78s!  855 
— iNaturalgas  engines.  Compression  pres- 
sure   in "^         5g7 

—Oil  power  cost— Engine  at  '  'New 
Haven.  Pfleghar,  Lockwood,  Beards- 
ley   19,   Herter    959 

— 9}}  engine.  Junkers.     Junge  ...!..!!  '•116 
—Oil      engines,      NIcholson-LItzenmayer, 

Hungarian  municipal  plant   '549 

—Oil   engines.    Care   of      Leese    20 

— Oi    power  vessel  "Jutlandia". . .      "59,  400 

— O'l-Power   yacht   "Mairi" .510 

— Otto      engine     experience— Crankshaft 

break,   etc      Ulmann    .694 

— 1  araffin   motor  driven   launch    359 

—Peat  gas  engine.  GOrlltzer .-,■{ 

—Producer-gas  experience.     Markland...   69.^ 

—  Reversing  gas  and  oil  engines.    Levin  .470 

-Speed   variation.   Erratic      Leese 696 

—Stop,    Automatic    engine.      Woolman .  .^364 

—  lesting   Int.   comb,   engines.      Brown..   903 
—Testing  small   gas   engine   with   prony 

brake.     Slade  551,  Kasley   ......        884 
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ENGINE,  INTERNAL  COMBUSTION 

— Traction  engines,  Rumely,  Testing. ..  .*705 

— Trebert   gasoline  aero,   engine •804 

— Valve   stems,    Exhaust,    Repairing   and 

improving.     Fries   '364,   Fagett....   551 

— Valves,    Gas-engine.      A.    F.   W 567 

—Ware  County  L.  &  P.  Co •416 

—Waste    lieat    from    gas    engine,    Utiliz- 
ing,  at    Hlsey-Wolf   plant    •SSS 

— Working  several  engines  from  one  pro- 
ducer.     Wort    •So" 

ENGINE,    STEAM 

See  also  "Cylinder,"  "Governor." 
"Dashpot,"  "Eccentric,"  "Shaft," 
"Valve,"  "Stop,"  "Piston,"  "Clear- 
ance," "Compression,"  "Crankpin,  ' 
"Indicator,"  "Lubricator,"  "Oil." 
"Bearing,"  "Testing,"  "Hoisting," 
etc. 
— Alignment,  Engine,  Rapid.  Holly. ..  .•SS^ 
— Beam     engine     fly     wheel     explosion. 

Leese     '523 

— Bearing,    Design   of.      Heck    •112,    Mc- 

Gahey     •309 

— Bedplate  repair.     Locke    •SIS 

— Blowing  engine  speed  chart.     Watson. ."SST 
— Bloomlng-mlll    engine.     Heavy     South- 

wark,  Pittsburgh  Steel  Co.'s.  Child. '640 
— Center  crankpin  oiling.  Wakeman. .  .*6i:; 
— Christie  air-steam  engine.     Boone  166, 

Sullivan     483 

— Clutch  that  paid.     Lamarlne   93 

— Compound  engine   horsepower    37 

— Compound      engines,      Automatic      vs. 

fixed   cutoff   for.      Mason 711 

—Compound,    3-cy!.,    on    Lake    steamer. 

Diagrams   from.      Rogers    *305 

— Compression,    Engine    needs.      Moore. .      fl.i 

— Condensing   engine.   Efficiency   of 205 

— Condensing   engine,    Running,   non-con- 
densing       313 

— Condensing,   Feasibility   of  running...    785 
— Condensing   vs.   non-condensing.    John- 
son       413 

— Corliss   engine   cutoff   range 712 

— Corliss  engine  diagrams.      Waldron. .  .'579 

— Corliss   engine   speed   variation 601 

— Corliss   engine    troubles.      Sutton *779 

— Corliss'    first   engines.    Passing   of   one 

of,    Paclflc   Mills.      Wallace •82 

— Cross-comp.    engine.    Equalizing    work 

done   by.      A,   D.    J 712 

— Cylinder    condensation.     Initial.      Mel- 

lanby     •14.1 

— Cylinder  condensation — Kinetic  theory.*  6S9 

— Dead   center.   Finding.      R.   W ^37 

— Efficiency,  Steam-engine.     G.  R.   R 241 

— Engine  or   turbine?     809,   Van   Dcven- 

ter     '819 

— Engine-room    experience.      Collins....   509 

— Engine-room    plans.      Dixon ^293 

— Engine-room      temperatures.       Wester- 
field   340,   Jensen    671 

— Engine  runs  with  steam  valves  closed ; 
leakage.      Taylor    '96,    White    204. 

Lobley     '463 

— Foundations,    Engine.      Dale    322 

— Frame.    Light    hoisting    engine,    frac- 
tured      *146 

— Governor    and    stop    motion,    Rice-Sar- 
gent      *776 

— Heat  units  per  ampere   344,  40S 

— Hoisting  engine  repair  jobs,  etc.     Sus- 
quehanna Coal  Co. 

•110,  •284,  •729.  •731.  '763 
— Horsepower    by    slide    rule.      Richard- 
son   •777,    Low    799 

— Horsepower  constant.   Brake. ..99,    241,  601 
— Hydro-elec.     irrigation     project.     Mini- 
doka,    on     Snake    river,    Ida.      Mc- 

Dermld     •SOO 

— Isolated  plant  power  cost.     Am.   Eng. 

Co ^460 

— Kerchove  and  unlflow  engines.    Doeder- 

lein     '539 

— IilniBg   up    engines    531,  917 

—Load  factor.  Engine.     C.  J.  B 601 

— Load    not     equalized.       Gordon     ^123, 

Chambers   271,  Mclntyre  341,  Ninde  375 

— Low  and  high-speed  engines 205 

— Modern       Steam      Engine,       Selecting. 

Harrisburg  Fdy.   &  Mach.   Co 414 

— Peculiar    steam-engine    design.    Garner 

Print  Wks. :   twin   governors   •614 

— Pressure  on   the   guides    99 

. — Pumping-englne       speed-limit      device. 

Francis    337,    Mason    711 

— Pumping    engines,    N.    Y.    Cy •379 

— Receiver  piping.   Wrong.     Ragsdale. .  .^371 
— Receiver     pressure.       Reynolds     ^446, 
Mason   599,   Johnson.   Westcott   600, 

Hebberd,    Prescott    818 

— Reciprocating    engines.    Efficiency    of — 
Wolf    Locomobile    and    Stumpf    uni- 
flow  engines  discussed  by  Heilmann, 
Stumpf  et  al. — Ed.   29.    (Locomobile   . 
vs.    small   plant)    Glick    '41,    (High 

vacuum)    Fothergill    '72 

— Reversing   an   engine.      B.    F.   G 241 

— "Rotary"   engine — Misused   term 56 


ENGINE,    STEAM 

— Rotation.   Changing   direction   of,   with 

shaft  governor    487 

— Runaway     Corliss     engine.      Stopping. 

Griswold     •67 

— Screech.    Locating.      Terry    446 

— Sizes,   Relative  boiler  and  engine 567 

—Starting   bars   •267,    ^338,   Jack   'SeO, 

Klein     *59o 

— Starting  up  condensing  engine 487 

— Steam  consumption   per  hp.  hour 688 

— Steam,    oil    and    gas    motive    powers. 

Comparison   of.     Mathot   328,  473 

—Study    questions    574,    638,    715,750 

— Testing     Engines,     etc.       Pullen     t38, 

Koyds     t415 

— Uniflow  engines,  American  type,  Nord- 

berg     '830 

— Vacuum  puzzle.     Johnson  36,  Jackson..  240 

— Vulcan   Corliss  engines '134,  •892 

— Winding  engines,   Ashley  planes •456 

— Wreck,    Engine.      Seymour    596 

Engineer  and  employer,  Relations  be- 
tween.     Kimball    339 

Engineer  Co.'s   furnace  regulation •504 

Engineer,    Confessions   of.      Warren 

•248,   •353 

Engineer — Expert    advice.      Utz 96 

Engineer     ground     to     death — One     man 

shift    91,    Utz     483 

Engineer,  Hoisting,  Samuel  Reynolds. .  .^214 
Engineer,    Hoisting,  Tom  Hunter.     Rogers 

•325,    ^542,    •653.   ^892 
Engineer.   License   does   not   make.      Mc- 

Gahey     63 

Engineer — Management's  view.     Wallace.  342 

Engineer — Nothing  to  do    198 

Engineer — One  of  many    335 

Engineer,    pleasant    disposition,    wanted, 

Morton    125,    Kimball    272,    Thorn..    342 
Engineer   purchasing   instruments 

562,    666,    670,    774,   782 
Engineer,   Reminiscences   of.      Hooper. . .   276 
Engineer    wanted,    who   can    Iron    shirt- 
waists.     Eckley    308 

Engineer's  advice.   Ignored.     Ford    '706 

Engineer's  personal  appearance.  Hawk- 
ins        376 

Engineer's  reference  books.  Brouthers 
98,  Jackson   272,   Card  abstracts  122, 

(Question  book)    Webster   446 

Engineers.  A.  S.  M.  Various  papers  8, 
147,  Oil  power  cost  discussion  19, 
259,  Delrav  boiler  discussion  ^44, 
92.  165.  Standard  fittings  •390,  409, 
822,  909,  German  Museum  comm. 
523,  568.  •eOS,  Spring  meeting  and 
papers  715,  844,  831,  852,  •858,  872^ 
877.  •gOS,  Dr.  Diesel  on  Diesel  en- 
gine      •767,  839 

Engineers  all  dead,  "Titanic."  Powell..  882 
Engineers,  British  Mech. — Examination..  442 
Engineers,  Consulting,  Compensation  of..  594 
Engineers.      Consulting,      Standard      of ; 

licensing  197,   Stern    311 

Engineers,   N.  A.   S. — Convention 820 

Engineers  of  iso.  plants,  To.     Jackson..   577 
Engineers,    Operating,    Inst... •173,    302,  878 
Engineers,    Whv    two   did   not   get    posi- 
tions     •esi 

Engineers'   daily    reminder.      Martin....   596 

Engineers'   diary    370 

Engineers'  exam..  Civil  Service.  Lloyd..  63 
Engineers'    exam,    questions,    Mass.      2d 

class   license.     Chadwick    389 

Engineers',    Isolated-plant,   opportunities. 

Creen     161 

Engineers'  license  law,  Canada's.  Swan- 
ton     596 

Engineers'    license    law  need.  Illustrating. 

Clark     12.'? 

Engineers'    license    laws.      Hawkins    68, 

Longstreet    237,    Stevens    449 

Engineers'  licenses — Examiners.  King 
107,  (Mass.  and  Ohio  laws  con- 
trasted)   Werner    342 

Engineers'  wages.  Burch,.  Sterling, 
Mars.     Johnson     129,     Carter     165, 

Owltz  310,   (in  China)   Pratt 129 

Engineering  Congress,   The    335,  920 

"Engineering  Directory   for  1912" ^382 

Engineering   in   the   South    441 

Engineering  journal.  Value  of.  Robin- 
son         200 

England.     See  also  "British." 

England.    Boiler    explosions.      Booth....    148 

England's  alarming  discovery    266 

English  municipal  plant  record   278 

Ennis.  Commercial  water  power  prob- 
lem 65,  202,  Jas.  Watt  in  Corn- 
wall       '. *212 

Equalizing  connection.  Original.     Calder- 

wood     •766 

Equipment,    Handicap    of.      Barber 311 

Equitable    Life's    fire ^132,  336 

Eschweiler  coke-oven  gas   •736 

Evans.  Vacuo  hot-water  heating  ^365, 
ISO.  plant  would  save  $24,000  405, 
553,    Hot-water   heating   for   central 

sta.  ^625.   for  Institutions   *697 

Evaporation.  Chart  of  factors  of.    Marks 

886,    (Finding    hp.) 698 
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Evenly   balanced  power  plant 265 

Everettc.      Home-made   hoists •687 

Ewart   clutch   guard    '732 

Examiners  and   licenses.     King 107 

Examination.  See  "Engineers,"  "Civil 
Service." 

Exciter   connections.      Calderwood    '768 

Exciter  rattle.  What  causes?  McGln- 
nltle      17,      Johnson,      Jump      258, 

Browne     299 

Exhaust.  See  also  "Steam,"  "Valve," 
"Piping,"    "Turbine." 

Exhaust   gases.   Analyzing    910 

Exhaust,   Peculiar — into   well.      Fisher.. 'OlS 
Exhaust  pressure.  Relieving.     C.  M.  H..   531 

Exhaust   troubles.    Some.     Seattle ^872 

Expansion,   Adiabatlc  and   Isothermal...   408^ 
Expansion    and    contraction.    Forces    of. 

Ingham  351,   817,  Varlen   817, 

Expansion   holt.    Emergency.      Daly •770. 

Expansion    line,    Wavy.      Dickson    '56S, 

Johnson    784 

Expansion,  Ratio  of.     M.  D 69. 

Expert  advice.     Utz    96 . 

Expert   advice   value.      Reardon 74Ij 

Explosion.  See  "Boiler,"  "Automo- 
bile," "Air  reservoirs,"  "Gas," 
"Cylinder,"  "Diesel,"  "Tank," 
"Wheel." 

F 

Factor  of  safety    G.  R.  R 241 

Factors  of  evaporation — Chart.  Marks 
386,      Finding     horsepower.     Gross- 

baum     598 

Factory,  Sightseeing  In.     Ford    94 

Factories,  Fuel  eisonomles  in.     Lucke...     48 

"Failure,     Meaning  of  term    58 

FalUng  body  question 461,  497,  750,  786 

Fan  capacity.     B.  O.  T 672 

Fan  control.   Hazard  Mfg.  Co ^762 

Fan  power,  Collegian  figures   239 

Fan,    Shaft,    signal    '729 

Fan,  Turbine,  Axial  flow.     Bretherlck. .  .'911 

Fans,   Low-pressure.     Leese   394 

Farrel,   Franklin,   Death   of    13a 

Feed.        See     also     "Water,"     "Heater," 

"Heating,"   "Pump,"   "Piping,"   etc. 
Feed    line,     Fouled,    Clearing.       Cordner 

123,    Bertrand    483^ 

Feed-pipe  arrangement.     Martin   '95 

Feeder,  Boiler  compound.     Hartley   ....•781 

Feeder,  Power  factor  of   205. 

Fenkhausen.  Rewinding  induction  mo- 
tors        'SO,   •149,  514 

Ferranti's   turbine    '324 

Field-coil    voltage.   Fluctuating.      Oppen- 

helmer     299 

Field    excitation    and    load    division    of 

alternators  in  parallel.     Morris   ....   332 
Fielden.      Bituminous    suction     producer 

lU'Oblems     622 

File  cleaning  kink.      Dixon 814 

Filing  notes,  etc 98,   122,  272 

Finger   prints.      Merrill    270 

Finow   Canal,    Plant   on    •Sie 

Fire  at  Newark  plant   920 

Fire  drills  in  power  plants    743 

Fire,    Equitable    Life's    •132,  336 

Fire  precautions,  steel  stacks    120 

Fires,  Mismanaging.     Rice   880 

Firebox   tests,   Jacobs-Shupert 230 

Firebrick.     See  also  "Brick,"  "Furnace." 

Firebrick  and  ash  action    878 

Fireman's  fraud.   Contemptible   844 

Firemen,    "Titanlc's"    rescued    '642 

Firemen's  bonus  svstem.     Campau 595 

Fischer,   W.  F.,   Condensers    392 

Fisher,   Secy.,   on  water  power   231- 

Fishery  cold  storage  vessel   56: 

Fitchburg   Yarn   Co.'s  costs...    164,   530,  747 

Fitting    fractured.      McDonald '338 

Fittings,    Flanged,    Standard 

•390,    409,    741,    822,  909 

Fitzgerrell,    Figures    for    166 . 

Flange.         Ammonia,         standardization. 

Howser     741 

Flange,    Wrong   holes   In.      Parker •325 

Flanges,   flanged   fittings — Schedule 

•390,    409,    822,  909- 

Flanges,    Wooden.      James    •269- 

Float    pump    control.      Leese... 36 

"Florida"   faste.st.  battleship    522 

Flotation,  Submerged,  fallacy  810,  Nel- 
son         816. 

Plow   curve — .\rith.    mean    •670,  884' 

Flow    meter.    Portable,    G.   E '640 

Flow,    Steam,    meters.      Gebbardt    •176, 

•215,    Correction    278 

Flow    of    water    in    pipes.    Calculating. 

Holloway     •790 

Flue   brush   extension   rod.      Masters. ..  .'269 

Flue,   Corrugated,    heating  surface •le' 

Flue  gas.     See  "Carbon  dioxide,"  "Gas." 
Flue    opening.     Restricted,    causes    poor 

draft.      Blessing    845 

Fluid   motor.   Van    Deventer's   "Spiro" 

•187,  809,   ^849 
Flywheel.      See   "Wheel." 
Follow-up  methods.     Bailey  310,  Parnell,  747 

Foos   Ignition    system    •Ses 

Forge,   Water-pall.     B.   C.  C 672 
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Fort  Wayne  condenser  accident 68 

Fotherglll.     Ulgb   vacuum,   reciprocating 

engines     '"2 

Foundation,    Pump.      Sheridan    '632 

Foundation    weight    786,820 

Foundations.    Concrete,    Rock    filling   tor. 

Campbell     •437 

Foundations,    Engine.      Dale    322 

Fox.     Locating  defects  in  d.c.  armatures 

•83,  •-C« 

Framlngham,   Boiler   test  at   '828 

Friinkel   low-grade   fuel   furnace 'OSO 

Fraud,   A   contemptible 844 

B'recr.        Condenser      head      broken      by 

gasket     501,  316 

French    boiler,   etc.,   explosions 242 

Frlctlonal   losses.      Chase    315 

Frledmann.      Compressor   water   jackets..     65 

Friend,   J.  E.,  Death  of   '677 

J''r^gorlfic    power    measurement    876 

JFfOSt,   Trouble   from    875 

^Fpoze,  Condenser  and  steam  Jet.    Mowat.*411 

^Frozen    pipes.    Thawing    153,   548,  830 

Tuel  economy  and  COa  recorders.  Wil- 
liams  109,   529,    Rogers    272 

i-Fuel  economies  In  factories.     Lueke....     48 

'Fuel   use  and  abuse.     Bolton 224 

Fuller.     Heating  and  ventilating  system 

of    Rltz-Carlton    hotel    '403 

IPnJton  Co.  almshouse  plant    '435 

Turnace.  See  also  "Boiler,"  "Stoker," 
"Grate,"  "Arch,"  "Draft,"  "Dam- 
per," "Coal."  "Clinker,"  "Gas," 
"Carbon  dioxide,"  "OH,"  etc. 

P'urnace — Acme    combustion    control •490 

Furnace — Action  between  ash  and  fire- 
brick.     Bailey,    Editor    878 

Furnace  arches.      Booth    863 

Furnace  arches,   Firebrick.     Dixon   •246, 

Ed 449 

Furnace — Combustion    rate,    dlff.    stoker 

speeds.      McGregor    650 

Furnace  door  buffer.     O'Conor   •SOS 

Furnace  door.   Welding  cracked.     Voss..    847 
Furnace  Gas  Consumer  Co.'s  smoke  pre- 
venter      *638 

Furnace,   Improved,   Parson   •229 

Furnace,    Low-grade  fuel,    Frankel    ^580 

IFumace  regulation,  Balanced-draft, 
Engineer   Co.'s.      Rogers   '504,    Nor- 

mann     884 

Purnace,    Sturdy    smokeless    '61 

Furnace    temperature.    Obtaining    637 

Furnace  temperatures.   Measuring.    Kan- 

owltz     64 

Furnace — Took   uptake  gases 128,  311 

Furnace— What    forms    clinker? 668,  914 

Furs,  Cold  storage  of.     Tweedy   261 

Fusing  temperature.   Ash.     Steely    163 

G 

Cage,   Absolute-pressure    •132 

Gage  chart.   Steam.     Williams    '444 

Gage     glass     fracture.        Swartz     •446, 

Thorn     635 

Gage-glass  guard.     Hammond   •864 

Gage  glasses.  Separator,  Breakage. 
Dickson    64,     Altman    237,    Thorne 

•310,    Burns    ^564,    Klemm    818 

Gage,   Pressure,   Good  record.     Topping.. *269 
Gage — Pressure  problems   ....  ^445,  598,  784 

Gage,   Recording — Steam  meter •ISO 

Gage  tester.      Dickson    '445 

Gage,  Water,  Bristol  recording   ^713 

Gage,  Water,  Illuminators  or  back- 
grounds. Lehman  *201.  Dixon  483, 
Sherman    635,   Johnson    '780.    Dlx..    783 

Gage,   Water.    Penberthy   automatic •SI 

Gages,   Calibrating.     Martin    •479 

Galloway's    superheater    *1S9 

•Garland.      Bituminous   producers    ^903 

•Gas.      See   also   "Engine,    Internal   Com- 
bustion." 
Gas    calorimeter.    Smith    recording,    and 

sampling    pump    •IS 

Gas,      Coke-oven.      Extensive      European 

plants.      Tupper    •738 

Gas-economy   indicator,   Merlam    •""S 

Gas  explosion,    III.   Steel  Co 676 

Gas-flred  boiler.   Bone's    ^80 

Gas-flred   heating   boilers.      Johnson •OOS 

Gas,  Flue.     See  also  "Carbon  dioxide." 

•Gas,    Flue,   analysis    843 

•Gas,  Flue,  Continuous  sampler.     Nelson. .•SIS 

•Gas,  Flue,  Heat  loss  in 567 

•Gas.   Flue,   Saving  heat  of    ^770 

■Gas,    Flue,   thermometer   chart    444 

■Gas,   Natural,  properties.     Weymouth...    872 
■Gas,     oil     and     steam     motive     powers. 

Comparison   of.      Mathot    328,  473 

Gas,   Peat,   gas-engine   fuel.     Tomllnson..  660 
Gas,     Peat,     power     plant,     in     Ireland. 

Crossley    Bros.'     116,  661 

Gas,  Peat,  power  plant,  GOrlitzer ;  Heinz 

producer.      Percy    'SS 

Gas  plant,   East   Liverpool,   0 805 

Gas-power  sec,  A.  S.   M.   E 853 

■Gas,   Producer,  and  Diesel  engine  plants, 

Comparative  costs.     Scott    873 

Gas  producer.  Bituminous  suction,  prob- 
lems.     Fielden    622 

Gas,   Producer,   Effective   B.t.u 167 
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Gas,   Producer,   Enriching.     Walker ^296 

Gas,  Producer,  experience.  Markland...  695 
Gas-producer    investigations.    Bureau    of 

Mines     "39 

Gas,   Producer,   for   factories.      Lucke...     48 
Gas    producer    plant.    Dependable   small, 
Akerlund — Fulton    Co.,     Ga.,    aims- 
house.     Turner    •435 

Gas  producer.  Suction,  Mathot ^295 

Gas    producer.    Working   several    engines 

from   one.     Wort    ^837 

Gas  producers.  Bituminous.     Garland. .  .*903 

Gas   producers.    Byproduct    702 

Gas  producers.   Steam   In    555 

Gas     producers,     Suction.     Deterioration 

of;   form  of   liniug.     Seager 'S37 

Gas   producers.   Suction,    Starting.      Par- 

mely    330 

Gas  producers,   Wood-flred,   Loomis-Petti- 

bone     •419 

Gas  samples  by  express — -Holder.    Munro.^695 

Gas  turbine,   Holzwarth    ^191 

Gas   turbine.   The.      Lange    ^219 

Gases,  Critical  data  of   2io 

Gases,    Exhaust,   Analyzing    910 

Gases,   Kinetic   theory.      Booth    ^689 

Gases,   Took,   from   uptake.      Steely   128, 

Harris     311 

Gasket,  Blown-out,  Repairing.  Anderson. 780 
Gasket    broke    condenser     head.       Freer 

501,    (Filter    flanges)    Johnson 916 

Gasket   cutter.    Home-made.      Lemon '813 

Gasket   cutters.    Palmer    '524 

Gasket,  Goetze  "Devo"    •833 

Gasket,   Mine-pump,      blew     out.        Saxe 

•479,    Moore    818 

Gaskets     and     sheet     packing.      Norton 

233.    Swallow    377 

Gaskets,   Cutting  and  applying 632 

Gaskets,    Inserting,    removing.     Johnson. .•giS 

Gassman.      Elec.   operated  valves    765 

Gate   valve   repair    : '891 

Gate    valve,     Simmons    "Rothchild"    ro- 
tary      ^170 

Gear  cases.     Fabrice   669 

Gear,   Outside  diameter  of 313 

Gear-wheel   repair.     Sterling   ^376 

Gearing   a    motor    917 

Gebhardt.       Steam    meters    ^176,    •215, 

Correction     278 

Gehre-Hallwachs    steam    meter '216 

General    Elec.    flow    meters    ^179,    278, 

•640,   Diesel   engines    713 

Generator.      See    "Electricity,"    etc. 

Georgia  Power  Co.  experience   114 

Georgia   Ry.   &  Elec.   Co 434,  437 

German   elec.   plant.   Modern    '^316 

German     rural    power     plant.       Graden- 

witz     •546 

German  Museum  commission.  .523,  568,  ^605 

Germany,  Kinds  of  power  In   297 

Germany,   Smoke  abatement  in   617 

Get-rlch-quick    schemes    266 

Gilpin   factory   boiler  explosion    •519 

Gland  adjusting  kink.     Dixon   815 

Glass  diagram* — Heatine  buildings  ....  '88 
Glass  for  hot  boxes.     Bailey  343,  Davis..  566 

Gllck.      Locomobile   vs.   small   pant ^41 

Globe  wave  power  system    ^443 

Goetze    "Devo"    gasket    'SSS 

Golden-Anderson    automatic   valves '507 

Goodyear   Tire  turbine   installation 462 

Gordon    superheater    '139 

GOrlitzer  peat-gas  plant.      Percy    ^53 

Goulds   triplex   piston   pumps    ^732 

Governor.      See  also   "Regulator,"   etc. 
Governor  and  stop  motion,   RIoe-Sargent.*776 

Governor   ball   centrifugal  force 574,  638 

Governor  balls   weight.     G.   McB 672 

Governor,    Barrel    engine.      Hardlsty    ...•481 

Governor,    Deranged.      Rockwell 234 

Governor.   Hoisting  engine,   explained. .  .^892 

Governor,    Pump,    trouble.      Burns •eSS 

Governor,    Shaft.   .■Armstrong    637 

Governor,  Stopping  engine  by   •et 

Governor  tension  adjuster.  Grant's   ....•169 

Governor  troubles.     Werner   •SO 

Governor  valve.  Remodeling.  Watson.. ^812 
Governor,  Water'turblne,  Athens,  Ga...*425 
Governors.       Oil-pump,       Separator      for. 

Stewart     •846 

Governors.   Throttling  and  automatic. . .    167 

Governors,   Turbine.    White  Riv ^536 

Gow.     Tests  of  old  boilers •288,  304 

Gradenwltz.        Smoke-dissipating      chim- 
neys  •404,   782.   German  rural  power 

plant     ^548 

Graham.      Cent.-sta.    man's    opportunity 

514,    Kimball    735 

Graphite  for  hot  bearing.     Bennett 339 

Graphite  scale  preventative.     Ford 560 

Grate,    Thatcher    ".Vibany"    shaking •465 

Grate   distance   from    boiler    810 

Grate,   Kelly   rocking  and  dumping ^778 

Grate     locking    device,     Allman's     "Can- 
ton"  shaking  and  dumping   ^170 

Grating.      Drain,      for      cement      floors. 

Nichols     68 

Gravity   feed   system.      Vllter    56 

Grease   for    valve-stem    bearings.      Berna 

413,    Baker    635 

Greentown  boiler  explosion.  Beach. ..  .'519 
Grier.     Salisbury  boiler  explosions  ^522,  ^557 
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Grille,   Sollgnac,   boiler    '867 

Grinding  pump  valves  and  seats 

340,   •562,   "597 

Grinding  tube,   caps.     Dunn    '656 

Ground  in  field  lead.     Mead   '514 

Grounds,      Cable,      Locating.      Himmels- 

bach     •803 

Grounds,  Current  loss  through   672 

Guard,    Ewart   clutch    ^732 

Guards,    Safe.      Hammond    '864 

Guggenheim,    BenJ.,    Death   of '643 

Gunpowder   to   clean   flues 148 

Gus  stopped   leak.     Webster    395 

H 

Haas.      Bed   lead   Joints 685 

Hader.      Gas   Engine    Handbook t492 

Hammer  questions   820,   852. .  (erratum)   918 

Hammond    water   meter    '105 

Hammond,   E.   K.     Power  as   by-product 

•705,   Equipment  safeguards    •864 

Harrisburg  F.  &  M.  pamphlet   414 

Harrison     S.     B.     Wks.'     exhaust-outlet 

valve    ^59,    Publications    t493 

Hart,  C.  F.,   Dinner  to    279 

Hartley.      Hydraulic   riveting    •451 

Havard   coal   meter    ^327 

Hawkins.     Saving  heat  units    725 

Hays.      Exhaust  pipes,   gas  engines ^329 

Hazard  Mfg.  Co.'s  plant.     Rogers 

•348,    454,   •OlS,  '762 

Head  blown   from  steam  dome   •IIS 

Heads,  Bumped  and  concave   131 

Heat— B.    T.    U 303,    408,    484,   611 

Heat  to  convert  ice  to  steam   313 

Heat   transmission.      Orrok    147 

Heat  units  per  ampere    344,  408 

Heat  units.   Saving.     Hawkins    725 

Heat  values,  oils,  gas   344 

Heat,  Waste,  from  gas  engine.  Utilizing, 

at   Hisey-Wolf  plant    ^838 

Heater  acted  as  Jet  condenser.    Waldron.'847 

Heater  and  purifier.  National    •714 

Heater  and  purifier,  Otis   '59 

Heater,      Closed      feed-water.      Cleaning 

troubles,  etc.     Duncan  563,  Thorn. ..•850 
Heater,        Corrugated-film        feed-water, 

Schiitte  &  Koerting   ^228 

Heater,   Feed- water.     Bennett   •845 

Heater  heads.  Braced.  Grandmontagne..^339 
Heater,  Feed-water,  heating  surface....  531 
Heater,   Homemade  auxiliary.     Dunlap. .    ^94 

Heater,  Induction  69,   Webster   204 

Heater,      NoLsy.      Greene      201,      Hoppe, 

Meinzer   '449,  Greene    •883 

Heater,    Quick,    for    large    quantities    of 

water     •igo 

Heater,   Water,   Alberger   "Wainwright"..*395 

Heaters,   Auxiliary.     H.   P 601 

Heaters,      Closed,      surface      condensers. 

chart   for.      Turner    •esi 

Heaters,    Feed-water.       (Inq.) 167,  637 

Heaters,   Water   •23,   •155,  240,  484 

Heating  feed   water.     P.   F.   B 378 

Heating   feed    water.    Saving   by^-Chart. 

Wright     ^895 

HEATING  AND  VENTILATION 

— Air  circulation.     Jackson    22 

— Birmingham,    .\la.,    central    station. .  .•428 

— Boilers,   Gas-flred.     Johnson    •OOS 

^Bosch    factory    heating   and   vent ^770 

— Coal  required  to  heat  modern  city 
building :  monthly  temperature  of 
different  cities  ;  transmission  through 
brick    and    stone ;    chart    for    glass, 

etc.      Tweedy    •87 

— Continuous    vs.    intermittent    heating ; 

school.      Hastings,   Evans    90 

— Dry  house.  Draining  coils  in.  Dick- 
son      •842 

—Dry   kiln.    Piping.      Wakeman    ^552 

— Dust,  relation  to  heating.  Meier....  474 
— Enamel  vs.  bronze  radiating  surfaces..  841 
— Exhaust-steam      heating.      Am.      Eng. 

Co ^460 

— Fans,   Low-pressure.     Leese    394 

—Heating  system.  Criticize  this.    Jahnke^842 
— Heating  Union   Drawn   Steel   shop....    ^22 
— Heating  &  Vent.  Engineers'  convention 
and    papers    224,    225,    ^227,    'SOO, 

314,    •SOS,    405,    407,    474,  552 
British   thermal   unit  303,   408,   484,  611 

— Hebrew   Infant  Asylum   plant ...•283 

— Hot  water  and  corrosion 906 

— Hot-water  heating.  Evans — Vacuo  •365, 
Central  station  •625,  for  Institu- 
tions      '697 

— Hot  water  kink.     Schindler   ^907 

— Leaky  valve  wastes  heat.     McGahey.   •ISS 
— "Mechanics    of    Heating    and    Ventila- 
tion."     Meier    t856 

— Moody  Bible  Inst,   plant    •758 

— National   Heating  Asso.   convention...   605 

— Norway,  Elec.   heating  in   302 

— Pipe,   Size  of    -. . .  .    773 

— Pump,    Heating    system.    Troublesome. 

Hilton      338 

— Pump.    Why    does    it    race?.     Moulton 

•475,   628,    636,   700,   772,   842 
— Radiator   troubles.     Pettersson    •ISe 
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HEATING    AND    VENTILATION 

— Radiators,    Rebuilding.      Johnson    ....    *21 
— Ritz-Carlton  hotel  h.  &  v.  system.    Ful- 
ler      *403 

— Single-pipe      heating      system.       Kav- 

anagh     •154 

— Siphon  on  return.     Gerber   '908 

— Steam    and    hot-water    service,    Charg- 
ing for — Natl.  Elec.  Lt.  Asso.  report.*840 
— Steam  heat.  Charge  for.    Diamond  302, 

Metz     475 

— Steam  heater  repair,  Temporary.    Hug*553 
— Steam   heating  large  dept.   stores.   Bos- 
ton.    Boyden  •300,  407,  Evans  405, 

553,   Moses  407,   Jackson    552 

— Swimming  pool.  Heating.     Teran   ....^227 

— Vacuum   degree,    heating   coils 819 

— Ventilation  problems.     Kimball    225 

— Ventilator,  Burt  induced  draft  ^134,  172 
— Water  heater,  Alberger  "Wainrlght". .  •395 
• — Water  heater,  Homemade.     Thorn  240, 

Russell     484 

— Water    heater.     Piping.       Jones     *23, 

Merrill,    Noble    'ISS 

■ — Water  heater  problem.      Thorn '23 

— Water     heating — Where     place     coll? 
Belmonte      633,       Mowat,       Brown, 

Thorn 882 

— Water,      Large      quantities,       Heating 

quickly     •lUO 

Hebrew  Infant  Asylum  plant.     Rogers.. ^282 

Heck.     Design  of  bearing   '112,   •309 

Heilmann-Stumpf    controversy,    etc. ..29, 

•41,   '72 

Heinz    producer — Peat   gas    ^53 

"Helssdampf  -  Schiffsmachine."  Hoim- 

boe     ■ t382 

Hellmann  gas  engines.     Junge   •396 

Herbert    superheater    •ISg 

Herter.     Oil  power  cost   259 

Hess.      Large   turbine.   Providence •ll 

Hillside   Co.'s    boiler   explosion    136 

Himmelsbach.      Locating  cable  grounds. .'SOS 

Hlne  tank   explosion •506 

Hisey-Wolf    plant,    Cincinnati    •838 

Hoist.    Mine,    repair  notes,    etc.,    Susque- 
hanna        •IIO,    •729,    •731,   ^763 

Hoist   telltales    •185,    •388,  729 

Hoists,   Homemade.     Everette   •687 

Hoisting  engine  frame  fractured    ^146 

Hoisting   engines,    Ashley   planes    ^456 

Hoisting  engineer,  Samuel  Reynolds. .. '214 
Hoisting   engineer.    Tom   Hunter.   Rogers 

•184,   •325,    '542,    •OSS.    *892 
Hoisting  set,  Calumet  &  Arizona's  West- 
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and  Nadler's  tests   •ISl 

Oil,  Burnt,  To  remove.     Aden   445 

Oil,    Crude,    Effect    of    temperature    on. 

Howell     •400 

Oil,  Cylinder,   test.     Walden    •811 

Oil   engine.      See  also   "Engine,   Internal 

Combustion,"    "Diesel." 
Oil  engines,  Hungarian  municipal  plant  ^549 

Oil   filter,    Nugent    *264 

Oil  filtering  and   reducing  labor.      Moul- 

ton     848 

Oil  firing.  New  Orleans   ^421 

Oil,   Fuel.   Burning.     Weil    '97 

Oil  fuel   heat  values   344 

on.   Fuel,   strainer.     Cook    •595 

Oil,   Gear   pump   for    •362 

Oil  guard.   Commutator.     Black    ^402 

Oil  In  boilers.     Dillon   64 

Oil   In   condensation,    Determining 785 

Oil  in  steam  lines.     Holley   211 

Oil  In   steam  pipe.     Robertson ^32 

Oil  lift,  Comp.  air.     Munzer    ^708 

Oil  pipe  leaked.     Marier  ^411,  Baker   ..•710 
OH    power.    Cost     of.        Pfleghar,     Lock- 
wood,    Beardsley   19.    Herter 259 

Oil-pressure     system.     White     Riv.     tur- 
bines      •538 

Oil   pump    and     lubricator    filler.       Mc- 

Gerry  ^124,   •747,  Stickney    527 

Oil-pump  governor  separator.     Stewart.  .*846 

Oil,   Purpose  of.      Stoll    43 

Oil   separator.    National    *714 

OH   stop   valve,   Lalor  automatic    *26 

on  switch.     M.  G 378 

Oil   trav   stand.     Bair   ^160 

Oiler,  New,  Tricked.     Keys   787 

Oilers,     Crankpin.       Ashworth     68,     Mc- 

Gahey     •373 

Oning,  Center  crankpin.     Wakeman •812 

Oiling  system.   Inexpensive,   refrigerating 

plant.     Stretton    *439 

Oiling  system.   Remodeled.     Binns •i07 

Oiling     system.     Simple     compressed-air 

operated.     Lane   '746 

Oliver  Iron  Mg.  Co •288,  304 

On  to  his  job.     Grlswold   596 

One   of   many    335 

Operating.     See  also  "Engineers." 
Operating    records,    small    plant.       Mon- 
nett      ♦758 

Ophuls.        Ammonia     absorption     refrig- 
erating   system    •uSS 

Optlmus   plating  dynamos    ^298 

Orange   lighting  plant  saving   492 

Orrok.      Heat    Transmission    147 

Orsat,  Indicator  and  the   369 

Oster  bent  pipe  threader   ^230 

Otis   water-purifying  system    ^59 

Otto   engine   experience.      Ulmann ^694 

Ould,   J.  G.,  Death  of    ^38 

Ovitz.     Coal  deterioration,  stored 6,  896 

Oxygen,  Compressing.     P.  G 487 


P-K  .expansion   joint    •713 

Pacific   Coast   Power   Co ^534 

Pacific  Gas  &  Elec.   Co.     Maujer.  .•  720,  744 

Pacific   L.   &   P. :    Redondo    •646,  744 

Pacific    Mills   power   system *2,  '82 

Pacinottl,  Antonio,  Death  of    •569 

Packing,  .\mmonia.  trouble.  Gibson  264, 
Greene,   Wilcox.  Burley,   I'erras  440, 

Johnson,    Mitchell    515 

Packing  cutters.     Palmer    •324 

I'acking  In  steam   plants    545 

Packing,   Roybel    264 

Packing,   Rubber,  Removing.     Ueed  •263, 

Johnson    C64 

Packing,     Sheet,     and    gaskets.      Norton 

233,    Swallow    377 

"Paint"  for  exhaust  pipes.     Fries 661 

Paint  remover    79 

Palmer.     Boiler  bracing   'oSl 

Panama  Expo 335,  772,  920,  921 

Paraflin   motor  driven   launch    359 

Parallel  alternators.  Field  excitation  and 

load  division  of.     Morris   332 

Paralleling,    Promiscuous    434 

Parllman.     Detecting  armature  defects.. .•766 

Parson  improved  furnace   ^229 

Parsons.    R.   C,   sewage  pump ^476 

Patch  cracked.     Kropidlowskl •337 

Peabody.  Steam  Turbine  Thermody- 
namics      1492 

Peat  as  gas-engine  fuel.     Tomlinson....   660 

Peat   bogs,   Ontario's,    Utilizing 327 

Peat — Bureau   of  Mines.     Davis 79 

Peat  gas   power  plant,   Ireland 116,  661 

Peat  gas  power  plant,  GOrlltzer.     Percy..  •33 

Pel-Yang  University  plant    •OOS 

Pelton   wheel   horsepower    749 

Penberthy  water  ejector  •26.  Automatic 
water   gage   •ei.   Globe   valve   •732. 

Automatic   sump   drainer    ^770 

Percy.  Peat-gas  plant  •53,  Power  and 
ice  plant  *418,  Big  Georgia  gas 
engine    43T 
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Perpetual  motion  again.     Adeock 153 

Personal  appearance.     Hawkins    376 

Petroleum,    Crude,    World's   production..    259 

Petroleum    production    increase    172 

Pflegbar.     Oil  power  cost    19,  259 

Phillips.     Power-factor  chart  for  3-phase 

circuits     "582 

Pilot   lamps.      Chamberlain    902 

Pilot  valve,   Golden-Anderson  •5U7 

Pin,   Cotter,  extractor.     Nichols '373 

Pinion,  etc.,   Dynamite  for 160,   •294,   341 

PIPING 

See  also  "Heating  and  Vent,"  "Blow- 
off,"   "Valve,"  "Oil,"  etc. 
— Backwoods       steam       fitting — Wooden 

flanges.      James    •269 

— Bends,  Pipe.     Jackson    36 

— Bending  pipe  in   China    'eiO 

— Bending  eand-fllled  pipe.     Tcrman  580, 

Dlehl     748 

— Boiler  connections.      Brown    641 

— Bolting,  Pipe  flange.     Johnson    204 

— Brine    line.    Loss    of    refrigeration    In. 

Robertson    43S 

— Broken  pipe  ends,   Removing.    Kasley..^632 

— Cement  for  pipes.     P.  G 531 

— Coating,    National    291 

— Colors  for  piping,  German    279 

—Corroded  pipe,   What?     Phelps    913 

— Draining   steam    pipes.      Wakeman.  .  .  .•912 
— Ells,    What    cracked?      Blessing    235, 

Johnson,    Boone,    Wesley.    Lane *447 

— Exhaust-pipe     Joint,      Leaky,      Curing. 

Seager     •ege 

— Exhaust  pipe   "paint."     Fries    661 

— Exhaust   pipes,   gas   engines.      Hays... '329 

— Expansion    forces.      Ingham 351,  817 

— Expansion,   Unequal.      G.   W.   R 885 

— Expansion,  Variator  for,  Birmingham. .'429 

— Feed    line.    Clearing.      Cordner 123,483 

— Feed-pipe  arrangement.      Martin 95 

— Fire  from  burst  pipe,  Georgetown ....      38 
— Flange  and  fitting  standards. ..  .•390, 

400,    741,    822,  909 

— Flange.   Wrong  holes  In.     Parker •525 

— Frozen   water   pipes.    Thawing.      Bates 

153,  Browne  548,  Gorilla   836 

— Improving  neglected   plant.     King.... •745 
— Internal     steam     pipe     design,     Loco. 

boiler     •879 

— Joint,    Expansion,    P-K ^713 

— Joint,  Ferrule,  Serviceable.    Pettersson  '745 

— Joints,    Eliminating.      McGahey    •632 

— Joints,  Leaky  pipe,  and  cold  air.    Nor- 

mand  235,  Olllver  4S4,   Harden  566, 

Thorn,    Behen    783 

— Joints,    Red-lead.      Haas    683 

— Joints,    Van    Stone,    Reinforcing   •292, 

Everett   ^598,   Raueche   'Sie 

— Leaks  stopped  with  oil    412 

— Leaks,    Timely   examination.      Jahnke...  848 
— Mistakes  and  carelessness,     Gillean,..   371 

• — Oil   in   steam   lines.      HoUey    211 

— Oil  In  steam  pipe.     Robertson    ^32 

— Pressure  at  different  points  along  pipe. 

W.    J.    H •78.5 

— Pump — Pressure   problem    .  .    445.   598,   784 
— Receiver  piping.   Wrong.      Ragsdale. .  .•371 

—Repair,   Pipe,   Temporary.      Staal •SJS 

^Slze  of  heating  pipe   77^ 

— Steam  flow  in  pipe   205 

— Steam  mains  and  traps   701 

Steam   pipe   loss    •345,  567 

— Steam   pipe.   Patched.     Wadsworth. . . .  •562 

— Steam  pipe  size  for  engines    69 

— Steam   pipe   supports    158 

Steam  pipes.  Uncovered,  Losses.    Kezer  911 
— Steam    piping — Some   considerations...      92 

— Steel  pipe  strength.     Stewart 853 

— Support,   Pipe.     Cox    •412 

— Thread   die   stock,   Emergency    ^98 

— Threader.    Cowell    •381 

— Threading     machine,     Lathe-bed     pipe, 

Loew-Vlctor     ^776 

— Threading  machine,   Bent  pipe,  Oster.   ^230 
— Underground   pipe  protection.      Perkins   ^62 

— Vibration.    Steam-pipe.      Fenwick ^201 

— Water   discharge   formula    275 

— Water  flow  In  pipes,  Calculating.    Hol- 

loway     •  790 

— Water-hammer.   Vacuum    caused.     Saxe  667 
— Water  main   diameter   required...  .750.  786 

— Water,    Pressure  to   deliver 715,   750 

Piston,  Conical.   Pressure  on    •SIO 

Piston.    Oaso.    engine.    Broken.      Webster 

•297,    (Gas  engine)    Utz    •739 

Piston  packing  experience.      Collins 509 

Piston   packing,    Leather.      Nottberg ^129 

Piston    repair.    Emergency.      Stahl    6«S 

Piston   rod,    Pump,    Repaired.     Card....   306 

Piston-rod   repair.      Sterling   •376 

Piston-rod  size.     J.  L.  B 131 

Piston-rod     wear.       Kernlck    235,     Lane 

483.    Boone    564 

Piston  rods.   Pump.   Saving.     Wallace...   814 

Piston  trouble.     Duncan    ^32 

Pistons,      What      broke?      Halght      667, 

(Water)    O'Regan    910 

Pltot  tubes    ^103,   •170 

Pittsburg  greatest  mfg.  district   473 

Pittsburg   smokeless    243 
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Pittsburgh   Steel  Co.'s  engine    ^649 

Plans,  Measurements  for.     Dixon   ^293 

Planes,  Ashley,  hoisting  engines.     Rogers  •456 
Planimeter,   Doing  without.     Campbell. ..•881 
Plant.      See    also    "Isolated,"    "Central," 
"Power,"   "Steam,"  etc. 

Plant  economy.     Bailey    746 

Plant,    Neglected,    Improving.      King....^745 

Plant  operation,   Economical   157 

Plant  performance  record.      Burley 95 

Plant     shut    down     for    year,     Starting. 

Goal     234,      (Laying     up)      Bailey, 

(Taking  charge)    Miles    482 

Plants,    Small,    Aid    tor.      Morse    849 

Plants,    Small.  Moody   Bible   Inst •758 

Plating     dynamos,     Munning-Loeb     "Op- 

timus"     .  .  .  .' '298 

Plug,    Max    "Minute   Emergency"   expan- 
sion      ^170 

Plugged  boiler  head.     Thorn   310 

Plugging   a   well.      Nelson    ^62 

Plugging   hot   holler   tube    ^816,  915 

Plunger,  Broken,   Lifting.     Cordner •667 

I'oole,      Drainage  power  plant,   New   Or- 
leans  '421,   Wires  for  direct-current 

circuits  466,   Returns  to  engineering 

630,   Transformer   connections   •657, 

•691,   ^869 
Port    opening,    Unequal.      MueJIer,    For- 

gard,   Roos,   Brong   "So 

Porter,     H.     C.       Coal     deterioration    in 

storage     6,  898 

Porter,  H.  P.    Corliss  valve  setting.. •Ill,  271 

I'ortland   regrade  operation    638 

Power      and      ice     plant,      Combination, 

Ware   County.     Percy    •418 

Power   as   by-product.     Hammond •705 

Power    cost,    N.    E.    mills.      Van    Winkle 

164,    Brinckerhoff    530,    Jackson....    747 
Power,     Efficiencies     In     production     of. 

Maclntire •(552 

Power  factor;  load  factor 131,  478,  601 

I'ower     from     small     low-head     stream, 

Athens,   Ga.     Rice    ^424 

Power  generation,  C'oncentratcd.  InsuU  621 
I'ower.   Horse,   Calculating  by  slide   rule. 

Richardson     '777 

Powi-r,   Horse,   Rule  for,   with  slide  rule. 

Low     799 

Power,   National  sources  of   702 

I  ower  plant,  Aeolian.     Rogers    ^680 

Power    plant    and    tech.    graduate    701, 

Berger 914 

Power  plant.   Evenly   balanced    265 

Power    plant,    German    rural.      Graden- 

witz     ^546 

Power   plant,    Hazard.      Rogers. ..  .•348, 

454,   •GIS,   ^762 
Power    plant,     Hebrew     Infant    Asylum. 

Rogers     ^282 

Power-plant  operating  costs  556,  Wood..  670 
Power-plant  recording  system.  Allison  •646 
Power  plant,  Sears- Roebuck.  Tupper..  .•890 
"Power    Plant    Testing."       Mover    1415, 

Smith  709,  Linker   747 

Power-plant  testing  cooperation    743 

Power   plants,   Accessibility    in    121 

Power  show  at  Boston    •673 

Power   Specialty   Co.'s    water   cooler. ..  .•ISS 

Power  station.  Cleanliness'  in    477 

I'ower    station    records 336,    372,  566 

Power  system,  Brakpan  Mines.  Stone..  171 
Power   system,   Cleveland   Cliffs   Iron   Co. 

Tupper     '40 

Power       system.       Interesting — Virginia, 

Minn.,    sawmill.      Tupper    •SSi 

Power    system.    Pacific    Mills •2,   ^82 

Pratt    Trap,    Improved    ^868 

Precoollng  plant.  Southern  Pac.  Allison  •SOe 
Piess,  Hydraulic,  Watson-Stlllmaan. . .  .^171 
Pressure  gage.     See  "Gage." 

Pressure  on  the  guides   99 

Pressure      problems,      Three.      Hawkins 

•445,     Kimball,     Mclntyre,     Watson 

.598,    Sandstrom,   Rush    784 

Pressure  regulator.   Step-bearing.     Payne 

•270,    Holly    •528 

Pressure  regulator,   Ziermore    ^491 

Pressure  regulators.  Turbine,  White  Rlv.*o36 
Pressures,     Explosive,     in     gas     engines. 

Munro     •363 

Pressures,   High  steam.     B.  J.  W 601 

Prices,    Quoting.      Henry 128,    310,   747 

Prime  movers,  Christie  on — Gas  blowing 

engines     20 

Priming  and   foaming    69 

Problems,    Pressure.      Hawkins    . .    •445, 

598,   784 
Producer  gas.     See   "Gas." 
Prony    brake.    Testing   small    gas   engine 

with.      Slade   551,    Kasley    884 

Prony  brakes.  Rope.     Smallwood   '754 

Providence,    Large   turbine.      Hess •ll 

Public  Service  Commission,  Give  author- 
ity   to    629 

Pullen.     Testing  Engines,   etc t38 

Pulley    lagging.    Cord.      Hull    ^305 

Pulley   speeds   786,  820 

PulIe,TS,     Transmitting     capacities ;     slip 

and     friction    chart :     cork     Inserts. 

Sawdon   •126,   Whitcomb ^527 

Pultz,     Systematic  purchase  of  coal 

•285,  303 
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PUMP 

See     also     "Oil,"     "Valve,"     "Air," 

"Well,"     "Refrigeration"     (sub-entry 
Ammonia"),  etc. 

—Air,   Compressed,   pump,  Murdock's 253 

— Air,    Compressed,   Pumping   by.      Rich- 

, .'"■?,«    •••■■■ 684,  ^720 

—Air   lift   calculations.      Hills    36 

-Air    lift    or    impeller    turbine    pump? 

Goodman     .     533 

—Barometer  reading— Pump  lift!!.'!!!!  99 
—Boiler-compound  feeder.  Hartley  .  .  'igl 
—Centrifugal -pump  installation.  Kierulff^TSl 
—Centrifugal   pump,  McEwen    ...  •tts 

7;'^''f''.'|"S^'  pump  speed.  Daugherty-  35 
— Centntugal   pump  troubles.    Baker  443 

Guy  671,  Boone  710,   Webster  •Sgg! 

Hawkins     '  gj, 

—Centrifugal  pumps.  Priming. "  Leigh ! !  633 
—  comp.    pump   steam    consumption — Ex- 

haust  open  and  closed.     .Saxe.  *P,-ii 

""^^I'^nfr'T^'™'     Hopes  •62,  Donovan 

•dOb,  Coleman    0^0 

-Deane     S.OOOlb.     pressure  '  pump  '  for 

Chase    Rolling  Mills    ......    ^  .^m 

—Diagrams,   Pump.     Willis   •267,   Stouf- 

—Diaphragm'  'pump'. ' '  j.'  'j/'f!  '.'.]] lo? 

-Discharge  line  pressure.     A.  T.      ""   ni? 

=SSf;fp1nr''&nfr''*';""f"'"'°P".^ei 

-Feed  pump    Troublesome.    Be'rii'n  '•■4'81, 

fttanl   6(1,  Kummerer   .  sis 

^     Vance"""^'     '^''''*'"'^"°S    'sizes  "of. 
^^'^eraed '*"    """P'    Autotnat'lcal'ly'  'g'o'v'-   '^^ 

—Float  pump  control! '  'Le'e'se *^lfi 

—Foundation,  Pump.  Sheridan  .!!!!"»632 
— Gage-calibiatmg    pump.      Martin  '•475 

—Gas  sampling  pumps.   Smith...  '    «il 

—Gear  pump  for  oil   ,,f% 

—Goulds  triplex  piston  pumps!! •790 

—Governor,  Pump,  trouble.  Burns',! !! '•633 
— H^^ting^system      pump,      Troublesome. 

— Hp.   required'  tor  'pump  '.'.■ '.[ fnl 

—Impact  of  water  broke  pump.  Quinn.'.»813 
— Indicatng  a  pump.     S.   C...    ...       885 

—Knock   In    feed  pump.      Hawkins 269 

—Leather  piston  oacking.  Ncttberg  .  •iSg 
-Lubricator,  Why  won't  It  work?     Hull 

ivT„J„,'  K^yio.lds,  Vogler,  Johnson...  748 
—Mexican  pumping  plant,  Thomas,..  •esS 
— Mlne_pump     gasket     blew     out.      Saxe 

•4(9,    Moore    81 « 

—New  Orleans  drainage  plant' !!!!!!! '•li? 
— N.   1.  pumping  station  reports •ogg 

Uorthington    pumping    engines....    •37» 

—Piping— Pressure    problem. ..  •445,    598,  784 
— P  ston   rod,   Repaired.     Card   . . . . ....   300 

— P  ugglng  a  well.     Nelson    ....  •62 

—Hunger,    Broken,    Lifting.      Cordner!  !! •607 

sSSffer'"     ^""^     discharge     pipe.        ' 

~'^'t\T'  Tf''°*''i%j    P""Ptog.' '  Croc-  ^^^ 
Kett.     IXirand     68,     Lane.     Johnson, 
Dowd,   Hollowa.v.   Sullivan  130,  *711 

Steely    130,    Bettis    '.074 

—Pump  rods.  Saving.  Wallace  ...!!!!  814 
—Pump  w,3Hld  not  force  water:   suction 

ts^q""   wilS^*"-      Dickson    •597,    Gates 

( 83,    Wilde    00.7 

—Pumping  engine  crank  posl'tion's— "Sviikt       ' 

should  they  be?     Aldrich •813 

— 1  ump  ng   engine   power   developed !   819 

— Pumping-englne       speed-limit       device 

Francis   337,   Mason 711 

— Pumping   engines,    "Dutv"    of       672 

—Rac^     Why    does    It?      Moulton "•'4'7'5', 

WiLson    628.   Clinehens.    Ballev    Her^ 

^'"'' .,*^%o  ^^^5"°    '''00.    Cooll,    Calder- 

wood   772.   Everett §40 

''51!1^''"a  Automatic   pump.      Lehman 

•337.   Durand    ack 

—Regulator.    Barrel.      Hardistv '!!!!!!' •48'l 

—Repair.  Quick— Crosshead.     joshi   ^667 

—Repairs,    Numerous.      Scarborough 780 

— River   underfiow   supply.      WlIeyT.    .      •3.';'> 

— Second-hand   machinery,   Using   477 

—Sewage  pump,   Parsons  "Stereophagus'''^470 

— Sloss   mines   plant,      Tupper ^496    783 

— Steam  per  hp.  hour   ;   373 

-Step-bearing  pressure   regulator'.,'«2'7'o ''528 

—Study   questions    852.    886,  918 

— Sunip  drainer,  Penberthy  automatic. . ^776 
—Turbo-pumps,       blowers,       Comparing 

Carpenter    •612 

—Valve  seats.    Removing.     Josh'l! ! ! ! ! ! '•105 

— Valves,    etc..    Grinding 340     •Se'    •,'597 

—Valves,   Soft,  and  hot  water.    'HuII.".'  •779 

Punch   for  washers.      Edwards !«S46 

Putnam   engine   valves,    Setting 205 

Pyrometers  and  boiler  efficiency.    Busse..*728 

Q 

Question   reference   book.      Webster 446 

Questions,   Study.     See  "Study." 


u 
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Racing,  Peculiar  cause  of.     Mead *514 

Radauue  Valley  embankment  plant *546 

Radiator    troubles.      I'ettersson 'Ipe 

Radiators — Enamel    vs.    bronze    841 

Radiators.    Upbuilding.      Johnson    '21 

Rateau    accumulator    'oTo,  882 

Ratlsal — Substitute   for  trap    'SSO 

Ray.      Draft    In   boilers    *1'JS 

Reardon.  Kxpert  advice — Ice  making. .  741 
Receiver,    Tracked,    repair.      Howdon.  .  .  . '.501 

Receiver   piping,    Wrong.      Ragsdale *371 

Receiver        pressure.        Reynolds        •440, 
Mason    .'iOfl.    .Johnson,    Westcott   GOO, 

Ili'bberd.    Prescott    818 

Receivers.     .7.   D.   R 31 3 

Record    of  plant   performances.      Burley..     95 

Records.   Cost,   Keeping.      Jackson 577 

Records,    Operating.    Moody    Inst '758 

Records.     Power     station     336.     (Saving 

clerical    work)     372,  5CR 

Recording  system.  Power-plant.      Allison  '646 

Red  lead  Joints,     naas   685 

Redfleld.  Air-compressor  intake  inertia. .*162 
Reducing  motion.     See  "Indicator." 

Reducing  valve  repair.     Burns    338 

Reduction,   Elec,   for  ships.     Emmet...      SI 

REFRIGERATION 

— Absorber  tubes,  Plugging.  Robertson  '663 
— Absorption-plant     charging,      starting. 

Edge     119 

— American   .\sso.   of   Refrigeration  ;  com- 
mittee  report  on   testing,   etc... 740,  741 
— American    Soc.    Refrigerating    Eng.  ...      55 
— Ammonia   absorption   refrigerating  sys- 
tem.     Ophuls    'SSS 

— Ammonia    compressor.    Compressed   air 

from.      McGerry    870 

— Ammonia     compressor     cylinder     wear. 

Anderson     876 

— Ammonia  compressor.  Leaky,  cards...  861 
— Ammonia  compressor  refrig.  capacity..  34-1 
• — ^Ammonia   compressor   motor — Sparking 

commutator.      Hawkins,   Hill    17 

— Ammonia    compressor     water     jackets. 

Frledmann      55 

— Ammonia    cylinder.    Blowing    off    heads 

of.     Roark    438 

— Ammonia   discharge   pipe  temp.     Storv 
120.     Gill     264,     Cordner,     Ed.    440, 

Ramsey    664 

— Ammonia  flange  standardization.     How- 

ser    741 

^Ammonia    pipes,    Galvanized    iron 131 

— Ammonia  pump  packing  trouble.     Gib- 
son    264.     Greene,     Wilcox,     Burley, 

Perras   440,    Johnson,    Mitchell 515 

— Ammonia,  Properties,  dangers.  Barker  119 
— Ammonia,   Drawing,   from   system   205. 

McGerry   •439,    Baker    '876 

^.\tlanta.  Central  refrig.  plant.  Turner  »662 
— Brine.  Calcium-chloride,  Making.    Kaiser 

439,    Ashworth    664 

— Brine    line.    Loss    of    refrigeration    in. 

Robertson     4S8 

■ — Carljon  dioxide  properties.  Barker..  334 
— Carbonic  acid  refrigerating  system .  .  .  749 
— Cold-storage  plant,  Floating,  fishery..  56 
—Cold     storage     of     furs     and     fabrics. 

Tweedy     261 

— Cold  storage.   Refrigeration   for 241 

— Cold-storage  room  alarm.  McGerrv.  .  .•516 
— Diagrams  for  criticism.  L.vons  .'....  •51B 
— Frigoriflc    power-measurement,  different 

systems — Table     876 

— Frost,   Trouble  from    875 

— Gravity  feed  system.     Vilter   56 

— Ice.  Artlfleial,  Does  large  storage  pay? 

Kehoe     874 

— Ice  plant.  Overhauling.  Luckenbach..  333 
—Ice.     Slow     melting     artificial — Etpert 

advice.      Reardon    741 

— Ice.  Water  for  manufacturing 37 

— Knock,  What  it  revealed.  Means....  516 
— Oiling    system.  Inexpensive,  using  water 

pressure.      Stretton    •439 

— Packing.      Rubber,      Removing.      Reed 

•263,    Johnson     664 

—Power     and     ice     plant.     Combination, 

Ware  County.      Percy    •418 

— Preonoling  plant.  Southern  Pac.     AIII- 

„  son     •SCO 

— Siphoning    and    boiling    over;    absorp- 
tion-plant cooler.     Edge   'nlS 

— Sulphur  dioxide   refrigerant    378 

—Troubles.   Refrig.   plant.      Kill 516 

Regenerators.      Exhaust-steam.       Davles 

•575.    Rateau    882 

Regulator,    Wing's    "Wateli   Dog"   hydro- 
static  feed-water    *168 

Regulators,   Pump,   etc.  .•326,  •337,  •4Rl, 

485.  'ess 

Regulators.    Feed-water    •287,    Rockwell 

36.   Johnson   165.    239,    Smith 23!) 

Reminiscences  of  engineer.     Hooper 276 

Repair,    Temporary — Heater.      Hug *553 

Repair    work    suggestions.      Pflum    *160, 

Sterling     ^.^70 

Repairs,    Numerous.      Scarborough 780 

Reports,  Station.  Saving  clerical  work  In. 

Knowlton   372,   McKelway    566 
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Resistance.   Copper  wire.     C.  E.  N 167 

Responsibility  for  defective  work.    Bailey  203 

Reversal  of  current.     B    J.  C 637 

Reversing  gas  and  oil  engines.  Levin..  ^470 
Revolution  counter,  Schuchardt-Schiitte  '640 
Rewinding  induction   motors.  Fenkhausen 

•50   '149.    Browne    514 

Reynolds,    Samuel    '214 

Rheostat   repair.    Quick.      Pagett •US 

Rhode  Is.  Co.'s  large  turbine   •ll 

Rhode  Is.  coal   242,   556,   Lewis 270 

Rice,    S.       Power    from    small    low-head 

stream,   Athens,    Ga ^424 

Rice    &    Sargeant    engine    governor    and 

stop    motion    *776 

Richards,  .\ctuatlng  forces  in.straight- 
line    air     compressors    •292,     Comp. 

air    pumping    684,  •726 

Richardson,   G.    W.      Slide  rule *777 

Richardson,   W.   E.,   Death    *822 

Uichardsons,    Westgarth    &   Co.   engine..    *73 

Ridgeway.      Belt   conveyors    387 

Ringlemann  smoke  charts,  etc '77, 

•273,  'SIQ 
Risks,     Unnecessary    630,    Mason     *816, 

Suverkrop     915 

Ritz-Carlton  hotel.  Heating  and  venti- 
lating.     Fuller    ♦  103 

Riveting,    Hydraulic.      Hartley    •451 

Riveting   saddle   flanges.      Lane *480 

Roark.      Blowing   off   heads   of   ammonia 

cylinder     438 

Robb  peat-gas  plant   116,  ri60 

Robb-Brady  boiler  test    •823 

■  Robertson.  Loss  of  refrigeration  in 
brine  line  43S,  Plugging  leaky  ab- 
sorber  tubes    •603 

Robson.      "Machine  Drawing"    t.403 

Rod   wear.   What   caused?     Kernick  235,  ' 

Lane   483.   Boone    564 

Rogers.  Tom  Hunter,  Hoisting  engi- 
neer •ISl.  •325,  *Si2,  •GSS,  •892, 
Hazard  Mfg.  Co.'s  plant  •348.  454. 
•615,  •762,  Hebrew  Infant  Asylum 
plant  ^282,  Winding  engines,  Ashley 
planes  *456,  Balanced-draft  furnace 
regulation  ^504.  Combined  ash  and 
coal     storage     •615,     Aeolian     Co.'s 

power    plant     •680 

Rolling-mill    engine,    Pittsburgh    •649 

Rolling  mills,  Ilgner  drive   434 

Rope    brakes.      Smallwood    *754 

Rope.   Cotton  vs.   manila.     Jackson   508, 

Ed.   517,   Gagnier    817 

Rope-drive  safety  alarm.     Lyon   •124 

Rope,  Wire,  splicing.     Johnson •143 

Ropes,  Transmitting  power  by.     Brown..  354 

Roswell,   N.   M.,    boiler   explosion ^70 

Rossland,   Increased  power  at   920 

Rotary  converter.      See  "Converter." 

"Rotary"    engine — Misused    term 58 

Rothchlld   rotary   gate  valve •170 

Royal   Marble  Co.'s  boiler  explosion..279,  •290 

Roybel    packing    264 

Royds.      Testing  of  Engines    ..t415 

Rumely    traction    engines.    Testing •705 

Runaway   engine.    Stopping.     Griswold..    *B7 
Running  under,   Air   compressors.      Rich- 
ards      ^292 

S 

Saddle   flanges.   Riveting.     Lane •480 

Safeguards,    Equipment.      Hammond. ..  .^864 
Safet.v.      See     also     "Valve,"      "Guard,"  • 
"Accident." 

Safety  alarm.   Rope-drive.     Lyon •124 

Safety  device,  traveling  cranes.    Marzolf  ^332 

Safety  precautions,   electrical   work 369 

Safety  signals  and  stop.  Hoisting.  .•185, 

„,    ^  ^  '388,    •653,   ^729 

St.  Johns  steam  meter   •215 

St.   Lawrence  power  project 355 

.Salisbury   boiler  explosions.    Grier..^522,  ^557 
Sampler,  Flue-gas,   Continuous.     Nelson. .•SIS 
San   Antonio   locomotive   explosion.  .454, 
„      ^  ^  ^520.  •004.  •795,  809 

band  for  hot  boxes.  Blessing,  Petrasek, 
Rittenhouse,  WInterbottom,  Reddie 
127,  Wesley,  Maclean  240.  Jones   . .    343 

Sargent   steam   meter    •oio 

Savannah   $1,000,000  plant    454 

Sauer   adjustable   shaft    bearing •lys 

Sawdon.     Pulley   transmitting  capacities 

•126,   ^527 

i-awmlll  power  system.     Tupper   ^384 

Sawyer.    Edward.   Death   of 70 

Scale,    Boiler,    solvent.      J.    K 672 

Scale,  Collection  of.     Dever ^200 

Scale,    Loss   by — Chart    •54.1 

Scale  prevention.     Creen    459 

Scale  preventative.   Graphite,     Ford....   560 
Scale,   What  It   does   to   boilers.      Harri- 
son Safety  Boiler  Wks 1493 

Scavenging  with    compressed   air ^397 

Schuchardt  &  Schiitte  revolution  counter 

and   stop   watch    •640 

Schiitte  &  Koerting  heater ^228 

Schwarz    accumulator,    etc •576,  882 

Sioop  handle.   Repairing.     Johnson •SH 

Scotch  marine  boiler.     Gilbert  et  al..32,  ^34 

Scout  cruiser  tests   9,     10 

"Screech,"  Locating.     Terry    .'  446 
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Screenings.     Burning,     Results.      Mowat 

656,   Fleux    882 

Seager.       Deterioration     of    suction    gas 

producers     'SS? 

Sears,   Roebuck  plant.     Tupper •890 

Second-hand   machinery.   Using    477 

Sediment,  Wliat  causes?     King  033,  Lid- 
dell    782.    Dawkins    916 

See  Marshall   radial  gear   *35 

"Selandia."   I'iesel  engine   ship    •585 

Seneca   River   tube   blowout    12,  111 

Separator,   .\ir  moisture.     Kelley    815 

Separator  for  oil-pump  governor.     Stewart^846 
Separator  gage  glass  breakage.     Dickson 
64,  Altman  237,  Thorne  'SIO,  Burns 

•564.    Klemm    818 

Separators,    Steam,    Reverse   current 601 

Sewage   pump.    Parsons   "Stereophagus"..^470 

Shaft  aligning  device.     Stocks    ^41.^ 

Shaft    aligning    template.      Forblng •560 

Shaft  bearing,    Sauer  adjustable *163 

Shaft,   Blow   hole  cracked.      Hauser •ISQ 

Shaft.  Dynamite  for  removing  pinion 
from.      Pagett    160,     (Shooting    out 

keys)    Tomllnson    •291 

Shaft  hoisting   wrinkle.      Herman '31 

Shaft,   Small,  coiled.     Osgood    •gil 

Shifts,    One-man   91,    Utz    483 

Shim,  Lindhe  laminated   ^230 

Ship     propulsion,     Elec.     reduction     for. 

Emmet     81 

Shooting,  Removing  parts  by.  .160,  •294, 

341.  485 
Shop,      Large,      Heating — Union     Drawn 

Steel     Co.s ^22 

Shovel   handle.   Repairing.      .Johnson. ..  .'Sll 

Shutdown,    .Avoiding.      Fenwlck •708' 

Slam,   Uptodateness  of    491 

Siemen's   disk   meter    •lOj 

Sight  seeing  in  factory.     Ford    94 

Signal,    Hoisting    safety ....  ^185,    •388,   ^729 

Simmons   rotary  gate  valve •170 

Simonds   "Vulcan"    drain   valve •476 

Simplex   superheater    ^140 

Single-pipe  heating  system.     Kavanagh.  .  ^154 

Siphon    on    return.      Gerber    ^908 

Siphon.    30-in.      Lane    •740 

Siphoning  and  boiling  over.     Edge •Si.^ 

Siphons   or   jet   pumps    ...   819 

Slate,  Switchboard,  mfr.     Strong 66 

Slide   rule.   Calculating   horsepower,   etc., 

by.      Richardson  •777,   Low    799 

Sloss  mines  pumping  plant.     Tupper 

•496.   783 
Smallwood.     Application   of  arithmetical 

mean  •SSG,  ^670,  884,  Rope  brakes.. •7.54 
Smelter  fumes  abatement.  Cottrell  ....  186 
Smith     recording     gas     calorimeter     and 

sampling   pump    *18 

Smoke    Abatement    Conference 523,   617 

Smoke  abatement  movement  censured.  .  .    279 

Smoke  and   soot.   London 255,   3S1,   618 

Smoke,    Chimneys    for    dissipating.    Wis- 

licenus.  Gradenwitz  •464,  Ballev...  782 
Smoke   consumer.   Homemade.      Bonn.!.. •SOS 

Smoke  Inspector  In  trouble   630 

Smoke  inspector's  report.  Milwaukee...  888 
Smoke-preventing    device,     Furnace    Gas 

Consumer    Co.'s •GSS 

Smoke  prevention  with  steam  Jets. 
Knoxviile :  Ringelmann  charts. 
Switzer    ^75,    Misostow    •273,    Mon- 

nett    •312 

Smoke  recorder.   Using.     Warren •248 

Smoke  tintometer.  Homemade.  Noble...  199 
Soldering  cast  Iron  241.  Aluminum.  ..  .  313 
Soldering-iron   heater.  Handy.     Little. ..  ^562 

Soliguac-Grille   boiler    ^867 

Soot.    London's    255,   618 

South   African   power 171.    298,  461 

South,  Engineering  in  the   441 

Southern  Pac. — Two  loco,  explosions 
136,     454.     ^520.     ^604,     *775,     809. 

Precooling    plant    •SOB 

Southern   Power   Co.'s  transmission 554 

Southwark    blooming-mill    engine ^649 

Spangler,    H.    W.,    Death    of    ^454 

Sparking.      See    "Commutator."    etc. 
Specht.      Ingenious    emergency    arrange- 
ment      •331 

Specific    gravity    487 

Specifications     409 

Speed-limit      device.      Pumping      engine. 

Francis   337,    Mason    711 

Speed   variation.   Erratic.      Leese 696 

Sperm  oil  for  cylinder.      Blackner 201 

Spherical     segment     volume     715.     750, 

.,    . ,  (erratum)    852 

Spiro   fluid    motor    •187.    809,   ^849 

Splicing  wire  rope.     Johnson •143 

Spontaneous    combustion    of    coal 7 

Sprocket-wheel  arrangement.  Peculiar.  .•SSS 
Stack.     See  also  "Chimney." 

Stack.   Raising  a.     Brown    563 

Stacks,   Steel,   Erecting.      Tltcomb ^236 

Stacks.    Steel,   Fire  precautions 120 

"Standard"  marine-engine  reversal  ,...^472 
Standardization.   Ammonia  flange.    How- 

ser     741 

Standardizing   flanged   flttings ^390, 

409.  822,  909 
Star  connections.  Easy  problem.  Cooper  •SS 
Start,   A  bad.     Blanchard    299 
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starting    bars.       Parnell    •267,    Delbert 

•338,    (A  jack)    Read  •560,  Klein... •595 
Starting     plant     shut     down     tor     year. 

Goal  234,   Bailey,   Miles    482 

Station-  reports,  etc 336,  372,  566,   •646 

Stationary,  Firm's.  Using.  504.  Haw- 
kins   98,     Owitz     239,    Bailey    310, 

Parnell     747 

Staybolts,    Load    on.      P.    R 749 

Stays,    Boiler,    Renewing.      Campbell.  ■•■  *667 
Steam.      See    "Boiler,"    "Engine,"    "Tur- 
bine,"    "Piping."     "Trap,  '     "Gage." 
"Separator."    "Heating    and    Vent.," 
"Superheat,"  etc. 
Steam,   Air   in.      Fullgrat  444.    Rockwell, 

Johnson,    Bonn,    Cultra.    Weil    634 

Steam   and  hot-water  charges  302,   475,   ^840 
Steam   and   temp,   charts.      Williams. ..  .'444 

Steam    chart,    Ideal.      Topping ^269 

Steam     consumed     by     vacuum     cleaner. 

Hunter     *320 

Steam    consumption,   generator   unit. .461,  497 
Steam       consumption       per       lip.       hour. 

Barker     6S8 

Steam   dome.    Head   blown    from *113 

Steam,   Dry,   Value  of    593 

Steam,    Exhaust,    accumulators.      Davies 

•575.    Rateau     882 

Steam,    Exhaust,    assisting   draft ^708 

Steam.    Exhaust.    Selling.      Warren •SSS 

Steam,    Exhaust,    Use.      Coulston 108 

Steam   fitting,    Backwoods.     .Tames *269 

Steam   flow   in   pipe    205 

Steam,    Heat   of    851 

Steam  in  gas  producers    555 

Steam-jet    argument.      Webster    74 

Steam  jet  froze.     Mowat   ^411 

Steam   jets.   Smoke   prevention.      Switzer 

•75.   Misostow   •273,   Jlonnett ^312 

Steam,   Kinetic  theory.      Booth    •689 

Steam   line.    Lubricated.      Greene 412 

Steam    mains   and    traps    701 

Steam   meters.   Types  of.    Gcbhardt  •176, 

•215.    Correction     -278 

Steam.  Per  cent  moisture  in    601 

Steam  per   hp.   hour    378,  487 

Steam-power  plant   management.    Lallier  578 
Steam-power    plants.      Lyford,    Stovel...    554 

"Steam   Power   Plants."     Meyer ..t606 

Steam  pressure   problems ^445,    598,  784 

Steam,    Saturated   and   superheated 275 

Steam,    Saturated,    Total    heat 601 

Steam.  Taking,  from  water-column  con- 
nections.     Wakeman    •SSO 

Steam   to   rescue.      Turner    114 

Steam  vs.  Gas.     Lucke 48 

Steel   making,    Huston   on    ■  452 

Step-bearing    pressure    regulator.  .•270,  •528 

Stereophagus  sewage  pump    •476 

Sterling    self-contained    lubricator ^196 

Stevens.      Reinforcing   Van    Stone   joints 

•292,   •598,   ^816 

Stewart   "Otis"    water   purifier    ^59 

Stillman,   F.   H.,   Death   of    ^314 

Stirling  boilers,   Detroit    •44,  92,   165 

Stirling    superheater    ^141 

Stoker,    American    "U.    S."    overfeed. .^24.   230 
Stoker     speeds.      Different,      Combustion 

rate.       McGregor     650 

Stoking.      Underfeed,      vs.      overburnlng. 

Lighte   271,    Bertrand    311 

Stoll.      Purpose   of   oil    43 

Stone.    Elec.    driven    blowing    engine    17, 

Power    system.    Braknan    mines....    171 

Stop.    Hoisting-engine.    Nicholson •OSS 

Stop   motion,    Rice-Sargent    ^776 

Stop  valve,  Acton  Corliss  balanced ^827 

Stop   valve.   Lalor   automatic    ^26 

Stops,      .\utomatic      engine.        Woolman 

•364.    Golden-Anderson     ^508 

Stores.  Dept..  Steam  heating.  Boyden 
•300,    407.    Evans    405,    553,    Moses 

407,    Jackson     552 

Storrer   steam    meter    ^217 

Strainer.    Fuel-oil.      Cook     ^595 

Stretton.      Inexpensive    oiling    system  ...  ^439 
Strong.       EfHciencv    of    joints    in    boiler 

shells     ^703 

Structural    errors    442 

Stud  extractors.     Koppel   ^631,  Young.. .'913 
Study    questions — Generator    unit    steam 
consumption  :      boiler      evaporation  : 
lever :     falling    body :     safety    valve 
blow  under  decreased  pressure    *461.    ^407 
— Safety    valve    weight    diameter :    steam 
engine      heat      eflSciency :      chimney 
draft :    diameter    of    chain  ;    centrif- 
ugal   force   of  governor   ball.... 574,   638 
— "Diagram    factor"    of   engine  ;    days   to 
do    work ;     water    required    to    con- 
dense   steam    from    engine ;    pressure 
to  deliver   water  tlirough  pipe :   vol- 
ume  of   spherical   segment. .713.    750. 

(erratum)   852 

— Editorial    notice     744 

■ — Wire  si'/e  for  current :  falling  stone ; 
oil  barrel  distribution  ;  safety  valve 
blow-oflf  pressure :  water  main  di- 
ameter      750,  786 

— Weight  of  engine  and  foundation  ; 
coal  consumption  ;  walking  on  mov- 
ing    Ice ;     ladder    pressure     against 

wall;    pulley    speeds 786.    820. 

(erratum)   918 


Study  questions — Chain  links  ;  covering 
trench  ;  steam  hammer  energy ;  its 
velocity  ;  boiler  rupturing  force  820, 

852    (erratum)    918 

— Automobile  running  time :  tank  size  ; 
wire  broken  by  its  own  weight : 
thermometer  conversion  ;  feed-pump 
capacity  and  boiler  horsepower. .852.  886 
— Locomotive  crank  and  connecting 
rod  lengths  ;  tank  size  ;  thermometer 
conversion ;   iron  bar   weight :   pump 

horsepower    886.   918 

— Lamp  arrangement ;  height  of  tower 
with  spiral  stair ;  thermometer 
questions ;  heat  loss  of  iron  by  im- 
mersion ;    weight    of   brick    chimney..   918 

Stufling-box   repair.      Bair    ^123 

Stumpf    uniflow    engines.      Doederlein.  .  .  ^539 
Stumof's    criticisms — Locomobile    discus- 
sion,   etc 29,    •41,   •72 

Sturdy   smokeless   furnace    ^61 

Sturtevant    steam    turbine    •250 

Substations,    Stationary    and    portable — 

Catechism     'SOO 

Sudd.    Utilizing,   as   fuel    255 

Sugar    mill    boiler  plant.      Colvin ^186 

Sulphur    dioxide    refrigerant    378 

Summer.    Prepare   for,    now    478 

Sump    drainer,    Penberthy    automatic. .  .^776 
Superheat    and    vacuum    corrections    in 

steam    turbine   practice.      Baumann   ^324 
Superheated      steam      economy.      Bross- 

mann     ^544 

Superheated   steam.   Water   and    .......    531 

Superheater   with    Yarrow   boiler ^686 

Superheating,    British    practice ;    various 

types   of  superheaters.      White    ....•ISS 
"Superheating      in      Marine      Practice." 

Holmboe     t382 

Supports,    Steampipe   158,   Cox ^412 

Susquehanna  Coal   Co *110.   *284. 

•729.   •731,   •763 

Sweating  of  iron  tank    885 

Swedish     hvdro-elec.     plant     (Gullstang) 

172,    (Trollhiittan)    Van    Brussel.  .  .  •572 

Swedish    reversing    gear *472 

Swimming   pool.   Heating.      Teran    *227 

Switches.   Knife,   Points  on.      Campbell ..  *5S2 
Switchboard   connections.   Careless.    Rus- 
sell      ^871 

Switchboard      connections      for      testing 

meters.      Cassard    ^834 

Switchboard   slate  mfr.     Strong    .......      66 

Switzer.      Smoke   prevention,    steam    lets 

•75,    •273.    ^312 
Synchronizing    with    lamps.      M.    H.    J., 

J.    H.  M.  531,   Joseph    735 


Taking  charge  of  plant.      Miles 482 

Talking    and    doing    774 

Tank   and   a  check   valve •159 

Tank    explosion,    Redondo 744 

Tank.    Exploding,    wrecks    building.    Hine 

Soap    Wks •506 

Tank    gages.       Johnson     •593.    Sheridan 

784.    Bristol    •713,    (Alarm)    Prew...^814 

Tank    size   questions 852.    886,  918 

Tank  size  required.    Fitzgerrell.  Brunker, 

Durand,   Callery.    Munyan    166 

Tank,    Water,    Raising.      Dixon ^214 

Tap,    Wrought   iron.      Cook •96 

Tape,    Insulating.    Westinghouse    291 

Tar    extraction.    Bituminous   producer.  ..  •903 
Taylor.    J.    W.      Indicator    pencil    vibra- 
tions     "97 

Taylor,   L.   B.      Boiler-tube   corrosion....      93 
Technical  graduate  and  power  plant  701, 

Berger     014 

Telephone   test   tor   armatures •S3,  •76;; 

Telltales.    Hoisting    •185,    •388,   •729 

Temperature   chart.      Williams    ^444 

Temperature,    Effect    of,     on    crude    oil. 

Howell      ^400 


Temperatures,  different  .American  cities.  ^87 
Temperatures,  Furnace,  Measuring.    Kan- 

owitz     64 

Temperatures   in   engine  and  boiler  rooms. 

Westerfleld    340,    Jensen    671 

Templet   set  wrong.      Williams    ^326 

Tennessee.    Resources    of    39-4 

Tenn..    East,   Hvdro-electric  development. 

Weller     ^432 

Teran.      Heating  swimming  pool   '227 

Terman.      Bending    pipe 580,  748 

Test,  Brake.     See  also  "Brake." 

Test  conditions.   Difficult.      Miles    781 

Test  voltage  source.      Werner    •871 

Testing    Engines,    etc.      Pullen    t38 

Testing   for   grounds    '83.    •766,   •803 

Testing  int.  comb,  engines.  Brown ....  905 
Testing  meters — Connections.  Cassard  •834 
"Testing     of     Motive     Power     Engines." 

Royds     t4l5 

Testing     outfits.      Armature     and      coil. 

Westinghouse     •433 

"Testing,    Power    Plant."      Mover    t415. 

Smith    709.    Linker    747 

Testing.    Power  plant,    cooperation    743 

Thatcher    ".Mbany"    shaking    grate •465 
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Thawing  frozen  water  pipes.     Bates  153, 

Browne   548,   Gorilla    836 

Thermometer,    Checking.      J.    MoG 531 

Thermometer  questions    852,   886,  918 

Thermometers    on    condensers.      Lane ....    526 

This   man   hates   us.      Forgard    64 

Thomas,   G.     Charcoal  iron  tubes.. 452,  ^824 

Thomas,   K.      Pumping  plant.    Mex ^655 

Threader,     Scott-Rose     "Cowell" •Sfel 

Threaders,   Various    *98.    ^230,  *776 

Three-phase   circuits.   Power-factor  chart 

for.      Phillips    •582 

Three-phase  circuits.  Unbalanced,  Meas- 
uring.     J.    P.    F '408 

Three-phase  system.  Improvised.  Scar- 
borough   ^402,    Benjamin    *SO'i 

Throttle   valve,    Golden-Anderson •50T 

Throttle  valve,   Used   wrench   on.     Shee- 

han     373 

Throttling    turbine,    Loss    by    690 

Thrust  collar.   Ball  bearing.     Kavanagh..   •SS 

Tintometer,    Homemade.      Noble    •199 

"Titanic"  disaster — Rescued  firemen 
•642.  Fixing  blame  665,  Inconsis- 
tency 666,  Submerged  flotation  810. 
816,  "Carpathia's"  crew  honored 
S44.     855,      (Engineers     all     dead) 

Powell     882 

Tomlinson,   R.   D.     Shooting  out  keys...*294 

Tomlinson,   T.      Peat  gas    060 

Torda   municipal   plant,   Hungarian ^349 

Traction  engine  tests,   Power  from. . . .  .•70.t 

Trades   schools,   Need  of.      Howard 307 

Transformer  connections  *657,   Poole 

•691.  *SGO 

Transformer   connections.     J.   J.   C 273 

Transformer   trouble.    Ga.    Power   Co....   114 

Trap   bucket.    Substitute.      Simpson 68 

Trap,    First   Bundy    'oSl 

Trap,    Pratt,    Improved    *868 

Trap,    Substitute    for— "Ratisal"    ^380 

Trap  valve  fitem.   Springs  on.     Handley..  •SB 

Traps   did  not  work.      JIartin ^525 

Traps,    Steam.      Wagner    t2S0 

Traps,    Steam   mains  and    701 

I'rebert    gasoline    engine    •804 

Triangle.    Improved    drawing.      Dow....  •125 

Trollhiittan    hydro-elec.    plant *572 

Truro    (N.    S.)    plant   wrecked    715 

Tube.      See   also    "Boiler,"    "Condenser," 

"Absorber,"   etc. 
Tube    blowout,    Seneca    Riv.    dredge.. 12,  111 

Tube  caps.   Grinding.     Dunn    •656 

Tube  expanders.      H.   M 917 

Tube   header.    Replacing.      Quinn    *8S1 

Tubes,   Boiler,   Charcoal   iron.     Thomas 

452,   *824 

Tubes,   Steel.   Strength.     Stewart 853 

Tupper.  Power  system,  Cleveland  Cliffs 
•40,  Rotary  converters,  etc..  (dis- 
cussed) 85.  Interesting  sawmill 
power  system  ^384,  Pumping  plant. 
Sloss  mines  *496,  783,  Coke-oven 
gas,    Europe    ^736,    Sears,    Roebuck 

power   plant    ^890 

Turbine   fan,    Axial   flow.      Bretherick.  .  .•Oil 

TURBINE,   INTERNAL  COMBUSTION 

— Holzworth   gas  turbine    *19l 

— The  gas  turbine.     Lange    ^219 

TURBINE.    STEAM 

— Baffler   plug   pound.      Black    199 

— Birmingham.    Ala.,    combination   plant  •42S 

— Bearing    oil    pipe    leaked ^411,   ^710 

— British    marine    engineering    progess.  .    218 
— Capital    Tr.     Co.'s    Westinghouse    tur- 
bines      '208 

— Chicago.   Largest  turbine   for    568 

—Cleveland-Cliffs     turbine     plant ^40 

— Curtis   turbine,    First,    monument 453 

— De   Laval    multi-stage   turbine •793 

-^Economy    tests.    Steam    turbine,    Table 


stie 


-Efliciency,  Increased.  Parsons  turbine 
-Exhaust-steam    accumulators     .  .  .  *575, 

—Exhaust    steam    use.      Coulston 

-Expansion.    (Cylinder,  Strengthening  for 

-Ferranti's    turbine    * 

-Govcnini-.    W,  stinghouse-Parsons    

— Kiciiii^i    ^lr;\in    turbine    " 

-LowiHi^.     tini.iiie    installation.  ■  Good- 

yrai-    Tirr    ,»,    Rubber   Co.'s.     Collins.. 

-Low  pres.    turbines,    Saving   fuel    

-Plant   costs.      Lyford.    Stovel    

—Providence,    Large    turbine    at — Rhode 

Is.   Co.'s   Curtis.      Hess    

-Repair.  Turbine  poppet  valve.  Martin  ' 
-Reversible  turbine,  Wainwright  Brown 
—Running      steam      turbine — Prize      for 

article    122,    232. 

-Sawmill    power  plant.    Minn * 

-Sloss      mines      plant.       Tupner      •496, 

(Barometric    condenser)    Kimball    .  . 
-Small   turbine,  Status  of;   water  rates  ; 

Napier's   formula.     London    

-Spiro    fluid    motor.    Van    Deventer's.   of 

Buffalo    Forge   Co *1S7,    809,   • 

-Stage    ex)>auslon    turbine    

-Steam   turbine  and  power-plant  opera- 
tion      

-Sturtevant    steam    turbine    * 


462 
142 
554 


14 


POWER 


January    1    to  June   30,    1912 


PAGE 

TURBINE,   STEAM 

— Superheat     and     vacuum     corrections. 

Baumaun     324 

— Thermodynamics,  Steam  Turbine.      Pca- 

bodv      t492 

—Throttling.   Loss  by   690 

— Turbine     generators,     Small     Westing- 
house   direct-current    *620 

— Turbine     or    engine?     800 ,    Van     He- 
venter     '849 

— Turbine   test  reported — Note    774 

— Valve   spindle.    Improved.      Bertrand.  .*337 
— 24,000    hp.    turbine,    A.    E.    G.    Schle- 

slschen     •253 

TURBINE,  WATER 

See  also  "Water." 
— Allls-Chalmers   turbines.   White   River  'oS^ 
Turbo-compressors,     Large,     Pokorny     & 

Wlttekind     327 

Turner.    E.    T.      Closed    heaters,    surface 

condensers     *651 

Turner.    R.    C.      Coal    delivery.    Chanler 

Bldg.  '12,  Steam  to  rescue,  Georgia 

114.     Producer     plant.     Fulton     Co. 

almshouse      '435,      Central      refrig. 

plant,    Atlanta    '662 

Tweedy.      Coal    for    city    building    •87, 

Cold  storage  ot  furs  and  fabrics...   261 


Uehllng.      Steam-boiler   efficiency    761 

Ulmann.      Otto   engine  experience    '694 

Undercutting.    Kink    in.      Fries •548 

Uniflow   engines.     Kerchove  •539,   Amer- 
ican  t.vpe,    Nordberg    '830 

Union   Drawn   Steel   shop.   Heating ^22 

United  States  Bureau   of  Mines . .  38.  79. 

tl35,    t280.    690,    739,   ^793 

United  States  overfeed  stoker    '24,  230 

Uptake  gases,  Took.     Steely  128,   Harris  311 


V-thread  on  bolt.     Brown    707 

Vacuo  hot  water  beating.     Evans •SBS 

Vacuum  caused  water  hammer.  Saxc..  667 
Vacuum    cleaner.    Steam    consumed    by. 

Hunter     •320 

Vacuum  corrections.  Steam  turbine....  324 
Vacuum.     High,     reciprocating     engines. 

Fothergill     •72 

Vacuum   pot.   Miller   quick-acting ^24 

Vacuum  puzzle.     Johnson  36.  Jackson . .   240 

VALVE 

See  also   "Indicator."  "Fittings,"  etc. 
— Abuse   of   valves :   measuring  force  ap- 
plied.      Eldredge     ^619 

— Arrow    pointed    wrong.      Brockle 523 

— Bearings.       Valve-stem,      Grease      for. 

Berna    413,    Baker    633 

— Blowoff  valve.   Lunkenheimer   "Duro"  •ISS 

— Check-valve    repair.      Hankln    ^124 

— Check    valve,    Vertical,    did   not    work. 

Fryant     •l.?9 

— Corliss   engine   troubles.      Sutton •779 

— Corliss  engine   valves   closed    69 

— Corliss    valve    setting.       Porter    •111, 

Fitts     271 

— Corliss  valve  stems,  Making  key- 
ways  in.     Balr ^203 

— Corliss   valves ;   negative  lap    749 

— Crosshead,  Broken,  Cultra's.  Winter- 
bottom     163 

— Cushion  valves.  Pump.     G.  A.  W ^672 

— Cutoff    point.    Slide-valve    'i9 

— Drain   valve,   Slmonds   "Vulcan"   auto..^47'i 

— Elec.  operated  valves.     Gassman   7(i5 

— Exhaust-outlet  valve.  Harrison  "Coch- 
rane"  multiported  safety    ^59 

— Exhaust    valve    stems.    Repairing    and 

improving.     Fries   '364.    Pagett. . . .   551 
— Exhaust  v.Tlves.   Supplementary.    Bonn 

•268.    598.    Senge    •486 

— Gate    valve    between    relief   valve    and 

exhaust    header.      R.    S.    K 99 

— Gate   valve   repair    ^891 

— Gate  valve.  Simmons  "Rothchild"  ro- 
tary      ^170 

— Globe    valve.    Penberthy    ^732 

— Goldpn-.\nderson  automatic  valves — 
Non  return,  pilot,  throttle  and  en- 
gine   stop     ^507 

—  Governor  valve.  Remodeling.  Watson  •812 
— Grinding  hard-rubber  valves.  Michael  .340 
— Grinding  tools.   Pump   valve  and  seat. 

Middleton    •562.   Monteith    ^.597 

— Howard   ball   valve    ^228 

— Lap   of   Corliss   valves 167 

— Lead,    Slide-valve,   required    712 

— Leakage.   Piston-valve.     Lobley    •463 

— Leaky   valve  wastes   heat.     McGahey...*156 
— Locking  devices.   Valve.      Thorn   '372. 
Devine    564,    Belmonte    •634,    Bar- 

reno     •710 

— Low-pres.    cylinder    valves    378 

— Lunkenheimer  cast-steel  valves    541 

— New  valve  affects  economy.    Hawkins  •70G 


VALVE 

^Packing,  Kinks  on.     Dixon   814 

— Port  opening.  Unequal :  traction  en- 
gine :  See  Marshall  gear,  etc.  Muel- 
ler,  Forgard,    Roos,   Brong    *3o 

— Pump  valve  scats.  Removing.     Joshi..»125 

— Reducing  valve  repair.     Burns   338 

^Safety   valve    locking.      Barreno ^710 

— Safety   valve  questions   461,   497,   574, 

638.  750.  786 
—Safety  valve.  Spring-loaded.  Adjusting  313 
—Safety  valve.  Steam  lost  through....  .'U 
— Safety   valves.    Discharge   capacity   of. 

Miller     '323 

— Seats,   Kelsev's   patent  for   fitting 386 

—Slide  valve  cutoff.     H.  W.  C 637 

— Slide  valves  and  cutoff   712 

— Soft  valves  and  hot  water.     Hull.... '779 

— Steam  lines.   Valves   in    2.31 

— Steam-pump  valves.     D.  O.  L 275 

— Steam  valves  closed.  Engine  runs  with  ; 

leakage.     Taylor  *96.  White   204 

— Stop   valve,   Acton   Corliss  balanced. ..  ^827 

^Stop  valve.   Lalor  automatic ^26 

^Throttle  valve.  Used  wrench  on.    Shee- 

han     373 

— Trap  valve  stem.  Springs  on.    Handley  ^33 
— Turbine   poppet-valve   repair.      Martin. .•848 
—Turbine     steam     valve     spindle,     Im- 
proved.     Bertrand     ^337 

— Valve  gear,  Noisy,  Silencing.     Johnson  379 

— Valve   stem.   .Auxiliary.      Wood    373 

— Vulcan  Corliss  valve  gear   ^134 

— Wrench.    Valve,    Simple.      Allen    ^781 

Van  Brussel.  Swedish  hvdro-elec.  plant  ^572 
Van  Deventers  fluid  motor..  ^187.  809.  ^849 
Van   Stone   ioints.   Reinforcing.     Stevens 

•292.   Everett   ^598.    Raueche    •Sie 

Vance.      Feed-pump   sizes 730 

Variator  for  pipe  expansion    ^429 

Ventilation.     See  "Heating  and  Vent." 

Vcnturi    meter.    Using.      Knesche ^102 

Vibration.    Steam-pipe.      Fenwick    ^201 

Victoria    Falls    power 171.    298,461 

Vilter.     Gravity  feed  system    '56 

Virginia   &  Ralney   Lake  sawmill •38-1 

Voltage.      Field.      Fluctuating.       Oppen- 

heimer     299 

Voltage.    Test,    source.      Werner    ^871 

Voltmeter  index.   Attaching.     Wlnterbot- 

tom    •se 

Vulcan    automatic   drain    valv,^    ^476 

Vulcan   Corliss   engines    •134.  ^892 

W 

Wages.  Engineers'.  Burch.  Sterling, 
Mars.     Johnson     129.     Carter     16S, 

Owltz     ."JIO 

Wages.   Engineers',   China.      Pratt    129 

Wagner.      "Kondenswasser-Ableiter"    ...■f280 

"Wainwright"    water    heater    •SOS 

Wakeman.  Piping  dry  kiln  •552,  Cen- 
ter crankpin  oiling  device   ^812 

Walden.     Cylinder  oil   test    •SI  1 

Walker.     Enriching   producer   gas    296 

Want     ads.      Leese     115,     Morton     125. 

Kimball   272.  Thorn    342 

Ware  Co.   Lt.  &  Power  Co ^418 

Warren.     Confessions  of  engineer.. *248.  •SSS 

Washers.    Punch   for.      Edwards    •846 

Washington — Capital    Traction    plant..  .. ^208 

Waste.   What   It  can   do    304 

Watauga    River    plant.      Weller •432 

Watch.   Demagnetizing.     Rose  299.   Hev- 

der.    Rose    469 

"Watch    Dog"    water   regulator    •lO^ 

Watch,     Stop.     Schuchnrdt-Schiitte •640 

Water.  See  also  "Refrigeration."  "Heat- 
er." "Heating,"  "Pump,"  "Scale." 
etc. 

Water  broke  piston.     O'Regan    016 

Water   column   connections.  Taking  steam 

from.      Wakeman    •SSO 

Water.    Condensing,    reservoirs.    Cooling 

of.       Ruggles     853 

Water   cooler.    Power  Specialty   Co.'s. . .  .'133 

Water  discharge  from  pipe   275 

Water   ejector.    Homemade,    Wllhelm. . .  .•IRO 

Water   ejectors.    Penberthy    •26,   ^776 

Water   equivalents.    List    of 395 

Water.  Feed.  Exhaust  condensation  as..  819 
Water.    Feed,    regulator.    Wing's   "Watch 

Dog"   hydrostatic    •168 

Water.    Feed,    regulators.      Rockwell    36. 

Johnson   165.  239,    Smith    239 

Water,   Feed.  Testing,   treating.    WIckes..   160 
Water,   Feed.  Treating — Purifying  equip- 
ment.     Ranch    •7,80 

Water  finder.   New.     Webster    2.35 

Water   flow — Arith.    mean    •670,   884 

Water  flow  in  pipes.  Calculating.  Hollo- 
way     ^790 

Water   gage.    Automatic.   Penberthy •ei 

Water-gage  illuminator.  Lehman  •201. 
Dixon    483.    Sherman    635.    Johnson 

•780.    DIx    7R3 

Water-hammer.  Vacuum  caused.  Saxe..  667 
Water    heater.    Homemade.      Thorn    240. 

Russel      484 

Water  heater.  Piping.  Jones  ^23.  Mer- 
rill.   Noble    •1.5.=! 

Water  heater  problem.     Thorn   •23 


FAQD 

Water  heating,  large  quantities,  quickly. •lOO 
Water,  High  and  low.  Alarm.  Prew...*814 
Water,  Hot,  and  corrosion.  Whipple...  900 
Water,   Hot  feed.  Measurement.    Knesche 

•102,    Jackson     •374 

Water.  Hot.  heating.  Evans — Vacuo 
•365.  Central  station  ^625,  for  in- 
stitutions      ^697 

Water,    Hot.    kink.      Schindler    •907 

Water,   Hot.   service,   Charging   for ^840 

Water  impact  broke  pump.     Quinn •SIS 

Water   in   ashpit.     Tallmadge    372 

Water  In   l.p.  cylinder.     Lowe 'SOS,  909 

Water  Intake  design.     Samuels   •268 

Water,  Jacket,  cooling.     Garlitz   •839 

Water  jackets.    Compressor.      Friedmann     55 

Water  level  fluctuates.     Chester    913 

Water-level   gage,    Bristol   recording •713 

Water — Minidoka     hydro-elec.     Irrigation 

project.       McDermid     •.360 

Water — Pelton   wheel   power    749 

Water   power,    American,   control 517 

Water-power   bill.    Congressional    639 

Water   power.    Clarion    River    739 

Water   power.   Cleveland   Cliffs ^40 

Water     power     development     In     Ohio — 

Auglaize    Power    Co.      Baker ^244 

Water  power  development,  Montreal ....  355 
Water      power      from      small      low-head 

stream,    Athens.    Ga ^424 

Water   power,   Georgia,    breakdown. 114 

Water  power — Hydro-electric  develop- 
ment.  East  Tenn.     Weller    •432 

Water   power.    Increased   use 921 

Water  power   law.   Wis.,   upset 326 

Water  power,   Pac.  G.   &  E.   Co ^720,   744 

Water    power — Pittsburg    smokeless 245 

Water  power  plant.  Swedish    (Gullstang) 

172.    (Trollhiittan)    Van    Brussel.  ..  ^572 
Water-power       plants.        White       River. 

Pacific   Coast    Power    Co.'s •SSI 

Water-power   possibilities.    N.   Y 113 

Water  power  problem.  Commercial. 
Steely.      Daugherty      65,      Jackson, 

Ennis     202 

Water   power   project   defeated    454 

Water    power.    Public,    revenue 459 

Water  power   reserves.   Western    690 

Water-power,    Sec.    Fisher   on 231 

Water-power    valuation.    State   line 206 

Water  power.  2.98.5-foot  head.   Italy....    172 

Water   purifier,    etc..    National ^714 

Water  purifying  system.  Lord  automatlc*169 
Water-purifying  system,  Stewart  "Otis"  '59 
Water,   Raising,   by  comp.   air.    Richards 

684.   ^726 
Water  sediment.     King  633,  LIddell  782. 

Dawkins 916 

Water  softeners.     Hawkins   64,   Dunham 

238,    Leese    342 

Water     supply     from     river     underflow. 

Wiley     •352 

Water   tank   check   valve   did    not   work. 

Fryant     •l.iQ 

Water  tank    gage.      Johnson •sgs,  784 

Water  tank   size.   Fltzgerrell's    166 

Water  treatment.      Creen    459 

Water — Wave-power    system 442,   •443 

Waters.    Boiler.      Converse    760 

Watkinson    superheaters     •ISS.   ^142 

Watson.     Blowing  engine  speed   chart.. ^897 

Watson-Stillman   hydraulic  press    •171 

Watt.  Jas.,  In  Cornwall :  facsimile  of 
letter.      EnnIs   ^212,    (More    letters) 

Chubb     254 

\\'attmeter  readings,  Unexpected.  Cro- 
teau   •584,   766,    (Connections)  Bode- 

miiller     902 

Wattmeter  star  connections.  Cooper...  •SS 
Wave     power     system.       Revnolds     •443, 

Ed 442 

Webb,   J.   B.,   Death  ot    314 

Webster.  Boiler-room  argument  74.  How 
Gus    stopped    leak    395,    Centrifugal 

pump    troubles    •SSS 

Weighing,    Water,    meters    'lOB 

Welding  cracked  furnace  door.  Voss.  .  847 
Welding — Repairing  boilers.     Pratt    ....  '200 

Well — Lifting   broken   plunger    •667 

Weil.   Plugging  a.      Nelson    •62 

Well.    River    underflow.      Wllev •352 

Well.  Small  pipe.  Rig  for  driving.    Little 

•480.    Thorn 916 

Weller.  Ea.st  Tenn.  hydro-electric  de- 
velopment      •432 

Western    big   things    744 

Westlnghouse  load-equallzIng  hoisting 
.set  •.84.  Insulating  tape  291.  Belt- 
driven  alternators  ^401.  .Armature 
and  coll  testing  outfits  ^433.  Con- 
verter.   7.500-kw.    •584,    Small    d.c. 

turbine    generators     •620 

Wevmouth.      Natural-gas    properties....    872 

Wheel    fits — Defective    work    203 

Wheel.   FIv,   burst.      D.   &  H.   shops 920 

Wheel.    Fly,    burst,    Gibsonburg    833 

Wheel,    Fly,    Bushed.      Kropldlowskl.  .  .  .•SOe 

Wheel,   Fly,   calculation.   Watt's    254 

Wheel,     Fly,     explosion.     Beam     engine. 

Leese     ^523 

Wlieel.    Fly,   explosion.   Truro   715 

Wheel.  FIv,  Heavy.  Removing.     Durmon  •829 

Wheel.    FIv — Ilener   drive    434 

Wheel,    Fly,   kills   engineer    91,  483 
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Wheel,   Fly,   Large  engine,  Erecting.    Pet- 

terson     882 

Wheel,    Fly,    load-equal Izlng   set    '84 

Wheel,    Fly,    repair.      Pflum    *160,    Ster- 
ling     'sre 

Wheel,    Fly,    safeguards    •865 

Wheel,    Fly — Stopping   runaway    engine..   '67 

Wheel,   Fly,   Weight  of    205 

Wheels,   Dynamiting   off.      Hansen a41 

Wheels,    Fly — Calculating   speeds    749 

Wheeler   barometric    ejector   condenser..    •25 

Wheeler  condenser  steam  tables   t493 

Whipple.     Hot  water  and  corro.slon    .  .  .   900 
Whistle,    Steam,    drain.      Beecher    •268, 

(Connection)    Jahnke    •600 

White.      British   superheating   practice.  .•138 

White   River   power   development '534 

Wilcox   water   weigher    •lOe 

Wiley.     Water  supply  from  river  under- 
flow      ^352 


PiOB 
Williams.      Fuel    economy    and    CO2    re- 
corders        109,    272,529 

Wind  pressure.     E.   H.  S 367 

Window   effect  in   heating    '88 

Wing   specialties    •S.t,  •168 

Winnipeg  elec.   energy   rate    902 

Wire    broken    by    its    weight    852,  886 

Wire,   Copper,   resistance.     C.  B.  N 167 

Wire  rope  splicing.     Johnson    •143 

Wire  size  for  current    750,  786 

Wires  for  direct-current  circuits.     Poole  466 

Wisconsin    R.    R.    Comm.    report ^498 

Wisconsin   Univ.   extension   courses    ....    787 

Wlsllcenus    chimneys    •464,   782 

Wolf    locomobile,    etc.,    discussion.  ..  .29, 

•41,  ^72 
Wooden  boxes  cut  shafting.  Chambers..  484 
Woodhouse.  Air-compressor  efficiency.  .  385 
Wort.       Working    several    engines    from 

one    producer    ^837 


PAGE 

Worthington  pumping  engines,  N.  Y....^379 

Worthington    water   meters    •106 

Wrench,   Monkey,  with  set  screw.    Lusten- 

berger    ^845 

Wrench,   Valve,   Simple.     .\nen    ^781 

Wright,  W.  M.     Heating  feed  water •895 
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What,  ho!  for  the  New  Year. 

Here  she  comes,  and  a  banner  year  from  every 
point  of  view,  we  warrant  you. 

To  begin  with,  there  are  366  days  in  this  leap  year 
of  grace  and  exceptional  opportunity,  19 12.  A  good 
sign  of  full  measure  right  from  the  go-off. 

Now,  then,  what  shall  this  year  bring  forth  for 
you  and  yours? 

Much  depends  on  you,  of  course;  in  fact,  we  are 
almost  willing  to  say,  everything  does.  Whether  you 
profit  much  or  little  by  your  opportunities,  it  is  up  to 
you — and  you  alone.  As  has  been  said  before,  no 
one  is  going  out  of  his  way  to  boost  your  game. 

These  opportunities  seem  to  grow  more  and  more 
numerous  each  year. 

*  *  * 

Every  year  finds  the  means  of  education  closer 
at  hand  and  more  easy  to  obtain.  There  is  small 
excuse  for  a  person  being  short  on  "learning,"  these 
days. 

For  the  men  in  the  cities  there  are  the  evening 
grammar,  trade  and  technical  classes  of  the  public 
schools,  the  institutes 
and  the  colleges.  For 
the  men  in  the  smaller 
places  there  are  the 
correspondence 
schools,  the  National 
Association  of  Station- 
ary Engineers  and  the 
Institute  of  Operating 
Engineers,  and  for 
every  man  there  is 
Power! 


New  plants  are  being  built.  This  means  that  more 
positions  are  being  created  for  suitable  men. 

This  whole  year  of  191 2  is  one  big,  long  opportunity 
for  you  to  prove  that  you  are  too  good  for  your  present 
position. 

If  you  really  are  worthy  of  a  bigger  and  better 
position,  and  you  try  earnestly  enough  to  sectu^e  one, 
sooner  or  later  you  must  succeed. 

Remember,  the  higher,  the  fewer,  which  is  another 
way  of  saying  there  is  plenty  of  room  at  the  top. 
*  *  * 

It  is  a  common  custom  every  year  at  this  time  to 
foot  up  the  page  and  strike  a  partial  balance  in  the 
ledger  of  life.  That's  where  the  expression  about 
turning  over  a  new  leaf  comes  from. 

Last  year,  at  this  time  and  on  this  page,  we  said 
something  about  forming  good  habits  and  breaking 
up  bad  ones.  All  those  who  succeeded  in  knocking 
out  even  one  bad  habit  or  in  forming  one  good  one, 
certainly  have  a  fine  credit  page  to  boast  about  this 
year.  All  those  who  did  not,  have  a  new  and  con- 
venient opportunity  to  try  it  over  again,  right  now. 

And  this  year,  the 
latter  should  make 
out  much  better  be- 
cause they  have  had 
one  year  more  of 
experience  by  which 
to  benefit. 

*  *  * 

Power  wishes  you 
good  luck,  success  in 
your  good  ambitions 
and  a  regular  old  cor- 
nucopia of  prosperity 
for  1912. 
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Power  System  of  the   Pacific  Mills 


The  Pacific  Mills  represent  several 
textile  industries  located  in  North  Law- 
rence and  South  Lawrence,  Mass.,  and 
Dover,  N.  H.  They  employ  some  9000 
operatives  and  manufacture  principally 
worsted  and  all-wool  dress  goods,  printed 
and  dyed  cotton,  worsted  and  silk  fabric, 
and  an  addition  now  being  built  at  South 
Lawrence  will  be,  when  completed,  the 
largest  print  works  in  the  world. 

The  entire  Pacific  Mills  contain  about 
142  acres  of  floor  space,  and  operate 
404,360  spindles,  10,468  looms  and  48 
printing  machines.  There  are  181  en- 
gines and  turbines  of  30,000  horsepower; 
165  boilers  of  36,000  horsepower  and 
waterwheels  of  7500  horsepower.  There 
are  also  625  electric  motors  aggregat-  . 
ing    17,700    horsepower. 

The  different  departments  consume 
10,000,000  pounds  of  wool,  20,000,000 
pounds  of  cotton  and  85,000  tons  of  coal 
per  year.  The  finished  product  of  the 
printing  department  alone  is  about  2000 
miles  of  printed   cotton  cloth   per  week. 

Increase  in  the  power  demand,  due  to 
the  installation  of  modern  high-speed 
machinery  and  the  realization  of  the  fact 
that  the  old  power  apparatus  was  getting 
to  the  end  of  its  useful  life,  led  to  the 
decision  to  build  a  central  power  plant 
which  is  one  of  the  largest  isolated 
steam-turbine  stations  in  the  world  de- 
voted  entirely   to   the   textile   industry. 

The  design  and  supervision  of  the  con- 
struction were  assigned  to  Charles  T. 
Main,  and  the  plant  was  the  subject  of 
a  paper  presented  by  Fred  A.  Wallace, 
master  mechanic  of  the  Pacific  Mills  Cor- 
poration, to  a  recent  meeting  of  the  Bos- 
ton Society  of  Civil  Engineers,  the  Me- 
chanical and  Electrical  Engineers  co- 
operating. It  is  to  this  paper  and  to 
photographs  and  information  furnished 
by  Mr.  Wallace,  with  the  kind  consent 
of  Walter  E.  Parker,  agent  of  the  Pacific 
Mills,  that  we  are  indebted  for  the  facts 
and   illustrations   here   presented. 

Notwithstanding  the  fact  that  in  the 
operations  of  slashing,  dyeing,  printing, 
etc.,  all  of  the  steam  exhausted  by  the 
prime  movers  necessary  to  run  an  in- 
stallation of  this  kind  could  be  used,  it 
was  determined  on  account  of  space 
considerations  to  place  the  station  at  one 
extremity  of  the  property,  as  shown  upon 
the  accompanying  map,  and  to  run  it  con- 
densing. It  is  evident  that  more  would 
be  gained  in  economy  of  operation  in 
one  large  central  station  and  in  the  valu- 
able space,  light,  cleanliness  and  in- 
demnity from  fire  risk  by  displacing  the 
old  equipment  and  the  belt  drives  by 
simple  electrical  transmission. 

The  new  station  is  located  on  a  3''<- 
acre  lot  adjacent  to  the  main-line  tracks 
of  the  Boston  &  Maine  Railroad  and  it 
is    within    reach    of   the    river   for  con- 


The  managers  of  the  Pa- 
cific Mills,  with  181  engines 
and  turbines  aggregating 
some  30,000  horsepower 
and  165  boilers  of  36,000 
horsepower,  concluded  to 
meet  the  conditions  created 
by  the  growing  disability  of 
their  older  equipment  and 
the  increasing  demand  for 
power  by  the  erection  of  a 
central  turbine  condensing 
station  to  distribute  power 
electrically  to  the  mills, 
some  at  a  considerable  dis- 
tance. 

This  is  the  largest  central 
station  yet  buUt  for  textile 
work.  It  is  expected-  that 
the  economies  of  aggrega- 
tion will  compensate  for  the 
loss  of  the  use  of  the  ex- 
haust steam  for  dyeing, 
preparation,  heating,  etc. 


densing  water  and  about  one-quarter  of 
a  mile  from  the  upper  mill.  It  sends 
current  at  2300  volts  to  four  centers  of 
distribution,  the  farthest  of  which  is  over 


Fig.    1.    Power   Plant  of  the   Pacific 
Mills 

two-thirds  of  a  mile  away.  The  position 
of  the  power  plant  relative  to  the  vari- 
ous properties  is  indicated  in  Fig.  2,  al- 
though the  farther  mills  are  still  more 
distant  than  the  sketch  indicates  on  ac- 
count ■  of  the  section  containing  the 
Atlantic  Mills,  which  has  been  removed 
in  the  grouping  shown. 

A  general  view  of  the  exterior  of  the 
station  is  afforded  in  Fig.  1,  where  the 
nearer  building  is  the  coal  storage,  the 
low  central  building  with  the  monitor  is 


the  boiler  room   and  the   farther  build- 
ing is  the  turbine  house. 

The  Boiler  Room 

The  boiler  house  is  140x87  feet  and 
contains  two  rows  of  boilers  with  a  20- 
foot  space  between  them  for  a  firing 
floor,  which  is  on  a  level  with  the  yard 
and  the  turbine-room  basement.  The 
boilers  are  horizontal  return-tubulars,  72 
inches  in  diameter,  and  have  20-foot 
tubes. 

The  tubes  are  S'/i  inches  in  diameter 
and  the  total  heating  surface  of  each 
boiler  is  about  1900  square  feet;  they  are 
set  in  batteries  of  four  boilers  each,  12 
boilers  being  on  each  side  of  the  firing 
floor. 

The  shells  are  J3  inch  thick  with  quad- 
ruple-riveted joints,  and  by  the  Massa- 
chusetts rating  can  carry  160  pounds; 
they  are  set  30  inches  from  the  grate, 
which  bas  an  area  o"  36  square  feet.  The 
shells  are  suspended  by  brackets  and 
rods  from  an  overhead  structure  which 
is  carried  on  cast-iron  columns  so  that 
none  of  the  load  comes  on  the  setting. 
A  large  skylight  with  louvers  in  the  sides 
extends  the  entire  length  of  the  room 
over  the  firing  floor,  thus  giving  ex- 
cellent light  and  ventilation.  The  boilers 
are  hand  fired  and  12  per  cent.  COj,  7 
per  cent.  O  and  0  per  cent.  CO  are  ob- 
tained as  a  usual  result.  No  economizer 
is  used  and  the  flue  gases  escape  to  the 
chimney  at  475  degrees.  The  firing  floor 
is  of  vitrified  brick  on  a  concrete  base. 
The  toilet  rooms  contain  modern  shower 
baths  with  hot  and  cold  water  and  in- 
dividual lockers. 

Chimneys 

Each  group  of  12  boilers  has  a  chim- 
ney, 9  feet  inside  diameter  by  200  feet 
high,  built  of  common  red  brick  on  a 
concrete  found-ation  carried  on  piles. 
Each  chimney  is  constructed  with  a  sep- 
arate red-brick  core  wall  and  with  a  cast- 
iron  cap  at  the  top  covering  both  the 
core  and  the  shell;  the  portion  for  the 
core  is  separate  from  that  of  the  shell 
so  that  they  may  move  independently. 
Collector  points  for  the  lightning  rods  are 
attached  to  this  cap. 

The  12  boilers  are  connected  to  the 
two  chimneys  by  a  sheet-iron  flue  6x10^ 
feet,  having  a  double  damper  which  is 
controlled  by  a  regulator  and  maintains 
the  boiler  pressure  constant  within  one 
pound.  No  provision  is  made  for  artificial 
draft. 

Piping 

Steam  is  taken  from  the  boilers  by  a 
4-inch  pipe  and  passes  through  super- 
heaters set  in  the  rear  of  the  combustion 
chamber.  The  4-inch  pipes  connect  to  a 
10-inch  main  steam  header  from  which 
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the  steam  passes  to  the  different  turbines 
and  auxiliaries.  The  piping  has  been  so 
proportioned  as  to  get  an  average  flow 
of  about  7900  feet  per  minute.  All  pip- 
ing is  of  the  250-pound  standard,  having 
the  Van  Stone  type  of  joint  and  cast- 
steel  fittings.  All  valves  are  steel  body 
and  bronze,  fitted  with  outside  screws. 
Two  stop  valves,  two  blowoff  valves  and 
two  safety  valves  are  fitted  to  each  boiler. 
Feed  water  is  taJcen  by  duplex  pumps 
from  the  condenser  discharge  at  about 
75  degrees  Fahrenheit  and  passed 
through  an  exhaust-steam  heater  which 
raises  the  temperature  to  about  200  de- 
grees Fahrenheit.     This  heater  condenses 


to  the  boilers,  the  entire  line  being  sup- 
ported without  any  strain.  An  excellent 
idea  of  the  appearance  of  the  boiler- 
room  interior  is  given  by  Fig.  3. 

Turbine  Room 

The  turbine  room  is  126x79  feet,  with 
a  basement  of  the  same  size,  and  con- 
tains two  3850-kilowatt  and  two  750-kilo- 
watt  horizontal  reaction  steam  turbines 
with  jet  condensers;  two  motor-driven 
exciter  sets,  one  steam-driven  exciter  set 
and  one  75-kilowatt  engine-driven  al- 
ternator with  exciter.  The  turbines  all 
run  at  1800  revolutions  per  minute,  with 
150  pounds  boiler  pressure,  125  degrees 


The  floor  of  the  turbine  room  proper 
is  of  reinforced-concrete  slabs  on  steel 
beams,  which  are  supported  independent- 
ly of  the  turbine  foundations,  with  a 
surface  of  red  tiles  about  9  inches 
square.  "I'he  toilets  for  the  engineers 
are  similar  to  those  of  the  boiler  room 
and  contain  individual  metal  lockers  and 
shower  baths. 

The  condenser  water,  after  passing  the 
jet  condensers,  is  returned  to  the  river 
through  a  48-inch  penstock,  having  been 
raised  in  temperature  some  15  or  20  de- 
grees. The  temperature  of  the  river  is 
but  little  above  32  degrees  in  the  winter 
and  reaches  a  maximum  of  85  degrees 
in  the  summer. 

The  turbo-generators  are  cooled  by  air 
supplied  through  a  shaft  extending  above 
the  roof  next  to  the  chimney.  In  the 
shaft  are  12  bags,  each  26  feet  long 
and  22  inches  in  diameter,  made  of  cot- 
ton cloth  of  a  weave  suitable  to  admit 
air  freely  and  yet  to  filter  out  the  dust. 
The  bags  are  cleaned  every  three  months 


Fig.  2.    General  Layout  of  the  Mills,  Showing  Location  of  Power  Plant 


the  exhaust  steam  from  the  feed  pumps, 
condenser  pumps  and  engines  and  the 
engines  which  drive  the  exciter  and  a  75- 
kilowatt    alternator. 

Both  the  steam  and  the  feed-water 
piping  are  so  arranged  that  practically 
any  portion  of  the  plant  may  be  iso- 
lated in  case  of  accident  or  when  it  is 
desired  to  conduct  a  test.  An  ingenious 
arrangement  for  supporting  the  main  10- 
inch  steam  header  consists  of  a  steel 
yardarm  held  at  the  ceiling  and  carry- 
ing weights  to  balance  the  load  of  the 
pipe  and  the  fittings.  The  piping  was 
installed  in  place,  with  all  its  fittings, 
valves  and  flanges,  but  it  was  not  con- 
nected to  the  boilers.  The  weights  were 
moved  to  balance  the  entire  system,  and 
when  adjusted  the  branches  were  bolted  . 


superheat  and  27  to  28  inches  of  vac- 
uum. 

The  basement  extends  under  the  tur- 
bine room,  is  14  feet  high  and  is  well 
lighted  and  ventilated.  It  contains  all 
the  boiler-feed  pumps,  condenser  ap- 
paratus, fire  pimps,  heaters,  etc. 

Below  the  basement  is  a  cistern  105 
feet  long,  10  feet  wide  and  20  feet  deep 
which  is  connected  by  a  48-inch  pen- 
stock to  the  river,  which  is  about  1000 
feet  distant.  This  well  Supplies  water 
for  condensing  and  other  uses  about  the 
station.  One  motor-driven  centrifugal 
pump  furnishes  water  under  pressure  for 
general  purposes.  The  turbine-room  base- 
ment floor  is  of  concrete  laid  directly 
on  the  earth;  the  trenches  for  pipes,  etc., 
have  cast-iron  covers. 


and  about  six  quarts  of  material  are  col- 
lected. 

All  alternating  current  in  the  plant  is 
generated  three-phase,  60-cycle  and  2300 
volts,  and  is  distributed  in  large  blocks  to 
the  various  groups  of  mills  where  a  sub- 
division is  made  into  smaller  feeders. 
The  major  distributing  mains  are  indi- 
cated in  Fig.  2.  The  large  power  feed- 
ers to  the  upper  and  lower  mills  are 
really  tie  lines  between  stations,  as  one 
of  these  already  has  generators  installed 
and  the  other  will  have  in  the  future. 
The  output  of  each  generator  is  meas- 
ured by  an  integrating  wattmeter  so  that 
the  total  energy  generated  is  known.  The 
power  sent  to  each  group  of  mills  is 
known,  as  each  feeder  circuit  has  its  in- 
tegrating  meters.     The  power  used   for 
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driving  the  motor  exciters,  coal-handling 
apparatus,  pumping,  lights,  etc.,  about 
the  station  is  also  metered.  Each  circuit 
is  equipped  with  indicating  meters  so 
that  the  instantaneous  load  and  current 
may  be  obtained. 

Coal  Storage  and  Handling 

The  coal  is  stored  in  a  concrete  pocket 
which  is  reached  by  a  trestle  from  the 
Boston  &  Maine  tracks.  It  is  210x52 
feet  and  holds  5000  tons,  with  a  storage 
depth  of  20  feet.  Cars  are  pushed  up 
this  trestle  and  dumped  either  into  a 
main  or  an  auxiliary  pocket.  The  floor 
of  the  main  packet  is  10  feet  below  the 
yard  level  and  that  of  the  auxiliary  pocket 
is  at  the  yard  level  so  that  coal  may  be 
taken  from  the  auxiliary  by  automobiles 
if  any  accident  should  happen  to  the 
regular  coal  conveyer.  A  6-inch  pipe 
from  the  fire  system  is  connected  to  the 
bottom  of  the  coal  storage  so  that  in  case 
of  fire  the  whole  area  can  be  flooded  as 
a  last  resort. 

The  coal-conveying  system  is  a  mono- 
rail grab  bucket  traveling  at  about  400 
feet  per  minute  and  carrying  2000 
pounds;  the  length  of  the  average  haul 
is  about  350  feet.  The  working  capacity 
of  the  bucket  is  about  12  tons  per  hour, 
allowing  for  weighing  each  load.  A 
view  of  the  conveyer  and  of  the  over- 
head track  between  the  coal  storage  and 
the  boiler  rooms  is  shown  in  Fig.  5.  One 
man  handles  all  the  coal  at  a  cost  of 
less  than  2  cents  per  ton,  including  labor, 
repairs,  supplies   and   electric   current. 

The  load  factor  of  the  station  is  prac- 
tically 33li  per  cent,  and,  although  the 
load  is  quite  constant  for  5',',  hours  in 
the  morning  and  5  hours  in  the  afternoon, 
it  starts  and  stops  very  abruptly,  which 
makes  it  difficult  to  manage  the  furnace 
fires  economically  at  those  times. 

All  fires  are  banked  at  night  except 
those  required  to  run  on  overtime  work 
or  on  the  regular  lighting  circuits.  The 
ashes  are  weighed  before  being  taken 
from  the  boiler  house  and  the  percent- 
age of  ash  is  entered  on  the  weekly  re- 
port. Every  carload  of  coal  is  sampled 
and  a  chemical  analysis  made  for  fixed 
carbon,  volatile,  ash,  moisture  and  B.t.u.; 
this  record  is  studied  carefully  in  its 
relation  to  power-house  results.  The 
fires  are  cleaned  at  night  by  the  night 
shift  and  the  ashes  are  wheeled  in  bar- 
rels to  the  ashpile  outside  the  building; 
they  are  sold  for  filling.  At  present  four 
firemen  and  a  boss  fireman  are  on  day 
duty,  each  fireman  firing  four  190-horse- 
power  boilers.  Three  firemen  are  on  duty 
during  the  night,  two  to  clean  the  fires 
of  14  boilers,  the  third  cleaning  two 
boilers  and  being  responsible  for  the 
station. 

The  help  for  the  turbine  room  con- 
sists of  the  chief  engineer,  who  has 
other  duties  outside  the  station,  two  op- 
erating men,  one  oiler  for  auxiliary  ap- 


paratus and  one  cleaner,  who  is  also  a 
spare  fireman. 

The  acceptance  test  of  the  turbines 
showed  the  following  results  with  150 
pounds  boiler  pressure,  125  degrees 
superheat,  28  inches  vacuum  with  barom- 
eter at  30  inches  and  condensing  water 
at  70  degrees: 


18.92 
17.84 
16.63 


Turbine-room  labor,  Ave  men  and  super- 
intendence   S99 . 85 

Boiler-room  labor,  eipht  men 99. 15 

F"uel,  S4.25  per  loni;  ton  in  porket 8S0 

Oil,  waste,  supplies  and  repairs 37.05 

Total  operating  expenses  per  week.  .      111G.05 

During  the  week  204,780  kilowatt- 
hours  are  generated,  giving  a  cost  per 
kilowatt-hour  of  0.545  cent.  In  a  few 
months  the  load  will  be  increased  to 
about  6100  kilowatts,  thus  giving  a  weekly 
output  of  approximately  340,000  kilo- 
watt-hours. The  two  large  turbines  will 
then   be    run,    leaving    the    two    smaller 


Fig.  3.   The  Boiler  Room 


The  auxiliaries,  including  the  con- 
densers and  feed  pumps,  use  about  12 
per  cent,  as  much  steam  as  the  main 
unit.  This  test  was  made  with  the  3250- 
kilowatt  turbine  delivering  3810  kilo- 
watts. Two  condenser  pumps,  one  feed 
pump  and  the  Holly  drip  system  were 
the  auxiliaries  which  required  the  12 
per  cent.  The  cost  for  operating  an 
average  week  on  3600  kilowatts  under 
the  conditions  which  have  obtained  dur- 
ing the  past  year  are  as  follows: 


ones  as  spares.     To  operate  the  station 
under  these  conditions  will  cost: 

Turbine-room  labor,  five  men  and  su- 

perinlendence $99 .  85 

Boiler-room  labor,  nine  men 108 ,  95 

Fuel,  S4.25  per  long  ton  in  pocket 1483 .  25 

Repairs  and  supplies 58 .  60 

Total  operating  cost  per  week $1750  65 

Operating  cost  per  kilowatt-hour 0.515cent 

The  station  as  it  now  stands,  with  its 
8000-kilowatt  normal  capacity  of  gen- 
erators, cost,  with  the  land  and  every- 
thing  up   to   and   including   the   switch- 
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Fig.  4.  The  Generating  Room  with  Its  Four  Turbine  Units 


Fig.  5."  Monorail  Grab  Bucket  of  Coal-conveying  System 
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board,  a  little  less  than  $90  per  kilowatt. 
Taking  the  fixed  charges  on  this  sum  at 
11  per  cent.,  they  become  $79,200  per 
year,  or  S1523.08  per  week.  With  the 
station  generating  340,000  kilowatt-hours 
per  week,  the  fixed  charges  will  be  0.448 
cent  per  kilowatt-hour. 

Thus  the  total  cost  per  kilowatt-hour 
at  the  switchboard  for  the  6100-kilowatt 
load  on  the  plant  will  be 


0.515  4-  0.448  =  0.963  cent 
The  same  figures,  if  this  plant  should  be 
operated  at  its  full  capacity  of  8000 
kilowatts,  would  be  0.841  cent  for  the  op- 
crating  conditions  of  6100  kilowatts;  the 
cost  is  divided  as  follows: 

Per  Cent. 

Labor 6.4 

Fuel '. 45.5 

Repairs  and  supplies !.» 

Fixed  charges  -Jb.-s 


The  principal  objects  in  view  in  the 
design  and  operation  of  this  station  have 
been  simplicity  and  reliability,  and  these 
have  been  obtained.  Many  of  the  re- 
quirements which  are  supposed  to  make 
for  refinement  and  efficiency  have  been 
omitted,  particularly  in  the  boiler  room, 
where  simplicity  was  especially  desired 
and  was  obtained  as  indicated  by  the 
photograph. 


Deterioration    of    Coal    in    Storage 


Not  many  years  ago,  coal  was  com- 
monly regarded  as  extremely  unstable. 
E.  C.  Pechin,  in  1872,  speaking  before 
the  American  Institute  of  Mining  Engi- 
neers, said:  "Coal  suffers  materially  by 
storage;  especially  in  the  case  of  bitumi- 
nous and  semibituminous  coals,  an  ex- 
posure of  only  two  weeks  causing  a  loss 
of  carbon  to  the  extent  of  10  to  25 
per  cent."  Similar  views  have  been  held 
in  much  more  recent  times;  for  example, 
in  a  paper  before  the  United  States 
Naval  Institute  In  1906  the  statement 
was  made:  "The  pressure  of  the  weight 
of  coal  causes  gases  to  be  evolved ; 
these  gases  constitute  the  chief  and  only 
value  of  the  coal  in  that  they  furnish 
the  heat  units.  It  is  claimed  that  if  a 
ton  of  fine  bituminous  coal  be  spread 
out  on  a  concrete  pavement  in  the  open 
air  in  the  vicinity  of  Key  West,  Fla., 
for  one  year,  it  will  lose  all  its  calorific 
properties." 

In  1907,  a  German  gas-works  engineer 
claimed  to  have  found  that  moist  fine 
coal  sustained  an  average  loss  per  week 
of  1.7  per  cent.  Other  statements  like 
these  are  to  be  found  in  recent  literature, 
but  probably  the  great  majority  of  chem- 
ists and  engineers  today  hold  no  such 
exaggerated  ideas.  There  is,  however, 
a  well  defined  suspicion  in  the  minds  of 
many  that  sufficient  loss  of  volatile  mat- 
ter and  deterioration  by  oxidation  does 
occur  in  coal  to  be  of  industrial  import- 
ance; and  for  that  reason  the  investiga- 
tions herein  described  were  undertaken 
by  the  Bureau  of  Mines  to  determine 
accurately  the  extent  of  the  deterioration 
in  different  kinds  of  coals. 

Deterioration  by  Oxidation 

First,  a  study  was  made  in  the  labora- 
tory of  the  loss  of  volatile  matter  from 
crushed  coal  during  storage.  A  number 
of  samples  (20  lb.  each)  representing 
a  variety  of  types  from  widely  separated 
fields,  were  broken  to  about  'j-in.  size 
and  immediately  placed  in  glass  bottles 
while  in  the  mine.  At  the  laboratory  the 
accumulated  gas  was  withdrawn  and  a 
free  continuous  escape  of  the  volatile 
products  was  permitted  at  atmospheric 
pressure  and  temperature.  The  results 
of  these  experiments  have  been  pub- 
lished  in  technical  paper  No.   2  of  the 


By  H.  C.  Porter 

and  F.  K.  Ovitz 


The  tests  showed  that 
coal  does  not  deteriorate, 
when  exposed  for  a  con- 
siderable tinie  to  the  weath- 
er, nearly  as  much  as  is 
generally  supposed.  Also 
under  -  water  storage  has 
practically  no  detrimental 
effect  upon  coal,  except  for 
increasing  the  moisture. 

Spontaneous  heating  is 
also  discussed  and  sugges- 
tions given  for  preventing  it. 


•Presented  at  a  joint  meeting  of  the 
New  York  section,  .\merican  Chemical 
Society,  the  American  Electrochemical 
Society,  and  the  Society  of  Chemical  In- 
dustry- 
Bureau  of  Mines,  entitled  "The  Escape 
of  Gas  from  Coal,"  and  will  therefore 
not  be  given  here  in  detail.  Suffice  it  to 
say  that  while  several  coals  evolved 
methane  in  large  volumes,  especially  in 
the  early  period  after  mining,  the  coal 
suffered  in  one  year  a  maximum  loss  in 
calorific  value  from  this  cause  of  but 
0.16  per  cent. 

At  the  instance  of  the  Navy  Depart- 
ment, however — which  is  a  purchaser 
of  coal  to  the  extent  of  two  or  three 
million  dollars  annually,  and  stores  large 
quantities  in  warm  climates  for  long  per- 
iods of  time — more  elaborate  tests  were 
undertaken  to  determine  the  total  loss 
possible  in  high-grade  coal  by  weather- 
ing. The  extent  of  the  saving  to  be  ac- 
compli.~hed  by  water  submergence  as 
compared  to  open-air  storage  was  a  point 
to  be  settled,  and  there  had  also  arisen 
the  question  as  to  whether  salt  water 
possessed  any  peculiar  advantage  over 
fresh  water  for  this  purpose. 

The  tests  conducted  by  this  depart- 
ment were  carried  out  as  follows:  Four 
kinds  of  coal  were  chosen — New  River  on 
account  of  its  extensive  use  by  the  navy; 
Pocahontas  as  a  steaming  and  coking 
coal  used  extensively  in  the  East,  and  as 


being  also  the  principal  fuel  used  in 
the  Panama  Canal  work;  Pittsburg  coal 
as  a  type  of  rich  coking  and  gas  coal, 
and  Sheridan,  Wyoming,  sub-bituminous 
or  "black  lignite" — a  type  much  used 
in  the  West.  With  the  New  River  coal, 
50-lb.  portions  were  made  up  out  of  one 
large  lot,  which  had  been  crushed  to 
K'-in.  size  and  well  mixed.  These  por- 
tions, confined  in  perforated  wooden 
boxes,  were  submerged  under  sea  water 
at  three  navy  yards,  differing  widely 
from  each  other  in  climate  conditions, 
and  300-lb.  portions  from  the  same  origi- 
nal lot  were  exposed  to  the  open  air, 
both  out  of  doors  and  indoors,  at  the 
same  places. 

The  Pocahontas  coal  was  tested  only 
at  one  point,  the  Isthmus  of  Panama,  the 
run-of-mine  coal  being  placed  in  a  120- 
ton  pile,  exposed  to  the  weather.  Pitts- 
burg coal  was  stored  as  run-of-mine  in 
open  outdoor  bins  of  5  tons  capacity, 
at  Ann  Arbor,  Mich.,  also  in  300-lb. 
barrels  submerged  under  fresh  water. 
The  Wyoming  sub-bituminous  was  stored 
at  Sheridan,  both  as  run-of-mine  and 
slack  in  outdoor  bins,  holding  three  to 
six  tons  each. 

Every  test  portion  was  sampled  each 
time  in  duplicate  and  in  all  cases  except 
the  outdoor  pile  at  Panama  and  the  300- 
lb.  open-air  piles  of  New  River  coal,  the 
sampling  was  done  by  rehandling  the 
entire  amount.  In  the  excepted  cases 
mentioned  it  was  not  thought  fair  to  dis- 
turb the  entire  lot,  and  therefore  at 
Panama  a  vertical  section  of  10  tons 
only  was  removed  each  time  (eight  sam- 
ples being  taken  from  the  10-ton  sec- 
tion), while  in  the  case  of  the  outdoor 
lots  at  the  navy  yards  a  number  of  small 
portions,  well  distributed,  were  taken 
from  each  pile,  mixed,  and  quartered 
down.  Small  lots  and  a  fine  division 
were  conditions  purposely  adopted  with 
the  New  River  coal  so  as  to  make  the 
tests  of  maximum  severity. 

Moisture,  ash,  sulphur  and  calorific- 
value  determinations  were  made  on  each 
sample,  the  latter  by  means  of  the 
Mahler  bomb  calorimeter  and  a  carefully 
calibrated  Beckman  thermometer.  The 
calorimetric  work  on  all  except  the 
Sheridan  tests  was  done  throughout 
by  one  man  and  with  the  name  instru- 
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ment.  Furthermore,  all  the  calorific 
values  in  the  tables  were  calculated 
to  a  comparable  unit  basis,  that  of  the 
actual  coal  substance  free  of  moisture, 
sulphur   and    corrected    ash. 

-  Results  of  Tests 

The  results  show  in  the  case  of  the 
New  River  coal  less  than  1  per  cent, 
loss  of  calorific  value  in  one  year  by 
weathering  in  the  open.  There  was  prac- 
tically no  loss  in  the  submerged  samples 
and  fresh  water  seemed  to  preserve  the 
qualities  of  the  coal  as  well  as  salt 
water.  There  was  almost  no  slacking 
of  lump  in  the  run-of-mine  samples 
and  the  crushed  coal  in  all  cases  de- 
teriorated more  rapidly  than  the  run-of- 
mine. 

The  Pocahontas  run-of-mine  in  a  120- 
ton  pile  on  the  Isthmus  of  Panama  dur- 
ing one  year's  outdoor  weathering  lost 
less  than  0.4  per  cent,  in  heating  value, 
and  suffered  little  or  no  physical  de- 
terioration of  lumps. 

The  Pittsburg  gas  coal  during  six 
months'  outdoor  exposure  suffered  no 
loss  whatever  of  calorific  value,  meas- 
urable by  the  calorimetric  method  used, 
not  even  in  the  upper  layer  of  the  bins. 

The  Wyoming  coal  lost  as  much  as 
5.3  per  cent,  in  one  of  the  bins  during 
two  years  and  nine  months;  3.5  per  cent, 
of  which  was  lost  in  the  first  three 
months.  There  was  bad  slacking  and 
crumbling  of  the  lumps  on  the  surface 
of  the  piles,  but  where  the  surface  was 
fully  exposed  to  the  weather  this  slack- 
ing did  not  penetrate  more  than  12  to 
18   in.   in   the   whole   period. 

No  outdoor-weathering  tests  have  been 
made  by  the  bureau  on  Illinois  coal. 
Thorough  tests,  however,  on  this  kind  of 
coal  have  been  reported  by  Prof.  Parr, 
of  the  University  of  Illinois,  and  by  A. 
Bement,  of  Chicago,  both  of  whom  find 
from  1  to  3  per  cent,  calorific  loss  in  a 
year  by  weathering.  Mr.  Bement  reports 
a  slacking  of  lumps  (in  tests  on  small 
samples)  of  over  80  per  cent,  in  one  case 
and  about  12  per  cent,  in  another.  It  is 
probable  that  in  this  case,  as  with  the 
Wyoming  test,  the  slacking  in  a  large 
pile  would  not  penetrate  far  from  the 
surface. 

Storage  under  water  unquestionably 
preserves  the  heating  value  and  the 
physical  strength  of  coal,  but  it  necessi- 
tates firing  wet  coal,  and  therefore  means 
evaporating  an  amount  of  moisture  vary- 
ing from  1  to  15  per  cent.,  according  to 
the  kind  of  coal.  This  factor  is  an  im- 
portant drawback  to  under-water  storage 
with  coals  such  as  Illinois  and  Wyoming, 
which  mechanically  retain  5  to  15  per 
cent,  of  water  after  draining;  but  in  the 
case  of  the  high-grade  Eastern  coals,  if 
firemen  are  permitted,  as  is  ordinarily  the 
case,  to  wet  down  their  coal  before  firing, 
then  the  addition  during  storage  of  the  2 
or  3  per  cent,  moisture  which  these  coals 
retain    would    be    of    little    consequence. 


Submergence  storage  is  an  absolute  pre- 
ventative of  spontaneous  combustion, 
and  on  that  account  alone  its  use  may 
be  justified  with  some  coals,  but  merely 
for  the  sake  of  the  saving  to  be  secured 
by  avoidance  of  weathering  there  does 
not  seem  to  be  good  ground  for  its  use. 

Spontaneous  Combustion 

Losses  in  coal  due  to  spontaneous 
heating  are  a  much  more  serious  matter. 
Oxidation  begins  at  ordinary  tempera- 
tures in  any  coal,  attacking  the  surfaces 
of  the  particles  and  thus  slowly  develop- 
ing heat.  In  a  small  mass  of  coal  this 
slowly  developed  heat  is  readily  dissi- 
pated by  radiation,  with  no  rise  in  tem- 
perature. If  radiation  is  restricted,  how- 
ever, as  in  a  large  pile  densely  packed, 
the  temperature  slowly  rises.  Now,  the 
curve  of  oxidation  rate  plotted  against 
temperature,  rises  with  greai  rapidity, 
and  when  the  storage  conditions  are  such 
as  to  allow  a  certain  point  (near  100  deg. 
C. )  to  be  passed,  the  rate  of  oxidation 
is  great  enough  ordinarily  so  that  the 
heat  developed  over-balances  the  heat 
radiated  and  the  temperature  will  rise 
to  the  ignition  point  if  the  air  supply  is 
adequate.  The  importance  therefore  can 
be  seen  of  guarding  against  even  mod- 
erate heating  in  the  coal  either  from  in- 
ternal spontaneous  causes  or  by  radia- 
tion from  external  sources.  Increased 
loss  of  heating  value  and  of  volatile  mat- 
ter occurs  at  moderately  increased  tem- 
peratures even  though  the  ignition  point 
is  not  reached. 

The  amount  of  surface  exposed  to 
oxidation  in  a  given  mass  depends  on 
the  size  of  the  particles  and  increases 
very  rap'idly  as  the  fineness  approaches 
that  of  dust.  Dust  therefore  is  danger- 
ous in  a  coal  pile,  particularly  if  it  is 
mixed  with  larger-sized  coal  which  forms 
air  passages  to  the  interior.  Spontaneous 
combustion  is  brought  about  by  slow 
oxidation  in  an  air  supply  sufficient  to 
support  the  oxidation  but  insufficient  to 
carry  away  all  the  heat  formed.  There 
is  a  wide  variation  among  coals  in 
friability.  In  comparative  rattler  tests 
under  certain  standard  conditions,  Poca- 
hontas, New  River  and  Cambria  County 
coals  produced  nearly  twice  as  much 
dust  (through  a  ',<;-in.  screen)  as  a  sam- 
ple from  the  Pittsburg  seam.  This  is  a 
large  factor  in  spontaneous  combustion. 
Mixed  lump  and  fine  (run-of-mine)  with 
a  large  percentage  of  dust,  and  piled  so 
as  to  admit  to  the  interior  a  limited  sup- 
ply of  air,  make  ideal  conditions  for 
spontaneous  heating. 

High  volatile  matter  does  not  of  itself 
increase  the  liability  to  spontaneous  heat- 
ing. A  recent  circular  letter  of  inquiry 
on  spontaneous  combustion  sent  by  the 
Bureau  of  Mines  to  more  than  2000 
large  coal  consumers  in  the  United  States 
has  brought  1200  replies,  of  which  260 
report  instances  of  spontaneous  combus- 
tion, 220  of  them   naming  the  coal.     Of 


these  220,  ninety-five  were  with  semi- 
bituminous,  low-volatile  coals  of  the  Ap- 
palachian region,  and  55  with  Western  and 
Middle  Western  coals.  This  result  shows 
at  least  no  falling  behind  on  the  part 
of  the  "smokeless"  coals  and  no  cause 
for  placing  special  confidence  .in  these 
coals  for  safety  in  storage. 

A  serious  fire  in  cinder  filling  under 
a  manufacturing  plant  in  Pittsburg  was 
recently  investigated  and  all  the  evidence 
pointed  to  spontaneous  combustion  as 
the  cause,  induced  by  external  heat 
radiated  from  a  furnace.  The  cinders 
contained  40  per  cent,  carbon.  A  similar 
fire  occurred  two  years  ago  in  cinder  fill- 
ing under  a  smelting  plant  on  Staten 
Island  in  which  the  cinders  contained  33 
per  cent,  carbon;  damage  amounting  to 
S20.000  was  done.  The  cause  was  not 
definitely  determined,  but  from  the  re- 
ports of  the  insurance  adjusters  spon- 
taneous heating  appears  to  be  the  most 
plausible  explanation.  The  volatile  mat- 
ter in  the  material  could  not  have  been 
a  factor  in  these  cases. 

Pocahontas  coal  gives  considerable 
trouble  with  spontaneous  fires  in  the 
large  storage  piles  at  Panama.  It  is 
reported  also  by  several  large  bypro- 
duct-coke concerns  to  be  more  trouble- 
some in  this  respect  than  their  high-vola- 
tile gas  coals.  The  high-volatile  coals  of 
the  West  are,  to  be  sure,  usually  very 
liable  to  spontaneous  heating,  but  they 
owe  this  property  to  the  chemical  nature 
of  the  substances  which  compose  the 
coal  rather  than  to  the  amount  of  volatile 
matter. 

Moisture   and   Sulphur    Influences 

The  influence  of  moisture  and  that  of 
sulphur  upon  spontaneous  heating  of 
coal  are  questions  much  discussed,  not 
very  much  actually  investigated,  and  cer- 
tainly not  yet  settled.  Some  claim  that 
in  the  laboratory,  dry  coal  oxidizes  more 
rapidly  than  moist,  but  the  weight  of 
opinion  among  practical  users  of  coal  is 
that  moisture  promotes  spontaneous  heat- 
ing. The  observation  by  the  Bureau  of 
Mines  of  many  actual  cases  has  not  de- 
veloped any  instances  where  moisture 
could  be  proved  to  have  had  such  an 
effect.  Sulphur,  on  the  other  hand,  has 
been  shown  by  these  investigations  to 
have,  in  most  cases,  only  a  minor  in- 
fluence. In  a  number  of  actual  cases, 
samples  of  the  heated  coal  from  areas 
where  the  heat  was  greatest  have  been 
analyzed,  both  for  the  total  sulphur  and 
that  in  the  sulphate  form,  and  the  un- 
oxidized  sulphur  was  in  no  case  less  than 
75  per  cent,  of  the  average  total  sul- 
phur in  the  original;  in  other  words, 
not  more  than  one-quarter  of  the  total 
sulphur  entered  into  any  heat-produc- 
ing reaction.  The  possibility  remains, 
however,  that  all  of  the  sulphur  which 
was  oxidized  was  concentrated  in  one 
pocket  of  moist,  flaky  pyrites,  and  thus 
sufficient  heat  was  developed  in  one  spot 
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to  net  as  an  Igniter.  l)n  the  other  hand, 
a  HoHt(in  company,  usint;  Donihiion 
(Nova  Scotia)  coal  containing  3  to  -1 
|u-r  cent,  sulphur,  lias  liail  nuicli  trouhic 
wltli  spontaneous  llrcs  In  storage,  hut  a 
iiunihcr  of  samples  taken  hy  the  hureau 
from  exposed  piles  of  this  coal  in  which 
heatiuK  had  occurred  sliowed  that  i'D 
per  cent,  of  the  sulphur  was  still  lui- 
oxidized.  lixperiments  in  the  lahoratory, 
by  passing  air  over  coal  at  120  deg. 
C,  have  developed  enough  heat  to  iKuite 
the  coal  and  no  change  was  found  in 
tin-  form  of  the  sulpliur.  While  not  en- 
tirely conclusive,  these  results  point  to 
a  very  minor  c(Milrihulion,  if  any,  on  the 
part  of  sulphur  to  spontaneous  heating 
in  coal. 

I'rcslilv  mined  coal  and  even  fresh 
surfaces  exposed  hy  crushinn  lump  coal 
exhibit  a  renuirkabic  avidity  for  oxygen, 
but  after  a  time  they  become  coated  with 
oxidi/ed  uuiteriai,  so  that  the  action  of 
the  air  becomes  less  viRorous.  It  is 
found  in  practice  that  if  coal  which  has 
been  stored  for  six  weeks  or  two  months 


and  has  already  become  somewhat 
heated,  be  rehandled  and  thoroughly 
cooled  by  the  air,  spontaneous  heating 
rarely  begins  again.  A  large  power  plant 
in  New  York  crushes  its  coal  to  pass 
through  a  4-in.  screen  immediately  after 
unloading  from  the  barges,  the  fine  coal 
and  dust  (50  per  cent,  or  more)  being 
left  in  the  coal  to  be  stored.  This  freshly 
crushed  coal  is  elevated  to  iron  hopper- 
sluiped  bunkers  directly  over  the  boilers 
and  the  air  temperature  in  these  often 
reaches  100  deg.  F.  As  the  coal  hangs 
on  the  sloping  sides  sometimes  three  or 
four  months  at  a  time,  it  seems  hardly 
surprising  tluit  some  of  the  bunkers  are 
on  (ire  practically  all  of  the  time. 
Safety  Precautions  for  Coal  Storac.i: 

With  full  appreciation  of  the  fact  that 
any  or  ail  of  the  following  reconnnenda- 
tions  may  under  certain  conditions  be 
found  impracticable,  they  are  otfered  as 
being  advisable  precautions  for  safety 
in  storing  coal  whenever  their  use  does 
I'ot  involve  an  unreasonable  expense: 

I.     Do   not   pile   over    12    ft.   deep   or 


so  that  any  point  in  the  interior  will  be 
over  10  ft.  from,  an  air-cooled  surface. 

2.  If  possible,   store   only   lump   coal. 

3.  Keep  the  dust  out  as  much  as  pos- 
sible; therefore  reduce  the  handling  to 
a  minimum. 

■1.  Pile  so  that  the  lump  and  tine  coal 
are  distributed  as  evenly  as  possible; 
not,  as  is  often  done,  allowing  lumps 
to  roll  down  from  a  peak  and  fonii  air 
passages  at  the   bottom. 

5.  Rehandle  and  screen  after  two 
months. 

(i.  Keep  away  external  sources  of  heat 
even  though  they  are  moderate  in  de- 
gree. 

7.  Allow  six  weeks'  "seasoning" 
after  mining  before   storing. 

8.  Avoid  alternate  wetting  and  drying. 

9.  Avoid  admission  of  air  to  the  in- 
terior of  the  pile  through  interstices 
around  foreign  objects,  such  as  timbers 
or  irregular  brickwork;  also,  through 
porous  bottoms,  such   as  coarse  cinders. 

10.  Do  not  try  to  ventilate  by  pipes 
as  more  harm   than   good   is  often  done. 


Status  of  the  Small  Steam  Turbine 


* 


The  new  uses  for  the  turbine  and  the 
fact  that  all  builders  of  small  tur- 
bines are  turning  out  more  work  every 
year  are  sulHcient  evidence  that  there 
must  be  some  very  good  reasons  for  this 
change  in  ideas.  In  studying  the  early 
history  of  the, steam  turbine,  it  will  be 
found  that  the  greatest  factor  tending 
to  retard  the  advancement  of  the  tur- 
bine was  not  the  turbine  itself,  but  the 
ditliculty  of  finding  a  suitable  and  satis- 
factory machine  that  it  could  drive.  The 
troubles  experienced  with  generators  in 
the  early  days  are  ancient  history,  and 
with  the  applications  of  the  small  tur- 
bine for  auxiliary  purposes,  history  is 
again  repealing  itself.  The  small  tur- 
bine has  been  established  for  a  long 
time,  but  many  diWculties  have  been 
encoutitered  in  the  satisfactory  produc- 
tion of  efficient  generators,  pumps  and 
blowers  in  order  to  make  the  whole  unit 
»  eou\mercial  success.  The  makers  of 
this  apparatus  have  appreciated  the  in- 
disputable advantages  of  the  turbine  drive 
and  have  laid  themselves  out  to  cater 
to  this  field,  resulting  in  commercially 
satisfactory  machines  to  t^ll  the  i  ;ce  of 
practically  all  engine-  and  electric-driven 
auxiliaries  in  the  past. 

Considering  the  three  types  of  prime 
movers  for  auxiliary  machinery,  there  are 
the  electric  drive,  the  rC'ciprocating  en- 
gine and  the  steam  turbine.  The  motor 
drive  may  sometimes  be  most  efficient, 
but  this  is  Questionable  when  exhaust 
steam  can  be  used.  It  is  the  simplest 
fomi  of  drive,  is  clean  and  cin  be  in- 
stalled in  a  simple  manner.  There  are 
no  ste'am  pipes,  pet-cocks  or  other  en- 
cumbrances-    .\gain$t  the  electric  drive. 


By  W.  J.   A.  London 


The  paper  points  out 
some  of  the  uses  to  which 
small  turbines  are  adapted, 
compares  electric,  recipro- 
catinsi-en^ine  and  turbine 
drives  for  these  purposes; 
shows  that  the  water  rate 
of  small  steam  turbines 
can  be  improved,  but  at  the 
expense  of  greater  weitiht, 
floor  space  and  lirst  cost; 
suggests  the  use  of  Nap- 
ier's formula  for  a  simple 
determination  of  the  steam 
rate. 


•l'i<s<nt,-a  at  tl\o  Now  Hav<n  mertiHK 
ot  iht'  American  tSooieiy  i>f  Meclxanical 
Knsi'H'rrs.  by  Ctxiff  Ensineer  L.ondon,  of 
tt>e  Terry  Steam  Turbine  Company. 

there  have  to  be  faced  the  disadvantages 
of  probable  electrical  leakages  and  the 
serious  accidents   resulting  therefrom. 

While  in  Europe  the  electric  drive  has 
been  the  most  popular  for  many  years 
on  account  of  the  use  of  the  economizer 
in  those  countries  in  place  of  feed-water 
heaters,  many  of 'the  latest  stations  are 
now  changing  over  to  steam  drive  for 
their  auxiliaries.  Reliability  in  auxiliani' 
machinerv  is  of  vital  importance  and  it 
is  obvious  that,  by  taking  the  energy 
from  the  primarv  source  of  power  and 
from    the    supply    least    likely    to    fail. 


namely,  the  boiler,  the  chances  of  break- 
down are  minimized. 

.Advantages  of  Turbine  over  Recipro- 
cating Engine 

For  steam-driven  auxiliaries  the  choice 
is  between  the  reciprocating  engine  and 
the  turbine.  The  reciprocating  engine 
naturally  requires  more  attention  than  a 
motor,  cylinder  lubrication  being  almost 
invariably  necessary,  resulting  in  the 
discharge  of  oil  to  the  heater  or  to  the 
condenser,  and  therefore  to  the  boiler. 
Again,  there  being  more  working  parts, 
the  wear  of  reciprocating  engines  is 
I'.reater  than  in  a  motor.  With  regard 
to  the  steam  turbine,  this  approaches  the 
simplicity  of  the  motor  as  nearly  as  it 
is  possible  for  a  steam  unit  to  do.  The 
number  of  bearings  is  the  same  and  the 
duties  on  the  bearings  are  approximately 
the  same;  therefore  the  attendance  of 
the  two  units  can  be  said  to  be  about 
equal.  In  favor  of  the  turbine  over  the 
reciprocating  engine,  are  the  elimination 
of  pet-cocks  and  the  danger  of  water- 
hammer  and  internal  lubrication,  and, 
with  the  introduction  of  superheated 
steam  to  modern  plants,  the  consensus 
of  opinion  at  the  present  day  seems  to 
be  that  the  turbine  is  by  far  the  more 
suited  to  this  work  than  the  reciprocating 
engine.  The  simplicity  of  the  turbine, 
and  its  limited  amount  of  necessar\'  at- 
tendants, is  a  factor  bearing  directly  on 
station  costs  in  view  of  the  cheaper 
grade  of  labor  permissfble. 

One  great  drawback  to  the  turbine 
for  years  has  been  the  ignorance  of 
the  average  engineer  as  to  the  mechan- 
ical construction  of  these  machines,  to- 
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KflhcT  with  a  prciudicc  nuainst  tlicir 
apparently  liiKli  spt-L-ds.  Tlit-  turbine 
iiiaticr  is  protiably  a  (jrcal  dual  to  blnmc 
for  this  condition  of  all'airs,  it  liavinn 
bc-cn  the  policy  to  keep  the  construction 
of  the  machines  dark.  A  broader  view, 
however,  exists  at  the  present  time,  and 
consequently  engineers  are  beeominn 
more  experienced  and  now  feel  them- 
selves competent  to  take  care  of  these 
machines  without  having  to  send 
to  the  manufacturer  lor  liic-  smallest  re- 
pair or  adjustment  that  may  be  neces- 
sary. 

EFriciHNCY  oi-   Smai.i.  TiJRmNi; 

Willi  rcT.iT-d  1(1  the  edlcicncy  of  the 
small  turbine,  both  with  regard  to  a  com- 
parison of  dlH'erent  types  and  to  a  com- 
parison with  motors  or  reciprocating  en- 
gines, the  writer  would  like  to  enlarfic 
on  the  real  meaning  of  ettlciency.  The 
question  of  water  rate  does  not  cover  the 
situation.  In  a  .S()()()-kil(iwatt  turbine, 
the  consumption  of  each  pound  of  steam 
per  kilowatt  means  probably  S24()()  per 
year.  In  a  sinall  turbine,  a  difference 
of  one  pound  per  horsepower  in  a  10(1- 
horsepower  machine  means  for  the  same 
period  of  operation,  $4H  per  year. 

Practically  all  small  turbines  on  the 
market  at  the  present  time  can  be  im- 
proved in  water-rate  efficiency.  This  can 
be  done  by  increasing  the  speed  in  revo- 
lutions per  minute  or  by  increasing  the 
peripheral  velocity,  using  larger  wheels, 
or  by  an  increased  number  of  stages. 
All  these  points  mean  additional  compli- 
cation, additional  weight  and  higher  first 
cost. 

For  the  sake  of  argument,  a  single- 
stage  turbine  with  a  2-foot  w.ieel,  if 
Increased  3  inches  in  diameter  will  bring 
down  the  water  rate  from  .38  to  36 
pounds;  in  other  words,  a  saving  of  5 
per  cent,  would  mean  an  increase  in 
weight  of  the  whole  turbine  of  about  17 
per  cent.  The  increase  in  floor  space 
would  be  10  per  cent.,  and  the  increase 
in  the  cost  or  selling  price  would  be 
approximately  15  per  cent.  The  point 
then  for  the  designer  to  consider  is 
where  to  draw  the  line  between  absolute 
water  rate  and  commercial  efficiency. 

It  is  obvious  that  a  comparatively  slow- 
speed  machine  will  give  less  trouble, 
not  only  to  itself  but  to  the  other  end 
of  the  apparatus,  and  a  breakdown  due 
to  over-sensitiveness  on  the  part  of  the 
turbine  of  high  efficiency  will  soon  run 
away  with  the  money  saved  by  the  in- 
creased  efficiency. 

For  example,  assume  a  lOO-horsc- 
power  turbine  of  a  slower  speed  to  con- 
sume 2  pounds  more  per  horsepower 
than  another,  which  means  an  additional 
cost  of  about  Snfi  per  year.  This  $f)6 
per  year  means  4  cents  per  hour,  and  the 
difference  between  the  cost  of  unskilled 
labor  necessary  for  the  one  machine  and 
the    skilled    labor   necessary    for   the   at- 


tention of  the  other  generally  amounts 
to  much  more  than  this.  Assuming  the 
case  of  an  exciter  running  a  large  en- 
gine, otic  hour's  shutdown  per  year  at 
the  rate  of  3  cents  per  kilowall  hour 
will  more  than  pay  for  this  luldiliumtl 
coal  bill. 

Supposing  .'ii'.aiii  Hie  luihiiu-  is  In  luii 
the  condensing  apparatus,  the  diriereiice 
in  steam  consumption  of  a  ."SOOO-kilowalt 
nutchiiie  running  over  from  condensing 
to  noncondensing  will  take  n  running  per- 
iod of  oi)ly  six  hours  to  pay  for  the  $()(! 
additional  coal  consumed.  This  question 
of  reliability  is,  to  the  writer's  niiiul,  not 
sulllciently  emphasized,  and  should  be 
considered  an  absolutely  direct  pari  of 
the  efficiency  factor,  and  the  average'  en- 
gineer is  now  sufficiently  well  versed  in 
the  conslriiclion  of  steam  turbines  to  be 
able  to  determine  for  himself  what  he 
can  expect  in  overall  eHlciency  when 
given  the  water  rates  atid  the  construc- 
tion of  the  various  machines. 

Nor  A  "Sti'.am  I  lor," 

With  reference  to  the  actual  water 
rates  obtained,  the  idea  existing  among 
many  engineers  that  the  turbine  is  a 
"steam  hog"  is  entirely  erroneous,  as 
will  be  sho."n.  Of  course,  examples  can 
be  found  every  day  where  conditions  arc 
such  that  if  economy  is  a  factor  to  be 
considered,  poor  judgment  was  shown  in 
the  first  instance  In  ever  installing  a 
turbine.  This  state  of  affairs  is  nrtt  by 
any  means  confined  to  the  small  tur- 
bine; many  examples  of  it  may  be  seen 
in  the  larger  marine  installations. 

In  practice,  the  engineer  does  not  care 
about  turbine  water  rates,  fie  is  ititer- 
ested  in  his  overall  water  rates  per  air, 
electrical  or  .vntcr  lursepower,  as  the 
case  tuay  be,  and  insleaf  o."  always  criti- 
cizing the  turbine  end,  it  is  he  otlier  end 
that  for  many  years  lias  needed  reform- 
ing. 

Wai  i;i(-I(A 1 1;  F,i'['i(;ii'Nf;v 

The  work  of  the  builder  of  the  other 
apparatus  has  resulted  in  a  unit  which 
can  hold  its  own  again.it  all  cotnpetilion, 
not  only  in  reliability  but  in  actual  water- 
rate  efficiency.  It  has  been  a  practice  for 
years  to  iTjn  gas  blov/ers  at  turbine 
speeds,  but  as  there  were  no  turbines  in 
the  earlier  days,  the  belt  drive  was 
adopted.  Later  installations  are  iiRing 
the  direct  turbine  drive  with  the  same 
blower  speed  as  previously,  which  gives 
a  better  overall  efficiency.  A  fair  figure 
at  the  present  time  for  a  modern  gas- 
plant  operating  with  I2.'i  pounds  steam 
noncondensing,  with  a  turbine  of  I  Of) 
horsepower,  is  about  70  to  80  pounds  per 
air  horsepower  with  a  blower  pressure 
of  22  inches. 

In  some  tests  quoted  by  Mr.  More- 
house in  a  paper  read  before  the 
Southwestern  Gas  &  f-'lectric  Co,  on 
an  engine-driven  fan  of  fKKK)  cubic  feet 
capacity,    with    20    inches   prpsaurc,    the 


Wilier  rate  per  air  horscpiiwer  was  II! 
potiiKls.  Some  receiil  lesls  on  a  liirbiiie 
blower  of  slighlly  larger  capacity,  also 
optraliiig  under  noiinal  gas-works  coiidl- 
lioMs,  sliiiw  ail  ai'lii.il  water  rate  of  70.2 
piiiiiKls.  Ill  some  of  llie  later  Installa- 
lioiis,  higher  blower  pressure  Is  being 
iinployed.  Not  only  does  Ihe  turbine  ef- 
llcieiicy  ill  this  ease  increase,  but  the  fun 
elllcieney  also.  In  a  recent  test  carried 
out  on  a  40-ineli  blower  for  the  Urooklyn 
Union  C;as  Company,  FiH.S  pounds  per 
air  horsepower  was  obtained,  with  ii 
steam  pressure  at  the  throttle  of  I4.S 
pounds  noncondensing 

I'lirther  tests  on  lliis  ciiiiipniciil  .Ijow 
a  tiirhine  water  rati-,  wIkm  o|)ci;iIiii|'. 
with  117  pounds  slcsiin  ;iiul  .S  poiimls 
hack  pressure,  of  .iO  pounds  per  brake 
horsepower  or  a  Kaiikiiie  cycle  efllcieliey 
of  40.8  per  cent.  fliis  llgiire  is  re- 
markably good,  hill  it  only  shows  what 
can  be  done  in  oihei  iiistallatlonH  if  the 
apparatus  to  which  it  is  connected  can 
he  brought  up  to  Ihe  same  standard  of 
eUlciency  as  can  the  turbine  at  turbine 
speeds. 

The  question  of  generator  efficiency 
is  no  longer  an  unkiiowti  cpiantity,  and 
guarantees  made  on  brake  horsepower 
can  readily  be  verified  from  the  elec- 
trical readings.  It  is  unfortunate  that  the 
same  cannot  be  said  with  regard  to 
pumps  and  blowers,  and  it  is  ollcn  foniiif 
that  where  a  guarantee  is  made  by  iIh: 
turbine  builder  and  it  apparently  falls 
down  on  an  actual  test  witli  a  blower  or 
pump,  the  pump  is  not  operating  under 
conditions  called  for  In  the  contract  and 
it  is  therefore  not  running  at  anywhere 
near  the  efficiency  specified. 

CoMfAKAilVi;  I'l'.ld'OKMANCI'.H  Ol'  TllKlilNi;- 
ANI)    KNOINIi-DKIVI'.N    PUMI'S 

With  regard  to  the  comparative  per- 
formances of  turbine-driven  and  engine- 
driven  pumps  for  boiler-feed  purposes, 
some  interesting  comparisons  are  ob- 
tainable from  the  tests  made  on  board 
the  scout  cruisers  "HirminghHiii,"  "CIich- 
ter"  and  "Salem."  Together  with  these 
figures  are  given  the  water  rates  that  are 
obtainable  froiTi  ihe  modern  turbine 
boiler- feed  pump,  showing  a  marked  in- 
crease in  efficiency  in  favor  of  the  tur- 
bine-driven sets.     See  table  on  page   10. 

The  assumed  pump  efficiency  equals 
8.S  per  cent,  artd  the  assumed  engine  effi- 
ciency equals  00  per  cent,  on  reciprocat- 
ing sets. 

Naimi'.k's  I-'okmiji.a 

On  the  general  subject  of  the  steam 
consumption  of  small  steam  turbines,  It 
is  strange  that  Napier's  simple  formula* 
for  the  flow  of  steam  through  nozzles 
cannot  be  used  to  greater  commercial 
advantage  than  it  is  at  the  present  time. 


W ■»Wt:\Kiit  at  nU;itm  |«T  mcmul 

/'-AtiBoliiM  hlKlicr  i>r<3:«iir<! 
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'his  well  known  formula  has  been  proved 
0  many  times  to  be  approximately  cor- 
ed that  it  is  a  pity  that  it  is  not  more 
ised  to  compute  the  steam  consumption, 
"he  majority  of  small  turbines  now  op- 
rate  with  a  terminal  pressure  at  the 
et  below  0.58  of  the  initial  pressure, 
0  that  this  formula  can  be  readily  ap- 
lied  to  any  machine  and  the  steam  con- 
umption  determined  by  placing  a  gage 
i    the   steam    ring. 

The  maker  could  be  called  upon  to 
ive  the  number  and  the  size  of  the  jets, 
nd  in  this  way  an  instantaneous  read- 
ig  could  be  taken  at  any  time  showing 
ie  amount  of  steam  passing  at  any  one 
ime.  If  this  were  done,  less  claims 
■ould  be  made  that  a  turbine  is  pass- 
ig  a  greater  amount  of  steam  than  the 
lakers  claim  for  it.  Of  course,  when  it 
omes  to  a  question  of  pump  efficiency, 
lis  is  a  harder  matter  to  determine,  and 

is  possible  that  at  a  given  water  horse- 
ower  the  turbine  does  require  more 
team  than  called  for.  This  can  only  be 
;sted  out  by  means  of  a  dynamometer 
r  brake  to  find  out  where  the  trouble 
es. 

By  a  slight  modification  to  the  constant 
0  in  Napier's  formula  for  various  jets, 
gures  can  be  obtained  as  accurate  as 
i  possible  by  aetual  measurement.  In  a 
sries  of  tests  carried  out  within  the  last 
2W  days  on  a  certain  machine,  in  seven 
sadings  with  a  ring  pressure  varying 
rom  40  to  150  pounds,  the  minimum 
iscrepancy  between  the  calculated  and 
le  actual  results  was  1.3  per  cent,  and 
le  mean  over  all  the  readings,  0.443 
er  cent. 

The  actual  figures  obtainable  on  test 
nd  those  calculated  are  as  follows: 


Napier's 

.\ctual 

Per  Cent. 

Formula 

Tests 

\ariation 

202S 

204.S .  6 

0.8 

1264 

1248.0 

1.3 

1935 

1934.0 

0.0 

2625 

2638. 0 

0.4 

1905 

1906.0 

0.0 

3047 

3066.0 

0.6 

2272 

2272.0 

0.0 
3.1 

.\verage.  0  443 

Simplicity  of  Design 

The  construction  and  the  general  de- 
ign of  small  turbines  have  been  so 
loroughly  dealt  with  in  other  papers 
lat  it  is  not  considered  necessary  to 
D  into  this  phase  of  the  subject.  The 
riter  would,  however,  like  to  bring  for- 
ard  the  fact  that  in  small  turbines,  as 
I  the  larger  units,  the  design  and  me- 
lanical  construction  are  all-important 
ictors.  What  is  considered  good  prac- 
ce  in  the  design  of  large  turbines  is, 
owever,  in  many  cases  a  mistake  in 
nail  machines. 

As  to  the  details  of  the  machine,  the 
;sign  should  be  as  simple  and  the  gov- 
■nor  and  other  mechanism  attached 
lereto  as  fool-proof  as  possible,  even 
:  the  expense  of  efficiency  if  necessary, 
he   wheels,   etc..  should   be   readilv   ac- 


cessible, as  facilities  for  handling  such 
machines  in  the  places  where  they  are 
so  often  installed  are  very  Inadequate  for 
this  purpose,  and  the  time  allowed  for 
the  dismantling  of  an  auxiliary  is  often 
only  a  few  hours  at  the  middle  of  the 
night. 

That  machines  are  designed  to  fulfill 
these  requirements,  and  that  complica- 
tions in  the  design  are  unnecessary  are 
proved  by  the  constructions  now  em- 
ployed. For  example,  it  is  thought  by 
some  engineers  thai  the  single  governor 
mounted  directly  on  the  turbine  shaft 
cannot  be  made  sufficiently  sensitive  for 
close  regulation.  Figures  taken  from 
some  recent  government  tests  on  Terry 
turbines  show  that  this  is  by  no  means 
the  case. 

On  a  series  of  six  consecutive  5-kilo- 
watt  machines  for  the  navy,  the  official 
figures  were  as  follows :  Maximum  jump 
of  the  worst  machine,  with  full  load 
thrown  off,  3.28  per  cent. ;  average  maxi- 


bumps  which  were  not  in  any  way  the 
fault  of  the  turbine.  They  had  a  run- 
away on  one  machine,  caused  by  a  lack 
of  a  strainer  on  the  steam  pipe.  A 
small  screw  came  in  and  caught  under 
the  governor  valve,  and  the  turbine  went 
fast  enough  to  throw  out  the  blades  of 
the  fan  connected  with  it  until  they 
hooked  on  to  the  cutoff  blade  of  the 
fan.  The  blades  came  out  of  the  fan 
and  the  fan  came  out  of  its  bearings.  If 
a  thing  like  that  happened  to  a  recipro- 
cating engine  it  would  be  necessary  to- 
pick  up  the  pieces  in  a  basket.  All 
that  was  necessary  in  this  case  was  to 
replace  a  sprung  shaft.  There  had  been 
a  little  trouble  due  to  the  fact  that  the 
machines  ran  fast  enough  to  set  up  a 
vibration  on  the  floor,  but  this  was 
remedied  by  placing  them  at  proper 
points. 


Comparison   between   the    largest   pas- 
senger  locomotives   built    for   the    Penn- 


W.\TER   RATES  OF  SMALL   TURBINES 


• 

.Steam 
Pres- 
sure, 

Pounds 

Back 
Pres- 
sure, 
Pounds 

Ci.P.M. 

Head  in 
Feet 

W.H.P, 
Water 
Rate 

Turbine. 
Pounds 

Percent. 
Improve- 
ment 

183 
203 
1S7 

6 
6 

6.7 

329 
193 
219 

488 
690 
610 

83.0 
91.8 
101.0 

61.8 
61.2 
64.0 

25.5 

".Salem  " 
■■Ctlesler 

33.6 
34.6 

275.8 

187.0 

93.7 

Average 

91.9 

62.4 

31.2 

mum  jump  over  the  six  machines,  2.61 
per  cent.,  with  a  mean  settled  variation 
of  1.19  per  cent. 

On  two  85-kilowatt  sets,  also  for  the 
navy,  the  mean  figure  of  the  two  ma- 
chines were,  maximum,  2.77;  settled, 
2.09. 

Discussion 

Mr.  Orrok,  of  the  New  York  Edison 
Co.,  said  that  in  his  own  practice  he 
did  not  often  consider  the  water  rate  of 
a  small  steam  turbine.  He  knew  that 
under  any  condition  of  use  it  was  better 
than  that  of  the  reciprocating  engine 
which  it  displaced.  Maintenance  and 
upkeep  were  the  things  to  look  to.  The 
Edison  Co.  had  yet  to  spend  its  first 
cent  for  repairs  on  a  small  steam  tur- 
bine, of  which  it  has  40  in  service  and 
the  oldest  ones  have  been  in  operation 
for  five  years.  As  to  the  labor  of  run- 
ning them,  a  man  looks  at  them  once  or 
twice  a  watch,  puts  his  hand  on  the 
bearings  to  see  that  they  are  not  warm, 
and  that  is  all  the  attention  they  get. 
No  oiling  to  do,  no  pet-cocks  to  try,  no 
wiping,  no  taking  apart  to  see  what  is 
the  matter  with  them,  or  picking  out  rust 
or  scale,  or  filling  oil  cups,  or  a  hun- 
dred and  one  other  things  that  happen 
with   reciprocating   engines. 

Mr.  Cooley  stated  that  his  company 
had  eight  or  ten  small  turbines  running 
on  pumps,  a  small  condenser  and  other 

machines.        Thpv     hnH     haH      nnp     nr     t\iin 


sylvania  Railroad  and  the  oldest  loco- 
motive in  America  shows  the  progress 
made  since  the  fiist  railroad  train  was 
put  into  service  at  Bordentown,  N.  J., 
on  the  Camden  &  Amboy  Railroad  in 
1831 — eighty  years  ago.  The  oldest  loco- 
motive, "John  Bull,"  is  still  intact  at 
the  National  Museum  in  Washington.  The 
locomotive  which  the  Pennsylvania  Rail- 
road has  adopted  for  heavy  passenger 
service  is  of  the  Pacific  type,  and  it  is 
the  most  powerful  passenger  locomotive 
in  use  on  the  Pennsylvania  Railroad.  The 
locomotive  and  tender  when  loaded  with 
coal  and  water  weigh  about  430,000 
pounds.  The  "John  Bull,"  loaded  for 
operation,  weighs  24,625  pounds,  about 
one-seventeenth  as  much  as  the  new  en- 
gine, which  has  six  driving  wheels  80 
inches  in  diameter.  The  driving  wheels 
of  the  old  engine  are  only  54  inches  in 
diameter.  The  boiler  of  the  new  loco- 
motive contains  359  tubes,  each  20.9 
feet  long,  making  a  total  of  nearly  a 
mile  and  a  half  of  2 '4 -inch  tubes  through 
which  the  flames  and  heat  from  the  fire- 
box pass  on  their  way  to  the  stack.  The 
heating  surface  of  the  tubes  is  4420.6 
square  feet  and.  in  addition,  the  fire- 
box has  a  heating  surface  of  199.3  square 
feet.  This  space  is  heated  to  a  high 
temperature  to  convert  the  water  in  the 
boiler  to  steam  at  a  pressure  of  205 
pounds  per  square  inch.  The  tubes  in 
the  "John  Bull"  are  T<  feet  long,  and 
the    tube-heating    surface    is    only    213 
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Large  Turbine  at  Providence 


The  new  15,000-k\v.  turbo-generator 
built  by  the  General  Electric  Co.  for 
the  Rhode  Island  Co.,  of  Providence, 
R.  I.,  was  put  in  regular  service  at  the 
Manchester  Street  power  station  on  Sun- 
day, Nov.  26.  It  supersedes  the  1500- 
kw.  horizontal  reciprocating  engine- 
driven  unit  and  occupies  less  than  one- 
half  the  ground  area  required  for  the 
latter.  The  weight  of  the  new  machine 
and  auxiliaries  is  approximately  500  tons 
and  its  cost,  including  the  switchboard, 
three  rotary  converters,  condensers,  etc., 
was  $340,000.  It  is  of  the  vertical,  four- 
stage  Curtis  type  designed  to  operate 
at  750  revolutions  with  150  lb.  steam 
pressure  and   75  deg.  superheat. 

The  generator  is  of  the  three-phase, 
25-cycle,  n,000-volt  type.  The  rating 
is  based  upon  a  rise  of  75  deg.  C.  with 
a  room  temperature  not  exceeding  25 
deg.  The  speed  variation  is  not  to  ex- 
ceed 2  per  cent.  The  steam-consump- 
tion guarantee  calls  for  an  economy  of 
17  lb.  at  7500  kw.  and  16.2  lb.  at  15,- 
000  kw.  when  operating  with  a  vac- 
uum of  28  in.  However,  as  it  is  the  ex- 
pectation of  the  company  to  operate  this 


By  John  R.  Hess 


Description  of  a  new 
15,000-kw.  turbo-generator 
installed  at  the  Manchester 
St.  station  of  the  Rhode 
Island  Co. 


turbine  with  150  deg.  superheat  and  a 
pressure  of  160  lb.  steam  pressure,  it 
is  presumed  that  at  10,000  kw.  (the  av- 
erage output)  the  steam  consumption 
will  approximate  15.2  lb.  of  steam  per 
kilowatt-hour. 

Owing  to  the  capacity  of  this  machine 
and  the  characteristic  of  the  load  curve, 
it  is  expected  that  it  can  take  care  of 
the  entire  output  of  the  plant  without 
assistance  from  the  other  units  during 
300  days  of  the  year. 

The    condenser    is    of    the    twin-sus- 


Fic.  2.  Showing  Method  of  Suspending  Condenser 


Fig.   1.    General  View  of   15,000-kw.    Turbine 


pended  LeBlanc  type,  having  one  ex- 
haust head  connected  to  ttie  turbine 
and  is  capable  of  handling  8,000,000  lb. 
of  cooling  water  per  hour.  One  peculiar- 
ity of  this  condenser  is  that  it  is  sup- 
ported upon  a  steel  column,  the  top  of 
which  is  on  a  line  with  the  base  of  the 
turbine.  There  is  a  clear  space  under 
the  condenser  of  approxiinately  12  in., 
which  allows  the  expansion  to  take  place 
downward  should  the  vacuum  be  lost  and 
the  temperatures  rise  accordingly;  in 
this  way  there  is  no  tendency  to  throw 
the  turbine  shaft  out  of  position. 

Before  selecting  this  type  of  unit, 
various  studies  were  made  of  the  low- 
pressure  turbine,  and  it  was  found  that 
as  the  load  upon  the  station  increases, 
the  steam-consumption  curve  of  the  high- 
pressure  turbine,  as  adopted,  would  be 
practically  the  same  as  if  low-pressure 
turbines, had  been  employed.  Therefore, 
the  overall  economy  of  the  station  will 
be  less  with  the  high-pressure  turbine 
than  if  low-pressure  turbines  had  been 
specified.  The  arrangement  also  gives 
greater  simplicity  in  the  installation  and 
operation  over  any  low-pressure  turbine 
installation. 

The  company  now  has  12  units  with  a. 
capacity  of  53,000  horsepower. 

The  English  bankers,  Lazard  Freres, 
have  invested  $3,000,000  in  Vancouver 
Island  coal  properties.  The  investment 
will  be  largely  devoted  to  exploration 
work  and  for  installing  haulage  power, 
made   possible   by  hydro-electric   plants. 
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Coal  Delivery,  Candler  B'ld'g,  Atlanta 


Considerable  space  has  been  devoted 
ty  the  technical  press  to  describing  coal 
and  ash  handling  in  the  boiler  rooms  of 
power  plants,  but  very  little  has  been 
said  of  cutting  the  cost  of  delivery  to 
the  isolated  plants  located  in  the  busi- 
ness districts  of  cities,  a  mile  or  more 
from  the  railroad;  here  the  problem  of 
cartage  is  very  important.  At  the  plant 
of  the  Candler  Building,  in  Atlanta,  Ga., 
this  problem  has  been  solved  very  satis- 
factorily. It  is  one  of  the  largest  iso- 
lated stations  in  the  South,  using  on  an 
average  20  tons  of  coal  per  day,  al- 
though during  the  winter  months  as  much 
as  30  tons  are  often  used  in  a  single 
day.  In  order  to  get  a  satisfactory  price 
on  the  coal  the  management  found  it 
necessary  to  take  four  cars  per  week 
throughout  the  year. 

Owing  to  the  slow  placing  of  the  coal 
cars  in  the  yards  by  the  railroad  com- 
pany, which  would  leave  them  first  in  one 
yard  a  mile  from  the  plant  and  next  in 
a  different  yard  possibly  two  miles  or 
more  from  the  building,  great  delay  was 
caused  in  getting  the  coal  for  the  build- 
ing. 

After  spending  considerable  money  for 
extra  teams  and  demurrage,  the  owners 
of  the  building  decided  to  build  their  own 
yard  and  do  their  own  carting.  At  this 
yard,  which  was  I  yi  miles  from  the 
building,  a  sidetrack  350  ft.  in  length 
comes  in  from  the  railroad.  When 
brought  in,  the  cars  are  immediately 
switched  onto  the  trestle  and  the  coal  is 
dumped  into  the  bunkers  15  ft.  below, 
the  average  time  required  to  empty  a  car 
being  10  minutes.  As  soon  as  the  cars 
are  emptied  the  railroad  company  is  noti- 
fied, and  they  are  hauled  away.  Demur- 
rage is  now  a  thing  of  the  past. 

The  coal  is  carted  to  the  plant  in  a 
five-ton  motor  truck,  the  illustration 
showing  it  discharging  coal  to  the  boiler 
room,  30  ft.  below  the  street  level.  Four 
loads  of  five  tons  each  are  delivered  to 
the  building  per  day  and  two  loads  of 
cinders  and  refuse  are  hauled  away  and 
delivered  to  the  purchasers  of  this  waste 
material.  On  Saturdays,  40  tons,  or  eight 
loads,  are  delivered,  thus  avoiding  a 
Sunday  delivery. 

Before  adopting  the  motor  truck  two 
double  teams  and  four  men  were  re- 
quired for  this  service.  A  comparison 
of  the  two  outfits  is  as  follows: 

Old   Service — Investment 

Two  wagons    $4flfl.flO 

Pour  mules  at  $225..       900.00 

Stables     600.00 

Four    sets   of  harness       100.00   $2,000.00 

Operating-  Expenses — One  day 

Four  men.   labor $fi.50 

Peed      1.60 

depreciation,    wagons 

and    stock 0.70  8.S0 


By  R.  C.  Turner 


By  purchasing  its  own 
coal-storage  yard  and  sub- 
stituting an  automobile 
truck  for  the  mule  teams 
formerly  used  in  carting, 
the  company  has  effected  a 
considerable  saving. 


water-cooled  machine  rated  at  70  hp. 
After  being  in  service  for  several  months 
the  only  repairs  that  have  been  made 
or  needed  were  new  linings  for  the  brake 
bands. 


New   Service — Investment 

One   motor   truck $3,80o.00 

Slied    at    coalvard   for 

tiousing    truck 200.00      4,000.00 

Operating    Expenses    per    Day — 
New    Service 

Two    men.    labor $2.75 

Nine  gallons  of  gaso- 
line,   at   11    cents.  .  .  0,99 

Oil  and  grease 0.30 

Depreciation    1.00  .'54.94 

The  investment  at  the  coalyards  is 
SI 200.  It  is  estimated  by  the  managers 
of   the   building   that   the   saving   in    de- 


Seneca  River  Boiler  Tube 
Blowout 

In  the  Nov.  28  issue  of  Power  there 
was  reported  a  fatal  accident  due  to  the 
blowout  of  a  tube  in  a  400-hp.  Babcock 
&  Wilcox  boiler  used  on  a  canal  dredge 
in  Seneca  County.  Since  then  there  have 
been  two  coroner's  hearings  for  the  pur- 
pose of  fixing  the  responsibility  of  the 
accident  and  there  is  likelihood  of  sev- 
eral more.  From  an  engineering  stand- 
point, however,  the  direct  cause  of  the 
accident  has  been  fairly  well  established, 
details  only  being  necessary  to  make  it 
complete.  It  was  shown  that  the  failure 
was  due  either  to  defective  material,  to 
material    weakened    by    pitting    or    cor- 


Truck   Discharging  Coal 


murrage  charges  alone  will  pay  8  per 
cent,  on  the  total  investment.  As  coal 
is  the' most  expensive  item  in  the  opera- 
tion of  any  power  plant,  any  improve- 
ment that  will  lessen  the  cost  is  wel- 
comed by  the  engineer. 

When  the  subject  of  buying  a  motor 
truck  was  considered  various  types  were 
investigated  before  placing  the  order  for 
the  machine.  For  a  while  the  electric 
truck  was  seriously  considered,  but 
owing  to  the  excessive  weip'it  of  bat- 
teries and  the  amount  of  dust  and  dirt 
that  would  be  encountered  in  the  ser- 
vice it  was  decided  that  an  electric  truck 
would  not  be  as  efficient  as  the  gasoline. 
The    truck    selected    is    a    four-cylinder. 


rosion,  or  to  material  weakened  by  over- 
heating, there  being  nothing  to  show  the 
existence   of  an   excessive   pressure. 

The  following  pertinent  facts  have 
been  established  at  the  coroner's  hear- 
ings: 

The  insurance-company  inspector  who 
passed  upon  the  boilers  last  September 
made  a  thorough  examination  of  the  port 
boiler  only,  the  one  on  the  starboard 
side  being  in  operation  at  the  time  of  his 
inspection.  (The  starboard  boiler  was 
the  one  that  failed.)  In  his  opinion,  the 
boilers  and  equipment  were  among  the 
best  in  use  on  the  barge-canal  work.  This 
inspector  is  expected  to  testify  at  a 
later  hearing. 
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The  safety  valve  had  blown  properly 
several  times  the  day  before  the  acci- 
dent, and  was  set  at  about  200  pounds. 

Leaky  tubes  had  been  reported  in  the 
port  boiler  shortly  before  the  accident, 
and  it  was  planned  to  replace  12  old  tubes 
in  both  boilers  with  new  ones  in  a  few 
days.  No  evidence  was  brought  out  to 
show  that  the  starboard  boiler  was  under 
suspicion,  nor  was  it  declared  why  it  was 
decided  to  replace  any  of  the  tubes.  The 
tubes  of  the  starboard  boiler  were,  so 
far  as  was  known,  the  ones  furnished 
originally  by  the  makers  when  the  boiler 
was  installed   three  years  ago. 

After  the  accident,  the  broken  tube 
and  eight  others  were  replaced  with  new 
ones.  According  to  the  master  mechanic 
of  the  dredge,  the  eight  tubes  removed 
showed   bulges   indicating   overheating. 

Upon  first  thought  it  seems  likely  that 
the  disaster  was  due  to  low  water,  the 
steam  that  did  the  damage  coming  from 
the  port  boiler.  In  this  case  mostly 
steam  would  have  escaped  into  the  boiler 
room.  It  can  be  shown  by  computation 
that  the  heat  stored  in  the  normal  con- 
tents of  such  a  boiler  under  the  exist- 
ing conditions  is  sufficient  to  evaporate 
about  one-eighth  of  its  weight.  This 
type  of  boiler  of  a  size  warranting  a 
400-hp.  rating  would  contain  normally 
about  330  cu.ft.  of  water.  A  blowout 
in  one  of  the  lowest  row  of  tubes  (which 
was  where  the  trouble  occurred)  would 
therefore  allow  the  conversion  of  about 
40  cu.ft.  of  water  into  steam  at  atmos- 
pheric pressure,  the  greater  part  of  the 
balance  of  the  boiler's  contents  emitting 
as  water  at  212  deg.  Obviously,  then,  if 
normal  water  level  had  existed  just  be- 
fore the  accident,  a  considerable  amount 
of  water  would  have  appeared  in  the 
boiler  room  after  it,  and  the  lack  of  this 
would  show  conclusively  that  the  failure 
was  due  to  low  water  at  the  time. 

The  condition  of  the  boiler  room  re- 
garding wetness  was  investigated  at  the 
last  coroner's  hearing,  and  the  testimony 
showed  that  its  floor  was  "covered  with 
puddles."  Although  this  does  not  abso- 
lutely dispense  with  the  low-water  theory, 
it  is  strongly  against  it.  Furthermore, 
if  the  boiler  had  been  operating  at  its 
rated  capacity,  it  would  have  taken  be- 
tween 1  and  I'j  hours  to  uncover  the 
upper  ends  of  the  lowest  row  of  tubes, 
assuming  the  feed  water  to  have  been 
entirely  shut  off.  It  seems  hardly  likely 
that  such  a  condition  should  have  ob- 
tained for  so  long  a  time  and  happen  co- 
incidently  with  a  false  water  level.  It 
was  testified  that  the  water  column, 
shortly  before,  showed  4  in.  of  water. 

It  seems  reasonable,  therefore,  to  look 
elsewhere  for  the  cause  of  the  overheat- 
ing. If  it  happened  just  before  ruptur- 
ing, it  may  have  been  due  to  impurities 
such  as  mud  sufficient  to  impede  the 
circulation.  But  an  elaborate  filtration 
system  was  used  to  keep  the  river  mud 
out  of  the  feed  water,  and,  although  this 


does  not  make  an  accumulation  of  it  in 
the  boiler  impossible,  it  does  render  im- 
probable that  hypothesis.  This  leads  to 
the  conclusion  that  the  overheating  was 
done  some  time  prior  to  the  accident, 
the  metal  being  bulged  and  weakened 
only  at  that  time,  and  giving  away  later 
under  the  caprice  of  circumstance.  On 
the  other  hand,  it  is  odd  that  a  bulge 
which  must  have  been  in  plain  view  on 
the  tube  that  failed,  not  to  speak  of  the 
eight  other  defective  tubes,  should  have 
escaped  observation  for  any  length  of 
time.  The  fact  that  there  were  leaky 
tubes  in  either  boiler  seems  to  be  aside 
from  the  point,  except  in  that  such  leaks 
may  have  drawn  attention  away  from  the 
object  of  real  suspicion. 

A  few  general  remarks  regarding 
boiler-explosion  inquiries  may  not  be 
amiss.     It  seems  improper  that  such  an 


Taking  Chances  with  Old 
Boilers 

By  Charles  F.  Adams 

Every  year  in  the  heating  season  there 
appear  in  the  newspapers  and  engineer- 
ing periodicals  sundry  accounts  of  fail- 
ures of  old-  boilers  used  only  during 
this  season,  for  heating,  ice  harvesting, 
etc. 

An  example  of  a  "chance"  which,  if 
an  accident  occurs,  will  be  up  to  some- 
body to  explain,  can  be  seen  in  the  con- 
ditions under  which  two  boilers,  used 
to  furnish  heat  for  passenger  cars  in 
a  local  railroad  storage  yard,  are  op- 
erated. One  of  these  boilers  is  said  to 
be  more  than  forty  years  old,  and  was 
described  in  an  article  entitled  "Old 
Boilers   in   Massachusetts,"  appearing   in 


View  of  One  of  the  Old  Boilers 


investigation  should  be  conducted  by 
lawyers  who  have  no  knowledge  of  the 
conditions  bearing  upon  such  an  accident 
and  who  cloud  the  issue  by  magnifying 
trivialities.  In  this  particular  case,  local 
sympathy  for  the  victims  and  prejudice 
against  the  barge-canal  construction  con- 
tribute to  obscure  the  facts.  That  there 
were  leaky  tubes,  to  the  lay  mind,  shows 
conclusively  that  the  boilers  were  in 
seriously  bad  condition,  and  if  an  acci- 
dent accompanies  that  condition,  by  the 
same  false  reasoning,  this  incontro- 
vertibly  links  the  cause  to  its  effect.  It 
seems  that  a  board  of  expert  and  im- 
partial engineers  should  be  employed  to 
pass  upon  the  causes  of  boiler  explosions. 
Investigations  would  then  be  carried  out 
along  logical  lines  and  only  factors  per- 
tinent to  the  case  would  be  considered. 
The  legal  responsibility  could  then  be 
fixed   by   their   findings. 


the  Dec.  6,  1910,  issue  of  Power  in 
'which  it  was  said  to  be  the  oldest  boiler 
in  high-pressure  service  in  the  state, 
a  claim  which  has  not  as  yet  been  ques- 
tioned. 

It  would  be  supposed  that  the  age  of 
this  boiler  would  furnish  a  sufficient  in- 
centive for  maintaining  a  close  observa- 
tion over  it;  apparently  such  is  not  the 
case.  The  last  inspection  was  made  July 
30,  1910,  and,  although  the  plant  was 
idle  during  the  past  summer,  and  the 
records  must  show  that  the  time  of  in- 
spection had  passed,  no  objection  was 
made  to  the  boilers  being  put  into  ser- 
vice this  season.  That  the  boilers  have 
not  received  the  benefit  of  even  a  change 
of  water  since  the  last  season  is  mani- 
fest, as  both  blowoff  cocks  are  plugged 
with  pipe  plugs,  which  are  corroded  and 
rusted,  showing  that  they  have  not  been 
opened   for  a  long  period.     Both  boilers 
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present  a  much  patched  and  dilapidated 
appearance,  as  may  be  seen  from  the 
accompanying  illustration. 

The  following  data  are  taken  from  the 
inspection  certificate  posted  on  the  wall: 

No.  1.  Age,  unknown;  builder,  un- 
known; length,  16  ft.;  tensile  strength, 
45,(X)0  lb.  per  square  inch;  thickness  of 
shell  plates,  Vn  in.;  type  of  joint,  single- 
riveted  lap;  strength  of  joint,  49  per 
cent.;  type  of  boiler,  locomotive;  diam- 
eter of  shell,  48  in.;  thickness  of  head, 
'  _•    in.;    pressure   allowed,   52   pounds. 

No.  2  is  described  as:  Age,  2(5  years; 
builder,  unknown;  length,  16  ft.;  tensile 
strength,  45,000  lb.  per  square  inch; 
type  of  joint,  double-riveted  lap;  strength 
of  joint,  62  per  cent.;  thickness  of  head, 
,V,  in.;  pressure  allowed,  52  pounds. 


Caught  in  the  Economizer 
Flue 

By  E.  R.  Emerson 

"Talking  about  frights,  well,  I  don't 
think  anyone  will  care  to  have  a  fright 
and  shock  similar  to  the  one  I  had  some 
25  years  ago,"  began  Bill,  the  engi- 
neer. So  we  all  drew  a  little  closer;  we 
knew  Bill  could  tell  a  good  tale  when  he 
got  started. 

"I'm  not  likely  to  forget  it  in  a  hurry, 
either.  You  see  my  hair,"  said  Bill, 
lifting  his  cap.  We  all  noticed  how  snow 
white  it  was,  but  until  now  had  never 
thought  anything  about  it  as  Bill  looked 
over  50  years  of  age  and  white  hair  is 
not  uncommon  at  that  time  of  life.  "My 
hair  was  as  white  as  it  is  now  three 
days  after  the  affair  I  am  going  to  tell 
you  about,  and  I  was  then  only  23  years 
of  age. 

"Well,  to  go  on  with  my  story,  our 
chief  engineer  had  a  habit  of  putting 
locks  and  chains  on  everything  that  he 
thought  might  be  a  source  of  danger; 
if  a  boiler  was  shut  down  for  cleaning 
he  would  have  the  main  stop  valve  and 
the  blowoff  fastened  with  a  padlock  and 
chain,  until  all  the  work  was  done,  and 
then  he  would  unlock  them,  keeping  the 
keys  to  himself. 

"There  were  six  boilers  in  our  plant, 
connected  to  an  economizer,  with  a  di- 
rect flue,  so  as  to  divert  the  gases 
straight  to  the  stack  instead  of  through 
the  economizer  flue  when  it  was  desired 
to  clean  out  the  latter  flue. 

"Two  days  before  we  were  given 
orders  to  clean  out  this  flue,  the  chief 
had  taken  the  usual  precaution  to  lock 
both  inlet  and  outlet  doors  with  a  pad- 
lock and  chain  on  each,  leaving  every- 
thing secure  and  ready  for  the  entrance 
of  the  cleaners.  As  soon  as  the  flue  was 
cool  enough,  1  was  told  to  clean  out  one 
of  the  center  nests  of  tubes.  I  found 
it  to  be  hotter  work  than  I  had  antici- 
pated as  the  feed  water  from  the  ex- 
haust-feed heater  was  still  flowing 
through  the  economizer  tubes,  and  every 
time  I  had  my  hands  on  them  to  steady 


myself  I  was   forcibly   reminded   to   take 
them  off  again. 

"All  went  well  until  I  started  to  clean 
down  the  tubes  next  to  the  outlet  door. 
This  door,  of  course,  was  shut  tight  and 
was  supposed  to  be  securely  padlocked 
on  the  outside.  When  the  economizer 
was  in  commission  this  door  led  direct 
into  the  fan  chamber  and  then  to  the 
stack.  I  had  just  started  to  clean  down 
the  first  row  of  tubes  on  the  fan  side 
from  the  door,  when  suddenly  there  was 
a  tremendous  roar  and  I  felt  myself  lifted 
bodily  from  the  floor  of  the  chamber. 
Next  I  was  jammed  tight  against  the  hot 
tubes,  but  for  the  presence  of  which 
the   fierce  draft  would  have  carried  me 


"However,  after  a  few  weeks  in  the 
hospital  I  was  about  again  and,  with  the 
exception  of  my  hair,  which  was  then 
just  as  white  as  you  see  it  now,  I  had 
no  disfigurement  whatever. 

"It  was  while  convalescent  that  I 
learned  how  the  affair  happened.  It  seems 
that  it  was  due  to  the  smartness  of  an 
18-year-old  youth  that  I  owe  my  life. 
He  was  working  at  the  other  end  of  the 
economizer  close  to  the  door  leading  out- 
side and,  hearing  iny  shout,  rushed  out- 
side, jumped  up  onto  the  top  of  the 
economizer,  colliding  with  the  chief  in 
his  hurry,  and  rushed  to  the  outlet-door 
handle.  He  swung  it  around  with  such, 
force  that  he  nearly  broke  the  door. 


Suddenly  There  Was  a  Tremendous  Roar  and  I  Was  Jam.med  against  the 
Hot  Tubes 


through  the  door;  hot  ashes  burned  into 
my  skin  and  flesh  and  my  clothes  were 
soon  in  flames.  Instinctively  I  clutched 
the  tubes,  but  how  they  scorched  me!  At 
last  I  felt  my  strength  giving  way,  my 
eyes  were  filled  with  fiery  dust  and  every 
breath  I  took  was  like  molten  metal 
filling  iTiy  throat  and  lungs.  I  had  a 
vague  idea  of  a  thousand  demons  prod- 
ding me  with  pitchforks;  then  I  must 
have  swooned,  for  I  imagined  myself  be- 
ing drawn  through  the  fans  and  sailing 
all  serenely  up  the  smokestack,  wonder- 
ing what  I  should  do  when  I  got  to  the 
top. 

"When  I  came  to  they  had  cut  off  my 
burning  clothes,  and  were  dabbing  oil 
all  over  me.  Oh,  how  my  eyes  and 
throat  smarted! 


"By  this  time  the  chief  had  reached 
his  side  and,  looking  round,  he  was  as- 
tonished to  discover  a  crowbar  lying 
there  and  the  chain  broken  into  two 
pieces.  Telling  the  boy  to  stick  to  the 
handle,  he  soon  had  me  brought  out. 

"When  all  was  over,  he  went  through 
to  the  engine  room  and  was  just  about  to 
hold  an  inquiry  in  an  effort  to  find  the 
fool  who  had  done  the  mischief,  when 
his  eye  fell  on  the  log  sheet.  There  in 
bold  characters  he  read  in  the  'remarks' 
column: 

"  'Noticed  economizer  handle  out  of 
place  at  10:39  a.m.;  straightened  it  with 
a  bar;  all  well.' 

"I  don't  know  exactly  what  the  chief's 
remarks  were  to  the  new  switchman,  but 
I  rather  think  they  were  hot  ones." 
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Conducted  to  be  of  service  to  the  men  in  charge  of  electrical  equipment  in  the  power  house 


Catechism  of  Electricity 

Incandescent  Lamps — The  Vapor  Tube 
Lamp 

1175.  Are  there  any  other  forms  of 
incandescent  lamp? 

Yes;  there  is  one  more  general  class 
known  as  vapor-tube  lamps.  Fig.  393 
shows  the  Cooper  Hewitt  direct-current 
mercury  vapor  lamp,  which  is  one  of  this 
class. 

1176.  Describe  the  construction  of 
the  mercury  vapor  lamp. 

It  comprises  a  clear  glass  tube  N  about 
an  inch  in  diameter  and  from  20  to  50 
in.  long,  in  which  is  a  small  quantity  of 


L,  and  an  adjuster  resistance  B  by  means 
of  which  the  current  is  regulated  ac- 
cording to  the  voltage  of  the  supply.  For 
lamps  connected  in  series,  a  shunt  re- 
sistance T  and  a  cutout  O  are  also  in- 
cluded. The  binding  posts  X  and  Y  are 
for  the  leads  to  the  tube,  and  the  bind- 
ing posts  P  &nd  F  are  for  connection  to 
the   supply   wires. 

1177.     How  is  this  lamp  lighted? 

By  closing  the  switch  controlling  the 
circuit  and  then  pulling  down  the  chain 
R,  Fig.  393,  attached  to  the  left  end  of 
the  holder.  This  pours  the  mercury  out 
of  the  bulb  along  the  tube.  The  stream 
of    mercury    is    thus    momentarily    made 


matic  tilting  is  desirable  in  places  where 
it  would  be  difficult  to  reach  the  chain 
by  hand;  and  it  also  insures  the  relight- 
ing of  the  lamp  in  case  there  is  a 
momentary  interruption  of  the  current 
supply. 

1 1 79.  In  the  lamp  shown  in  Fig.  395, 
are  the  two  tubes  connected  in  series  or 

parallel  ? 
In   series. 

1180.  What  is  the  rated  candlepower 
and  what  the  efficiency  of  the  lamp 
shown  in  Fig.  393? 

The  candlepower  is  300  and  the  effi- 
ciency is  0.64  of  a  watt  per  candlepower. 


Fig.  393.     Cooper  Hewitt  Mercury  Vapor  Lamp 


Fic.  395.    Double-tube  Mercury  Vapor  Lamp 


mercury.  This  tube,  like  the  filament- 
lamp  bulb,'  has  the  air  pumped  out  and 
is  sealed.  The  mercury  is  held  in  the 
large  bulb  A  at  the  left  end  of  the  tube 
and  serves  as  the  negative  electrode. 
The  positive  electrode  is  a  small  iron 
cup  C  at  the  right  end  of  the  tube.  Plati- 
num wires  sealed  in  the  glass  carry  the 
current  to  the  electrodes.  The  current 
passing  from  one  electrode  to  the  other 
vaporizes  some  of  the  mercury,  and  it  is 
this  vapor  which  emits  the  light.  The 
inner  surface  of  the  reflector  S  is  finished 
in    smooth,    white    porcelain. 

The  part  M,  shown  separately  in  Fig. 
■394,  contains  two  inductions  coils  A^  and 


to  connect  the  electrodes  and  the  break- 
ing of  this  continuous  stream  lights  the 
lamp. 

1178.  Is  no  provision  made  for  auto- 
matically relighting  this  lamp  in  case  of 
an  interruption  of  the  current  supply? 

Provision  for  automatic  relighting  is 
made  only  in  the  automatic  type  of 
Cooper  Hewitt  direct-current  lamp  shown 
in  Fig.  395,  the  tilting  being  here  ac- 
complished by  means  of  an  electromag- 
net in  the  part  D.  When  the  circuit  is 
closed  through  this  lamp  the  current 
flows  through  the  electromagnet  which 
tilts   the   tube    for   lighting.     This   auto- 


1181.  Is  the  mercury  vapor  lamp 
made  for  alternating-current  circuits? 

Yes.  The  mercury  vapor  lamp  for  al- 
ternating-current circuits  differs  from  the 
direct-current  lamp  somewhat.  The  prin- 
cipal difference  is  in  the  auxiliary  part, 
which  contains  a  transformer  for  supply- 
ing the  proper  voltage  to  the  tube  elec- 
trodes, two  choke  coils,  a  shifter  con- 
sisting of  a  small  glass  vessel  fitted  with 
two  electrodes  and  containing  a  small 
quantity  of  mercury  for  lighting  the  tube, 
and  the  shifter  resistance. 

1182.  How  often  must  the  glass  of  a 
mercury  vapor  lamp  be  renewed? 

After  about  3750  hours  of  service. 
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1183.  What  kind  of  light  does  the 
lamp  give? 

A  greenish-colored  light  which  has 
great  penetrating  power.  It  enables 
printed  matter  to  be  read  with  unusual 
ease  and  brings  out  with  great  clearness 


gas  contained  in  a  glass  tube  from  which 
the  air  has  been  pumped   out. 

1185.  What  kind  of  light  is  given  by 
the  Moore  lamp? 

A  clear,  white  light  of  about  200 
candlepower,    possessing    practically    the 


Fig.  394.  Mechanism  of  Mercury  Vapor 
Lamp 

the  fine  markings  on  steel  rules,  and 
small  scratches  and  defects  on  other 
bright  metals. 


same  color  values  as  natural  daylight. 
The  Moore  light  is  therefore  particularly 
advantageous  in  matching  colors  at  night 
or  during  dark  days. 

1 186.  Does  the  earbon  dioxide  gas  be- 
come exhausted? 

It  does,  and-  for  this  reason  there  is  a 
compartment  behind 'the  glass  tube  G. 
Fig.  396,  containing  the  gas  which  is  fed 


Fig.  396.    Moore  Vapor-tube  Glow    Lamp 


1184.  Is  there  any  other  form  of 
vapor-tube  lamp? 

Yes.  The  Moore  lamp  shown  in  Fig. 
396  is  classed  as  a  vapor  lamp  because 
light  is  produced  in  it  by  passing  an  al- 
ternating current  through  carbon  dio.xide 


automatically  by  means  of  an  electric 
valve  into  the  tube  as  it  is  needed.  The 
carbon  dioxide  in  the  compartment  has 
to  be  renewed  after  about  1000  hours  of 
service.  On  account  of  a  deposit  grad- 
usally   forming  in  the  tube   G,  the   tube 


also  has  to  be  renewed  after  4000  or 
5000  hours  of  service. 

11H7.  How  much  current  does  the 
20Q-candlepower  Moore  lamp  require? 

At  110  volts  it  requires  23  amperes; 
at  220  volts,  1 1  ■  J   amperes. 

1 188.  Is  this  lamp  made  in  any  other 
form  than  shown  in  Fig.  396? 

Yes;  for  the  general  illumination  of 
large  areas  the  glass  tube,  instead  of 
being  arranged  in  gridiron  fashion,  as  in 
Fig.  396,  is  straight  and  intended  to  be 
hung  from  the  ceiling,  as  in  Fig.  397, 
or  made  a  part  of  the  cornice.  In  this 
form  it  gives  "line"  instead  of  "spot" 
lighting.  If  nitrogen  gas  instead  of  car.- 
bon  dio.xide  gas  be  used  in  the  tube,  a 
yellow  light  can  be  produced  instead  of 
a  white  light. 


The  Wrong  Bearing    Heats 
By  J.  E.  Latta 

The  necessity  of  the  correct  alignment 
of  the  bearings  on  any  machine   having 
more    than    two    bearings    on    the    same 
shaft  is  too  well  understood  to  need  dis- 
cussion now,  and  the  evils  of  extremely 
tight   belts    are    also    very    generally   ap- 
preciated. However,  some  recent  troubles 
with   bearings,   which   seemed   to   be   due 
to  the  belts  having  to  be  run  too  tight,  I 
have  never  fully  understood.     There  was 
a  large  belted  alternating-current  dynamo, 
of  the  revolving-field  type,  with  a  pulley 
24  in.  in  diameter,  which  was  driven  by 
an  engine   having  a  belt-wheel    12   ft.   in 
diameter,  the  distance  between   the  cen- 
ter of  the  dynamo  shaft  and  that  of  the 
engine  being  only  23  ft.     Naturally  with 
such  an  extreme  layout  as  this,  the  belt 
had  to  be  very  tight  in  order  to  prevent 
it    from    slipping    badly.      The    dynamo 
bearing   next   to    the    belt    never   showed 
any  signs  of  heating,  but  the  other  one 
always   became   very    hot   on    long   runs. 
The    heating    invariably    began    at    the 
bottom  and  spread  slowly  throughout  the 
bearing.     We  tried  all  the  usual  remedies 
for   the    trouble,   except    that    of   moving 
the   machine    farther  away    and    using   a 
longer  belt,  such  a  change  as  this  being 
impossible    on    account    of    the    lack    of 
room.     Half  a  dozen  different  grades  of 
oil    having    been    tried    had     the     usual 
applications  of  sulphur,  graphite,  sapolio, 
etc.,   having   proved   ineffective,   we  tried 
raising  the  shaft  of  the  dynamo  slightly 
by  putting  paper  liners  under  the  bear- 
ing,   thinking    that   the    resulting    length- 
ening of  the  lower  portion  of  the  airgap 
and    the    consequent    lessening    of    the 
downward    component    of    the    magnetic 
pull  on  the  revolving  field  might  relieve 
the   trouble.      But   the    heating   persisted 
as    bad    as    ever.      During   long    runs    in 
hoi  weather  we  were  forced  to  apply  ice 
to  the  bearing  in  order  to  keep  the  gen- 
erator going. 

The  provisions  for  driving  a  50-kw. 
alternator  in  this  plant  were  about  the 
same  as  those  Just  described,  and   on  a 
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24-hour  run  the  bearings  of  this  ma- 
chine behaved  very  much  like  those  of 
the  larger  generator.  It  is  not  at  all 
clear  to  me  why  it  was  always  the  bear- 
ing opposite  the  belt  which  got  hot,  nor 
why  the  heating  always  began  at  the 
bottom   of  the  bearing. 

We  never  allowed  either  one  of  the 
bearings  mentioned  to  get  hot  enough  to 
require  much  scraping.  In  this  connec- 
tion, it  may  be  appropriately  remarked 
that  many  engineers  are  inclined  to  use 
the  babbitt  scraper  more  than  is  neces- 
sary or  desirable.  However,  I  will  ap- 
preciate any  suggestions  that  other  read- 
ers may  offer  as  to  the  reason  why  the 
heating  occurred  in  the  bearings  not  sub- 
jected to  belt  pull. 


An    Electrically    Driven 
Blowing    Engine 

By  S.  R.  Stone 

An  interesting  example  of  the  adapta- 
tion of  electric  drive  to  the  modern  high- 
duty  blowing  engine  is  afforded  by  an 
installation  at  the  Mammoth  smelter, 
near  Kennett,  Calif.,  of  the  United  States 
Smelting,  Refining  &  Mining  Co.  Here 
the  forward  end  of  a  standard  duplex 
machine,  with  cylinders  44  and  44  by  48 
in.,  is  driven  by  ropes  from  a  75-hp. 
2000-voIt  induction  motor.  The  blower 
runs  at  75  r.p.m.  and  supplies,  at  15  lb. 
pressure,  13,000  cu.ft.  of  free  air  per 
minute  for  the  blast  for  copper  con- 
verters. Regulation  of  the  supply  is  ef- 
fected by  automatic  throttling  of  the  air 
inlets.  This  permits  the  motor  to  run 
constantly  at  maximum  speed,  which 
benefits  the  power  factor  of  the 'System. 

The  use  of  a  motor  instead  of  a  steam 
engine  was  brought  about  by  the  fact 
that  the  company  has  no  boiler  plant  but 
operates  its  mines,  smelter  and  trams  by 
means  of  electric  power  obtained  from 
the  hydro-electric  development  of  the 
Northern  California  Power  Co.  Other 
conditions  being  equal,  a  direct-connected 
blowing  engine  would  perform  the  same 
service  on  not  more  than  700  b.hp. 
and  with  considerably  greater  efficiency. 


LETTERS 

Mr.    Hawkins'   Compressor 
Motor 

Referring  to  the  letter  of  J.  C.  Haw- 
kins, in  the  Oct.  31  issue  of  Power, 
regarding  the  sparking  of  a  7'j-hp. 
shunt-wound  motor,  I  would  say  that 
sparking,  from  any  cause,  would  heat  up 
the  whole  motor  to  an  extent  depending 
on  the  amount  of  sparking.  In  all  prob- 
ability the  damp  condition  surrounding 
the  running  of  this  motor  has  a  good 
deal  to  do  with  it.  As  to  the  question 
of  whether  a  compound-wound  motor 
would  give  better  results,  while  I  do  not 
know  all  the  conditions  under  which  this 
motor  is  running,  before  condemning  the 


shunt-wound  motor  I  would  suggest  to 
Mr.  Hawkins  to  try  the  plan  of  soaking 
the  carbon  brushes  in  machine  oil  for 
24  hours,  then  wiping  clean  and  allow- 
ing them  to  dry  for  six  or  seven  days. 
With  a  narrow,  sharp  chisel,  cut  the  mica 
between  the  commutator  segments  down 
:j'_>  of  an  inch,  as  I  think  his  repeated 
sandpapering  of  the  commutator  has  left 
the  mica  high,  which  does  not  allow  the 
brushes  to  make  good  contact  on  the 
commutator  surface.  Then  with  the  mica 
cut  down  and  the  commutator  clean,  put 
on  the  oil-soaked  brushes.  While  this 
may  not  stop  the  sparking  entirely,  I 
think  it  will  give  a  great  degree  of 
relief. 

Herbert    Hill. 
Middle   Falls,  N.  Y. 

[Since  the  above  was  received  we 
have  been  informed  by  Mr.  Hawkins  that 
a  compound-wound  motor  has  been  put 
in  in  the  place  of  the  old  one  and  it  runs 
without  giving  any  trouble.  The  diffi- 
culty would  seem,  therefore,  to  have 
been  that  the  current  rushes  due  to  the 
compressor  strokes  went  beyond  the 
sparkless  limit  of  the  constant-field 
( shunt-wound )    machine. — Editor.] 


In  regard  to  the  trouble  -with  our 
shunt-wound  motor  driving  an  ammonia 
compressor,  I  wish  to  comment  on  the 
several  answers  to  my  inquiry  and  state 
how    the    trouble    was    stopped. 

The  sparking  occurred  at  all  times, 
but  it  was  worse  when  making  the  com- 
pression stroke,  although  an  ammeter 
in  the  line  showed  only  about  3  amperes 
fluctuation,  the  range  being  from  26  to 
29  amperes.  The  motor  is  rated  at  7'/j 
hp.  at  220  volts  and  stamped  for  30  am- 
peres full-load  current.  The  voltage  at 
the  machine  was  222. 

In  reply  to  my  original  letter,  Mr. 
Scott  said  that  a  compound-wound  motor 
would  not  give  better  service  on  this 
insermittent  load  than  a  shunt-wound 
motor,  and  stated  cases  that  had  been 
cured  of  a  similar  trouble  by  building  a 
higher  foundation  to  raise  the  motor  off 
the  floor  and  putting  in  a  larger  motor. 
Mr.  Jackson  gave  several  conditions,  any 
one  of  which  might  cause  similar  trouble, 
but  neither  he  nor  Mr.  White  (in  the 
same  issue)  says  anything  regarding 
the  compound-wound  motor.  Mr.  Jack- 
son is  correct  in  that  the  motor  did  run 
very  hot,  and  in  a  very  short  time  after 
cleaning  the  commutator  it  became  black- 
ened and  scored,  as  I  stated  in  my  pre- 
vious  letter. 

Perhaps  Mr.  Jackson's  theory  in  re- 
gard to  the  field  strength  of  the  different 
poles  and  improper  spacing  of  the 
brushes  is  the  correct  one,  but  the  motor 
was  new  and  not  only  our  electricians 
but  an  expert  from  the  makers  did  every- 
thing they  could  think  of  to  make  the 
motor   run   satisfactorily,   as  the   accept- 


ance of  the  whole  plant  was  being  held 
up  on   account  of  the  m.otor. 

About  the  middle  of  October  the  shunt- 
wound  motor  was  taken  out  and  a  7'..- 
hp.  compound-wound  motor  was  placed 
on  the  same  foundation.  During  the  two 
months  that  it  has  been  running  it  has 
shown  no  signs  of  sparking,  it  runs 
quietly  and  cool,  and  the  commutator 
is  smooth  and  has  been  cleaned  with 
No.  00  sandpaper  only  once  during  this 
time. 

My  opinion  is,  as  it  was  at  the  time  of 
my  first  letter,  that  as  the  load  ranges 
from  practically  no  load  on  the  suction 
stroke  to  full  load  on  the  compression 
stroke,  nothing  but  a  compound-wound 
or  an  interpolar  motor  should  have  been 
installed   in  the   first  place. 

This  view  is  based  op  the  results  of 
several  years  of  experience  in  a  plant 
where  there  were  some  75  motors,  many 
of  which  were  used  on  punch  and  shear 
machines,  air  compressors,  cold-pipe  saws 
and  other  similar  machinery.  All  of  the 
motors  were  compound  wound  and  some 
of  them  had  displaced  shunt-wound 
motors.  Furthermore,  I  have  received 
a  letter  from  the  General  Electric  Co., 
stating  that  a  compound-wound  motor, 
preferably  of  the  interpolar  type,  should 
have   been   used. 

I  thank  those  who  replied  to  my  letter 
of  Oct.  31 ;  the  information  will  no  doubt 
be  of  help  at  some  future  time. 

J.  C.  Hawkins. 

Hyattsville,    Md. 


What  Causes  the  Exciter 
to  Rattle? 

We  have  a  direct-connected  alternator 
and  a  belted  exciter.  At  rated  speed  and 
up  to  half  load  it  runs  perfectly.  Any 
more  load  causes  it  to  rattle  or  vibrate. 
The  vibrations  do  not  coincide  with  the 
number   of   revolutions   per   minute. 

The  exciter  has  been  examined  and 
each  part  tested  by  four  engineers.  There 
seems  to  be  nothing  loose;  the  arma- 
ture is  in  balance,  but  the  bearings  are 
slightly  worn  now  as  the  machine  has 
been   running   about  six   months. 

It  has  always  given  the  same  trouble. 
At  first  the  pulley  was  out  of  balance, 
but  that  has  been  corrected  with  no 
benefit.  I  have  tried  running  it  without 
the  pulley,  as  a  motor,  but  it  still  rattles. 
Can    anyone    tell    why? 

W.     M.     McGlNNlTIE. 

Haddock,  Wash. 


Dyeing  Incandescent  Lamp 
Bulbs 

Will  some  one  of  the  readers  of  Power 
tell  me  what  process  to  use  for  coloring 
incandescent-lamp   bulbs  red? 

Harry  L.  Seifts. 

Philmont,  N.  Y. 
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Gas  Power   Department 

Worth-while  gas-engine  and  producer  information  treated  in  a  way  that  can  be  of  practical  use 


The  Smith   Recording  Gas 
Calorimeter 

The  accompanying  illustrations  repre- 
sent the  two  elements  of  an  equipment 
devised  by  H.  F.  Smith,  the  well  known 
producer  engineer,  for  continuously  meas- 
uring and  recording  the  heat  value  of 
gases.  The  equipment  comprises  a  sam- 
pling pump,  Fig.  1,  and  a  recording 
calorimeter.  Fig.  2.  The  sampling  pump 
consists  of  a  rotary  air  pump  and  a  re- 
ciprocating gas  pump  having  a  common 
shaft  driven  by  an  electric  motor  through 
single-reduction  spur  gears.  The  two 
pumps  deliver  air  and  gas' to  the  calorim- 
eter at  a  constant  volume  ratio,  the  in- 
equalities of  pressure   in   the  gas-pump 


Fig.  1.   Sampling  Pump 

cylinder  being  smoothed  out  by  the  little 
holder  shown  above  the  pump.  The  air 
pump  is  used  merely  to  displace  the  air 
required  for  the  calorimeter,  and  since 
the  air  is  delivered  under  practically  no 
pressure,  there  is  very  little  if  any  slip. 
The  gas  pump  is  of  the  single-valve  type, 
the  discharge  valve  being  a  poppet  valve 
covering  the  entire  area  of  the  cylinder. 
The  inlet  is  a  port  entirely  surrounding 
the  cylinder,  and  it  is  uncovered  by  the 
piston  at  the  downward  end  of  the  stroke. 
The  piston  is  six  diameters  long,  and  is 
ground  to  a  very  close  fit  in  the  cylinder. 
Since  the  piston  over-travels  at  both  ends, 
the  volume  of  gas  displaced  at  each 
stroke  is  the  volume  contained  between 
the  upper  edge  of  the  inlet  port  and  the 
discharge  valve,  at  the  time  the  piston 
covers  the  inlet  port  on  its  up  stroke. 
Consequently,    there    is    no    variation    in 


the  amount  of  gas  delivered,  due  to  vari- 
ations in  the  length  of  stroke.  The  pumps 
are  calibrated  so  as  to  deliver  one  vol- 
ume of  gas  and  29  volumes  of  air;  in 
practice  this  calibration  has  been  found 
to  be  quite  permanent.  The  gas  and  the 
air  from  the  sampling  pump  are  con- 
veyed through  separate  pipes  to  the 
calorimeter  proper. 

The  calorimeter  housing  consists  of  a 
labyrinth  of  thin  steel  tubes,  the  outer 
one  forming  the  frame  of  the  instru- 
ment. The  air  supplied  to  the  calorimeter 
first  enters  the  space  between  the  outer 
tube  and  the  next  one  within,  and  passes 
down  through  this  space,  through  a  com- 
municating passage  at  the  bottom  into 
the  space  between  the  second  and  third 
tubes,  passing  upward  through  the  sec- 
ond and  third,  and  at  the  top  into  the 
space  between  the  third  and  fourth,  and 
so  on  to  the  center.  The  central  tube 
constitutes  a  combustion  space,  the  gas 
being  led  directly  into  this  space  through 
a  burner  tube  in  the  bottom  of  the  in- 
strument. The  gas  burns  directly  in  and 
with  the  air  supplied  by  the  sampling 
pump,  and  the  heat  generated  by  com- 
bustion is  employed  in  raising  the  tem- 
perature of  this  air;  the  rise  in  the  tem- 
perature of  the  air  is  taken  as  the  di- 
rect measure  of  the  heat  value  of  the 
gas. 

The  rise  in  temperature  is  measured 
by  an  expansion  couple.  The  low-tem- 
perature or  zero  member  of  this  couple 
is  the  outside  tube  of  the  set,  previously 
mentioned,  which  constitutes  the  frame 
of  the  instrument.  This  tube  is  exposed 
on  its  outer  surface  to  the  surrounding 
atmosphere  and  on  its  inner  surface  to 
atmospheric  air  that  has  been  delivered 
by  the  pump.  The  high-temperature 
member  of  the  couple  consists  of  a  steel 
tape  attached  at  its  lower  end  to  a  bear- 
ing pin  which  in  turn  is  supported  by 
the  outside  steel  tube  or  low-temperature 
member  of  the  couple.  The  other  end 
of  this  tape  is  connected  to  a  system  of 
multiplying  levers  which  record  the  dif- 
ference in  length,  and  consequently  the 
difference  in  temperature  between  these 
two  members.  By  making  the  high-tem- 
perature member  thin,  the  instrument  is 
made  very  sensitive  to  small  variations 
in  temperature.  In  practice  a  double 
steel  tape  0.015  of  an  inch  thick  is  found 
to  give  excellent  satisfaction.  Owing  to 
the  fact  that  this  tape  is  always  at  a 
high  temperature  no  corrosion  is  experi- 
enced, even  with  gases  very  high  in  sul- 
phur. 


With  the  air-to-gas  ratio  of  29,  a  tem- 
perature difference  of  1  deg.  C.  is  about 
equivalent  to  1  B.t.u.  per  cubic  foot 
of  gas  under  standard  conditions.  The 
temperature  "difference  in  producer  gas 
of  150  B.t.u.  would  therefore  be  approxi- 
mately 150  deg.  C.  The  products  of 
combustion  being  discharged  at  tempera- 
ture above  the  point  of  saturation,  the 
readings  are  always  in  terms  of  net  or 
low  heat  value. 

It  is  not  immediately  apparent  why 
this  instrument  will  give  readings  that 
are  automatically  corrected  to  the  ac- 
cepted standard  of  temperature  and 
barometer,  but  a  brief  consideration  will 
suffice  to  show  why  this  is.  It  should  be 
observed,  to  begin  with,  that  changes  in 
either  temperature  or  barometer  change 
the   density   of  the   gas;    both   of  these 


Fig. 


Recording  C.alori.meter 


factors  may  therefore  be  considered  at 
the  same  time.  Assuming  the  instru- 
ment to  be  operating  under  standard  con- 
ditions, on  producer  gas  of  about  150 
B.t.u.,  the  sampling  pump  will  deliver  in 
a  certain  time  1  cu.ft.  of  standard  gas 
and  29  cu.ft.  of  standard  air.  The  com- 
bustion of  the  gas  will  cause  a  tempera- 
ture rise  of  approximately  150  deg.  C. 
In  other  words,  1  cu.ft.  of  gas  will  heat 
30  cu.ft.  of  mixture   150  deg.  C. 
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Now  assume  that,  owing  to  changes  in 
barometer  or  temperature  or  both,  the 
specific  volume  of  the  gas  is  double  its 
original  bulk.  The  gas,  however,  is  de- 
livered to  the  sampling  pump  under  the 
same  conditions  of  pressure  and  tem- 
perature as  the  air;  that  is,  at  at- 
mospheric temperature  and  at  atmos- 
pheric pressure.  If,  therefore,  the  gas  is 
delivered  at  one-half  normal  density,  the 
air  will  also  reach  the  sampling  pump  at 
one-half  its  normal  density,  and  in  the 
same  period  of  time  as  before,  the  sam- 
pling pump  will  deliver  what  is  equiva- 
lent to  'j  cu.ft.  of  standard  gas  and  14' j 
cu.ft.  of  standard  air.  It  is  very  evident, 
however,  that  'j  cu.ft.  of  gas  will  heat 
15  cu.ft.  of  mixture  through  exactly  the 
same  temperature  range  as  1  cu.ft.  of 
gas  will  heat  30  cu.ft.  of  mixture.  There- 
fore, under  these  new  conditions,  the 
temperature  difference  produced  in  the 
calorimeter  will  be  exactly  the  same  as 
though  the  instrument  were  operating 
under  standard  conditions.  The  only 
requisite  is  that  the  gas  and  the  air 
should  be  delivered  to  the  sampling  pump 
at  the  same  temperature  and  pressure, 
and  this  condition  being  met,  the  read- 
ings of  the  instrument  will  always  be  in 
terms  of  standard  gas  at  sea  level,  theo- 
retically. 

Of  course,  in  practice  this  is 
not  strictly  true.  The  radiation  losses 
from  the  instrument  would  be  propor- 
tionally greater  with  the  smaller  number 
of  actual  heat  units  per  minute  liberated 
in  the  instrument,  but  over  any  ordinary 
range  of  conditions  the  error  is  not  of 
sufficient  magnitude  to  be  of  any  import- 
ance. For  example,  a  change  in  condi- 
tions that  is  equivalent  to  a  change  in 
altitude  from  sea  .level  to  6000  ft.  eleva- 
tion will  cause  about  I'j  per  cent,  devia- 
tion from  actual  sea-level  readings.  It 
would  no  doubt  be  possible  to  construct 
an  instrument  on  this  principle  that 
would  compensate  for  all  variation  in 
temperature  and  pressure,  but  this  re- 
finement has  not  been  attempted  ;n  this 
instrument  because  Mr.  Smith  did '  not 
consider  such  extreme  accuracy  neces- 
sary in  producer  practice. 

It  has  been  suggested  that  the  con- 
dition of  the  air  entering  the  calorimeter 
with  respect  to  its  content  of  water  vapor 
would  have  an  appreciable  influence  on 
the  readings  of  the  instrument,  owing 
to  the  fact  that  water  vapor  has  a  specific 
heat  of  about  0.48,  whereas  the  specific 
heat  of  air  is  only  about  0.24.  It  should 
be  observed,  however,  that  the  specific 
heat  is  calculated  on  the  basis  of  unit 
weight,  and  that  the  specific  gravity  of 
steam  is  only  about  one-half  that  of  air; 
therefore,  the  heat-absorbing  capacity  of 
water  vapor  per  unit  volume  is  almost 
exactly  equal  to  that  of  air.  Consequently, 
except  in  instances  where  the  greatest 
possible  refinement  is  required,  the  per- 
centage of  water  vapor  is  of  no  conse- 
quence.   With  respect  to  radiation  losses. 


it  is  explained  that  the  labyrinth  con- 
struction of  the  calorimeter  reduces  these 
to  a  very  small  amount. 

The  advantages  of  the  instrument  may 
be  briefly  summed  up  as  follows:  It  is 
a  commercial  power-plant  appliance  that 
will  run  continuously  with  practically  no 
attention.  Inspection  of  records  made 
under  different  conditions  soon  enables 
the  producer  fireman  to  determine  the 
best  available  fuels,  the  best  operating 
conditions  and,  above  all  things,  gives  an 
immediate  solution  of  that  perplexing 
question  of  responsibility  in  gas-power 
plants  as  to  whether  trouble  lies  in  the 
gas  producer  or  the  gas  engine.  Mr. 
Smith  informs  us  that  it  has  been  found 
possible  by  the  use  of  this  instrument  to 
control  the  quality  of  gas  made  from 
bituminous  coal  so  closely  that  a  varia- 
tion of  not  more  than  10  B.t.u.  per  cubic 
foot  will  occur.  " 

The  instrument  is  manufactured  by 
the  Lexington  Instrument  Works,  Lexing- 
ton, Ohio. 


The  Cost  of  Oil  Power 

At  the  New  Haven  meeting  of  the 
American  Society  of  Mechanical  Engi- 
neers, a  paper  on  the  above  subject  was 
read  by  Messrs.  F.  P.  Pfleghar  and  E.  H. 
Lockwood.  An  abstract  of  this  paper 
was  published  in  Power  for  Dec.  5. 

In  the  discussion  which  followed  the 
reading  of  the  paper,  Mr.  Krah,  super- 
intendent of  the  plant  containing  the  oil 
engine  which  was  the  subject  of  the  tests 
reported  in  the  paper,  said  that  his  ex- 
perience with  the  engine  had  been  that 
it  gave  more  trouble  than  a  steam  en- 
gine, because  of  the  high  temperatures 
involved,  and  the  cost  of  repairs  is  high. 

The  exhaust  valve  ought  to  be  taken 
apart  [.?]  every  week  and  cleaned,  which 
takes  a  man  four  or  five  hours.  The 
engine  has  never  delivered  its  full  rated 
horsepower,  he  claimed,  because  the  fuel 
oil  is  not  thoroughly  vaporized,  and  clean- 
ing out  the  carbon  deposit  due  to  this 
fact  takes  a  long  time. 

During  the  summer,  he  said,  the  oil 
engine  was  very  economical  but  in  win- 
ter he  thought  it  cheaper  to  run  the 
steam  engine  because  of  the  need  for 
heat,  which  is  supplied  by  exhaust  steam. 
Moreover,  the  oil  engine  was  not  con- 
sidered sufficiently  reliable  to  justify  tak- 
ing out  the  steam  plant. 


The  paper  by  Messrs.  Pfleghar  and 
Lockwood,  abstracted  in  the  Dec.  5  num- 
ber of  Power,  affords  a  very  striking 
comparison  of  oil-engine  and  steam-en- 
gine costs  in  actual  operation.  Those 
who  heard  the  discussion  of  this  paper, 
however,  will  recall  that  the  statement 
was  made  by  the  superintendent  of  the 
plant  that  the  oil  engine  is,  unfortunate- 
ly, still  unreliable;  owing  to  serious  in- 
terruptions to  production,  the  steam 
auxiliary   plant   is   still    maintained.      In 


view  of  the  necessity  of  this  form  of  in- 
surance, it  does  not  seem  unjust  to 
charge  the  fixed  expense  of  the  steam 
plant  against  the  oil-engine  account. 

It  is  therefore  pertinent  to  make  fur- 
ther comparison  of  power  costs  and  1 
therefore  respectfully  request  that  you 
publish  this  letter  and  the  following 
table  in  which  the  cost  of  central-station 
power  is  based  on  existing  rates  in  New 
Haven: 


Operating    co: 
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Engii 

ne 
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30 
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00 

per  year. .  . 
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1.35 

19 

45 

S. 
$61 

90 
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S.jl 

7.-, 

90 

A  slight  increase  in  power  used  would 
reduce  the  operating  cost  per  horse- 
power-year to  ,S50  for  electrical  energy. 
Adding  the  fixed  charge,  it  is  apparent 
that  the  electrical  service  is  just  as  cheap 
as  this  oil  engine  has  proved  to  be.  There 
is  good  reason  to  expect  that  the  use  of 
say  four  groups,  each  driven  by  a  25- 
hp.  motor,  will  effect  some  saving  in 
power,  due  to  elimination  of  a  single 
long  shaft  and  heavy  belts  carrying  all 
the  engine  power.  The  cost,  however, 
is  based  on  an  actual  motor  output  of 
90  hp.  for  a  3000-hour  year,  supplied 
from  25-hp.  motors.  All  losses  due  to 
interruptions  would,  of  course,  disappear 
with  installation  of  motors,  and  the  speed 
of  automatic  machines  should  prove 
more  uniform   and   satisfactory. 

C.   R.  Beardsley. 

Bridgeport,  Conn. 

[It  seems  very  evident  that  the  oil 
engine  under  discussion  either  has  had 
to  contend  with  some  very  unusual  ad- 
verse conditions,  not  brought  out  in  the 
discussion,  or  else  is  one  of  those  "black 
sheep"  which  occasionally  get  out  of  a 
factory  and  cast  discredit  on  the  other 
ninety  and  nine.  Certainly,  the  average 
performance  of  oil  engines  is  not  as  dis- 
couraging as  Mr.  Krah's  lament  indicates 
this  one  to  be. 

Mr.  Beardsley  fails  to  consider  the  use 
of  steam  for  heating,  in  the  case  of  the 
steam  plant,  and  his  fixed  charge  of  .SI. 35 
against  the  electrical  equipment  looks 
rather  modest. — Editor.] 


Some  Notes  on  Gas  Engine 
Bearings 

By  J.  E.  Latta 

There  is  perhaps  no  more  prolific  nor 
frequent  source  of  hot  bearings  than 
that  of  carelessness  or  a  lack  of  skill 
on  the  part  of  the  erecting  engineer,  or, 
what  amounts  to  the  same  thing,  on  the 
part  of  the  man  drawing  the  plans  to  be 
followed  by  the  erecting  engineer.  If, 
for  example,  the  foundation  of  an  engine 
is  so  designed  that  there  is  appreciable 
vibration  in  the  running  of  the  machine, 
serious    and    frequent    trouble    with    the 


20 


POWER 


January  A,   lyi^ 


bearings  is  almost  inevitable.  In  one 
case  an  80-hp.  engine  vibrated  so  badly, 
even  when  running  at  only  half  load, 
as  to  produce  an  annoying  rattling  of 
the  windows  in  residences  200  yards 
away,  while  the  shaking  in  some  railway 
offices  half  that  far  away  was  so  violent 
that  the  clerks  constantly  complained  of 
its   interfering   with   their   writing. 

The  engine  was  of  the  twin-cylinder 
type,  with  six  crankshaft  bearings.  To 
keep  them  from  becoming  very  hot,  very 
often,  proved  to  be  altogether  out  of  the 
question.  While  this  is  decidedly  the 
worst  case  of  vibration  that  has  ever 
come  to  the  writer's  attention,  it  is  but 
one  of  a  number  of  personal  observa- 
tions of  the  necessity  of  smooth,  steady 
running  on  the  part  of  engines  and  other 
machinery.  If  correctly  designed  and 
properly  erected,  the  average  engine,  no 
matter  what  the  type,  will  run  prac- 
tically free  from  appreciable  vibration. 
It  cannot  usually  be  expected  to  do  this, 
however,  if  the  foundation  does  not  rest 


Clearance  Arcs  of  Crankpin  Brasses 


on  a  solid  support,  nor  if  the  foundation 
is  too  small  and  therefore  too  light.  It 
is  a  truth  which  needs  emphasis  that  the 
man  who  is  erecting  an  engine  should 
not  forget  that  a  generous  use  of  con- 
crete in  the  foundation  may  mean  a 
great  future  saving  in  oil  and  babbitt 
and  service  interruptions. 

On, certain  types  of  engine  the  crank- 
pin  box  is  liable  to  be  a  source  of  con- 
siderable annoyance  during  the  first  few 
months  the  engine  is  run.  Sometimes 
there  will  be  sufficient  pounding  to  re- 
duce the  thickness  of  the  babbitt  lining 
rather  rapidly,  making  it  necessary  to 
take  up  the  bearing  more  or  less  every 
few  days.  Moreover,  it  may  happen  that 
the  babbitt  will  be  hammered  out  at  the 
edges  so  much  that  the  connecting-rod 
will  be  left  with  such  a  small  amount  of 
side  play  at  the  crank  end  as  to  make  it 
difficult  for  the  engineer  to  determine, 
in  adjusting  the  bearing,  just  when  it 
has  been  taken  up  enough.  In  such  an 
event  it  becomes  necessary,  of  course, 
to  scrape  the  edges  slightly;  but  care 
must  be  taken  not  to  cut  away  too  much 
of  the  babbitt,  for  if  the  crank  end  of 
the  connecting-rod  is  given  too  much 
freedom  of  motion  along  the  pin,  heating 
is  quite  liable  to  result. 

It  is  good  practice  in  starting  up  a  new 
engine  to  scrape  the  crankpin  bearing 
lightly  along  the  arcs  indicated  by  the 
double-headed  arrows  in  the  accompany- 
ing sketch.  Since  this  portion  of  the 
bearing  is  never  called  upon  to  do  much 


work,  there  is  no  reason  why  it  should 
fit  the  pin  as  snugly  as  the  rest  of  the 
bearing  surface. 

It  took  me  several  years  to  learn  that 
the  babbitt  in  the  crankpin  bearing  may 
be  broken  by  the  pounding  which  is  a 
too  common  accompaniment  of  the  run- 
ning of  many  engines.  This  sometimes 
happens,  and,  what  is  worse,  a  piece  of 
the  broken  babbitt  may  become  lodged 
in  an  oil  groove  and  cause  the  bearing  to 
be  burned  out.  For  some  reason  or  other, 
it  is  usually  the  babbitt  in  the  outer  or 
forward  half  of  the  box  which  breaks. 
In  gas  or  oil  engines,  this  breaking  may 
be  caused  by  the  shocks  due  to  pre- 
ignition  of  the  explosive  mixture.  I  have 
known  engineers  to  spend  many  weary 
hours  in  futile  efforts  to  adjust  a  crank- 
pin box  so  as  to  stop  it  from  pounding, 
when  a  few  gallons  of  a  mixture  of  one- 
third  of  commercial  muriatic  acid  to  two- 
thirds  of  water,  by  volume,  run  through 
the  cooling  jackets  of  the  engine  cylinder 
to  clean  out  the  mud,  lime  or  other  form- 
ations therein  would  have  silenced  the 
pounding  by  stopping  premature  ignition. 


CORRESPONDENCE 

Points  in  the  Care  of  Oil 
Engines 

Below  are  replies  to  the  points  raised 
by  S.  G.  Rose  in  the  Nov.  28  number  of 
Power  concerning  my  article  in  the  Oct. 
24  number: 

1.  Although  the  ignition  tube  may 
have  been  heated  up  enough  to  enable 
the  engine  to  be  started,  this  may  have 
been — and  generally  is — accomplished 
by  pumping  the  lamp  pressure  up  to 
point  which  may  be  more  than  twice  the 
pressure  obtaining  when  running.  The 
result,  especially  with  light  loads  on  a 
"hit-and-miss"  engine,  may  be  that  cool- 
ing of  ignition  tube  will  occur  after  the 
engine  has  been  started  up.  The  cooling 
may  be  due  to  faulty  burning  of  the 
lamp  at  the  working  pressure,  to  the 
ignition  tube  being  too  long  or  of  too 
great  a  diameter,  or  to  its  orifice  being 
partially  choked  up  with  carbon.  Mr. 
Rose  is  right  in  his  supposition  that  the 
engine  will  not  start  at  all  if  the  igni- 
tion tube  is  not  hot  enough  in  the  begin- 
ning. 

2.  First  of  all,  it  is  not  every  make 
of  engine,  by  any  means,  which  is  pro- 
vided with  a  timing  valve.  Then,  it  often 
happens  that,  with  the  ignition  tube  at 
its  normal  heat  for  normal  running,  an 
overload  will  come  on,  causing  the  tube 
to  get  considerably  too  hot.  with  re- 
sulting preignitions.  This  is  certainly  not 
to  be  classed  as  one  of  the  commonest 
of  oil-engine  stunts,  but  it  does  oc- 
casionally occur  and  Mr.  Rose  may  pos- 
sibly be  able  to  trace  a  "mysterious" 
trouble  to  it  some  day.  Mr.  Rose's 
experience  as  to  preignitions  with  elec- 
tric  ignition   is   not   uncommon,   but,   as 


mentioned  in  my  original  article,  the 
troubles  peculiar  to  electric-ignition  de- 
vices are  sufficiently  numerous  to  justify 
an   article   to    themselves. 

3.  I  am  aware  that  the  majority  of 
oil-engine  handbooks  and  instruction 
manuals  tell  one  to  keep  all  valves  closed 
when  the  engine  has  stopped.  By  all 
means  do  this  when  the  exhaust  line 
may  have  any  pressure  above  atmos- 
pheric introduced  into  it  by  any  means, 
as  by  the  connection  of  the  exhaust  pipe 
of  another  engine.  In  my  oil-engine  ex- 
periertce,  however,  1  have  found  that  if 
the  exhaust  valve  is  left  open  when  the 
engine  is  shut  down,  the  pitting  and  cor- 
rosion of  its  face  and  seating  surface  will 
be  greatly  minimized.  Why  this  should 
be  so  I  have  not  decided  quite  to  my 
satisfaction,  unless  it  is  due  to  the  fact 
that  any  moisture  which  condenses  in 
the  cylinder  may  drain  right  away  in- 
stead of  being  held  for  some  time  while 
it  percolates  through  the  annular  nick 
between  the  exhaust  valve  and  the  seat. 

In  engines  fitted  with  electrical-ignition 
apparatus  the  chief  argument  against 
leaving  the  exhaust  valve  open  when  the 
engine  is  standing  is  that  moisture  due 
to  the  condensation  in  the  exhaust  con- 
nections may  settle  on  the  plug  points. 
This  is  the  cause  of  "damp  plugs"  which 
often  give  difficulty  in  starting  up.  This 
trouble  is  nonexistent  in  hot-tube  ignition. 
John   S.   Leese. 

Manchester,  Eng. 


Two  Cycle    Gas   Blowing 
Engines 

We  read  with  great  interest  Mr.  A.  G. 
Christie's  article  on  "Developments  in 
Prime  Movers,"  in  Power  of  Oct.  24 
last,  and  we  take  the  liberty  of  stating  that 
his  view  that  at  present  two-cycle  en- 
gines are  almost  exclusively  used  in  the 
German  iron  works  for  driving  gas  blow- 
ers, does  not  quite  accord  with  the  actual 
state  of  affairs. 

.Up  tiJI  now  this  company  alone  has 
installed  in  such  works  approaching  90 
gas  blowers,  aggregating  aproximately 
150,000  hp.  and  of  such  engines  eight, 
aggregating  30,000  hp.,  are  being  used 
for  driving  gas  blowers  in  steel  works, 
while  only  one  or  two  gas  blowers  of  the 
two-cycle  system  are  used  for  converters. 
The  number  of  four-cycle  engines  just 
stated  will  be  increased  by  the  many 
four-cycle  gas  blowers  supplied  by  the 
firms  Thyssen,  Erhardt  &  Sehmer,  Haniel 
&  Lueg,  Friedrich-Wilhelms-Hiitte,  Miil- 
hausen  and  others. 

It  will  be  evident  from  the  foregoing 
that  the  number  of  the  four-cycle  gas 
blowers  in  lise  in  Germany  far  exceeds 
that  of  the  two-cycif-  gas  blowers,  al- 
though for  some  time  a  preference  ex- 
isted for  the  latter  type. 

MaSCHINENFABRIK     AuGSBURG-NiJRNBERG 

A.    G., 

per  KuTZBACH  and   P.  Meyer. 
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Heating  and  Ventilation 

Considered  as  power-plant  problems.     Layout  and  operation  of  systems  and  apparatus 


Rebuilding  Radiators 

By  L.  M.  Johnson 

In  a  large  Pittsburg  office  building 
tliere  lias  been  considerable  trouble  ex- 
perienced with  tlie  steam-heating  radi- 
ators. Of  the  160  radiators  in  the  build- 
ing over  one-half  of  them  have  been 
rebuilt  in  the  past  two  years,  while  the 
building  has  been  constructed  and  oc- 
cupied only  ten  years. 

Attention  was  at  first  drawn  to  the 
radiators  by  an  occasional  leak  between 


^^^BBBBteHm^^^^^BBa  .fat.-* 


Fic.  1.   Prying  the  Columns  Apart 

two  columns.  This  was  at  first  remedied 
temporarily  by  slightly  spreading  the  two 
columns,  wrapping  some  tape  saturated 
with  pipe  cement  around  the  nipple  and 
then  pressing  the  columns  together  again. 
This  was  found  to  be  a  short-lived  re- 
pair as  the  radiators  soon  began  to  leak 
again.  As  other  radiators  began  to  show 
signs  of  leaking  it  was  necessary  to 
give  the  subject  more  serious  attention 
and  find  a  permanent  repair.  It  was  not 
considered  advisable  to  throw  the  radi- 
ators away  and  put  in  new  ones,  so  the 
method  of  repair  outlined  in  the  follow- 
ing   was    adopted. 

The  construction  of  many  radiators 
consists  of  a  series  of  cast-iron  columns 
connected  together  at  the  bottom  with 
smooth-face,  tapered  nipples,  commonly 
called  slip  nipples.  One  of  these  nipples 
is  entered  into  the  reamed  hole  of  a  col- 
umn and  another  column  is  placed  paral- 
lel with  it  and  the  end  of  the  nipple 
started  in  the  opening  and  then  pressure 
applied  until  the  shoulders  of  the  two 
columns  are  pressed  together,  so  that 
the  nipple  has  an  exceedingly  tight  fit 
in  both  columns. 

After  securing  the  necessary  tools  and 
nipples  the  order  of  repair  was  to  take 
the  radiator  out  and  separate  the  col- 
umns at  the  place  which  showed  the  leak, 


clean  out  the  holes,  put  in  a  new  nipple, 
press  the  columns  together  again  and 
put  the  radiator  back  in  service.  This 
method  did  not  prove  satisfactory,  as  the 
strain  on  the  unbraced  columns  while 
placing  the  repair  nipple  tended  to  loosen 
other  nipples  that  were  already  becom- 
ing weak  from  corrosion  and  cause  them 
to  start  leaking.  After  this  experience  it 
was  deemed  advisable  to  take  the  radi- 
ators apart  and  renew  all  of  the  nipples. 
Before  it  was  time  to  furnish  heat  for 
the  present  winter,  all  the  radiators  that 


cleaned  out  with  emery  cloth  until  they 
were  smooth  and  bright.  A  new  nipple 
was  dipped  in  a  thin  mixture  of  white 
lead  and  entered  into  the  column,  as  in 
Fig.  2.  Another  column  was  then  placed 
parallel  to  those  already  assembled  and 
started  square  on  the  nipple.  When  three 
or  four  columns  had  been  placed  together 
the  screw  press  and  chain  were  put  on 
and  with  the  assistance  of  a  heavy  piece 
of  babbitt  metal  as  a  bumper  the  col- 
umns were  pressed  together,  as  shown  in 
Fig.  3.     These  operations  were  repeated 


Fig.  2.    Inserting   a   Nipple 


had  given  any  evidence  of  leaking  were 
taken  to  the  repair  room  to  be  rebuilt. 
The  radiator  was  placed  on  a  platform 
of  convenient  hight,  the  stay  rods  were 
taken  out  and  then  it  was  an  easy  mat- 
ter to  separate  the  columns  by  prying 
them  apart  with  a  long  bar,  as  shown  in 


Pressing  Columns  Together 


until  the  radiator  was  completed.  After 
the  radiator  has  been  rebuilt  in  this  way 
it  is  apparently  as  good  as  new. 

In  Fig.  4  is  shown  a  pile  of  nipples 
that  were  taken  out.  It  may  be  noticed 
that  some  of  the  nipples  have  been  cor- 
roded all  the  way  through  on  one  side, 


Corroded  Nipples 


Fig.  4. 


New  Nipples 


Fig.  1.  The  nipples  in  some  cases  were 
so  badly  corroded  that  the  columns  could 
be  separated  with  the  hands.  The  old 
nipple,  usually  remaining  in  one  of  the 
columns,  was  easily  removed  by  caving 
in  the  weakest  side  and  then  driving  it 
out  from  the  opposite  side  with  a  drift. 
The    holes    in    the    columns    were    then 


leaving  an  opening  which  was  always 
found  on  the  bottom.  A  stack  of  new 
nipples   is   also   shown   in    Fig.   4. 

All  the  steam-pipe  connections  were 
tapped  for  2-inch  pipe,  but  the  contractor 
who  installed  the  radiators,  evidently  to 
reduce  the  cost  of  piping,  had  reduced 
the  size  to  the  radiators.     In  the  twenty- 
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three-column  radiator  the  opening  was 
bushed  from  2  to  I'j  inches;  the  opening 
in  the  thirteen-column  radiator  was 
bushed  from  2  to  1  '4  inches,  while  the 
connections  in  some  seven-column   radi- 


which  distribute  it  to  all  portions  of 
the  building.  The  steam  is  delivered  to 
the  engines  at  75  pounds  pressure  and 
the  exhaust  is  used  to  heat  the  coils.  The 
entire   system   has  a  capacity   of  raising 


Fig.  1.   A  Blower  on  Either  Side  of    Crane  Way 


ators  were  reduced  from  2  to  1  inch.  A 
few  larger  radiators  on  the  first  floor 
were  piped  with  the  full-size  2-inch  pipe. 
These  gave  no  trouble,  as  the  2-inch 
pipe  permitted  the  radiator  to  drain  be- 
low the  connecting  nipples,  while  all 
those  that  were  bushed  would  not  drain 
below  the  nipples,  thus  leaving  some 
water  lying  on  the  lower  side  of  the  nip- 
ple. The  radiators  with  1-inch  connec- 
tions were  the  first  to  give  trouble  and  so 
on  down.  It  is  thus  apparent  that  econ- 
omy in  the  piping  of  the  radiators  greatly 
shortened  their  life. 


50,000  cubic  feet  of  air  per  minute  from 
a  temperature  of  0  to   110  degrees. 

At  the  same  time  that  this  installa- 
tion was  made,  a  somewhat  similar  heat- 
ing and  exhausting  system  was  placed  in 
the  pickling  room  of  the  same  company. 


Air  Circulation 
By  Henry  D.  Jackson 

There  are  many  heating  installations 
in  which  no  arrangement  has  been  made 
to  insure  a  proper  circulation  of  the  air, 
so  that  the  heating  is  decidedly  inef- 
fective. To  heat  a  large  space  effectively, 
a  thorough  circulation  of  air  is  neces- 
sary; otherwise  the  hot  air  will  rise  to 
the  top  of  the  room,  cold  air  will  settle 
to  the  bottom,  and  the  gradation  of 
temperature  from  fairly  cold  at  the  bot- 
tom to  very  hot  at  the  top  will  be  the 
result.  This  condition  has  been  found  in 
many  armories,  dance  halls,  drill  halls, 
etc.,  where,  owing  to  the  requirement 
that  the  floor  space  be  not  obstructed,  the 
heating  coils  have  been  placed  high  up 
on  the  walls  and  across  the  building,  ap- 
proximately at  the  hight  of  the  eaves. 

In  one  instance  coming  to  the  writer's 
notice,  all  of  the  heating  coils  were  sus- 
pended directly  under  the  trusses  sup- 
porting the  roof,  and  the  steam  coils  had 
a  capacity  representing  about  I  square 
foot  of  heating  surface  to  50  cubic  feet 
of  building  contents.  With  a  pressure 
of  10  pounds  at  the  coil  valve,  the  tem- 
perature on  the  floor  was  about  40  de- 
grees during  zero  weather,  while  the 
temperature  at  the  peak  of  the  roof  was 
in  the  neighborhood  of  125  to  130 
degrees.  To  overcome  this  difficulty,  six 
holes  were  cut  in  the  floor  of  the  build- 
ing, one-quarter  of  the  steam  pipe  was 
put  under  the  floor,  one-half  was  cut  out 
of  service  entirely,  and  one-quarter  was 


Heating  a  Large  Shop 

A  clear  conception  of  the  fan  system 
of  heating  and  ventilating  an  industrial 
building  may  be  obtained  by  a  glance  at 
the  accompanying  illustrations.  They 
are.  views  of  the  new  machine  building 
of  the  Union  Drawn  Steel  Company, 
Beaver  Falls,  Penn.  The  building  is  of 
modern  construction  throughout,  being  of 
brick  and  steel  with  Fenestra  steel  sash 
occupying  a  large  part  of  the  wall.  The 
roof  is  of  concrete  about  2' j  inches  thick 
and  covered  with  a  tar  and  gravel  roof- 
ing. The  monitor  is  continuous  steel 
sash. 

In  this  case,  on  account  of  the  crane 
way,'  two  separate  sets  of  heating  ap- 
paratus were  installed.  Each  apparatus 
consists  of  a  100-inch  double-discharge 
conoidal  fan,  direct  connected  to  a  7x7- 
inch  single-cylinder  vertical  Buffalo  en- 
gine. The  air  is  drawn  through  six 
sections  of  return-bend  heater  coils,  and 
delivered    to    the    galvanized-steel    ducts 


THL    GALVANlZEU-SrEEL    AlR     DL:Clb 


Albert  M.  Allen  &  Co.,  of  Cleveland, 
were  consulting  engineers  for  the  Union 
Drawn  Steel  Company  and  under  their 
specifications  the  heating  and  ventilating 
systems  were  installed  by  the  Buffalo 
Forge  Company. 


left  as  it  was.  Heavy  grates  were  placed 
over  the  holes  and  at  three  of  them  heavy 
tin  pipes  were  fastened,  extending  to 
within  a  foot  of  the  ground  below  the 
floor.  The  steam  pipes  under  the  floor 
were  placed   about   one    foot   below   the 
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floor  proper.  After  these  changes  were 
made,  steam  at  a  pressure  of  two  pounds 
was  supplied,  and  within  half  an  hour 
after  it  was  turned  on  the  coldest  place 
in  the  room  was  at  67  degrees.  Since 
these  changes  were  made,  more  trouble 
has  been  experienced  in  keeping  the 
room  cool  than  in  keeping  it  warm. 

Of  course,  the  heated  air  under  the 
floor  rose  through  the  three  registers 
provided  for  it,  and  in  rising  left  a  space 
for  the  cold  air  on  the  floor  to  cir- 
culate. This  air  on  being  heated  will  rise 
and  the  cold  air  on  the  floor  will  drop, 
thus  giving  a  thorough  circulation  of  air 
all  through  the  building. 

In  most  hot-air  heating,  the  location 
of  the  registers  is  decidedly  faulty.  For 
proper  and  active  circulation  of  heat,  the 
hot-air  entrances  should  be  approximate- 
ly 7  feet  from  the  floor  and  on  the  walls 
opposite  to  the  window,  so  that  the  hot 
air  on  entering  the  room  will  rise,  flow 
over  toward  the  windows  and,  being 
cooled  by  this  radiation  from  the  win- 
dows, will  drop  to  the  floor.  If  the  out- 
lets for  this  air  are  placed  at  or  about 
the  floor  level,  the  air  will  circulate  along 
the  floor  to  these  outlets  and  up  the  ex- 
haust stack. 

If  the  circulation  is  rapid  enough,  the 
difference  in  temperature  between  the 
bottom  and  the  top  of  the  room  will  not 
be  noticeable,  and  not  only  will  the  tem- 
45erature  be  more  uniform,  but  the  fresh 
air  brought  in  through  the  furnace  will 
enable  the  occupants  to  live  more  com- 
fortably at  a  much  lower  temperature. 
The  air  supplied  should  be  properly 
moistened  before  it  enters  the  supply 
pipe,  as  moisture  has  a  marked  effect 
upon  the  temperature  at  which  one  can 
live  comfortably. 


LETTERS 

A  Water  Heater  Problem 

The  scheme  described  by  N.  S.  Rice 
in  the  Dec.  5  number  to  heat  water  for 
the  office  would  doubtless  work  as  de- 
scribed, although  I  would  imagine  cool- 
ing part  of  the  feed  water  after  it  leaves 
the  heater  would  not  be  good  practice. 

If  the  drip  or  condensation  from  the 
heater  were  run  through  the  small  tank 
there  could  be  no  objection;  a  drip  or 
return  from  a  few  radiators,  during  the 
cold  weather,  would  also  do  the  trick, 
the  -M-in.  brass  pipe  being  used  in  either 
case. 

When  such  a  small  quantity  of  water 
is  required,  a  scheme  such  as  is  shown 
in  the  accompanying  illustration  could  be 
used.  Here  A  \s  a  live-steam  pipe,  B  a 
circulating  pipe,  C  the  reservoir  for  hot 
water  and  D  indicates  pipe  covering. 

As  may  be  observed,  the  circulating 
pipe  passes  through  a  piece  of  pipe 
covering  and  is  in  contact  with  a  steam 
pipe. 

If  there  is  a  hotwell  into  which  drips 


and  condensation  return  and  from  which 
the  water  is  pumped  to  the  heater,  an- 
other plan  could  be  used.  Instead  of 
placing  a  pipe  in  contact  with  a  hot 
pipe,    as    suggested    above,    it   could    be 


expect  the  heated  water  to  fall  down 
to  the  bottom  of  the  tank  or  is  it  to  be 
used  as  heated?  The  manufacturers  put 
the  hole  in  the  middle  of  the  tank  so 
that    there    will    be    a    thorough    circula- 


I  Hc7f  Water  Outlet 
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Scheme  for  Heating  Small  Quantity  of  Water 


submerged  in  the  hotwell.  Any  of  these 
schemes  would  supply  the  apparently 
small  quantity  of  water  necessary  in 
the  case  in  question,  and  none  of  the 
boiler-feed  water  would  be  reduced  in 
temperature. 

James  Thorn. 
Toronto,  Can. 


Piping  a  Water  Heater 

In  looking  through  some  of  the  back 
issues  of  Power,  I  happened  to  read  Mr. 
Noble's   letter   on    connecting   up    water 


tion  of  water  and  always  a  one-half 
drum  of  hot  water  in  reserve.  I  have 
connected  up  hundreds  as  shown  in  the 
attached  sketch,  and  they  have  always 
given  satisfaction. 

In  his  letter  appearing  in  the  Nov.  21 
issue,  my  opinion  is  that  the  saving 
will  be  chiefly  on  paper.  The  designer 
decided  that  a  5-in.  exhaust  was  re- 
quired; then  somebody  comes  along  and 
partially  blocks  it  up.  This  will  cause 
a  higher  back  pressure.  The  engine 
naturally  takes  more  steam  to  drive  a 
given  load,  and  it  will  take  very  little 
more  steam  to  "eat  up"  one  ton  of  coal 
a  week  on  that  size  of  engine.  The  ex- 
haust line  appears  to  have  enough  el- 
bows and  length  without  blocking  it  up. 
From  the  elbow  to  the  tee,  shown  in  the 
sketch,  the  size  of  the  pipe  should  have 
been   increased   to  6   inches. 

The  outlet  of  the  coil  should  enter 
the  drum  about  the  middle  of  its  length, 
so  that  the  lime  will  be  precipitated  and 
not  scale  up  the  pipes.  The  circulation 
being  constant,  the  drum  would  not  then 
be  subject  to  the  violent  shaking  and 
hammering  that  takes  place  when  it  is 
connected  up  as  indicated  in  the  sketch. 
H.  Jones. 

Montreal,  Can. 


Proper    Connections    for    Good    Cir- 
culation 

heaters.  In  my  opinion,  his  method  is 
at  variance  with  the  common  principles 
of    water    circulation.      Does    Mr.    Noble 


Petroleum  has  been  found  in  Alaska, 
and  while  there  has  been  practically  no 
production,  it  is  not  impossible,  accord- 
ing to  the  United  States  Geological  Sur- 
vey, that  commercial  pools  may  be  found. 
Oil  seepages  occur  on  the  west  shore 
of  Cook  Inlet,  on  the  east  side  of  the 
Alaska  Peninsula,  and  on  Controller  Bay, 
all  close  to  tidewater,  and  hence  capable 
of  cheap  development. 


POWER 


January  2,  1912 


United  States   Overfeed 
Stoker 

The  American  Stoker  Co.,  II  Broad- 
way, New  York  City,  has  placed  upon  the 
inarket  an  overfeed  stoker,  which  is 
shown  in  the  accompanying  illustrations. 

It  consists  of  an  ordinary  fuel  hopper 
in  the  bottom  of  which  are  reciprocat- 
ing, adjustable  pushers,  which  shove  the 
coal  into  the  furnace  upon  the  top  grates. 
The  back  plate  of  the  hopper,  which  is 
exposed  to  the  furnace  fire,  is  water 
cooled  to  prevent  the  destruction  of  the 
plate  by  the  furnace  fire,  and  also  to 
keep  the  plate  so  cool  that  the  coal  will 
not  fuse  in  the  hopper  and  prevent  the 
proper   feeding   of  the   fuel. 

A  short  pusher  is  employed  at  each 
side  of  the  stoker  to  provide  means  for 
feeding  fuel  to  the  sides  of  the  grates 
irrespective  of  the  amount  of  coal  fed  to 
other  parts.  This  provides  a  means  of 
preventing  air  holes  forming  along  the 
side  walls  of  the  furnace. 

The  grate  surface  (except  the  ash 
dump)  is  composed  of  a  series  of  hori- 
zontal shelves  arranged  as  steps,  as 
shown    in    Fig.    1.      They    extend    across 


and  grades  of  fuel.  For  a  coal  subject 
to  coking,  the  grates  may  be  adjusted  to 
travel  in  the  path  of  an  ellipse,  as  shown 
by  the  dotted  lines  in  Fig.  2;  or  the 
grates  may  be  changed  so  that  the  for- 
ward motion  may  be  a  straight  line,  while 


Stoker       "''Grate 
^haft  Movement 

Adjustment 


Fig.  2.    Moving  and  Flxed  Grates 

in  retreat  the  grates  may  lift  more  or 
less  than  in  the  arc  of  an  ellipse,  carry- 
ing the  grates  clear  of  loose  coal  which 
may  be  on  the  rear  of  the  grate  below. 
The  motion  of  the  grates  is  such  that 
the  coal  is  compelled  to  travel  at  a  uni- 
form thickness  from  the  top  or  front  of 


Fig.     I.      Showing    Terraced     Grates, 
Dumping  Grates  and  Cutoff  Plate 

the  furnace  and  form  an  incline  of 
about  36  deg.,  thus  providing  abundant 
air  space  between  the  grates.  The  grates 
are  formed  of  two  series,  alike  in  de- 
sign, but  arranged  alternately  fixed  and 
moving,  as  shown  in  Fig.  2.  The  fixed 
grates  are  bolted  to  the  side  risers  ad- 
jacent to  the  furnace  walls  and  additional 
stationary  risers  extending  through  the 
center  portion  of  the  stoker.  The  mov- 
ing grates  are  interleaved  between  the 
fixed  grates  and  are  supported  and  se- 
curely bolted  to  moving  risers,  which  are 
supported  at  the  lower  end  by  rollers 
and  at  the  upper  end  by  arms  attached 
to  eccentrics  mounted  on  the  stoker 
shaft. 

By  an  arrangement  of  a  knuckle-joint 
swing  link  and  setscrews  the  motion  of 
the  grates  may  be  modified  to  suit  the 
particular  requirements  of  different  kinds 


Fig.   3.     Front   Elevation    of   Stoker, 
Showing  Actuating  Mechanism 

the  furnace  to  the  rear.  Each  grate 
assumes  the  role  of  a  positive  pusher 
in  its  relation  to  the  next.  This  ap- 
plies to  the  coal  and  burning  fuel  and 
the  ash  and  clinker  also,  so  that  the 
latter  are  precipitated  upon  the  ash  dump 
at  the  rear  and  bottom.  As  the  grates 
overlap,  even  fine  fuel  will  not  sift 
through   the  grates. 

The  ash  and  clinkers  are  extracted  and 
separated  from  the  good  fuel  by  the 
attendant  by  the  simple  operation  of  the 
parts,  and,  during  the  process  of  dumping 
or  after,  cold  air  is  not  admitted  to  the 
furnace  as  the  space  occupied  by  the 
dumping  grate  is  covered  with  burning 
fuel.  Fig.  1  shows  the  special  dumping 
arrangement. 

Partly  errrbedded  in  the  bridge-wall 
is  a  "water  back"  cylinder  which  is  con- 
structed   of   standard    steel    boiler   plate 


and  connected  direct  with  the  w-ater  cir- 
culation of  the  boiler.  It  is  provided 
with  standard-size  boiler  manhole  and 
blowoff  pipe  for  cleaning.  Its  purpose 
is  to  prevent  the  adhesion  of  clinkers 
to   the  bridge-wall. 

Each  grate  bar  is  protected  from  burn- 
ing by  a  continual  stream  of  water  pass- 
ing through  that  portion  which  is  in  di- 
rect contact  with  the  burning  fuel.  The 
pipes  used  for  this  purpose  are  extra- 
heavy,  cold-drawn  seamless  tubing  and 
are  tested  under  a  pressure  of  1000  lb. 
per  square  inch,  and  are  cast  in  the  grate. 
The  connections  from  one  grate  to  an- 
other are  made  by  U-shaped  pipes  with 
unions  having  ground  ball  bronze  seats. 
The  connection  is  shown  in  Fig.  2. 

Treating  the  moving  grates  as  one 
unit  and  the  stationary  grates  as  another, 
water  connection  is  made  direct  with  the 
boiler  to  the  bottom  grate  of  each  series, 
thence  ascending  from  grate  to  grate 
until  the  top  is  reached,  where  another 
connection  leads  to  the  steam  space  of 
the  boiler.  There  is  no  moving  joint  in 
connection  with  the  entire  installation. 


Miller  Quick  Acting  Vacuum 
Pot 

The  accompanying  illustration  shows 
a  cross-section  of  a  Miller  vacuum  dash- 
pot.  When  the  plunger  A  is  released  the 
air  which  was  taken  in  through  the  air 
valve   C   is  discharged   through   the   ad- 
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Miller  Quick-acting  Vacuum  Pot 

instable  check  valve  D.  When  the  plunger 
A  drops,  the  piston  B  will  take  the  thrust 
noiselessly  and  without  a  jolt,  due  to  a 
cushion  of  air  and  the  give  of  the  spring, 
which  is  strong  enough  to  quickly  reseat 
the  piston  B.  This  action  forces  out 
the  remaining  air  and  causes  the  plunger 
to  seat  quickly.  The  air  valve  C  can  be 
adjusted    to    diminish    or    increase    the 
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amount  of  air  taken  into  the  cylinder  to 
suit  the  spring,  which  is  also  adjustable. 
This  device  is  the  invention  of  F.  B. 
Miller,  147  Fourth  street,  Milwaukee, 
Wis. 


Wheeler  Barometric  Ejector 
Condenser 

This  condenser  has  been  designed  to 
operate  in  connection  with  reciprocat- 
ing engines  where  a  high  vacuum  is  not 
demanded  for  economical  steam  con- 
sumption and  where  a  short  exhaust-pipe 
connection  is  not  essential. 


in  its  inner  wall  through  which  the  water 
falls  in  numerous  small  streams  in  the 
direct  path  of  the  exhaust  steam. 

The  falling  water  from  this  annular 
distributer  is  collected  upon  the  tray 
placed  immediately  beneath  and  is  dis- 
tributed so  as  to  fall  through  the  small 
openings  in  this  tray  in  a  fine  rain  to  the 
bottom  of  the  condenser,  where  it  again 
comes  in  contact  with  the  exhaust  steam. 

Air  may  be  drawn  from  the  condenser 
either  by  the  water  ejector  or  by  both 
the  ejector  and  a  dry-air  pump  which 
may  be  connected  to  the  opening  shown 
at  the  left  of  Fig.  1.  As  the  water  falls 
down  through  the  condenser  shell    air  is 


will  maintain  a  good  working  vacuum 
without  the  use  of  an  air  pump.  Where 
the  conditions  are  such  that  a  better  vac- 
uum is  desired,  a  dry-air  pump  used  in 
connection  with  the  condenser  will  main- 
tain a  vacuum  up  to  29  inches  of  mer- 
cury. 

This  condenser  is  manufactured  by  the 
Wheeler  Condenser  and  Engineering 
Company,  Carteret,  N.  J. 


The  "Hypress"   Blower 

Simplicity  in  small  pieces  of  apparatus 
is  highly  desirable  for  the  reason  that 
the  small  machine  is  often  the  victim  of 


Fig.    1. 


Interior  View   of   Barometric 
Ejector  Condenser 


The  condenser  consists  of  a  pear- 
shaped  body.  Figs.  1  and  2,  with  a  large 
exhaust-inlet  opening  at  the  top  and  an 
opening  at  the  side  for  cooling  the  water. 
At  the  bottom,  connection  is  made  to  the 
barometric  column  which  discharges  the 
water  to  the  atmosphere  without  the  aid 
of  a  tail  pump. 

The  sectional  view.  Fig.  1,  shows  that 
the  condensing  water  is  distributed  in  an 
annular  reservoir  which  has  vertical  slots 


Exterior  View  of  Ejector 
Condenser 

entrapped  and  is  carried  out  through  the 
converging  nozzles  of  the  shell,  and  at 
the  same  time  the  water  acquires  a  higher 
velocity  so  that  at  the  neck  of  the  con- 
denser an  ejector  action  is  set  up.  The 
air  supplied  through  the  lower  pipe, 
shown  in  section,  is  thus  carried  out 
through  the  ejector  to  the  atmosphere. 
The  barometric  column  attached  to  the 
bottom  of  the  condenser  is  approximate- 
ly 34  feet  in  hight,  which  insures  that 
the  water  and  air  will  be  delivered  to  the 
sump  at  the  foot  of  the  column  against 
the    pressure   of   the    atmosphere. 

For  intermittent  service  this  condenser 


Fig.  1.  The  "Hypress"  Rotary  Pressure 
Blower 

gross  neglect.  Once  it  is  put  into  opera- 
tion it  must  go  on  and  on  with  hardly 
a  glance  from  the  man  who  has  charge 
of  it.  Often  it  is  installed  where  there 
is  no  one  who  has  much,  if  any,  under- 


FiG.   2.    Blower   with   Cover   Removed 

standing  of  machinery,  and  hence  it  re- 
ceives no  intelligent  attention  whatever. 
The  rotary-pressure  blower  which  is 
illustrated  herewith  and  which  is  named 
"Hypress"  by  its  manufacturer,  the  L.  J. 
Wing  Manufacturing  Company,  was  de- 
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signed  with  these  facts  in  view.  Its  con- 
struction is  simple  and  it  has  about  as 
few  moving  parts  as  a  blower  well  could 
have.  It  consists  of  a  cast-iron  casing 
in  which  an  eccentric  drum  revolves;  see 
Fig.  2.  This  drum  carries  a  steel  sliding 
vane  fitted  with  self-adjusting  rollers  at 
its  ends  which  make  a  practically  air- 
tight contact  with  the  wall  of  the  casing. 

The  air  is  compressed  during  its  pass- 
age from  the  inlet  to  the  outlet  of  the 
blower.  It  is  said  that  the  efficiency  of 
the  blower  is  unusually  high. 

These  blowers  are  manufactured  for 
normal  capacities  of  from  80  to  8000 
cubic  feet  of  air  (actual)  per  hour  at  2 
pounds  pressure. 
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the  plunger  will  remain  in  the  position 
shown.  When  the  valve  has  once  closed 
it  is  necessary  to  reset  it  again  by  lifting 
up   on  the  hand   lever,  to  which   is   at- 


Lalor  Automatic  Stop  Valve 

This  valve  has  been  designed  to  auto- 
matically stop  the  supply  of  oil  in  case 
of  breakage  of  the  oil  lines  or  abnormal 
flow  to  the  burners.  Its  action  is  auto- 
matic, closing  and  remaining  closed  until 
it  is  manually  opened. 

There  is  but  one  moving  part  to  the 
valve,  the  plunger,  which  is  entirely  in- 
closed and  so  protects  the  valve  that  it 
cannot  be  held  in  an  open  position  or 
become  clogged  by  foreign  substances  in 
the  oil. 

In  Fig.  2  is  shown  a  sectional  view  of 
the  valve  in  an  open  position.  The  flow 
of  oil  is  toward  the  lift  and  upon  enter- 


FiG.  2.   Sectional  View  of  Valve 

tached  the  piston  stem,  as  shown.  After 
the  tension  of  the  spring  has  been  ad- 
justed for  a  certain  maximum  flow  of 
oil,  the  valve  will  operate  as  soon  as 
the  maximum  flow  is  exceeded.  This 
valve  is  manufactured  by  the  Lalor  Fuel 
Oil  System  Company,  1326  Chestnut 
street,  Philadelphia,  Penn. 


Water  Ejector   with    Priming 
Attachment 

The  difficulty  of  starting  up  promptly 
with  the  ordinary  design  of  water-lifting 
ejector  is  claimed  to  be  obviated  by  the 
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without  projecting  into  the  suction  cham- 
ber. This  gives  an  unobstructed  pass- 
age through  the  ejector  and  allows  its 
use  for  handling  sewage  that  has  coarse 
matter  in  suspension. 

This  ejector  also  finds  service  within 
the  limits  of  use  of  other  ejectors  and,  in 
addition,  can  be  used  to  lift  liquids  from 
below  when  operated  with  water  of  low 
or  high  pressure  or  with  other  fluids  ex- 
cept gases,  but  it  may  be  operated  with 
air  to  handle  gases  or  air.  When  used 
lifting  from  below  it  has  an  advantage 
over  the  ordinary  ejector  in  that  it  is 
provided  with  a  lifting  attachment  or 
primer.  The  primer  is  threaded  into  the 
discharge  neck  of  the  ejector  and  is  com- 
posed of  a  screw  stem  and  handle.  When 
priming  the  ejector,  the  stem  is  screwed 
in  so  that  it  extends  across  the  delivery- 
jet  bore,  as  shown  at  A.  The  stem  in  this 
position  is  directly  in  front  of  the  op- 
erating fluid  which  leaves  the  outlet  of 
the  power  tube  B.  The  stem  parts  the 
operating  jet  and  this  jet,  on  account 
of  being  parted  and  broken  up,  com- 
pletely fills  the  delivery-jet  bore,  so  that 
there  can  be  no  back  travel  of  air  through 
the  discharge  branch  of  the  ejector  into 
the  suction  branch.  A  strong  partial  vac- 
uum is,  therefore,  readily  attained  and 
when  the  lift  is  accomplished,  the  stem 
is  screwed  out  and  free  passage  is  given. 
This  ejector  is  made  in  sizes  accom- 
modating the  various  sizes  of  iron  pipe 


Fig.    1.    Lalor   Automatic   Stop   Valve 


ing  the  valve  body  it  passes  to  the  inside 
of  the  plunger,  through  the  ports  shown, 
and  out  to  the  pipe  line. 

If  the  pressure  in  the  discharge  pipe 
drops,  the  spring  will  draw  the  plunger 
down  to  a  position  where  the  port  open- 
ings will  be  below  the  valve  seat.  With 
a  unifonn  oil  pressure  in  the  pipe  the 
pull   of  the   spring  is  counteracted-  and 


use  of  the  new  patent  water  ejector  made 
by  the  Penberthy  Injector  Company,  of 
Detroit,  Mich. 

This  ejector  may  be  operated  with  any 
fluid  under  pressure  but  it  is  designed 
more  particularly  to  be  operated  with 
water.  It  is  composed  of  a  casing  so 
shaped  as  to  permit  the  delivery  tube  to 
be  formed  integral  with  the  main  casting 


Sectionai   View  of  Ejector 

and  hose,  and  some  of  the  uses  to  which 
it  is  adapted  are  the  raising  of  thick 
liquids  and  sewage,  draining  trenches 
where  tiling  or  water  piping  is  being  laid, 
the  ejector  being  operated  by  water  from 
neighboring  hydrants.  They  are  also  used 
for  filling  spray  rig  or  other  tanks,  water 
being  furnished  to  them  under  pressure 
by  a  pump  driven  by  a  gasolene  engine. 
In  such  service,  the  utility  of  the  ejector 
is  such  that  14  gallons  of  water  may  be 
lifted  from  a  depth  of  22  feet  with  a 
consumption  of  but  6  gallons  by  the 
ejector.  ^^^^^_^ 

Already,  many  exhibitors  have  taken 
space  at  the  power  show  to  be  given  at 
the  Mechanics  Building,  Boston,  Mass., 
Apr.  22  to  27,  and  all  firms  interested 
in  power-producing  machinery  are  urged 
to  assist  in  making  the  coming  power 
show  the  greatest  and  most  successful  ex- 
hibition ever  held  in  the  United  States. 
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Looking  Back  over   the 
Year  1911 

A  retrospect  of  the  power  field  for 
the  year  just  past  reveals  great  activity 
in  the  development  and  perfection  of 
the  steam  turbine.  Vith  the  exception 
of  Tesla's  series  of  disks  between  which 
steam  passes  and  causes  rotation,  noth- 
ing new  or  startling  appears;  but  a  num- 
ber of  tests  showing  remarkable  econ- 
omy have  been  made  and  individual  units 
have  been  increased  greatly  in  size.  Close 
readers  of  Power  will  require  no  re- 
minder of  the  test  conducted  at  the  Duns- 
ton  power  station  of  the  Newcastle-on- 
Tyne  Electrical  Supply  Co.,  where  a 
6000-kilowatt  Parsons  turbine  showed  a 
thermal  efficiency  of  76.4  per  cent,  and 
developed  a  kilowatt-hour  on  11.8  pounds 
of  steam.  The  installation  of  a  27,000- 
horsepower  Curtis  turbine  at  the  Water- 
side No.  1  station  of  the  New  York  Edi- 
son Co.  was  a  notable  event,  for,  at  the 
present  writing,  this  is  the  largest  tur- 
bine in  the  world.  The  unit,  which  is 
the  first  of  three  similar  machines  to  be 
installed,  is  35  feet  high,  covers  an  area 
of  297  square  feet  and  weighs  420  tons. 

Combination  turbines  using  an  initial 
velocity  or  Curtis  stage  followed  by 
Rateau  or  Parsons  pressure  stages  have 
continued  to  make  strides  in  Europe,  and 
are  now  manufactured  by  nearly  all  the 
companies  which  formerly  built  the 
straight  types.  The  simple-velocity  stage 
replaces  a  multiplicity  of  small  blades 
in  the  initial  part  of  a  turbine  of  the 
Parsons  type  and  confines  the  high  pres- 
sures and  temperatures  to  the  steam 
chest,  greatly  reduces  the  length  and 
comple.xity  of  the  turbine,  and  diminishes 
the  weight  by  permitting  higher  speeds. 

Another  effort  in  the  direction  of  re- 
ducing the  number  of  stages  is  that  of 
Patitz.  Since  the  energy  in  the  moving 
jet  varies  as  the  square  of  its  velocity, 
three-quarters  of  its  energy  will  be  ab- 
stracted by  reducing  its  velocity  one-half. 
Instead  of  getting  up  a  low  velocity  like 
Rateau  or  Zoelly  and  abstracting  it  more 
or  less  completely  at  each  stage,  Patitz 
gets  up  a  high  initial  velocity,  takes  out 


about  one-half  of  it,  and  without  further 
reduction  restores  the  high  velocity  by 
further  expansion,  converting  this  much 
more  energy  per  stage. 

In  marine  work,  turbines  designed  for 
high  pressure  and  those  utilizing  exhaust 
steam  from  reciprocating  engines  have 
been  viewed  with  increasing  favor,  and 
as  a  noteworthy  example  of  the  latter 
the  mechanical  equipment  of  the 
"Olympic"  may  be  cited.  From  two  15,- 
000-horsepower  triple-expansion  engines 
driving  the  outside  screws  the  exhaust  is 
passed  to  a  16,000-horsepower  low-pres- 
sure turbine  on  the  middle  propeller. 

In  the  merchant  marine,  and  particular- 
ly in  those  vessels  equipped  for  pas- 
senger service,  the  high-pressure  tur- 
bine has  made  an  enviable  record,  but  in 
naval  circles,  where  cruising  at  low 
speeds  is  common,  the  turbine  has  failed 
to  come  up  to  expectations.  As  a  result 
of  the  comparative  trials  of  the  scout 
cruisers  "Birmingham,"  "Chester"  and 
"Salem"  and  the  more  recent  tests  of 
the  battleships  "Delaware"  and  "North 
Dakota,"  the  United  States  Government 
favors  the  reciprocating  engine,  and,  in 
addition,  has  decided  to  try  oil  fuel  in 
some  of  its  latest  battleships. 

Reduction  gearing,  now  available  in 
capacities  undreamed  of  a  few  years  ago, 
promises  to  do  much  to  reconcile  the 
differences  between  the  steam  turbine 
and  the  propeller,  and  to  make  the  steam 
turbine  available  in  wider  fields.  As  a 
means  toward  the  same  end,  the  Foettinger 
hydrodynamical  gear  may  be  mentioned 
and  also  the  electrical  method  of  using 
a  generator  and  induction  motor  between 
the  turbine  and  the  propeller.  In  large 
powers  the  electrical  losses  would  not 
amount  to  more  than  8  per  cent,  as  com- 
pared to  2  per  cent,  for  the  gearing  in 
perfect  condition.  On  the  other  hand,  the 
projectors  of  the  electrical  method  offer 
a  highly  increased  efficiency  of  the  tur- 
bine and  a  very  considerable  reduction  of 
the  aggregate  weight  and  space,  due  to 
the  higher  speed  it  which  it  would  be 
possible  to  run  it. 

Even  the  rolling-mill  field,  which  has 
always  been  considered  the  last  and  most 
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secure  stronghold  of  the  reciprocating 
engine,  has  been  invaded  by  the  aid  of 
reduction  gearing.  The  turbine,  which 
was  of  the  mixed-pressure  type  and  in- 
stalled at  the  Calderbank  Steel  Works 
of  James  Dunlop  &  Co.,  was  rated  at  750 
horsepower  and  ran  at  a  speed  of  2000 
revolutions  per  minute.  This  was  re- 
duced to  70  for  the  mill  and  a  100-ton 
flywheel  absorbed  the  shock. 

With  the  introduction  of  large  turbine 
units,  a  corresponding  increase  in  the 
size  of  boilers  might  naturally  be  ex- 
pected. The  year  has  witnessed  the  suc- 
cessful putting  into  operation  of  the 
largest  boilers  yet  constructed,  those  at 
the  Delray  station  of  the  Detroit  Edison 
Co.  At  the  common  rating  of  10  square 
feet  of  heating  surface  per  horsepower, 
each  boiler  has  a  capacity  of  2365  horse- 
power and  is  capable  of  caring  for  a 
turbo-generator  load  of  6000  kilowatts 
regularly  and  8000  kilowatts  at  the  peak. 
In  the  most  stupendous  boiler  test  ever 
reported,  requiring  the  continuous  service 
of  over  fifty  men  for  nearly  three  months, 
these  boilers  showed  the  highest  efR- 
ciencies  ever  obtained  with  bituminous 
coal.  They  were  in  a  measure  antici- 
pated by  a  2500-horsepower  unit  of 
Hornsby  boilers  ordered  by  the  Hartford 
Electric  Light  Co.  and  described  in  our 
issue  of  Feb.  28.  Before  their  installa- 
tion, however,  it  was  decided  to  throw 
up  a  curtain  wall  in  the  furnace  and  sep- 
arate the  sections,  thus  dividing  the  unit 
into  two  of  1250  horsepower  each. 

Accidents  to  boilers  have  been  numer- 
ous, as  indicated  by  reports  for  the  first 
six  months  of  the  year.  During  this  time 
272  accidents  occurred,  including  "real" 
explosions,  tube  blowouts  (of  which  there 
is  an  increasingly  large  proportion)  and 
blowoff  failures  on  stationary,  locomotive 
and  marine  boilers.  The  fatalities  total 
138  and  doubling  this  number  would  in- 
dicate a  death  list  approximating  250 
for  the  year. 

The  continued  wholesale  destruction  of 
life  and  property  in  this  country  from 
boiler  explosions  is  a  national  disgrace 
and  warrants  every  effort  which  will  tend 
to  reduce  it.  Before  much  can  be  done 
in  this  direction  every  state  in  the  union 
must  have  adequate  license  and  inspec- 
tion laws,  and  these  should  be  as  uni- 
form as  possible.  In  this  direction  the 
most  notable  step  in  advance  has  been 
taken  by  Ohio,  where  a  board  of  boiler 
rules   practically    identical    with   that   of 


Massachusetts  and  having  similar  powers 
has  been  appointed.  It  is  to  be  hoped 
that  other  states  will  soon  follow  with 
similar  laws  which  at  least  possess  the 
virtue  of  preventing  the  installation  of 
palpably  unsafe  boilers  even  though  no 
steps  are  taken  to  eliminate  those  al- 
ready in  use. 

Massachusetts  itself  has  made  some 
important  changes  in  the  application  for 
examination  and  in  the  appeal  therefrom. 
The  horsepower  rating  of  boilers  has 
been  altered  slightly  and  a  turbine  rating 
appended.  These  and  a  number  of  minor 
amendments  to  its  boiler  rules  went  into 
effect  the  first  of  the  new  year. 

Bills  for  the  licensing  of  engineers 
have  been  introduced  in  the  legislatures 
of  New  York,  Connecticut,  Rhode  Island, 
Kansas  and  several  other  states,  but  have 
failed  to  pass. 

Adoption  and  advancement  of  these 
laws,  of  course,  require  more  from  the 
engineer.  He  must  know  his  profession 
thoroughly,  and,  as  a  means  toward  an 
end,  the  organization  known  as  the  In- 
stitute of  Operating  Engineers  was  in- 
corporated and  held  its  first  convention 
during  the  summer.  Its  work  is  purely 
educational  and  its  affiliation  with  numer- 
ous trade  and  correspondence  schools 
gives  the  engineer  every  opportunity  to 
work  out  his  own  education  under  com- 
petent guidance. 

The  tests  to  destruction  of  two  72-inch 
cylindrical  boilers  by  James  E.  Howard 
indicate  that  other  factors  than  those  or- 
dinarily considered  should  be  taken  into 
account  in  determining  the  safe  working 
pressure  of  boilers;  and  continued  in- 
vestigations by  this  method  are  likely 
to  have  an  important  bearing  upon  the 
design  of  boilers,  especially  of  the  more 
complicated  types. 

Other  important  tests  relating  to  boil- 
ers which  should  be  enrolled  in  the  year's 
work  were  those  conducted  by  the  United 
States  Geological  Survey,  which  tend  to 
show  that  a  solid  boiler  wall  is  a  better 
heat  insulator  than  a  wall  of  the  same 
total  thickness  containing  an  air  space. 
The  loss  by  radiation  forms  the  basis  for 
this  conclusion  which  is  contrary  to  the 
general  belief. 

A  notable  demonstration  in  the  field 
of  combustion  is  that  of  Prof.  Bone,  who 
shows  that  a  combustible  mixture  of  air 
and  gas  burns  upon  or  below  the  surface 
of  a  porous  plate  without  flame  and 
with  great  intensity.     An  application  to 


boiler  practice  is  to  inject  such  a  mixture 
into  the  tubes  of  a  boiler  which  are  filled 
with  broken  refractory  material.  A  boiler 
10  feet  in  diameter  and  with  tubes  only 
4  feet  in  length  has  been  recently  built 
for  the  Skinningrove  Iron  Co.,  Ltd.,  of 
Yorkshire.  The  normal  evaporation  is 
21  pounds  per  square  foot  of  surface  and 
this  can  be  doubled  with  small  loss  in 
efficiency. 

Among  steam  engines  the  locomobile 
and  Prof.  Stumpf's  uniflow  type  have 
attracted  wide  attention.  The  conception 
of  these  engines,  of  course,  antedates 
1911,  but  practical  development  has  been 
made  during  the  year  and  a  great  deal 
of  discussion  has  been  published  on  their 
relative  merits. 

In  the  gas-engine  field  steady,  con- 
servative progress  has  been  made,  but 
more  particularly  in  Europe  than  in  the 
United  States.  Engines  of  the  four- 
stroke-cycle  type  are  being  built  to  de- 
velop 1500  horsepower  per  cylinder_and 
2000  horsepower  working  on  the  two- 
stroke  cycle.  It  is  in  the  Diesel  engine 
that  greatest  progress  has  been  made; 
the  development  has  been  phenomenal. 
This  type  of  engine  is  seen  everywhere 
in  Europe  and  is  much  more  common 
than  any  other  recent  type  of  prime 
mover.  Several  large  ships  have  been 
fitted  with  Diesel  engines  and  it  is  cur- 
rent report  that  the  German  navy  is  at 
present  installing  K),000  horsepower  of 
this  type  of  engine  in  one  of  its  new  bat- 
tleships. In  Switzerland,  multicylinder 
units  of  2000  horsepower  are  in  active 
service  and,  before  long,  single  cylinders 
of  1000  horsepower  may  be  expected. 

The  Grine  crude-oil  gas  producer  re- 
cently installed  in  Los  Angeles,  Calif., 
is  worthy  of  mention.  Its  principle  of 
operation  differs  from  the  ordinary  in 
that  the  oil  is  atomized  in  the  upper  part 
of  the  generator  and  is  passed  down- 
ward through  a  bed  of  incandescent 
coke  in  the  bottom  of  the  generator 
where  the  heavy  hydrocarbons  are  broken 
up  and  the  tarry  content  fixed.  Using 
crude  oil  costing  2.3  cents  per  gallon,  it 
is  claimed  by  the  inventor  that  the  same 
amount  of  power  will  be  developed  that 
the  ordinary  engine  develops  per  gallon 
of  distillate  costing  7  cents  per  gallon 
in  the  same  locality. 

Electrical  apparatus  has  become  so 
well  standardized  that  radical  chances 
are  not  to  be  expected.  Progress  has 
been  made,  however,  and  it  is  most  ap- 
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parent  in  the  constantly  increasing  size 
of  electrical  machinery  and  apparatus. 
Motors  up  to  5000  horsepower  are  be- 
coming common  and  at  McCall's  Ferry 
the  10,000-kilovolt-ampere  transformers 
but  recently  installed  are  reported  to  be 
the  largest  ever  built.  In  mine-hoist  and 
rolling-mill  wofk  the  electric  drive  has 
made  a  safe  entry  in  the  face  of  condi- 
tions which  were  previously  considered 
prohibitive. 

A  recent  example  of  the  modern  ten- 
dency of  replacing  the  piston  by  ma- 
chines employing  rotary  motion  is  the 
rotary  air  compressor,  a  machine  ex- 
ceptionally light  and  compact  when  com- 
pared to  the  immense  blowing  tubs  now 
in  common  use.  During  the  year  one  of 
these  blowers  was  put  into  service  at 
Oxford  Furnace,  N.  J.  It  has  a  capacity 
of  22,500  cubic  feet  of  air  per  minute, 
which  is  delivered  at  a  normal  discharge 
pressure  of  15  pounds  per  square  inch. 
In  -Europe  pressures  as  high  as  140 
pounds  have  been  attained. 

While  on  the  subject  of  gas  the  Thomas 
electric  meter  should  be  mentioned  as  an 
ingenious  instrument  which  seems  to 
promise  a  solution  of  the  difficult  prob- 
lem of  measuring  gas  and  air  in  large 
quantities  with  considerable  accuracy. 

During  the  year  there  has  been  a 
great  deal  of  agitation  on  governmental 
control  of  water  power  and  no  doubt  the 
public  conference  held  under  the  auspices 
of  the  power-transmission  section  of  the 
National  Electric  Light  Association  did 
a  great  deal  of  good,  as  both  sides  of 
the  question  were  thoroughly  discussed 
before  Secretary  Fisher,  representing  the 
government.  At  the  time  of  the  meet- 
ing the  government  had  not  formulated 
any  definite  policy  on  the  control  of 
water  power,  but  since  then  the  secretary 
has  made  a  tour  of  the  West  and  has 
visited  Alaska  to  look  over  the  govern- 
ment coal  lands,  so  that  the  conservation 
movement  on  both  coal  and  water  should 
receive  the  intelligent  attention  required 
from  the  government  for  a  successful 
solution  of  these  problems. 

During  the  year  there  have  been  lost 
to  the  power  field  a  number  of  promi- 
nent workers.  In  the  first  month  of  the 
year  Louis  R.  Alberger,  who  was  presi- 
dent of  the  Alberger  Cr^ndenser  Co., 
passed  away.  His  life  work  as  well  as 
that  of  his  father  before  him  had  been 
associated  with  condensing  apparatus. 
He   was   soon    followed   by   William    B. 


Mason,  president  of  the  Mason  Regu- 
lator Co.,  and  inventor  of  numerous  valve 
and  engine  appliances.  Charles  W.  Hunt, 
president  of  the  C.  W.  Hunt  Co.,  and  a 
former  president  of  the  American  So- 
ciety of  Mechanical  Engineers,  at  his 
death  in  March  left  an  enviable  record  in 
the  development  of  conveying  and  hoist- 
ing machinery,  industrial  railways  and 
kindred  lines.  James  C.  Bradford,  who 
built  the  boiler  for  the  "Monitor"  during 
the  Civil  War,  died  in  April,  and  a  few 
months  later  James  C.  Brooks,  president 
of  the  Southwark  Foundry  &  Machine 
Co.,  and  George  F.  Hughson,  holding  a 
similar  position  with  the  Hughson  Steam 
Specialty  Co.,  passed  away.  Henry  W. 
Bulkley,  inventor  of  the  first  practical  in- 
jector condenser,  died  in  November,  and 
during  the  latter  part  of  the  year  the 
Westinghouse  Co.  of  Pittsburg  was 
unfortunate  in  losing  two  of  its  promi- 
nent officers:  Robert  Mather,  chairman  of 
the  board  of  directors,  and  George  W. 
Hebard,   acting   vice-president. 


Prof.   Stumpf's  Criticisms 

The  discussion  which  has  arisen  be- 
tween Prof.  Stumpf  and  Mr.  Heilmann, 
as  a  result  of  the  latter's  paper  dealing 
with  the  heat  efficiency  of  reciprocating 
engines,  unfortunately  has  resolved  it- 
self into  a  bipartisan  controversy  regard- 
ing the  relative  merits  of  the  Stumpf 
uniflow  engine  and  the  Wolf  locomobile. 

The  tests  forming  the  basis  of  Mr. 
Heilmann's  original  paper  were  made  for 
the  purpose  of  determining  the  influence 
of  primary  and  secondary  superheating 
and  of  vacuum  upon  the  steam  consump- 
tion of  the  locomobile  engine;  also,  a 
careful  study  of  the  heat  losses  in  both 
this  type  and  the  uniflow  engine  was 
made.  From  a  purely  technical  stand- 
point the  results  form  a  valuable  addi- 
tion to  the  data  already  available  upon 
the  subject. 

In  conclusion,  however,  Mr.  Heilmann 
offered  some  criticisms  of  the  uniflow 
design,  some  of  which,  in  view  of  the 
tests,  seemed  warranted;  but  he  unwisely 
attempted  a  comparison  between  this 
type  and  the  locomobile  design,  favoring, 
of  course,  the  latter. 

These  criticisms,  although  mild,  ap- 
pear to  have  incited  Prof.  Stumpf  to 
make  a  savage  attack  upon  the  paper, 
with  an  attempt  to  discredit  its  value 
by    questioning    Mr.    Heilmann's    inten- 


tions. In  this  he  does  not  confine  his 
attentions  to  the  points  at  issue,  but  goes 
further  and  attacks  the  whole  locomobile 
design.  He  says  in  this  connection: 
"Separated  from  the  boiler,  the  Wolf 
engine  must  be  designated  as  the  worst, 
because  it  has  the  largest  clearances 
and  the  largest  detrimental  surfaces  of 
all  comparable  engines,  and  in  addition 
a  combined  inlet  and  outlet  passage." 
However,  the  mere  fact  that  this  engine 
is  placed  in  the  uptake  from  the  boiler 
precludes  the  necessity  of  many  of  these 
features,  and  it  is  manifestly  unfair,  if 
not  ridiculous,  to  attempt  to  judge  it 
separately  from  the  boiler. 

It  seems  most  unfortunate  that  in- 
vestigations of  this  character  should  not 
be  accepted  solely  upon  their  scientific 
value  regardless  of  personal  and  com- 
mercial motives.  However,  as  is  often 
the  case,  discussions  often  bring  out 
more  important  points  than  those  con- 
tained in  the  original  statements.  We  are 
glad  to  see  that  some  of  our  readers 
have  appreciated  the  importance  of  the 
subject  and  have  shown  a  disposition  to 
discuss  it. 


One  lesson  to  be  drawn  from  the  tests 
to  destruction  of  a  large  horizontal  re- 
turn-tubular boiler  by  James  E.  Howard, 
as  described  on  page  845  of  our  issue 
of  Dec.  5,  is  that  something  more  than 
the  diameter,  tensile  strength  and  effi- 
ciency of  the  riveted  joint  must  be  taken 
into  account  in  figuring  the  allowable 
pressure  upon  a  boiler  of  this  type.  When 
the  pressure  applied  reached  270  pounds, 
the  cast-iron  manhole  frame  was  frac- 
tured across  its  center.  If  this  had  hap- 
pened under  steam  pressure,  it  might 
have  resulted  in  the  destructive  explosion 
of  the  boiler,  and  yet  at  the  allowed 
pressure  of  eighty-five  pounds  it  affords 
a  factor  of  safety  of  slightly  over  three, 
whereas,  figured  in  the  usual  way,  the 
factor  of  safety  was  around  five.  It  is 
true  that  the  pressure  was  progressively 
reduced  by  the  inspection  and  insurance 
company  until  at  the  end  of  twenty-seven 
years  it  had  gotten  down  to  fifty  pounds; 
but  it  is  not  likely  that  the  manhole 
frame  was  materially  stronger  at  the 
commencement  of  the  service  of  the 
boiler  than  it  was  at  the  end. 


If  you  wanted  to  know  whether  the 
name  of  the  Stirling  boiler  is  spelled  with 
an  "i"  or  an  "e,"  you  could  not  find 
out  from  Professor  Jacobus'  paper  on  the 
Delray  tests. 
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Readers  with  Something  to  Say 

A  letter  good  enough  to  print  will  be  paid  for.     Ideas,  not  mere  words,  wanted 


A  Case  of  Cylinder  Distortion 

A  remarkable  case  of  cylinder  distor- 
tion, and  the  builders'  remedy,  which 
came  under  my  notice,  is  illustrated  by 
Figs.    1,  2   and  3. 

This  engine  had  a  12x20-in.  cylinder 
and  ran  232  r.p.m.,  developing  about  100 
horsepower. 

The  cylinder.  Fig.  1,  had  been  in  use 
a  number  of  years  and  was  mechanically 
faultless,  the  only  defect  being  its  ex- 
cessive clearance. 

The  builders  of  the  engine  designed  a 
cylinder  and  exhaust  valve  whereby  the 
clearance  was  reduced  nearly  one-half. 
They  also  changed  the  steam  side,  which 
made  the  new  cylinder  casting  the  shape 
of  Fig.  2. 

When  the  work  of  installing  the  new 
cylinder    was    finished    and    the    engine 


Fig.   1. 


Fig.  3. 


Fig.  2. 


started  up  with  steam  at  40  lb.  pressure 
just  to  see  that  everything  was  clear, 
also  to  prove  the  adjustment  of  the 
valves  by  the  indicator,  everything  was 
found  to  be  satisfactory. 

Before  putting  the  engine  at  its  regu- 
lar work,  I  was  careful  to  heat  the  cyl- 
inder as  much  as  possible  before  start- 
ing time,  and  before  and  after  starting 
up  I  gave  the  cylinder  an  extra  supply 
of  oil. 

After  running  nicely  about  half  an 
hour  with  the  regular  steam  pressure  of 
85  lb.,  the  speed  slowed  down,  but  after 
a  minute  gradually  came  up  again;  this 
action  was  repeated  several  times  during 
the  first  hour's  run. 

After  the  day's  run  I  took  the  cylinder 
head  off  and  the  condition  of  the  cylinder 
was  a  surprise  to  me,  as  it  was  roughed 
up  the  whole  length,  on  both  sides,  they 
having  drawn  in  and  gripped  the  piston. 
The  top  and  bottom  of  the  cylinder  had 
evidently  gone  outward,  the  cylinder  be- 
coming elliptical. 

The  counterbore  was  round  when  the 
cylinder  cooled  off;  therefore  the  de- 
structive distortion  may  be  attributed  to 
the   change   of   temperature   due   to   the 


difference  in  the  pressure  of  the  steam 
at  40  and  85  lb.,  which  is  less  than  50 
deg.  The  primary  cause  was  the  dis- 
tribution of  the  metal  in  the  different 
cylinders.  The  cylinder  was  returned  to 
the  shop,  where  it  was  rebored  and  a 
new  piston  made  for  it.  Fig.  3. 

This  piston  was  of  the  solid  type  and 
packed  by  two  narrow  rings  made  in  one 
piece  and  sprung  into  grooves  near  each 
end.  It  was  first  turned  in  the  lathe  to 
the  exact  diameter  of  the  cylinder  and 
then  around  two-thirds  of  its  circumfer- 
ence it  was  reduced  about  i^i  in.  by 
planing  it  on  centers.  The  turned  sur- 
face of  the  piston  bore  on  the  bottom  of 
the  cylinder  through  about   120  degrees. 

The  packing-ring  joint  was  kept  at  the 
bottom  of  the  cylinder  by  a  pin  set  in 
the  grooves  between  the  ends  of  the 
rings.  Here  the  joint  is  packed  by  the 
contact  of  the  piston  itself  with  the 
bottom  of  the  cylinder  so  that  steam  can- 
not blow  from  either  end  of  the  cylinder 
past  one  ring  to  the  other. 

Cylinder  No.  1  was  again  displaced  by 
No.  2  with  good  results  and  gave  no 
further  trouble. 

J.  W.  Parker. 

Clinton.   Mass. 


Timely   Discover   of   Serious 
Lap  Crack 

In  the  forenoon  of  Dec.  2,  a  lap  crack 
was  discovered  in  the  rear  course  of 
the  boiler  owned  by  O.  S.  Cook,  a  box 
manufacturer,  of  West  Fitchburg,  Mass. 
Engineer  W.  F.  Dennihan  noticed  a 
small  amount  of  steam-  coming  up 
through  the  brickwork  the  day  before. 
As  a  brace  rivet  had  been  calked  there 
a  short  time  before,  he  thought  that 
this  rivet  was  leaking  again,  and  did  not 
give  it  much  attention.  Saturday  morn- 
ing, Mr.  Dennihan  noticed  that  the  leak 
was  increasing  and  immediately  decided 
not  to  run  until  noon,  but  to  lower  the 
pressure  at  once  and  investigate.  (This 
was  in  opposition  to  the  wishes  of  the 
owner,  who  wanted  to  run  until  noon.) 

After  tearing  off  the  brickwork,  a 
crack  554  in.  long  was  found  coming 
through  the  outside  of  the  lap  at  the 
inside  edge  of  the  rivet  heads.  The 
inspector  for  the  insurance  company  was 
'called  and  he  immediately  condemned 
the  boiler.  Taking  a  heavy  hand  ham- 
mer the  inspector  pounded  along  the  joint, 
beside  the  rivet  heads,  and  the  crack  con- 
tinued to  open  up  for  a  distance  of  about 
30  in.,  which  was  as  far  as  the  brick- 
work had  been  removed  at  the  time. 


This  boiler  was  built  1 1  years  ago. 
The  dimensions  are:  Shell,  48  in.  by  14 
ft.;  shell  plates,  A  in.;  heads,  i^  in.; 
tensile  strength,  55,000  lb.;  the  boiler 
had   fifty-two  9-in.   tubes. 

The  joint  is  a  double-riveted  lap;  the 
pitch  of  the  rivets  is  2)4  in.;  the  effi- 
ciency, 72  per  cent.  The  pressure  allowed 
was  90  pounds. 

It  is  said  that  the  former  state  in- 
spector intended  to  cut  the  pressure  to 
78  lb.  on  account  of  the  age  and  type  of 
the  boiler.  When  this  was  made  known  to 
the  owner,  the  boiler  was  given  to  an  in- 
surance company;  this  company  allowed 
90  pounds. 

Lester  A.  Fitts. 

West  Fitchburg,  Mass. 


Governor  Troubles 

The  governor  of  an  automatic  slide- 
valve  engine  went  to  pieces  suddenly. 
The  fragments  of  the  weight  arm  severe- 
ly injured  the  engineer,  smashed  the 
switchboard    and    damaged    the   building. 

The  design  of  the  governor  was  blamed 
for  the  accident  and  a  new  one  with 
lighter  parts  was  installed.  When  the 
engine  was  started  up  the  new  gov- 
ernor seemed  unable  to  handle  the  valve, 
as  it  moved  the  valve  gear  in  jerks  even 
after  the  spring  was  adjusted  for  the 
proper  speed. 

I  took  the  valve  gear  apart  and  found 
that  the  yoke.  Fig.  1,  which  connects  the 
valve  rod  and  valve  had  not  been  fitted 
to  hold  the  valve  horizontal  and  parallel 
to   its   seat.     It   was,   therefore,   binding 


Fig.  1. 

between  the  seat  and  the  pressure  plate 
and  also  on  the  top  and  bottom.  I 
fitted  the  yoke  so  that  the  valve  could 
move  freely,  and  the  governor  gave  sat- 
isfactory   regulation. 

Another  engine  showed  similar  symp- 
toms in  regard  to  valve  motion  and  it 
was  found  that  the  reinforcing  rib  run- 
ning through  the  center  of  the  head-end 
steam  ports  was  cracked  and  had  risen 
about  Tro  inch  above  the  surface  of 
the  valve  seat.     The  valve  would  strike 
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the  projection,  making  it  impossible  to 
run  smoothly. 

As  the  cylinder  barrel  was  strong  and 
the  steam  chest  and  cover  heavy  enough 
to  make  the  cylinder  safe,  I  drilled  a 
.>4-inch  hole  into  the  crack,  as  shown  In 
Fig.  2,  screwed  in  a  stud  about  1!,4 
inches  long  and  surfaced  1  inch  of  the 
valve  seat  with  file  and  scraper.  The 
engine  is  now  running  without  signs  of 
trouble  and  uses  less  steam  than  before. 

In  another  case  the  engine  showed  an 
inclination   to   race,   and   during   such   a 


l-> 

ud 

Fig.  2. 

spell  snapped  the  eccentric  rod.  When 
the  eccentric  straps  were  removed  and 
examined  it  showed  that  they  had  a  rib 
cast  in  to  hold  the  babbitt,  as  shown  in 
Fig.  3.  After  the  babbitt  had  worn  down 
to  the  rough  cast  iron,  the  straps  began 
to  bind  and  cut  the  eccentric,  which  was 
moved  back,  giving  more  steam  and  caus- 
ing racing.  When  the  engine  attained  an 
excessive  speed  the  governor  weight  flew 


Fig.  3. 

out  with  a  jerk,  throwing  the  eccentric 
forward  and  snapping  the  rod. 

A  similar  accident  happened  in  an- 
other case  when  the  eccentric  had  be- 
come  dry   and   began   to  cut. 

A  four-valve  engine  would  race  when 
running  light  and  would  slow  down  to 
a  stop  when  the  load  was  thrown  on. 
The  engineer  blamed  the  governor,  which 
was  worn  badly.  A  machinist  took  all 
the  parts  to  the  shop,  where  all  links 
and  pins  were  refitted  and  relined.  I 
was  sent  to  reassemble  the  governor  and 
try  it.  There  was  no  load  and  the  en- 
gine began  to  race  with  the  governor  set 
far  below  its  normal  speed.  The  owner 
of  the  plant,  seconded  by  the  engineer, 
claimed  that  the  governor  was  not  as- 
sembled right,  due  to  some  parts  being 
marked  wrong  when  the  governor  was 
taken  apart.  I  was  quite  sure  about  my 
work  and,  noticing  that  the  engine  would 
not   start    from  the   crank   end,   charged 


that  somebody  had  been  tampering  with 
the  valves.  I  had  no  indicator  with  me 
and  therefore  removed  the  valve  bonnets 
and  found  that  the  head-end  steam  valve 
was  turned  upside  down.  The  trouble 
was  now  explained;  the  engine  al- 
ways had  full  steam  at  the  head  end, 
which  was  enough  to  send  it  flying  with- 
out load  and  with  but  little  power  from 
the  crank  end,  as  there  must  have  been 
considerable  back  pressure  before,  and  a 
decided  drop  in  the  steam  line  after  the 
head-end  exhaust  valve  gave  full  open- 
ing; that  exhaust  was  also  late.  The 
valves  were  properly  set  and  the  gov- 
ernor performed  well.  There  had  been  a 
change  of  engineers. 

Irregularities  in  speed  of  an  automatic 
engine  are  not  always  caused  by  faults 
of  tke  governor  and  it  is  well  to  examine 
the  valve  gear  and  valves. 

H.   Werner. 

Chicago,  III. 


Having  the  shaft  D  free  to  revolve,  and 
occasionally  striking  the  rope  leads  E 
with  the  hand  to  help  equalize  the  strain 
between    them    helped    considerably. 

Charles  Herrman. 

New  York  City. 


Shaft  Hoisting  Wrinkle 

I  had  a  12-foot  length  of  4i'',j-inch 
shaft  with  two  5-foot  pulleys  on  It, 
weighing  in  all  about  1200  pounds,  to 
put  up  in  one  piece.     As  suitable  tackle 


"Ammetering"   an  Air  Com- 
pressor 

The  compressor  in  question  was  a 
two-cylinder,  double-acting  machine,  belt- 
driven  from  a  motor.  A  controlling  de- 
vice held  the  suction  valves  open  when 
normal  pressure  was  reached  in  the  re- 
ceiver. 

The  average  horsepower  consumed  by 
the  machine  had  been  determined  by 
wattmeter  readings  extending  over  a  per- 
iod of  two  weeks.  The  object  in  ap- 
plying an  ammeter  to  the  motor  was  to 
determine  the  power  used  when  running 
idle  and  underload.  The  interesting  part 
of  the  application  was  that  the  power 
required  when  running  idle  was  20  horse- 
power where  it  should  have  been  around 
7  or  8  horsepower. 

An  investigation  showed  that  the  con- 
trolling device  was  not  working  on  one 


Hoisting  Shaft  by  Means  of  Several  Turns  of  Rope 


had  been  sent  but  miscarried,  the  job 
was  done  as  shown  in  the  sketch.  It  was 
a  new  multiplied-strength  application  of 
an  old  idea  and  is  much  superior  to  the 
old  roll-up  on  a  single  run  of  rope. 

As  can  readily  be  seen,  by  turning 
the  shaft  A  by  means  of  its  pulleys  F 
and  pulling  hard  at  rope  ends  B  the  shaft 
was  easily  raised,  as  the  takeup  was 
cared    for  by   the   leads   E. 


cylinder  and  that  this  cylinder  was  work- 
ing steadily  all  day;  as  a  result,  the  other 
was  having  a  rest  most  of  the  time.  A 
few  minutes'  adjustment  had  the  con- 
trolling device  back  on  the  job.  All  of 
which  goes  to  show  that  a  little  experi- 
menting often  leads  to  unexpected  re- 
sults. 

John  Bailey. 
Milwaukee,  Wis. 
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For  economy  the  Scotch  marine  heads 
the  list  when  properly  handled,  especial- 
ly in  long  runs.  The  water  and  steel 
are  all  that  have  to  be  heated.  The  loss 
of  heat  is  only  up  the  stack,  if  the  boiler 
is  insulated  properly.  The  cost  of  upkeep 
should  be  low  as  this  type  of  boiler  is 
simple,  convenient  and  has  few  parts 
to  give  trouble.  It  does  not  require  over 
four  to  six  hours  to  cool  sufficiently  for 
it  to  be  comfortable  to  work  inside,  and 
it  does  not  occupy  nearly  as  much  space 
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The  Scotch  Marine  Boiler 

There  appear  from  time  to  time  dis- 
cussions on  boiler  construction,  mainly 
referring  to  the  riveting,  bracing  and 
style  of  joint  to  be  used,  thereby  giving 
the  impression  that  these  are  the  main 
features  to  be  looked  into  when  purchas- 
ing boilers. 

Many  engineers  and  owners  think  the 
return-tubular  boiler  is  the  only  type  that 

should  be  installed.     I  think  this  opinion     ^    ^^^_^  ^^^^  „^^„^^ ,   _. ,--- 

is  mainly  due  to  lack   of   knowledge  of     pgr"u°it'of  crpacity"  as' oth7r  types.  They 
other   types.  _      ^^^^  ^^^  l^^gg^  tiot  combustion  chamber 

I  have  had  a  number  of  years  ■  experi-     ^^  ^^  ^^^^^^^  ^^  ^^^  summer  days, 
ence   with   the   return-tubular  boiler  and         ^    consider    an    investment    in    a    good 
have  concluded  it  is  the  least  really  im-     .^^^^^^^^^      Pred    Scotch    marine    boiler   a 
proved    type    of  ^boiler    in    general    use,     ^^^^  ^j^jdend  payer. 

j„_„j      .  ^^^  Gilbert. 


everything  considered. 

Safety  is  the  most  important  of  all 
points  to  be  considered,  and  this  is  the 
weakest  point  in  the  return-tubular  boiler. 
Why  is  it  more  liable  to  explosion  and 
other  troubles  than  other  types?  Be- 
cause the  most  important  part  of  the 
boiler  (the  outside),  being  of  large  diam- 
eter, is  subject  to  excessive  heat,  caused 
by  the  collection  of  impurities  between 
steel  and  water  and  extreme  changes  of 
temperature.  Then,  consider  the  minor 
faults.  The  blowoff  pipe  must  be  covered 
or  it  is  very  dangerous  and  when  covered 
is  not  always  easy  to  examine.  The 
water  column  usually  is  too  far  from 
the  boiler  and  has  too  many  bends.  I 
have  seen  the  lower  pipe  as  long  as  75 
inches. 

It  takes  too  long  to  cool  a  return- 
tubular  boiler,  as  it  has  so  much  brick- 
work around  it. 

While  I  have  never  given  the  different 
types  a  test  for  circulation,  I  have  de- 
cided that  the  return-tubular  boiler  has 
the  poorest  circulation  of  the  boilers  in 
general  use.  This  is  due  to  the  even 
distribution  of  the  applied  heat. 

While  I  am  not  an  agent  of  any  boiler- 
making  firm,  I  am  a  strong  advocate  of 
the  Scotch  marine,  internally  fired  boiler 
f-or  stationary  use.  If  engineers  and 
owners  would  study  boilers  more  and 
the  steam-engine  indicator  and  the  con- 
denser less,  I  think  it  would  be  time  well 
spent. 

The  Scotch  marine  boiler  is  built  upon 
scientific  principles  and  designed  to  suit' 
requirements.  It  is  not  subjected  to 
violent  explosions  as  the  inside  parts 
are  the  weaker  and  show  signs  of  dis- 
tress first.  If  anything  should  give  way, 
the  result  would  not  be  of  a  disastrous 
nature.  Some  authorities  claim  that  this 
type  has  a  poor  circulation.  It  cannot 
have  a  poorer  circulation  than  the  re- 
turn-tubular boiler,  as  the  heat  is  so 
evenly  distributed  to  the  water. 

A  representative  of  a  retum-tub.ilar 
boiler-manufacturing  company  advised 
me  never  to  recommend  a  Scotch  marine 
boiler  to  prospective  buyers,  his  excuse 
being,  "They  are  fierce  when  they  get 
dirty."  Is  not  any  boiler  fierce  when  it 
gets  dirty? 


Virginville,  W.  Va. 
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Piston  Trouble 

In   the   equipment   of   a   steam   power 

plant  there  are  two  31  and  66  by  48-in. 

cross-compound    engines   running    at   90 

"revolutions,    each    directly    connected    to 

1500-kw.   generators. 

The  high-  and  low-pressure  cylinders 
both  have  tail  roads  and  floating  pistons. 
As   shipped   by   the   makers,   the   pistons 


Oil  in  Steam  Pipe 

The  accompanying  sketch  shows  the 
connections  to  the  tank  of  an  oiling  sys- 
tem. The  tank  is  located  on  the  rear  of 
the  boiler  setting  and  connected  to  the 
lubricators  on  the  engines,  which  were 
about  6  feet  lower  than  the  oil-supply 
tank. 


The  Piston  as  Originally  Madi 


were  held  together  at  the  outer  edges  h) 
twenty-four  1  i^-in.  shoulder  studs  anc 
at  the  rod  there  were  twelve  I'ii-in 
mild-steel  bolts  9  in.  long.  The  pistoi 
was  counterbored  on  both  sides  to  re 
ceive  the  heads  and  nuts  of  these  bolts 
the  construction  being  shown   in   Fig.    1 


Connection  of  Oil  Tank  to  Steam  Pipe 


When  I  took  charge  of  the  plant,  I 
found  that  considerable  oil  was  working 
out  of  the  flanges  on  the  live-steam  line 
and  that  the  oil  consumption  was  exces- 
sive. I  could  find  no  trace  of  oil  in  the 
boilers.  I  disconnected  the  small  steam 
pipe  at  A  and  extended  it  up  about  15 
feet  and  connected  it  to  a  live-steam 
line  on  the  floor  above.  It  was  a  direct 
and  independent  line  from  the  main 
header  over  the  boilers.  This  stopped 
the  trouble,  but  how  did  the  oil  get  into 
the   live-steam    line? 

G.  A.  Robertson. 

Louisville,  Ky. 


Fig.  2.    The  Improved  Form  of  Pisto 


When  the  plant  was  put  in  service 
started  the  machinery  cautiously  an 
took  several  weeks  to  get  up  to  the  fu 
degree  of  superheat.  One  day,  after  tl 
steam  temperature  had  reached  abo 
450  deg.  and  everything  was  runnii 
smoothly,  there  came  knocks  at  the  ra 
of  90  per  minute  from  the  high-pressu 
side  of  No.  1  engine;  then  the  noi 
stopped  as  suddenly  as  it  had  begu 
Another  unit  was  put  into  service  and 
hunt  for  the  cause  of  the  trouble  bega 
External  examination  showed  a  bad 
twisted  exhaust-valve  stem,  and  wh( 
the  cylinder  head  was  taken  off  the  cau 
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was  plain.  A  follower  bolt  had  snapped 
off  in  the  threads  and  while  the  nut  was 
being  hammered  between  the  piston  and 
the  cylinder  head  the  bolt  had  been  swept 
into  the  exhaust  port  and  caught  by  the 
valve  as  it  started  to  close.  Something 
like  a  dozen  blows  had  been  struck,  and 
it  spoke  volumes  for  the  workmanship 
of  the  engine  that  it  could  be  used  as  a 
steam    hammer    without    serious    injury. 

The  nut  and  bolt  were  found  in  the 
receiver,  but  in  such  a  shape  that  I  could 
tell  nothing  about  the  cause  of  the  break, 
so  I  assumed  it  to  be  a  case  of  poor 
material  and  replaced  it  with  a  Norway 
iron   bolt. 

Shortly  afterward  another  one  broke, 
and  I  replaced  them  all  with  Norway 
iron.  Then  one  of  the  Norway  bolts  went 
and  I  decided  that  it  was  the  concen- 
tration of  the  stress  at  the  root  of  the 
threads  that  was  doing  the  damage  and 
I  had  all  of  the  bolts  turned  down  to  ?« 
in.  for  a  space  of  3'j   in.  at  the  middle. 

Then  some  more  broke  and  I  was 
forced  into  the  conclusion  that  there  must 
be  an  unusual  and  unallowed-for  stress 
in  those  bolts  and  began  to  hunt  for 
it.  Frornnhe  shape  of  the  halves  of  the 
piston  it  appeared  to  me  that  the  tem- 
perature changes  which  would  take  place 
between  70  and  450  deg.  would  cause 
a  distortion  sufficient  to  stress  the  bolts 
beyond  the  elastic  limit.  The  matter  was 
taken  up  along  these  lines  with  the  man- 
ufacturers, who  furnished  two  new  pis- 
tons in  which  the  1^-in.  bolts  were 
replaced  by  IJ^-in.  rivets.  Both  these 
features  added  wonderfully  to  the  rigid- 
ity of  the  construction  and  there  has 
been  no  return  of  the  trouble.  The 
piston  as  replaced  is  shown  in  Fig.  2. 
Lindsay  Duncan. 

McGill,  Nev. 


they  were  put  in  place,  as  shown  at  X. 
The  split  thrust  collar  D  was  then  put 
in  place,  as  shown.  This  was  an  easy 
matter,  since  the  countersink  was  a  trifle 
larger  than  the  diameter  of  the  rings. 


Ball     Bearing    Thrust    Collar 
Eliminated  Heating  Trouble 

A  thrust  collar  which  gave  consider- 
able trouble  by  heating  was  employed 
on  the  shaft  of  a  motor  and  turbine 
pump,  which  ran  at  a  speed  of  1800  revo- 
lutions per  minute. 

Sulphur,  graphite,  castor  oil  and  vari- 
ous grades  of  lubricating  oil  were  used, 
but  none  of  them  prevented  the  heating. 
Finally  it  was  determined  to  try  to  insert 
a  ball-bearing  thrust  collar. 

The  collar  was  removed  from  the  re- 
cess in  the  bearing,  placed  in  the  lathe 
and  countersunk  a  depth  equal  to  one- 
half  the  thickness  of  the  ball-bearing 
thrust  collars,  as  shown  at  B  and  C.  It 
was  then  only  necessary  to  cut  enough 
away  from  the  thrust  end  of  the  box  to 
admit  a  thin  steel  ring  plus  half  the 
thickness  of  the  thrust  collars  which  were 
placed  on  the  shaft,  as  shown  at  A  and 
B.     The  cap  was  treated  in  like  manner. 

The  steel  rings  A  C  and  the  ball-bear- 
ing ring  B  are  solid.  After  removing 
the  shaft  part   way  out  of  the  bearing, 


about  9  a.m.,  to  get  up  steam  for  the 
pumps  and  machine  shop.  Abo"ut  1 :30 
p.m.  there  was  enough  steam  to  start  one 
of  the  pumps  to  fill  a  tank,  but  as  soon 
as  the   pump   was   started,  both   ends  of 


Thrust  Collar  for  Ball  Bearing 


Upon  testing  the  job  it  was  found  that 
the  shaft  could  be  rotated  by  one  hand, 
whereas  before  making  the  change  it 
was  about  all  a  man  could  do  to  turn  the 
shaft  by  means  of  the  coupling.  When 
the  motor  was  started  no  further  heat- 
ing occurred,  the  bearing  remaining  prac- 
tically cold  after  a  prolonged  run.  The 
two  rings  and  ball-bearing  plate  and 
placing  of  the  20  balls  are  shown  at  E. 
William  Kavanagh. 

New  York  City. 


Home  Made  Damper 
Regulator 

Will  some  of  the  readers  of  Power  tell 
me  how  to  make  a  damper  regulator  at 
a  small  cost  and  without  going  to  a  ma- 
chine shop,  illustrated  with  drawings,  if 
possible? 

A.  Seimes. 

Atlantic  City,  N.  J. 


Cause  of  Boiler  Explosions 

Most  any  steam  engineer  knows  that 
when  getting  up  steam  he  should  always 
open  a  valve  connected  to  the  boiler  to 
let  the  cold   air  escape. 

I  have  seen  three  boiler  exp'osion 
and  none  had  been  freed  of  air.  The 
first  was  a  portable  boiler.  The  engi- 
neer was  getting  up  steam  ready  to  start 
at  7  a.m.,  and  the  glass  was  half  full  of 
water  which  ran  freely  out  of  the  sec- 
ond try  cock.  Steam  was  raised  very 
slowly  and  the  gage  showed  about  40 
pounds  pressure  when  the  engineer 
opened  the  steam  valve  on  the  injector. 
A  little  air  came  first,  followed  by  steam, 
and  almost  at  the  same  time  the  boiler 
exploded. 

The  second  explosion  was  that  of  a 
boiler  in  a  small  mill.  No  valve  had 
been  opened  until  the  engineer  opened 
the  throttle  to  warm  up  the  engine,  when 
there  was  an  explosion  which  killed  one 
man. 

The  third  explosion  happened  to  one 
of  a  battery  of  eight  boilers.  The  boil- 
ers were  all  shut  down  and  washed  out. 
The  two  small  boilers  were  filled  with 
cold  water  and  a  fire  started  under  them 


No.  8   boiler  blew   out,  killing  two   men 
and  wrecking  things  in  general. 

I  have  been  engineering  for  15  years, 
both  marine  and  stationary,  and  1  have 
come  to  the  conclusion  that  not  one 
boiler  in  20  blows  up  beaause  of  low 
water. 

D.  M.  Eraser. 

Wallaceburg,   Ont.,   Can. 


Springs   on   Trap  Valve  Stem 

Having  had  some  trouble  with  a  large 
return  trap,  due  to  the  release-valve  stem 
breaking,  I  adopted  a  scheme  which  has 
entirely   eliminated   the  trouble. 

The  action  of  the  trap  on  filling  is  to 
force  the  valve  B  against  its  seat  and  on 
discharging  the  valve  C  was  forced 
against  its  seat.  If  the  nuts  A  were  not 
exactly  adjusted,   either   an   unnecessary 


Springs  on   Trap-valve   Stem 

strain  was  put  on  the  valves  or  they  did 
not  seat  properly.  Sometimes  the  stem 
would  break  at  D. 

To  overcome  the  trouble  two  small 
springs  were  wound  and  placed  between 
the  lever  on  the  bowl  and  the  two  ad- 
justing nuts  A.  This  allowed  the  valves 
to  cushion  easily  and  after  18  months' 
service  the  trap  has  not  once  required 
attention. 

George  H.  Handley. 

Newburgh,  N.  Y. 


Rendered  necessary  by  the  growth  of 
the  demand  for  electricity  from  tlie 
municipal  plants,  the  authorities  in 
Birmingham,  England,  will  erect  an  ad- 
ditional central  station  to  cost  about  $1,- 
216,625. 
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Questions  Before  the  House 

Comment,  criticism,  suggestions  and  debate  upon  various  articles, 
letters   and  editorials    which  have  appeared  in  previous  issues 


Dry  Back  Marine    Boiler 

In  Power  for  October  31,  Mr.  Fenwick 
makes  inquiry  as  to  the  suitability  of  the 
internally  fired  or  Scotch  boiler  as 
adapted  to  stationary'  use,  for  continuous 
service  of  about  three  months,  and  also 
as  fio  the  sizes  in  which  the  units  are  built. 

Answering  the  last  question  first,  Ihis 
type  of  boiler  is  made  in  any  size  from 
75  to  300  horsepower  or  even  larger,  and 
for  all  pressures  up  to  175  or  200  pounds, 
with  one,  two  or  three  furnaces,  depend- 
ing on  the  size. 

As  ■  to  their  suitability  for  a  three- 
months  continuous  run,  local  conditions 
will  govern  that,  as  it  depends  almost 
entirely  on  the  quality  of  the  feed  water 
and  the  temperature  at  which  it  enters 
the  boiler. 

If  the  water  does  not  contain  any  great 
amount  of  scale-forming  materials  and  is 
heated  to  200  degrees  Fahrenheit  or  bet- 
ter, Mr.  Fenwick  should  not  experience 
any  difficulty  in  operating  such  a  boiler 
under  reasonable  conditions  for  three 
months,  or  even  longer,  and  by  using  the 
blowoff  about  three  or  four  times  a  day 
for  a  few  seconds,  preferably  when  the 
load  is  nearly  or  all  off,  considerable  of 
the  impurities  can  be  removed. 

If  the  water  is  very  bad,  his  best  way 
would  be  to  install  a  live-steam  purifier 
(with  an  auxiliary  open  heater),  which 
can  be  cut  out  and  cleaned  in  half  a 
day  at  any  time  during  the  run. 

If  these  boilers  are  fed  near  the  top 
with  comparatively  cold  water,  the  cir- 
culation is  poor.  The  feed  water  should 
enter  the  top  of  the  boiler,  pass  down 
between  the  furnaces  at  the  front  end 
(or  beside  it  if  only  one  furnace  is  used) 
and  discharge  into  the  bottom  of  the 
boiler  with  the  pipe  looking  toward  the 
back  head  and  about  a  foot  from  the  bot- 
tom. See  that  the  feed  pipe  is  well 
braced  inside  the  boiler. 

The  dry-back  Scotch  boiler  is  quite 
common  in  stationary  practice  generally 
and  is  very  satisfactory,  all  things  con- 
sidered. It  is  self-contained,  easily 
cleaned  and  will  stand  considerable  forc- 
ing if  necessary.  The  water  column 
should  be  connected  up  with  good  liberal 
piping,  the  crosses  plugged  with  brass 
plugs  instead  of  elbows  to  facilitate 
cleaning. 

Cover  the  boilers  with  at  least  2  inches 
of  good  magnesia  covering  and  it  will 
stay  on  the  job  as  long  as  any  boiler 
made,  without  cleaning. 

George  H.  Wallace. 

Racine,  Wis. 


Charles  Fenwick,  in  a  recent  issue, 
asks  whether  the  internally  fired,  dry- 
back  type  of  marine  boiler,  commonly 
called  "Scotch"  boiler,  gives  much  trouble 
due   to   poor  circulation. 

With  boilers  of  this  type  it  is  common 
practice  to  use  a  pump  to  circulate  the 
water    in    the    boiler    when    getting    up 


veloped  the  pump  is  started  and  by  thus 
mechanically  circulating  the  water  condi- 
tions are  greatly  improved. 

A  boiler  with  a  corrugated  furnace  flue 
should  be  selected  by  all  means  as  the 
straight  flue  is  more  prone  to  develop 
leaks.  The  boiler  should  be  covered  with 
a  thick  coat  of  some  good  insulating  ma- 


FiG.    I.    Feed-pipe   Arrangement 


steam   and   on   some   boats  the   pump   is 
run  continuously. 

The  writer  has  operated  boilers  of  this 
type  and  found  no  trouble  from  this 
cause  when  the  feed  water  is  piped  into 
the  boilers  as  shown  in  the  two  views  of 
Fig.  1. 

WiLLiA.M  E.  Francis. 

Lynn,  Mass. 


terial,  not  only  because  greater  efficiency 
will  be  obtained  but  also  because  trouble 
with  leaking  girth  seams  will  be  mini- 
mized. With  a  good  covering,  the  expan- 
sion and  contraction  strains  are  reduced 


In  reply  to  Mr.  Fenwick's  inquiry  in 
the  October  31  issue,  I  would  say  that 
the  dry-back  marine  boiler,  or  the  con- 
tinental boiler,  as  it  is  better  known,  is 
extensively  used  in  small  plants.  It  gives 
good  service,  especially  on  long  con- 
tinuous runs.  The  principal  trouble  ex- 
perienced with  this  type  is  poor  circula- 
tion. This  may  be  overcome  to  a  large 
extent  by  the  simple  piping  arrangement 
shown  in  the  sectional  view.  Fig.  2.  The 
piping  shown  is  extensively  used  in 
marine  work  for  overcoming  poor  cir- 
culation. 

A  still  better  arrangement  is  to  have 
the  boiler-feed  pump  so  connected  that 
when  required  it  will  pump  the  water 
from  the  lower  part  of  the  boiler  into 
the  upper  part,  thus  forcing  the  circula- 
tion. The  circulation  is,  of  course,  the 
worst  when  first  starting  up.  It  is  at  this 
time  that  the  pump  is  most  useful.  As 
soon  as  enough   pressure  has  been  de- 


FiG.  2.    Arrangement  for  I.mproving 

Circulation 

because  both  sides  of  the  shell  are  kept 
at   a  more   nearly   equal  temperature. 

This    type    of   boiler   will    stand    much 
hard  work  if  properly  handled  and  it  is 
capable  of  producing  excellent  results. 
C.  R.  McGahey. 

Baltimore,  Md. 
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Unequal  Port  Opening 

In  the  November  14  number,  Mr.  Muel- 
ler states  that  he  cannot  get  equal  port 
openings  of  the  valve  on  a  traction  en- 
gine. Before  trying  to  make  the  port 
openings  equal,  Mr.  Mueller  should  make 
sure  that  the  design  of  the  engine  will 
permit  of  this  being  done  without  dis- 
turbing the  equality  of  the  points  of  cut- 
off. 

I  operate  a  Case  traction  engine  and 
the  valve  on  this  engine  has  a  ri'3-inch 
lead  at  the  crank  end  and  no  lead  at 
the  other.  I  know  another  make  of  en- 
gine which  requires  a  A-inch  lead  at 
one  end  and  a   i^G-inch  at  the  other. 

Some  good  traction  engineers  pay  nc 
attention  to  lead  whatever  when  setting 
the  valves.  They  go  entirely  by  the  point 
of  cutoff. 

P.    C.    FORGARD. 

Lake  Preston,  S.  D. 


Referring  to  Mr.  Mueller's  inquiry  in 
the  Nov.  14  issue,  I  will  say  that  while 
I  was  serving  aboard  the  U.  S.  cruiser 
"Chicago,"  I  had  an  opportunity  to  be- 
come familiar  with  the  valve-gear  of  the 
main  engines.  This  gear  was  of  the  See 
Marshall  radial  design.  The  gear  is  de- 
signed to  give  more  power  on  the  up- 
stroke so  as  to  compensate  for  the  weight 
of    the    reciprocating   parts.      No   doubt 


should  be  on  a  straight  line  with  the 
center  line  of  the  main  shaft,  and  a 
distance  from  the  center  of  the  shaft 
equal  to  the  distance  from  the  '"enter 
of  the  eccentric  to  the  center  of  the  link- 
block  pin.  If  the  point  where  the  valve 
stem  connects  to  the  eccentric  is  cor- 
rectly located,  the  reverse  lever  may  be 
thrown  from  full  gear  ahead  to  full  gear 
back  and  not  move  the  valve  at  all  in 
either  direction.  If  adjustments  are  made 
so  that  these  conditions  are  obtained  the 
gear  is  correctly  set. 

If  the  lead  is  made  equal  on  both 
ends,  the  cutoff  cannot  take  place  at  the 
same  point  in  both  strokes  on  account 
of  the  angularity  of  the  connecting-rod, 
which  is  greater  with  a  short  rod.  I 
think  the  valve  motion  was  designed  to 
give  equal  steam  distribution  and,  if  the 
adjustments  are  correctly  made,  no 
trouble  will  be  experienced  with  the  run- 
ning of  the  engine  as  the  difference  in 
port  opening  was  made  so  as  to  over- 
come the  difference  caused  by  the  an- 
gularity of  the  rod. 

Ernest   Brong. 

Mt.  Vernon,  Ohio. 


Centrifugal    Pump   Speed 

N.  C.  Hurst,  in  Power  for  Nov.  14,  on 
page  751,  in  criticizing  an  article  by  T. 
W.  HoUoway  in  a  preceding  issue,  states 


The  See  Marshall  Radial  Valve  Gear 


the   gear  on   Mr.   Mueller's   engine   was 
laid  out  with  the  same  end  in  view. 

Charles  W.  Rods. 
New  York  City. 


I  have  given  the  diagram  shown  by 
Mr.  Mueller  in  the  Nov.  14  issue  some 
study  and  I  do  not  see  why,  if  all  parts 
have  been  replaced  and  any  new  parts 
that  may  have  been  made  were  made 
the  same  as  the  old  parts,  the  valve  travel 
should   not  be  correct. 

This  is  the  Hackworth  gear  and  it  is 
very   simple    in   design.      The    link   pivot 


that  a  mathematical  analysis  will  show 
that  the  rim  velocity  of  a  centrifugal 
pump  runner  working  against  a  head  /; 
should  be  theoretically  1/  gh,  not  1/  2gh. 
The  centrifugal  force  acting  on  a  body 
whose  weight  in  pounds  is  W,  linear 
velocity  =  v  feet  per  second,  at  radius  r 
in  feet  is 

F  =  —  -  —  —  !^ 
~  g    r~r    g 

Now  Mr.  Hurst  says  that  if  IV  =   1   and 
r  =  \,  F  =    —,  which  is  true.     But  why 


restrict  the  formula  to  those  values?  It 
is  just  as  true  for  any  other  values  of 
W  and  r.  If  VF  and  r  are  given  such 
values  that  H'  -^  r  =  1  -^  2,  or  so  that 
W  -^  r  =  3,  one  could  write 

F=  — ,orF  =  ^',etc. 
2g  g 

The  flaw  in  the  argument  is  that  he 
says  that  this  force  F  is  equal  to  the 
head  h.  In  other  words,  a  force  of,  say, 
10  lb.  is  equal  to  10  ft.  of  water.  In 
order  to  bring  in  the  relation  between 
the  two  a  pressure  must  be  had  in  terms 
of  unit  area,  for  2.3  ft.  of  water  equals 
1  lb.  per  square  inch.  In  order  to  get 
this  relation  a  definite  amount  of  the 
water  must  be  considered  in  order  to  get 
this  centrifugal   force  per  unit  area. 

Consider  a  small  elementary  prism  of 
water  extending  from  the  axis  of  rota- 
tion to  the  outer  rim  of  the  runner,  whose 
cross-section  area  is  A  and  whose  length 
is  r;  a  volume  of  Ar  is  obtained.  If  p 
=  pressure  in  pounds  per  square  foot 
and  w  =  weight  of  1  cu.ft.  of  water,  one 
may  write 

W  =  wAr,  and  the  mass  ^ 

g 
Now  the  acceleration  must  be  the  ac- 
celeration -of  the  mass  center  which  is 
at  a  distance  of  r  -^  2  from  the  axis. 
Hence  for  the  square  of  the  velocity 
divided  by  the  radius  must  be  written 


Thus 


But 


g    2r         29 


F  =  p,  A  —  p.  A 
where 

p,  =:  Pressure  at   radius  r; 

p,. ^Pressure  at  center. 
Therefore, 

WV'  p,         p„        v' 

Pi—Po= ,ori-t  — —  =  — 

2(7         w        w       2g 

But  since  p  ^  w  =  pounds  per  square 

foot  -^  weight  of  1  cu.ft.  of  water  which 

equals  a  head  in  feet  of  water, 

./>,       Po 


h. 


Therefore, 


h  =  - 
^9 


An  actual  centrifugal  pump  depends 
for  its  action  upon  other  forces  than 
centrifugal  forces,  though  the  latter  is  an 
important  factor.  Therefore,  the  above 
holds  true  only  for  the  case  where  no 
Qow  is  taking  place,  for  then  only  are 
investigators  concerned  with  centrifugal 
forces  alone.  As  soon  as  flow  takes 
place,  other  factors  come  in,  and  it  is 
possible  to  get  a  head  greater  than  the 
centrifugal  head  alone.  However,  some 
pumps  have  a  falling  characteristic  so 
that   the    head    continually    decreases    as 
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the  flow  increases.  The  other  type  of 
pump  gives  an  increase  in  head  for  small 
values  of  discharge  and  then  the  head 
decreases  again,  and  for  the  conditions 
•where  the  pump  gives  its  best  efficiency 
the  head  is  usually  less  than  the  shutoff 
pressure. 

A  complete  theory  of  centrifugal 
pumps  which  considers  all  factors  will 
show  that  if  no  flow  takes  place  a  cen- 
trifugal head  of  '—  is  had,  and  other 
items  will  give  a  ma.\imum  head  input  of 


But  complete  theory  will  show  likewise 
that  there  is  a  loss  of  — ,  so  that  the 
theoretical  head  output  is  the  centrifugal 

head 


^9 
as  stated  by  Mr.  HoUoway.  A  good  treat- 
ment  of   this    subject   will    be    found 'in 
L.  M.  Hoskins'    "Hydraulics."     It  is  too 
long  to  give  here. 

Therefore,  both  by  theory  and  prac- 
tice, the  shutoff  head  of  a  centrifugal 
pump  will  be  very  nearly 

h  =  -'  - 
^9 
"When   the    pump    is    actually    delivering 
water    at    about    its    best    efficiency    the 
head  is  usually  somewhat  less  than  this. 
R.  L.  Daugherty. 
Ithaca,   N.   Y. 


Float    Pump  Control 

The  device  described  by  C.  S.  Runion 
in  the  Nov.  7  issue  is  neat  and  effective 
looking.  There  is  one  point  which  I  think 
might  improve  the  sensitiveness  of  the 
control,  and  that  is  to  replace  the  beam 
center  bearing  and  journal  with  a  case- 
hardened  steel  knife  edge  and  surface. 
The  impromptu  roller  bearing  described 
might  quite  easily  get  jammed  or  other- 
wise "stuck  up"  at  a  critical  moment 
and  possibly  with  critical  results. 

John  S.  Leese. 

Manchester,  Eng. 


A  Vacuum  Puzzle 

In  the  plant  where  I  am  employed 
there  is  a  500-horsepower  Corliss  com- 
pound engine  driving  automatic  looms,  a 
work  which  requires  the  best  of  speed 
regulation.  A  short  while  ago  a  small 
high-speed  engine  was  installed  beside 
it  to  help  out  with  the  lights,  and  it  ex- 
hausts into  the  same  condenser,  which  is 
of  ample  size  for  both  engines.  I  looked 
for  no  trouble,  but  found  on  starting  the 
small  engine  that  the  vacuum  was  re- 
duced from  27  to  24  or  25  inches  and 
that  the  Corliss  speeded  up.  I  made  no 
changes  at  first,  thinking  that  I  must  be 
mistaken  in  regard  to  the  increase  in 
speed,  but  in  less  than  a  week  the  com- 
plaints were  made  that  as  soon   as  the 


lights    were    put    on    the    speed    became 
too  high. 

Now  if  the  speed  had  slackened  M 
turn  with  the  lower  vacuum,  I  should 
not  have  been  surprised;  neither  would 
I  if  it  had  remained  the  same  as  before, 
but  to  have  a  higher  speed  with  all  con- 
ditions the  same  except  a  lower  vacuum 
is  a  puzzle  to  me. 

Leighton   Johnson. 

Exeter,  N.  H. 

Feed  Water  Regulators 

In  an  editorial  in  the  November  14 
issue  the  question  is  asked,  "What  is  the 
use  of  a  feed-water  regulator?"  Ninety 
men  out  of  one  hundred  would  say,  "To 
keep  the  water  level  constant."  Well, 
what  is  the  use  of  keeping  the  water 
level  constant?  So  long  as  the  water  is 
not  allowed  to  get  so  low  as  to  endan- 
ger the  heating  surface  nor  so  high  as 
to  be  carried  over  with  the  steam,  what 
difference  does  it  make  if  the  water  level 
does  vary   an  inch   or  two? 

To  my  mind,  this  question  answers  it- 
self, for  if  the  water  level  is  constant  it 
will  never  get  so  low  as  to  endanger 
the  heating  surfaces  nor  so  high  as  to 
be  carried  over  with  the  steam,  and  this 
is  a  point  in  favor  of  feed-water  regu- 
lators. The  editorial  also  states  that  a 
feed-water  regulator  is  either  always 
wide  open  or  entirely  closed  and  is  al- 
ternating in  its  action,  and  the  editor  aims 
to  substantiate  this  theory  by  citing  a 
single  boiler  equipped  with  a  feed-water 
regulator  and  saying  that  with  a  100- 
horsepower  boiler  with  a  water  surface 
of  90  square  feet  evaporating  at  its  rated 
capacity,  30,000  pounds  of  water  per 
hour  with  a  boiler-feed  capacity  of  60,- 
000  pounds  per  hour  the  regulator  would 
be  closed  just  one-half  the  time,  at  per- 
iods from  four  to  eight  minutes,  accord- 
ing to  the  nicety  of  adjustment,  and 
offers  this  as  a  very  objectionable  fea- 
ture owing  to  the  change  of  tempera- 
ture of  feed  water  between  periods. 

With  a  single  boiler  this  is  true  but 
the  editor  seems  to  overlook  the  fact 
that  most  plants  which  use  feed-water 
regulators  are  those  having  several  boil- 
ers operating  in  batteries,  and  it  is  a  well 
known  fact  that  boilers  working  in  bat- 
teries, even  though  they  are  of  the  same 
size  and  exactly  alike,  will  not  evaporate 
the  same  amount  of  water  per  hour. 
Take,  for  instance,  three  100-horsepower 
boilers;  place  them  in  a  battery  and  prob- 
ably one  will  be  evaporating  30,000 
pounds,  its  rated  capacity,  and  the  one 
on  its  right  may  be  evaporating  only  20,- 
000  pounds,  while  the  one  on  its  left 
may  be  evaporating  40,000  pounds,  which 
is  above  its  rated  capacity;  and  prob- 
ably in  20  minutes  these  conditions  may 
be  reversed. 

It  has  been  my  experience  with  feed- 
water  regulators  when  working  on  boil- 
ers in  batteries  that  the  demand  for  feed 
water   was   about   constant   and   in   pro- 


portion to  the  combined  evaporative 
capacity  of  the  battery;  the  feed  pumps 
ran  at  uniform  constant  speed  and  the 
feed-water  temperature  was  about  con- 
stant. 

H.  R.  Rockwell. 
Alton,  111. 


Air  Lift    Calculations 

In  the  Nov.  21  issue  the  answer  given 
to  the  questions  by  J.  A.  W.  is  open  to 
discussion.  In  the  first  place,  the  an- 
swer assumes  that  there  is  a  difference  • 
between  the  pumping  and  the  starting 
levels  of  the  water  in  the  well.  I  do  not 
think  that  there  is  any  ground  for  such 
an  assumption.  I  have  seen  many  wells 
from  which  200  gal.  per  minute  could  be 
pumped  without  lowering  the  level  of  the 
water. 

It  is  generally  assumed  that  a  sub- 
mergence of  60  per  cent,  is  desirable. 
Such  being  the  case,  130  ft.  or  the  lift 
equals  40  per  cent.  Then,  the  length 
of  pipe  to  be  submerged  will  be 

130   X    1-5   =    195  //. 
and  the  required  pressure  will  be 

195   X  0.43  =  84.6  lb.  per  sq.in. 
and,  adding  3  lb.  for  friction,  the  actual 
working    pressure    will    be    87.6    lb.    per 
square  inch. 

The  answer  further  states  that  a  35^- 
in.  pipe  would  be  of  satisfactory  size 
for  the  water  pipe.  According  to  the 
best  air-lift  practice,  this  seems  rather 
small.    A  4-in.  pipe  would  be  better. 

S.  L.   Hills. 

St.  Louis,  Mo. 


Pipe  Bends 

I  was  much  interested  in  the  editorial 
in  the  Dec.  5  issue  on  "Pipe  Bends," 
but  it  seems  to  me  that  there  has  been 
omitted  one  of  the  most  important  fea- 
tures and  uses  of  pipe  bends.  All  steam 
lines  expand  more  or  less  under  the  in- 
creased temperature  due  to  the  steam, 
and  in  the  long  lines  the  expansion  is  an 
item  of  considerable  importance.  With 
the  use  of  the  ordinary  fittings  for  mak- 
ing bends  on  lines  of  this  character, 
there  is  always  a  danger  of  fracture  of 
the  bends.  The  use  of  the  long-turn 
bends  as  a  method  for  taking  up  this 
expansion  and  transmitting  it  with  the 
least  possible  strain  forms  part  of  the 
value  of  such  bends;  and  in  many  cases, 
through  the  use  of  loops  made  of  these 
bends,  expansion  joints  can  be  entirely 
avoided  with  safety,  thus  eliminating  the 
annoyance  often  given  by  joints  of  this 
character. 

I  have  found  in  power  plants  installed 
by  myself  and  associates  that  it  pays,  as 
the  editorial  stated,  to  use  pipe  bends; 
the  results  in  the  operation  of  the  plant 
have  been  much  more  successful,  there 
have  been  far  fewer  leaks,  bad  joints 
and  breakages,  and  the  cost  has  been 
no  greater. 

Henry  D.  Jackson. 

Boston,  Mass. 
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Inquiries  of  General  Interest 

Questions  are  not  answered  unless  accompanied  by  the  name  and 
address  of  the  inquirer.     This  page  is  for  you  when  stuck — use  it 


To  Find  the  T)ead  Center 

How  is  the  exact  dead  center  of  an 
engine  to  be  found? 

R.  W. 

Turn  the  crank  just  past  the  center 
and  marli  the  crosshead  and  guide,  A. 
Also  measure  from  the  floor  (about  18 
in.)  to  the  side  of  the  flywheel  rim  and 
make  a  center  punch-mark,  B.  Now  turn 
the  crank  the  other  way  past  the  center 


Putting   an    Engine   on    Dead   Center 

to  bring  the  marks  on  the  crosshead  and 
guide  line  in  line;  then  make  another 
mark  on  the  flywheel  rim  the  same  dis- 
tance from  the  first  C.  Make  a  permanent 
center  punch-mark  on  the  flywheel  rim 
halfway  between  the  marks  on  the  rim, 
D.  If  the  flywheel  is  turned  until  the 
permanent  center  punch-mark  is  the 
same  height  from  the  floor,  or  18  in,, 
the  engine   will   be   on   the   exact   center. 


Ho/  se power  of  Qloui pound  E)is^ine 

How  do  I  find  the  horsepower  of  a 
compound   engine? 

A.  P. 

Divide  the  mean  effective  pressure  in 
the  high-pressure  cylinder  by  the  cylin- 
der ratio,  add  the  quotient  to  the  mean 
effective  pressure  in  the  low-pressure 
cylinder,  and  proceed  to  find  the  horse- 
power with  the  diameter  of  the  low- 
pressure  cylinder  and  the  mean  effective 
pressure  found. 


Lubricating  Oil  for  u4ir  Com- 
pressors 

What  is  [he  best  lubricant  for  air  com-, 
pressors?   What  are  the  flash  or  fire  points 
of  ordinary  engine  and  cylinder  oils? 
J.  C. 

A  suitable  cylinder  oil  is  of  550  deg. 
flash,  made  up  of  a  high-grade  cylinder 
stock  with  not  less  than  20  per  cent, 
by  weight  of  an  acidless  animal  oil; 
tallow  or  tallow  oil  is  preferable. 


Cylinder  oil  should  not  show  a  flash- 
ing point  below  525  deg.  F.,  or  a  burning 
point  below  600  deg.  Fahrenheit. 

Engine  oil  should  not  show  a  flash 
point  below  325  deg.;  it  should  have  a 
specific  gravity  of  about  29  deg.  Baume. 


Steam  Lost  throug/i    Safety 
Vaive 

How  much  will  it  cost  to  blow  a  3-inch 
pop  safety  valve  six  minutes,  reducing 
the  steam  pressure  from  100  to  97 
pounds?     Coal  costs  $3.50  per  ton. 

E.  H.  E. 

In  the  Massachusetts  safety-valve  rules 
it  is  assumed  that  the  rise  of  a  3-inch 
disk  will  be  0.09  inch.  The  quantity  of 
of  steam  that  will  flow  through  an  orifice 
may  be  approximately  calculated  by  the 
formula 

11-  =  '^^ 
70 
in  which 

W  =  Pounds  of  steam  discharged  per 

second; 
a  =  Area    of    the    orifice    in    square 

inches; 
p  =  Absolute  pressure  in  pounds  per 
square   inch. 
Taking  the  average  boiler  pressure  dur- 
ing the  period  of  blowing  as  98.5  pounds 
gage,  the   weight   discharged   per  second 
will  be 


3  X  3.14  X  0.09  X  1 13. 
70 


per  second,  and  for  six  minutes  it  will  be 
6  v  60  ■:  1.37  =  493.2  pounds 
The  value  of  the  coal  burned 
to  make  this  amount  of  steam  de- 
pends on  the  rate  of  evaporation.  One 
pound  of  coal  costs  0.175  cent.  If  nine 
pounds  of  water  are  evaporated  per  pound 

of  coal  burned  it  will  cost  0.175  X    —'^'' 

9 
=  9.57  cents  to  blow  a  3-inch  safety 
valve  six  minutes  when  one  pound  of 
coal  costing  $3.50  per  ton  evaporates  nine 
pounds  of  water  into  steam  at  98.5 
pounds  gage  pressure. 


Boiler  Horsepower  for  Elevators 

What  boiler  horsepower  should  be  al- 
lowed for  three  hydraulic  elevators,  each 
having  an  area  of  30  sq.ft.  and  a  speed 
of  400   ft.  per  minute? 

G.  L.  P. 

To  determine  the  boiler  horsepower 
required   depends   on   the   load   the   ele- 


vators will  carry,  the  weight  of  the  ele- 
vator minus  the  counter-balance,  the 
speed  and  the  efficiency.  Assume  80  lb. 
live  load  per  square  foot,  the  weight  of 
the  car  as  3600  lb.,  the  counterweight  as 
three-quarters  of  the  weight  of  the  car, 
and  the  efficiency  as  60  per  cent.  Add 
the  weight  of  the  live  load  to  the  unbal- 
anced weight  of  the  car  and  divide  the 
sum  by  the  product  of  1  hp.  expressed 
in  foot-pounds  and  the  efficiency.  The 
unbalanced  weight  of  the  cars  will  be 

3600  X  3  X  0.25  =  2700  lb. 
The  live  weight  will  be 

30  X  80  X  3  =  3600  lb. 

Substituting  these  figures  in  the  rule  the 

following  result  will  be  obtained   for  the 

continued  upward  movement  at  full  load: 

(7200  -\-  2700)  400 

0-6  X  33.U00 

No  power  is  required  on  the  downward' 
movement.  The  horsepower  required  per 
trip   would  average: 


Allowing  30  per  cent,  for  slower  speed 
at  stops  and  light  loads,  about  70  hp. 
would  be  required.  If  a  compound  pump 
was  used,  taking  65  lb.  of  steam  per 
hour  per  delivered  horsepower,  the  total 
steam  consumption  per  hour  would  be 
70   X   65  =   4550  lb. 


^=  200  hp. 


Water  for  Manifacturins^  Ice 

Why  is  it  necessary  to  use  distilled 
water  in  manufacturing  can  ice  and  or- 
dinary water  in  manufacturing  plate  ice? 
K.  H. 

In  making  can  ice  the  water  to  be 
frozen  is  placed  in  rectangular  cans  and 
is  immersed  in  a  refrigerating  medium. 
Freezing  takes  place  on  the  sides  and 
bottom  of  the  can  and  the  ice  increases 
in  thickness  until  all  the  water  in  the  can 
solidifies.  Any  impurity  in  the  water  is 
driven  toward  the  upper  center  of  the 
can  and  is  frozen  in;  hence  the  neces- 
sity of  pure  water.  In  making  plate  ice 
the  water  is  frozen  on  both  sides  of  a 
hollow  or  cellular  metal  plate  immersed 
in  a  tank  of  ordinary  potable  water; 
any  impurity  is  thrown  out  and  settles 
in  the  bottom  of  the  tank.  The  tank  can 
be  cleaned  by  draining  off  the  water.  The 
refrigerant  is  circulated  through  the 
interior  of  the  plate. 
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Fatal  Accident  at  Chicago 

On  Dec.  23,  at  the  factory  of  the  Chi- 
cago Malleable  Castings  Co.,  at  Chi- 
cago, 111.,  the  blowoff  valve  of  a  400-hp. 
vertical  water-tube  boiler  was  blown  free 
from  its  connections,  and  the  escaping 
steam  fatally  scalded  the  fireman  and 
severely  injured  the  engineer.  Just  be- 
fore the  accident  the  engineer  had  opened 
the  valve  to  blow  down  the  boiler  with 
the  fireman  standing  a  few  feet  away. 
For  some  unknown  reason  the  force  of 
the  steam  blew  off  the  valve  and  both 
man  were  scalded  before  they  could 
move  away.  The  fireman  died  the  fol- 
lowing morning,  and  the  engineer  is 
thought  to  be  out  of  danger,  though  at 
the  last  report  he  was  still  under  treat- 
ment at  the  hospital. 

Fire   from   Burst    Pipe  at 
Georgetown,  Ky. 

By  the  burstjng  of  an  ammonia  pipe 
on  Dec.  24,  the  wax  plant  of  the  Indian 
Refining  Co.,  at  Georgetown,  Ky.,  was 
destroyed  by  fire,  resulting  in  a  loss  of 
$125,000. 

Tanks  of  oil  and  all  the  machinery  in 
the  plant  were  also  destroyed  by  the  fire, 
which  burned  for  three  hours  before  it 
was  brought  under  control.  Two  em- 
ployees were  injured  by  falling  timbers. 


BOOKS  RECEIVED 

Qualitative  Analysis;  a  Brief  Labora- 
tory Guide.  By  Arthur  E.  Hill. 
Chemical  Publishing  Co.,  Easton, 
Penn.  Cloth ;  80  pages,  5J4x7  in.; 
indexed.     Price,  .51. 


Portland  Cement.  By  Richard  K. 
Meade.  Chemical  Publishing  Co., 
Easton,  Penn.  Second  edition.  Cloth; 
501  pages,  6x9  in.;  illustrated; 
tables;  index.     Price,  $4.50. 


NEW  PUBLICATION 

Testing  of  Engines,  Boilers  and  Auxil- 
iary Machinery;  second  edition.  By 
W.  W.  F.  Pullen.     Published  by  the 
Scientific      Publishing      Co.,      Man- 
chester, England.     Cloth;  721  pages, 
8j^x5K'    in.      Price,    12    shillings    6 
pence. 
The    testing    of    boilers,    engines    and 
other  power-plant  accessories   is  treated 
in  a  general  way,  the  object  being  to  ac- 
quaint the  reader  with  the  methods  used 
and    the   proper  handling   of  the   instru- 
ments to  be  employed,  so  that  these  may 
be   adapted   to  meet  the   needs  of  each 
particular  case.     The  theories  underlying 
the  operation  of  many  of  the  instruments 
are   also   given. 

Since  the  old  steam  tables  of  Regnault 
are  still  used  in  many  quarters,  they  have 
been  included,  while  curves  plotted  from 
the  more  recent  steam  tables  of  Marks 


and  Davis  are  added  for  optional  use. 
In  point  of  criticism  it  may  be  noted, 
however,  that  these  curves,  as  well  as 
the  entropy  charts  given  in  the  appendix, 
are  much  too  small  for  accurate  work. 
In  spite  of  the  fact  that  some  devices 
of  more  or  less  recent  date  but  of  gen- 
eral use  in  American  practice  are  omitted, 
the  subject  is  well  covered  and  should 
prove  a  handy  reference  book  to  the 
engineer  who  is  called  upon  to  test  power- 
plant  apparatus. 


OBITUARY 

John  George  Ould  died  at  his  home, 
1348  Forty-seventh  S*.,  Brooklyn,  N.  Y., 
on  Dec.  21.  Mr.  Ould  had  been  in  poor 
health  for  some  time.  His  last  appear- 
ance was  at  the  annual  meeting  of  the 
American  Society  of  Mechanical  Engi- 
neers. 

Mr.  Ould  was  born  on  Apr.  2,  1863,  in 
Falmouth,   England.     He  was  graduated 


John   G.   Ould 

from  the  private  schools  in  England  and 
later  took  a  three  years'  course  in  the 
Kensington  Science  and  Art  School.  He 
also  took  a  two-year  course  in  the  New 
York  Y.  M.  C.  A.,  two  years  in  Pratt  In- 
stitute and  three  years  in  the  Polytechnic 
Institution  of  Brooklyn,  and  had  a 
diploma  from  the  I.  C.  S.  as  an  electrical 
engineer. 

In  his  youth  he  was  an  apprentice  in 
English  shops  and  then  served  seven 
years  as  a  marine  engineer  on  ocean- 
going vessels.  Mr.  Ould  came  to  New 
York  in  1890,  and  for  some  time  was  a 
chief  engineer.  For  14  years  he  was 
superintendent  and  chief  engineer  of  the 
Polhemus  Memorial  Clinic,  Brooklyn, 
N.  Y.,  taking  that  position  in  February, 
1897. 

Mr.  Ould  was  a  member  of  the  Phil- 
harmonic Society  of  Brooklyn,  an  as- 
sociate member  of  the  American  Society 


of  Mechanical  Engineers  and  a  corporate 
member  of  the  Brooklyn  Engineers  Club. 
At  the  time  of  his  death  he  was  a  vice- 
president  and  commissioner  of  apprentice 
training  of  the  Institute  of  Operating. 
Engineers,  as  well  as  being  a  charter 
member  of  the  latter. 

Mr.  Ould  was  a  man  of  the  highest 
merit  in  his  public  and  private  life  and 
impressed  his  personality  upon  everyone 
he  met.     He   leaves   a   widow. 


Bureau  of  Mines  Appropri- 
ations 

In  the  general  estimates  for  appropria- 
tions for  the  fiscal  year  1912,  which  be- 
gins July  1,  Secretary  of  the  Interior 
Fisher  has  recommended  the  following 
items  for  the  Bureau  of  Mines: 

For  the  investigation  as  to  the  causes 
of  mine  explosions,  methods  of  mining 
and  safety  of  miners,  the  appliances  best 
adapted  to  prevent  accidents,  the  possible 
improvement  of  conditions  under  which 
mining  is  carried  on,  the  use  of  explo- 
sives and  electricity,  the  prevention  of 
accidents,  and  other  inquiries  and  tech- 
nologic investigations  pertinent  to  the 
mining  industry,  $360,000. 

For  the  investigation,  analyzing  and 
testing  of  coals,  lignites,  etc.,  belonging 
to  or  for  the  use  of  the  United  States, 
$135,000. 

For  investigations  into  the  treatment 
of  ores  and  other  mineral  substances, 
with  special  reference  to  the  prevention 
of  waste  in  the  mining  and  utilization  of 
important  mineral  resources,  $100,000. 

For  the  investigations  of  Alaskan  coal, 
with  reference  to  its  mining,  transporta- 
tion  and   utilization,  $50,000. 


PERSONAL 

W.  H.  Mclntyre,  formerly  fourth  vice- 
president  of  the  Equitable  Life  Assur- 
ance Company,  is  now  first  vice-president 
and  general  manager  of  Manning,  Ma.x- 
well  &  Moore,  Inc.,  New  York  City. 


For  the  practice  of  mechanical  and 
electrical  engineering,  George  C.  Thorn- 
ton and  Richard  W.  Alger,  of  Chatta- 
nooga, Tenn.,  have  formed  a  partnership 
in  that  city.  Particular  attention  will  be 
given  to  heating  and  ventilation,  plumbing 
and  sanitation  and  the  lighting  of  modern 
buildings. 


Some  time  since.  Prof.  Edward  F.  Mil- 
ler, of  the  Massachusetts  Institute  of 
Technology,  commented  upon  the  de- 
sirability of  a  temperature  entropy  chart 
upon  a  large  scale  for  classroom  use. 
He  was  agreeably  surprised  the  other 
morning  by  finding  upon  the  wall  of  the 
lecture  room  such  a  chart,  6  ft.  in  height 
by  10  ft.  in  length,  the  handiwork  of 
Erwin  Haskell  Schell,  of  the  class  of 
1912. 
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Old  joke  No.  53,  series  K:  "A  camel  can  go 
eight  days  without  taking  a  drink.  But  who 
wants  to  be  a  camel!" 

Variation :  Most  engineers  are  good  fellows. 
But  who  wants  to  be  an  engineer! 

You  may  take  it  from  one  who  knows,  the 
engineers,  by  and  large,  are  the  hardest- 
worked  and  least-appreciated  class  of  men. 

This  is  due  entirely  to  ignorance — some 
ignorance  on  the  part  of  the  engineer  himself 
and  much  ignorance  on  the  part  of  the  em- 
ployer and  the  public  in  general. 

The  average  employer  thitiks  that  the 
engineer  is  only  a  mechanic,  a  man  who  is 
called  upon  to  use  his  muscles  more  often 
than  his  intelligence.  He  does  not  realize 
that  to  generate  power  continuously  and 
cheaply,  and  to  get  the  best  work  possible 
out  of  a  given  equipment,  require  a  man  of 
much  education,  experience  and  intelligence. 

The  general  public  seldom  thinks  of  the 
engineer  at  all. 

What  a  pretty  pickle  indeed  all  of  us 
would  be  in  if  the  engineers  and  firemen 
were  suddenly  unable 
to  do  a  tap  of  work 
some   cold   morning. 

To  begin  with ,  about 
everyone  who  did  not 
own  a  horse  or  an 
automobile  would 
have  to  walk  down  to 
work  as  no  cars 
would  be  running. 

Then,  when  the  of- 
fice was    finally 


reached  there  would  be  a  stair-climbing  stunt 
to  perform  because  none  of  the  elevators  would 
be  in  service. 

Next,  there  would  be  no  heat — without 
engineer  and  fireman,  even  the  heating  system 
would  be  useless.  And  with  the  mercury  down 
around  the  freezing  point  this  would  be  serious. 

In  the  mills  and  factories  the  hands  would 
be  compelled  to  take  a  day  off,  for  without 
power  to  run  the  manufacturing  machinery, 
the  workmen  would  be  helpless. 

Now,  the  engineer  himself  knows  all  this — 
it  is  an  old,  old  story  to  him.  But  the  public 
remains  in  blissful  ignorance. 

The  whole  trouble  is  this:  While  the  import- 
ance of  mechanical  power  has  grown  enorm- 
ously, the  public  estimation  or  appreciation 
of  this  fact  has  grown  hardly  at  all. 

It  is  up  to  the  engineer  to  educate  the  public 
concerning  himself  and  his  work.  He  has  ne- 
glected this  too  long  as  it  is.  The  sooner  he 
does  it,  the  sooner  will  he  come  into  his  own. 

At  one  of  its  recent  meetings  the  American 
Society  of  Mechanical  Engineers  came  to  the 
conclusion  that  the 
general  public  needs 
educating  along  all 
lines  relating  to  tech- 
nical matters  and 
it  has  undertaken  to 
supply  the  same. 

It  occurs  to  us  that 
various  operating  en- 
gineering bodies  can 
well  take  up  work 
along    similar    lines. 
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Power  System  Cleveland  Cliffs  Iron  Co. 


The  Cleveland  Cliffs  Iron  Co.  is  con- 
structing a  hydro-electric  power  system 
which  will  serve  all  of  its  mines  on  the 
Marquette  range,  a  district  in  which  this 
corporation  is  the  largest  operator.  The 
Carp  River  is  being  harnessed  and  about 
6000  kw.  will  eventually  be  developed. 
The  project  is  the  second  of  its  kind 
upon  which  this  company  has  embarked, 
the  first  having  been  on  the  Au  Train 
River,  and  is  one  of  the  most  important 
undertaken  in  upper  Michigan.  Much 
important  preparatory  work  has  been 
done  with  the  installation  of  a  large 
quantity  of  electrical  machinery  at  the 
mines  and  shops,  including  motor-driven 
trams,  hoists,  pumps,  compressors,  tools, 
etc.,  the  construction  of  transmission 
lines,  and  the  establishment  of  two  large 
central  generating  stations,  equipped  with 
steam  turbines,  which  now  furnish  the 
power  required  and  will  later  serve  as 
auxiliaries    to    the    hydro-electric    plants. 

Concrete   Dam 

The  site  chosen  for  the  water-power 
station  is  a  mile  from  the  point  at  which 
the  Carp  River  empties  into  Lake 
Superior,  being  located  at  the  foot  of 
Mt.  Mesnard.  The  concrete  dam  now 
under  construction  is  about  four  miles 
from  the  generating  plant.  Its  spillway 
is  120  ft.  long  and  48  ft.  high,  and  se- 
cure protection  against  washouts  has 
been  provided  by  a  curved  retaining  wall 
150  ft.  long  and  7  ft.  wide,  reenforced 
horizontally  with  old  cables  at  the  point 
where   it  joins  the  main  spillway. 

The  water  will  be  carried  to  the  wheels 
in  a  steel  and  stave  pipe  line  21.500  ft. 
in  length,  and  60  to  66  in.  in  diameter, 
8567  ft.  being  of  lock-bar  steel,  2233  ft. 
of  welded  steel  and  the  remainder  of 
wooden  staves.  A  surge  tank  16  ft.  in 
diameter  and  130  ft.  high  will  be  placed 
at  the  top  of  Mt.  Mesnard;  the  available 
head  is  about  600  ft.  At  the  power  plant 
two  3000-kw.  Allis-Chalmers  hydraulic 
turbine  units  and  three  1900-kilovolt-am- 


By  C.  A.  Tupper 


General  description  of 
the  power  system  which  is 
now  being  installed  for  the 
operation  of  the  various 
mines  of  the  Cleveland 
Cliffs  Iron  Co. 

The  system  when  com- 
pleted will  consist  of  one 
large  hydro-electric  plant 
supplemented  by  two  steam 
plants,  each  distributing 
current  at  60,000  volts  over 
an  area  of  40  square  miles. 


volts,  but,  for  the  present,  current,  will  be 
transmitted  at  30,000  volts.  It  is  expected 
to  have  the  new  plant  in  operation  early 
next   spring. 

Transmission  Line 

The  transmission  line  under  construc- 
tion, which  consists  of  No.  2  B.  &  S. 
solid-copper  cable  carried  on  steel 
towers,  will  connect  the  Mt.  Mesnard 
power  house  with  the  auxiliary  and  dis- 
tributing station  already  in  service  at  the 
Maas  mine,  Negaunee,  which  is  in  turn 
connected  similarly  with  a  plant  of  the 
same  kind  at  the  Princeton  mine  in  the 
Swanzy  district  and  with  the  Cleveland 
Cliffs  properties  in  the  Ishpeming  and 
North  Lake  fields.  Altogether  the  trans- 
mission   system    covers    a    territory    of 


Fig.  2.    1500-k\v.  Turbine  at  Maas  .\\ine    Plant 


pere    transformers    are    being    installed. 
The   system   is  designed   to  carry  60,000 


40    square    miles, 
double   circuit   ov 


and    there    \ 
er  the   entire 


ill    be    a 
line 


Steam-turbine  Plant 


I 


Fig.   1.    E.XTERiOR  View  of  Maas  Mine    Plant,  Showing  Condenser 


The  steam-turbine  plant  at  the  .Vlaas 
mine  (see  Fig.  1)  is  laid  out  in  accord- 
ance with  good  engineering  practice.  The 
boiler  room  contains  four  350-hp.  Stirling 
boilers,  with  Murphy  stokers,  the  fur- 
nace fronts  being  set  out  7  ft.  from  the 
boiler  fronts.  This  gives  room  for  bins 
directly  over  the  furnaces,  which  are 
supplied  with  slack  coal  by  cars  which 
run  over  the  top  of  the  bins  and  which 
are  raised  by  a  steam-hydraulic  elevator. 
Induced  draft  is  provided  by  a  Sturtevant 
engine-driven  fan,  delivering  the  pro-4 
ducts  of  combustion  to  a  25- ft.  ste^ 
stack  set  inside  the  building  on  a  con- 
crete   foundation. 
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Engine  Room 
In  the  engine  room  all  the  auxiliaries, 
except  the  exciter  and  switchboard,  are 
placed  beneath  the  concrete  floor.  The 
electric-generating  apparatus  consists  of 
a  1500-kw.  Allis-Chalmers  steam-turbine 


Fig.   3.    Condenser  with    Automatic 
Drain   Trap 

set,  which  delivers  three-phase,  60-cycle 
current  at  a  terminal  pressure  of  2300 
volts.  The  turbine  receives  steam  at 
about  150  lb.  pressure  and  exhausts  at 
about  28  in.  vacuum  to  an  AUis-Chalmers 
condenser,  of  the  barometric  type,  which 
consists  of  a  42-in.  head  provided  with 
an  air  cooler,  water  distributor,  spray 
.plates  and  equalizing  pipes.  With  this 
is  operated   a   horizontal,   double-acting, 


rotative  dry-air  pump,  with  cylinders  in 
tandem,  protected  by  a  water  and  air 
separator  on  the  condenser  head;  also  a 
motor-driven  centrifugal  pump  for  cir- 
culating the  condensing  water,  and  a 
small  drain  pump  for  automatically  re- 
moving the  condensation  from  the  ex- 
haust piping.  The  latter  pump,  however, 
is  used  only  in  emergencies,  as  the  ex- 
haust line  is  drained  by  a  3-in.  pipe 
which  runs  down  the  shaft  a  vertical 
distance  of  60  ft.  and  then  turns  up  ver- 
tically for  a  distance  of  17  ft.  This  au- 
tomatically seals  the  vacuum  and  allows 
any  accumulated  water  to  drop  down  the 
shaft,  as  shown  in  Fig.  3.  A  10-in. 
motor-driven  centrifugal  pump  lifts  the 
water  from  the  hotwell  to  the  top  of  a  • 
cooling  tower  from  which  it  is  returned 
to  the  injection  system  after  being  cooled 
as  falling  spray.  Approximately  3125 
gal.  are  used  per  minute. 

There  is  a  completely  equipped  switch- 
board, and  current  is  led  from  the  bus- 
bars to  three  oil-insulated,  water-cooled 
transformers  having  a  capacity  of  500 
kilovolt-amperes  each,  which  step  up 
from  2300  volts  to  30,000  volts 
for  transmission.  As  the  transmission 
line  will  be  operated  when  necessary  at 
60,000  volts,  the  transformer  secondary 
coils  are  so  wound  that  they  may  be 
adapted  to  that  voltage  by  changing  the 
connections. 

In  addition  to  the  generating  unit,  the 
station  at  the  Maas  mine  contains  two 
steam  hoists  and  a  two-stage  air  com- 
pressor   furnishing    4800    cu.ft.    of    free 


air  per  minute.  The  Princeton  station  is 
similar   to    the    Maas    station. 

The  work  is  being  carried  out  under 
the  supervision  of  O.  D.  McClure,  resi- 
dent engineer  for  the  company,  and 
Viele,  Blackwell  &  Buck,  of  New  York, 
as    consulting    engineers. 


Locoinobile  vs.  the  Small  Plant 

By  G.  a.  Click 

The  accompanying  chart  is  compiled 
from  a  number  of  recent  articles  in  vari- 
ous technical  papers  concerning  the  loco- 
mobile unit.  The  type  of  locomobile  unit 
referred  to  in  the  present  case  is  a  tan- 
dem-compound engine  mounted  on  top 
of  the  boiler,  the  high-pressure  cylinder 
being  set  in  the  stack  and  the  low-pres- 
sure cylinder  in  the  steam  dome.  High- 
pressure  steam  is  used  and  superheat  in 
both  cylinders.  Superheating  the  steam 
between  the  high  and  low  cylinders  is 
one  of  the  features  of  the  engine.  All 
the  boiler  and  engine  auxiliaries  are  me- 
chanically driven,  and  a  high  vacuum  is 
used,  the  condenser  usually  being  part 
of  the  unit.  The  engine  is  built  in  small 
sizes  and  some  remarkable  results  are 
claimed,  such  as  one  indicated  horse- 
power-hour on  10  pounds  of  steam,  and 
one  indicated  horsepower-hour  on  1.3 
pounds  of  coal. 

The  advantages  of  the  locomobile  are 
that  the  stack  temperature  is  low,  the 
boiler  and  engine  auxiliaries  are  me- 
chanically driven,  all  piping  is  very  short, 
thus  reducing  radiation,  and  the  super- 


,.. 

1 

^ 

Heat  in  Coal  100  Per  Cent. 

\         1 

c 

Stack  Temperature    5 
Cylinder  Condensotior 
Water  Rate  45  lb.  per 
Bach   Pressure    147  lb. 
Temperature  High  Pres 

30    Percent    " 
Hp.-hr         I 

Loss  !n  A-J<    l;!?  Percent. 

'■■\ 

c 

Boiler  Radiation  a 

nd  L 

eatt 

age 

15.5 

Per 

Cent. 

? 

s.  Steam 

344 

•F. 

Ch 

imn 

ey  20  Per  Cent  \ 

.    ;;;;;:::_::;;;_j 

4- 

III 

H,y 

ess.  Cy 

.u 

Boil 

ir  H 

"  At. 

xiliaries   3.5  Per  Cent  \ 

ll  .^^ 

Pipe 

Radiation  and  Leahage  1.5  Per  Cent. 

"Bido 

Net  Heat  to  Engine  56  Percent. 

1 

^ 

.'■.„.'-„-!    1 

E   68,9 

■'  -■    ■■■':":■'.] 

1 

Loss  in  Exhaust  38.5 

Per 

Cen 

t 

1 

\  Engine]  Friction  0.5  Per  Cent 

Net\work   3  Per  Cent    |        | 

50 


Distribution     o-f   Heat    in   Ordinary    Plant 


1                1                1        1        1        I 

_j 

Heat  in' Coal  100  Percent    1       1 

Boiler  Pressure  170  lb.  Gag 
—  Stack  Temperature   350" 
Cylinder  Condensation 

e 

; 

Ash  3  5  Per  Cent    \ 

3 

Boile 

rRa 

diation 

one 

i  Le 

ahaqe 

4  Pt-rCent 

Back  Pressure  28.5  lb. 

625 
361 
250 
121 

Op 

Chimney  14  Per  Cent. 

1       1    "1       1      Lovv     ^-         Cyl. 

Boiler  Auxiliaries  0.5  Per  Cent.   \ 

jup 

•• 

' 

■•    Lovv 

,  '^'^ 

^/ 

Pipef^ 

adiatic 

n  and  Leakage  0 

Percent. 

00 

Net  Heat  to  Enqine  68  Per  Cent. 

0 

E4.4 

\        1      Thermal  Loss  0  Per  Cent.       i 

LC 

SS  ( 

nEx 

haust  S6  P 

'.rCe 

nt. 

15 

IG.I 

\ 

Engine    Frrrion  1  Per  Cen*. 

1              '              1 

A/e/-,  Work  II  Per  Cent.  \       \       \ 

_ 

1                                         1             i 

j 

Per     Cent 
Distribution    o-f   Heat    in    Locomobile     Unit 

Heat  Distribution  in  Locomobile  Unit  Compared  with  That  of  Ordinary  Plant 


42 


POWER 


January  9,   1912 


heat  overcomes  the  cylinder  condensa- 
tion. The  very  savings  themselves  help 
because  they  in  turn  cut  down  the  size 
of  the  boiler  and  therefore  the  boiler 
radiation. 

Compared  to  this  unit  as  described  is 
the  ordinary  small  plant  of  100  horse- 
power, which  usually  runs  noncondensing. 
The  example  may  be  in  the  other  ex- 
treme,  but   many   such   plants  exist. 


The  chart  shows  the  heat  losses  in  both 
types,  arid  some  comparison  may  be 
made  of  the  magnitude  of  these   losses. 

The  locomobile  has  been  in  operation 
in  Germany  for  some  time  and  is  a  de- 
cided step  toward  advancement.  Several 
features  look  dubious  to  steam  prac- 
tice in  this  country,  such  as  625  degrees 
Fahrenheit  initial  temperature,  and  the 
high  vacuum  of  28.5  inches  of  mercury. 


corresponding  to  90  degrees  Fahrenheit. 
The  unit  probably  has  some  disad- 
vantages in  the  way  of  a  better 
class  of  labor  being  required  for  op- 
eration and  a  better  grade  of  oil  for 
the  cylinders;  but  if  the  actual  saving 
in  coal  is  reasonably  near  the  figures 
here  calculated,  the  unit  would  without 
doubt  be  a  great  saver  in  the  cost  of  op- 
eration. 


Care   of    Belting  in   the    Factory 


It  is  very  important  that  a  man  operat- 
ing belt-driven  machinery  know  how  to 
properly  glue,  lace  and  clean  a  belt; 
keeping  it  clean  is  a  big  factor  in  the 
life  of  a  belt.  There  are  many  things 
that  happen  for  which  the  operating  man 
is  blamed  that  are  no  faults  of  his,  as 
there  are  many  mistakes  made  in  plac- 
ing machinery  that  will  always  cause 
belt  troubles.  However,  it  is  always  well 
to  know  where  to  look  for  them  and  a 
little  forethought  when  ordering  the  ma- 
chinery set  will  often  avoid  many  later 
troubles. 

One  plant  of  which  the  writer  had 
charge,  had  a  muleshaft  running  a 
right-angle  turn,  with  a  I2-in.  heavy 
double  belt  68  ft.  in  length.  On  account 
of  its  getting  saturated  with  oil  and  the 
pulleys  being  too  small,  causing  them  to 
run  at  too  high  a  speed  on  cast-iron 
bushings  that  stuck  to  the  shaft  because 
they  heated  so  rapidly  and  requiring  the 
oil  to  be  kept  running  all  the  time,  they 
caused  all  kinds  of  trouble  and  neces- 
sitated a  shutdown  of  one  entire  depart- 
ment of  the  plant.  This  was  rectified 
by  faking  off  the  24-in.  pulleys  and  using 
bronze  bushings  on  two  48-in.  wood  pul- 
leys, thus  reducing  the  speed  from  360 
to  180  r.p.m.  No  more  trouble  was  ex- 
perienced, and  the  oil  could  not  reach  the 
belt  after  the  change.  As  a  rule,  most 
muleshafts  are  fitted  with  small  pulleys, 
which  is  bad  practice. 

Another  poor  arrangement  was  a  line- 
shaft  placed  under  a  row  of  emery- 
wheel  arbors  employing  4-in.  heavy 
double  belts  running  at  a  speed  of  2000 
r.p.m.  with  a  12-in.  driver  and  a  4-in. 
driven  pulley,  the  lengths  of  the  belts 
being  6  ft.  They  gave  considerable  trouble 
until  equipped  with  small  tighteners  and 
glued  joints.  Before  the  change  a  row 
of  20  of  these  kept  a  man  busy  lacing 
them  nearly  all  the  time,  but  they  gave 
very   little   trouble   after   the   change. 

If  running  an  exhauster  or  blower  or 
other  high-speed  machine  and  all  of  a 
sudden  the  belt  slips  to  one  side,  it  is 
necessary  only  to  wrap  a  piece  of  cotton 
cloth  about  1  in.  wide  for  six  or  eight 
thicknesses  around  the  crown  of  the  pul- 
ley in  the  direction  the  belt  runs.  This 
should  not  be  depended  upon  for  lasting 
many  days  as  it  is  only  a  means  of  sav- 
ing the  belt  at  the  proper  time. 


By  A.  E.  Derby 


Suggestions  as  to  keep- 
ing belts  clean  and  remov- 
ing oil,  the  proper  lacing 
and  the  use  of  belt  dress- 
ing with  simple  directions 
for  testing  it. 


When  a  laced  belt  runs  over  to  one 
side  of  the  pulley,  it  may  be  turned  over 
to  run  on  the  other  side,  and  if  this  does 
not  make  it  run  on  the  center  of  the 
pulley  the  lacings  should  be  taken  out 
and  one  end  of  the  belt  cut  at  an  angle, 
about  Vn  in.  to  every  4  in.  of  width,  at 
the  side  to  which  it  slips;  then  relace 
as  shown  in  Fig.   1.     Belts  should  never 


Fig.  1.  Showing  Piece  to  be  Taken  Out 
TO  Prevent  Running  to  One  Side 

be  allowed  to  run  against  sticks  or  rods 
to  keep  them  in  place;  this  destroys  the 
edge  by  causing  it  to  open  up  and  be- 
come longer  on  that  side. 

One  cannot  be  too  particular  about 
keeping  the  belts  clean,  as  it  is  safe  to 
say  that  99  per  cent,  of  the  factories  are 
run  without  a  moment  spent  in  cleaning 


belts,  while  every  week  some  time  is  al- 
lotted to  cleaning  tbe  machinery  which 
they  run. 

To  clean  a  leather  belt  take  a  stiff 
scrubbing  brush  with  some  benzine  or 
gasoline  and  scrub  vigorously  on  the  run- 
ning side.  Then  scrape  with  a  metal  or 
hard-wood  scraper  and  wipe  thoroughly 
dry.  Apply  a  little  neatsfoot  or  castor 
oil  to  tone  up  the  leather.  A  better  way 
is  to  have  a  round  tank  made  with  a 
cover  and  a  drip  near  the  bottom;  it 
should  be  large  enough  to  accommodate 
the  belts  used  in  the  factory,  and  deep 
enough  to  cover  them  when  raised  a 
little  off  the  bottom.  Fill  to  the  top  of 
the  belts  with  benzine  or  gasoline  and 
allow  them  to  soak;  then  squeeze  them 
between  rollers  or  a  press  to  force  out 
all  the  grease,  and  finish  as  before  men- 
tioned. 

By  taking  care  of  the  old  belts  they 
can  be  cut  up  and  made  into  smaller 
ones.  They  can  be  ripped  square  on  a 
rip  saw,  but  it  is  not  necessary  to  use 
the  best  saw  for  this  purpose;  one  of 
small  diameter  may  be  used  and  it  only 
needs  to  run  a  little  above  the  table 
over  the  thickness  of  the  belt. 

When  repairing  belts  do  not  fill  them 
with  iron  rivets  or  hooks;  use  wood  pegs, 
as  they  will  cut  up  and  not  injure  the 
tools  used,  and  it  is  much  easier  to 
repair  and  make  them  over  into  smaller 
sizes. 

.  The  best  way  to  fasten  belts  is  to  glue 
them,  and  no  stretchers  are  needed  when 
the  length  plus  the  lap  is  known.  Take 
a  short  board  a  little  wider  than  the  belt 
and  nail  both  ends  on  the  board  with 
the  lap  square;  have  the  belt  off  of  the 
pulleys  and  then  glue;  leave  it  there 
until  dry;  then  pull  out  the  nails  and  the 
belt  is  ready.  The  lap  should  be  made 
\'/:  times  the  width  of  the  belt;  if  the 
leather  is  old  the  lap  should  be  twice 
the  width  of  the  belt. 

To  have  a  rawhide  lacing  last,  the 
holes  should  be  in  line  with  the 
joint  of  the  belt  and  if  the  belt  is 
heavy  and  running  at  high  speed  over 
small  pulleys,  a  hinge  joint  should  be 
employed.  To  lace  a  hinge  joint,  make 
two  rows  of  holes  -34  in-  apart,  with  one 
hole  less  in  the  back  row;  start  the  lace 
in  the  center  holes  with  the  middle  of 
the  lace  and   go  to  both  edges   and  re- 
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turn.  Every  stitch  should  be  turned 
through  the  belt  joint;  then  finish  in  the 
center  with  a  knot  through  a  slit  in  the 
other  end  of  the  lace.      (See   Fig.   2.) 

Wire  lacing  is  good,  but  it  has  its 
drawbacks  as  it  breaks  at  the  edges  of 
the  joint  first,  causing  the  end  to  stick 
out  and  being  dangerous  to  those  who 
handle  it.  It  also  requires  considerable 
time  to  repair,  it  being  necessary  to  take 
the  belt  away  to  the  machine  that  pre- 
pares it  for  the  wire.  It  should  not  be 
used  where  the  belts  are  handled  with 
the  hands  while  in  motion.  There  are 
many  metal  belt  fasteners  that  are  use- 
less for  the  same  reasons,  and  they  de- 
stroy the  face  of  wooden  pulleys  and 
soon  break  the  leather  across  the  belt 
at  the  back  of  the  fastener. 

When  using  tighteners  or  guide  pul- 
leys always  apply  them  to  the  slack  side 
of  the  belt  and  near  the  driven  pulley. 
An  arrangement  for  adjustment  should 
always  be  made  at  the  heel  of  such  pul- 
ley frames,  as  the  least  movement,  in  or 


Fig.  2.    Method  of  Lacing  Belt 

out,  up  or  down,  will  make  a  great  dif- 
ference in  the  position  of  the  belt  on  the 
driven    pulley    while    running. 

The  strongest  part  of  the  leather  is 
near  the  flesh  or  the  rough  side  of  a 
belt,  but  it  is  best  to  run  with  the  grain 
or  hair  side  on  the  face  of  the  pulley, 
because  this  side  is  liable  to  crack  when 
stretched  after  the  belt  has  been  in  use 
some  time;  therefore,  it  is  better  to  crimp 
than  to  stretch  it. 

Keep  the  belts  free  from  the  accumu- 
lation of  grease  and  dirt,'  especially  with 
lubricating  oils,  and  do  not  let  them  run 
until  they  are  hard  and  brittle  on  the 
running  surface  before  applying  a  good 
belt  preservative. 

One  should  be  careful  as  to  the  belt 
dressing  used,  as  there  are  many  on  the 
market  that  are  worthless.  The  points 
to  be  considered  in  belt  dressings  are 
lengthening  the   life  of  the  belt,  keeping 


a  belt  from  slipping  and  the  length  of 
lime  it  will  last  after  being  applied;  does 
it  pay  to  use  it,  and  will  it  mix  with 
the  oil  used  about  the  machinery?  First, 
to  lengthen  the  life  of  a  belt  simply 
means  keeping  the  belt  clean,  applying  a 
preservative  when  the  belt  is  seen  to  be 
getting  hard;  then  use  a  dressing  that 
is  an  oil  and  water  repellent.  Second, 
keeping  a  belt  from  slipping  excessively 
is  one  of  the  hardest  problems  as  a  belt 
slips  when  the  load  is  too  great  to  be 
overcome  by  the  adhesion  of  the  belt  in 
the  condition  that  it  is  in  and  at  the 
speed  at  which  it  is  traveling.  It  is  bet- 
ter to  change  the  condition  of  the  belt 
than  to  fill  it  with  belt  dressing.  When 
the  load  is  so  great  that  the  belt  stands 
still  and  the  driving  pulley  continues  to 
revolve,  it  then  burns  the  leather,  and 
no  amount  of  belt  dressing  will  overcome 
such  conditions.  One  must  look  else- 
where in  order  to  have  the  belt  per- 
form its  duty.  A  belt  too  tight  means 
bearing  troubles;  therefore,  the  belt  man 
must  be  able  to  tell  his  employer  where 
the  trouble  is;  this  means  good  belt  run- 
ning in  place  of  belt  destruction.  Third, 
as  to  how  long  a  belt  dressing  will  last 
after  being  applied  may  be  judged  from 
the  following:  Does  it  gather  on  the 
pulleys  and  belt  in  chunks  and  then  fly 
about  the  room?  This  is  the  case  in 
dusty  and  dirty  places.  Does  it  mix 
with  the  machine  oil  and  become  use- 
less by  filling  the  belts  with  a  compound 
of  machine  oil  and  belt  dressing?  Un- 
der these  conditions  does  it  pay  to  use 
it?  Fourth,  if  it  mixes  with  the  oil 
used  about  the  machinery  it  only  in- 
creases the  oily  condition,  which  is  the 
cause  of  most  belts  slipping  when  they 
are  in  line,  not  too  locse  and  of  the 
proper  size  to  do  the  work  required. 

Having  experimented  with  belt  dress- 
ings the  writer  found  the  following  sim- 
ple tests  to  overcome  a  large  amount 
of  trouble  and  expense:  Take  a  piece 
of  clean  tin,  pour  onto  it  a  quantity  of 
the  dressing  equal  to  the  size  of  a  quarter, 
place  over  a  small  fire  and  heat  until 
it  smokes.  If  there  is  any  rosin  present, 
it  will  show  many  small,  bright  spots  on 
the  tin  as  rosin  will  clean  tin.  Now  take 
a  small  bottle,  add  about  half  and  half 
of  belt  dressing  and  machine  oil  and 
see  if  the  two  readily  mix.  If  they  do 
not,  shake  well  or  heat  together,  and  if 
they  mix  when  heated  allow  them  to  cool 
and  see  if  they  separate.  If  the  dress- 
ing is  too  thick  to  mix  when  cool,  make 
it  thin  by  heat'ng  and  then  mix,  and  if 
they  do  not  separate  while  cooling  it  is 
safe  to  assume  that  the  dressing  will  be 
useless  on  oily  belts.  Never  allow  any 
rosin  to  be  used  on  leather  belts,  as  it 
soon  rots  the  leather  at  the  lace  holes 
and  joints  where  the  fiber  of  the. leather 
is    exposed    and    the    rosin    accumulates. 

Commercial  belt  dressings  are  used 
for  making  belts  stick  to  the  pulleys  and 
to  preserve  the  belt.  The  substances  used 


in  manufacturing  these  preparations  in- 
clude stearic  acid,  degras,  rosin,  castor 
oil  and  fish  oil.  Careful  tests  seem  to 
indicate  that  the  coefficient  of  friction  is 
influenced  directly  by  the  absence  of  air 
or  other  substances  between  the  belt 
and  pulley,  and  that  the  best  results  are 
obtained  when  the  belt  is  in  direct  contact 
with  the  pulley. 

In  conclusion,  it  may  be  said  that  a 
good  dressing  should  not  decompose,  be- 
come rancid  with  age,  be  influenced  by 
moisture,  dry  up,  nor  cause  the  belt  to 
stick  to  the  pulley  when  idle,  as  though 
glued  there  and  when  starting  pull  off 
the  surface  pieces  that  expose  the  fiber; 
instead  it  should  soften  the  pulley  side 
of  the  belt,  penetrate  the  fiber,  leaving 
no  film  on  the  surface,  and  in  addition 
lubricate  and  protect  the  fiber  from 
crumbling.  It  should  prevent  the  genera- 
tion of  electricity  by  friction,  and  it 
should  contain  no  mineral  acids.  A  dress- 
ing fulfilling  these  specifications  will  not 
injure  the  belt  and  may  be  used  with  im- 
punity. 


The   Purpose  of  Oil* 

By   George  J.   Stoll 

The  primary  purposes  of  oil  are  two- 
fold:  (1)  Cooling.  (2)  The  forming  of 
a  film,  the  molecules  of  which  move 
among  themselves  like  an  infinite  num- 
ber of  ball  bearings  to  prevent  the  rub- 
bing of  the  bearing  surfaces.  All  me- 
chanical motion  produces  heat.  Heat  in 
machinery  produces  uneven  expansion 
with  a  resultant  increase  in  friction.  To 
keep  the  bearings  cool  is  one  of  the  im- 
portant   functions   of  oils. 

For  lubrication  just  the  oil  needed 
must  be  applied  to  the  bearing.  For  in- 
stance, in  the  heavy,  loose  bearings  there 
is  great  need  for  oil  of  high  viscosity  or 
body,  because  the  thinner  oil  has  a  ten- 
dency to  be  pushed  aside  and  will  not 
cling  tightly  enough  to  the  surface.  To 
illustrate  this  point,  consider  a  small 
circle  within  a  larger  one  and  touching 
it  while  spinning  on  its  own  center.  The 
smaller  circle  represents  the  shaft,  the 
larger  the  socket  in  which  it  runs.  From 
this  it  may  be  seen  that  the  tighter  the 
bearing,  the  greater  the  surface  on  the 
shaft  which  touches  the  socket  in  its  ro- 
tation. Thus  on  a  loose  bearing,  where 
the  circles  are  not  so  near  the  same  size, 
there  is  more  of  a  tendency  to  rub  off 
the  oil.  On  the  tight  bearing  the  op- 
posite condition  is  presented.  An  oil 
must  be  used  that  will  be  thin  enough  to 
get  in  between  the  close-fitting  parts  and 
still  give  satisfactory  lubrication.  For 
instance,  dynamos  or  turbines  have  tight 
bearings,  and  must  have  an  oil  of  com- 
paratively low  viscosity. 

The  question  arises.  What  effect  has 
fire   test?      For   the   same    viscosity,    fire 
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tests  vary  with  the  different  crudes. 
Why  is  it  that  Pennsylvania  oil,  having 
light  gravity  and  viscosity,  is  often  bet- 
ter than  a  Western  lubricant  of  much 
higher  viscosity  and  much  heavier  grav- 
ity? Conceive  a  bearing  in  motion — a 
small  speck  of  dust  or  foreign  matter, 
such  as  a  little  particle  of  waste,  gets 
between  the  surfaces;  it  may  be  almost 
microscopic,  yet  it  immediately  produces 
great  heat.  A  cheap  oil  of  low  fire  test 
will  tend  to  vaporize.  The  higher  the 
fire  test  the  slower  the  oil  will  vaporize, 
and  a  dynamo  must  have  an  oil  that  will 
not  vaporize,  but  will  remain  there  and 
cool  the  heated  bearing  immediately — an 
oil  that  will  go  to  the  spot.  Were  it  not 
for  just  such  troubles  as  this  there  would 
be  little  difficulty  about  proper  lubrica- 
tion. The  above  principles  may  seem 
elementary,  but  their  proper  application 
may  save  many  difficulties.  Recently  a 
salesman  called  upon  a  large  manufac- 
turing concern,  whose  buyer  said,  "I 
take  a  pretty  good  oil;   give  me  a  good 


oil  of  good  body;  I  have  been  paying  18 
cents  per  gallon."  The  salesman  accord- 
ingly ordered  a  heavy,  viscous  engine 
oil  to  produce  the  body  desired.  He  did 
not  know  anything  about  the  conditions 
inside  the  plant.  He  merely  took  the 
man's  statement  that  he  wanted  body  to 
the  oil.  That  plant  had  very  rapid-mov- 
ing machinery  with  tight,  close  bearings; 
therefore  the  oil  was  too  heavy  to  get  to 
the  spot  quickly  and  the  result  was  disas- 
trous. He  should  have  had  light-bodied 
oil  of  an  entirely  different  character. 
Both  were  the  same  price.  On  one  the' 
emphasis  was  placed  on  "viscosity,"  on 
the  other,  "fire  test." 

Lubrication  within  the  cylinder  requires 
an  oil  that  will  atomize  with  the  steam 
and  get  to  the  cylinder  wall  to  produce 
lubrication  around  the  piston  head.  For 
the  purpose  of  assisting  both  in  the 
atomizing  and  the  lubrication — that  is,  to 
help  the  oil  emulsify — animal  oils  as  low 
in  acid  as  possible  are  often  used.  Cyl- 
inder stock  of  about  600  degrees  fire  test, 


as  free  as  possible  from  any  taint  of 
tar  and  compounded  properly  with  animal 
oils,  is  usually  the  best  for  ordinary  wet 
steam,  because  it  spreads  better  in  this 
medium  than  does  the  mineral  cylinder 
oil  or  the  higher  fire-test  goods.  Of 
course,  in  many  instances  where  the  ex- 
haust steam  is  used  over,  it  is  impos- 
sible to  use  a  compounded  oil.  For  the 
high  pressures  which  have  high  heat  it 
is  usually  desirable  to  use  an  oil  of 
about  650  fire  test  unfiltered,  free  from 
tar.  and  any  compounding  must  be  done 
with  great  care,  because  poor  compounds 
of  animal  oils  are  subject  under  high 
heat  to  be  broken  up  into  acids,  as 
stearic  acid,  which  will  attack  the  walls 
of  a  cylinder  and  pit  them  seriously. 

It  will  now  be  apparent  that  the  en- 
gineer has  but  a  few  elements  to  work 
with,  but  he  can  compound  them  in  an  al- 
most endless  variety,  though  this  must 
be  done  carefully.  Not  only  must  first- 
class  stocks  be  used,  but  they  must  be 
carefully  and  intelligently  applied. 


The    Large    Delray    Boilers 


The  discussion,  of  which  this  is  an 
abstract,  followed  the  presentation  at  the 
recent  meeting  of  the  Mechanical  Engi- 
neers of  a  paper  by  Dr.  D.  S.  Jacobus 
detailing  tests  conducted  upon  two  boil- 
ers of  over  2300  hp.  rated  capacity  each, 
at  the  Delray  station  of  the  Detroit  Edi- 
son Co.  The  paper  was  abstracted  in 
our  issue  of  Dec.  5  and  is  available  in 
its  entirety  in  the  Proceedings  and  Jour- 
nal of  the  society.  The  tests  showed  ef- 
ficiencies of  over  80  per  cent.,  and  a  sin- 
gle boiler  furnishes  steam  for  an  8000- 
kw.  unit. 

R.  D.  Rice,  of  the  General  Electric  Co., 
commented  upon  the  absurdity  of  rating 
boilers  by  horsepower,  and  pointed  out 
that  the  tests  gave  no  indication  of  the 
comparative  merits  of  the  two  stokers 
except  so  far  as  their  efficiencies  are 
concerned.  The  other  items,  such  as 
ease  of  handling,  smokeless  combustion 
and  cost  of  maintenance,  which,  to  the 
mind  of  an  engineer,  are  essential,  do  not 
come  within  the  scope  of  the  paper. 

The  blowing  off  of  75,000  or  100,000 
lb.  of  steam  into  the  atmosphere  in  the 
case  of  a  sudden  stoppage  of  the  tur- 
bine is  a  serious  matter,  and  in  such  in- 
stallations means  will  have  to  be  taken 
to  protect  the  boiler  by  the  immediate 
injection  of  a  large  amount  of  feed  water 
in  order  to  reduce  the  temperature.  Tests 
with  a  flow  meter  have  shown  that  a 
boiler  can  have  its  output  reduced  al- 
most to  zero  in  a  short  time  by  the  in- 
troduction of  cold  feed  water,  and  these 
experiments  indicate  in  the  case  of  such 
large  units  the  necessity  of  an  arrange- 
ment for  an  accurately  graduated  feed 
following  closely  the  demand  for  steam 
on  the  boiler,  so  that  the  disturbance  by 
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the  feed  of  the  steam  capacity  of  the 
boiler  can  be  reduced  to  a  minimum 
while  maintaining  a  constant  pressure. 

In  these  large  units  fluctuations  in 
feed  supply  are  likely  to  lead  to  large 
fluctuations  in  pressure  when  operated 
as  single  units.  Furthermore,  the 
stresses  on  the  boiler  due  to  expansion 
forces  will  be  greatly  reduced  by  the  use 
of  such  graduated  feed. 

R.  'E.  DeWolf  submitted  some  curves, 
the  first  of  which.  Fig.  1,  shows  that  for  the 
two  boilers,  built  by  the  same  company, 
from  identically  the  same  specifications, 
a  considerable  difference  exists  in  the 
drop  of  pressure  through  the  super- 
heater under  the  same  working  condi- 
tions. 

In  Fig.  2  are  shown  the  input  and  out- 
put in  units  of  1,000,000  B.t.u.  for  the 
boiler  equipped  with  the  Honey  stoker; 
the  points  marked  2-4  and  5-6  include 
the  period  between  tests  and  are,  there- 
fore, at  a  somewhat  lower  efficiency. 

The  same  cur\'e  for  the  boiler  equipped 
with  the  Taylor  stoker  is  shown  in  Fig.  3. 
Here  again  the  point  including  the  per- 
iod between  tests  and  the  point  15,  which 
includes  7'<  hours  of  banking,  are  be- 
low the  curve.  Fig.  4  shows  the  varia- 
tion  in  temperature  of  the  flue  gas  with 


the  rate  at  which  the  boiler  is  run;  and 
Fig.  5  the  relation  between  the  percent- 
age of  CO;  and  the  rate  at  which  the 
boiler  is  operating. 

In  Fig.  6  is  given  the  percentage  of 
steam  which  is  used  by  the  boiler  auxil- 
iaries; that  is,  the  stoker  engine  and 
the  turbine  operating  the  fan  for  the 
Taylor  stoker.  The  lower  full  line  curve 
shows  the  steam  used  by  the  steam  jets 
in  the  Roney  stoker.  The  dotted  curve 
is  purely  theoretical,  being  taken  at  25 
per  cent,  of  the  Taylor  curve,  and  is 
intended  to  indicate  in  a  general  way  the 
loss  of  heat  energy  from  the  steam  used 
by  the  stoker  engine  and  the  turbine  for 
the  Taylor  stoker  equipment. 

H.  O.  Pond,  of  Westinghouse,  Church, 
Kerr  &  Co.,  who  presented  the  paper  in 
the  absence  of  the  author,  showed  a 
number  of  lantern  slides  from  photo- 
graphs taken  during  erection,  from  which 
we  have  selected  those  shown  in  ^igs. 
7  to  10,  inclusive,  as  giving  an  idea  of 
the  magnitude  of  the  work. 

He  said  that  in  a  plant  with  less  ex- 
cellent feed  water  the  advisability  of 
using  such  large  units  would  be  some- 
what questionable.  The  most  striking 
point  to  him  in  the  test  was  the  small 
difference  in  efficiency  (only  about  6  per 
cent.)  shown  in  a  range  of  over  100  per 
cent,  in  capacity.  With  boilers  showing 
such  sustained  efficiences  it  would  seem 
advisable  to  run  all  the  boilers  all  the 
time  instead  of  banking  many  of  them 
as  in  present  practice. 

Prof.  W.  D.  Ennis  said  that  in  a  curious 
old  autographic  letter  by  James  Watt, 
which  he  had  recently  seen.  Watt  refers 
to  a  "colossal"  new  boiler  which  he  was 
then   building   which    exposed   300   sq.ft. 
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of  surface  to  the  fire,  whereas  his  larg- 
est previous  boiler  contained  only  170 
sq.ft.  The  Delray  boiler  is  not  only  big, 
it  is  efficient.  A  75  per  cent,  running 
efficiency,  including  a  lay-over  period 
of  seven  hours,  with  a  load  varying  from 
rating  to  double  rating,  means  a  great 
deal  in  power-station  practice.  With  a 
turbine  giving  a  brake  horsepower  on 
220  B.t.u.  per  minute  and  with  a  brake- 
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fluence  on  the  rate  of  heat  transmission, 
because  a  comparatively  slight  radiation 
loss  means  a  considerable  reduction  in 
the  transmission  factor,  due  to  tempera- 
ture gradient  through  the  heating  sur- 
faces. 

The  explanation  for  the  high  furnace 
efFiciency  lies  in  the  form  and  dimensions 
of  the  furnace,  which  is  exactly  adapted 
to  produce  a  thorough  mixture  and  im- 
pingement of  the  gases.  With  the  very 
low  draft  normally  carried,  stratification 
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H.  De  B.  Parsons  attributed  the  ex- 
cellent results  obtained  to  the  fact  that 
the  fire  is  so  far  from  the  heating  sur- 
faces and  the  combustion  chamber  is  so 
large  that  a  thorough  mixture  of  oxygen 
and  fuel  can  be  maintained  and  com- 
bustion completed  before  the  products 
are  made  to  pass  over  the  water  sur- 
faces, the  distance  from  the  grate  to  the 
tubes  being  about  three  times  that  in 
ordinary  boilers. 

The  gas  analyses  show  that  the  sur- 
plus air  was  only  about  27  per  cent,  of 
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to-switchboard  ratio  of  1  to  'l,  it  means 
26,400  B.t.u.  in  fuel  per  kilowatt-hour, 
or  about  1.9  lb.  of  coal.  This  economy 
was  obtained,  not  at  a  3-  or  3.5-lb.  evap- 
oration rate,  but  at  one  running  as  high 
as  7  lb. 

For  a  city  power  station  the  cost  of 
land  and  buildings  and  interest  thereon 
will  be  approximately  in  the  inverse  ratio 
of  these  evaporation  rates.  The  big  boiler 
is  efficient  commercially  as  well  as  ther- 
mally. 

In  some  respects,  the  operation  was 
not  remarkably  economical;  the  loss  to 
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the  ashpit  was  not  especially  low,  and  it 
would  have  been  a  conspicuous  item  had 
the  coal  carried  a  greater  percentage  of 
ash.  The  flue-gas  temperatures  were  not 
particularly  low.  The  ratios  of  heating 
to  grate  surface  (as  the  latter  were  meas- 
ured) are  53  and  58'S,  certainly  not  ex- 
treme figures.  The  unaccounted-for 
(presumably  radiation)  loss  was  low, 
as  should  be  expected  with  the  low  ratio 
of  setting  surface  to  the  heat  generated, 
which  must  prevail  in  a  large  boiler. 
This    has    a    particularly    important    in- 


/ 


must  have  been  almost  impossible.  This 
is  demonstrated  by  the  composition  of 
the  gas,  which  shows  a  maximum  of  0.5 
per  cent,  of  CO,  with  the  C0=  ranging 
from  10.35  to  16.50  per  cent.  The  loss 
of  fuel  heat  due  to  the  formation  of  CO 
was  only  0.16  to  0.38  per  cent. 

In  the  great  majority  of  plants  where 
a  large  excess  of  air  seems  to  be  the 
normal  and  almost  inevitable  condition 
of  operation,  the  best  percentage  of  CO2 
is  the  highest  attainable.  This  does  not 
hold  for  such  advanced  practice  as  Prof. 
Jacobus'   paper   represents.      The   situa- 
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Fig.    4.    Per    Cents    of    Ratings    with 
Different  Flue-gas  Temperatures 

tion  then  is  somewhat  as  suggested  by 
the  curves  in  Fig.  II.  As  the  air  sup- 
ply decreases,  the  loss  due  to  excess  air 
(COl-  loss)  also  decreases,  but  at  some 
certain  point,  which  may  be  different 
for  every  furnace  and  every  condition  of 
operation,  the  formation  of  CO  begins 
10  be  an  important  offsetting  factor.  The 
air  supply  for  the  best  efficiency  is  that 
determined  by  the  minimum  point  of  the 
combined  curve.  This  point  has  been 
quite  closely  approximated  in  the  tests 
reported  in  the  paper. 


the  theoretical  amount,  the  quantity  of 
air  supplied  per  pound  of  coal  being  be- 
tween 14  and  14.5  lb.  Under  the  con- 
ditions described  fn  the  paper,  the  theo- 
retical maximum  efficiency  attainable 
would  have  been  about  87  per  cent.; 
therefore,  the  efficiency  ratio — that  is, 
the  ratio  between  the  actual  efficiency 
and  the  theoretical  efficiency — was  about 
89  per  cent.,  which  is  truly  a  remark- 
able showing. 

Horace  H.  Esselstyn,  of  Westinghouse, 
Church,  Kerr  &  Co.,  said  that  they  had 
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expected  to  have  trouble  with  the  brick- 
work of  these  large  furnaces,  and  as 
Mr.  Pond  had  shown  the  arch  ultimately 
adopted  he  would  show  some  of  those 
tried  out  before  it  was  determined  upon. 
Fig.  12  shows  the  various  arches  tried 
with  the  Roney  stokers.  No.  4  being  that 
used  at  the  time  of  the  test  and  No.  7 
that  still  working  satisfactorily.  Fig.  13 
shows  how  one  of  the  arches  came  down. 
E.  G.  Bailey,  of  Boston,  called  at- 
tention to  the  lack  of  agreement  in  the 
tests  of  the   fuel.     Out   of  26  tests  of 
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such  analyses,  there  were  only  two  cases 
where  the  ash  reported  by  the  Solvay 
laboratory  was  lower  than  that  reported 
by  the  Babcock  &  Wilcox  Co.  From  the 
average  results  of  the  two  laboratories, 
the  Solvay  laboratory  reported  1.39  per 
cent,  higher  ash  and  300  less  B.t.u.  than 
the  Babcock  &  Wilcox  Co.  On  individual 


Jacket  coal  and  6.30  from  the  Milburn 
coal.  While  there  is  always  some  ash 
carried  away  by  the  escaping  gases,  it 
would  probably  be  a  small  factor  for 
this  particular  setting.  If  the  average  of 
6.90  ash,  as  determined  by  the  Solvay 
laboratory,  were  correct,  the  ash' carried 
away  by  the  gases  would  be  20  per  cent. 


of  combustion  was  below  20  lb.  per 
square  foot  of  grate  per  hour,  is  5.38 
per  cent.,  while  on  the  three  tests  hav- 
ing a  rate  of  combustion  of  about  30  lb. 
it  was  6.62  per  cent.  The  general  con- 
clusion to  be  drawn  from  this  is  that  the 
true  average  ash  in  the  coal  used  was 
about  !  J  per  cent,  lower  than  the  aver- 


1 

Figs.  7  to  9.   Showing  Views  of  the  Boiler  under  Construction 


samples  the  difference  between  the  re- 
sults of  the  two  laboratories  ran  as  high 
as  3.40  per  cent,  ash  and  929  B.t.u.,  or 
over  6  per  cent,  of  the  heating  value. 

While  no  coal,  even  from  the  same 
mine,  runs  absolutely  uniform,  such  vari 
ations  as  these  are  so  exceptional  that 
they  cast  doubt  upon  the  accuracy  of 
the  sampling  and  analysis.  Even  the 
heat  content,  which  is  practically  a  con- 
stant for  coal  from  a  given  mining  dis- 
trict, varies  750  B.t.u.,  or  5  per  cent,  per 
pound  of  combustible,  as  determined  by 
one  of  the  laboratories,  while  the  other 
reported  results  in  which  this  factor 
varied  600  B.t.u.,  or  4  per  cent.  The 
variation  in  this  factor  as  determined 
by  the  two  laboratories  from  the  same 
original  sample  showed  variations  of  sim- 
ilar magnitude. 

The  erratic  variations  in  the  ash  indi- 
cate that  sufficient  care  was  not  used  in 
taking  and  working  down  the  samples. 
Properly  taken,  duplicate  samples  should 
have  checked  in  each  individual  instance 
within  0.50  per  cent,  of  ash,  and  the 
average  should  have  been  within  0.10 
per  cent.  There  are  also  other  differ- 
ences in  the  volatiles,  heating  value  and 
ultimate  analyses  that  indicate  greater 
variations  in  the  laboratory  work. 

A  check  is  available  on  the  ash  by 
taking  the  weight  of  dry  ash,  as  weighed 
from  the  boiler  test,  and  correcting  it 
for  the  percentage  of  combustible.  The 
two  laboratories  agreed  reasonably  closely 
on  the  moisture  and  combustible  deter- 
minations from  the  ash. 

The  average  net  dry  ash  as  determined 
by  this  method  is  5.53  per  cent,  from  Red 


of  the  total  ash,  while  the  Babcock  & 
•  Wilcox  average  of  5.71  per  cent,  corre- 
sponds to  a  loss  of  3  per  cent,  from 
the  grate.  If  any  appreciable  amount 
nf  ash  were  carried  away  by  the  draft  it 


age  of  the  *wo  sets  of  laboratory  deter- 
minations. 

The  heating  value  per  pound  of  com- 
bustible corrected  for  sulphur,  as  deter- 
mined  in   two   laboratories,   was  about  3 


would   be  more  pronounced  on  the  test     per    cent,    below    the    corresponding    re- 
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Fig.  10.  Taylor  Stokers  in  Pl.^ce  with  Boiler  Front  Removed 


i\-ith  the  higher  rate  of  combustion,  but 
the  plotting  of  these  results  fails  to  in- 
dicate any  such  relation.  On  the  other 
hand,  the  weighed  net  ash  on  the  six 
tests  of  Red  Jacket  coal,  where  the  rate 


suits  obtained  by  the  United  States  Geo- 
logical Survey  and  the  West  Virginia 
Geological  Survey.  The  latter  results 
agreed  closely  with  the  work  of  other 
laboratories  that  have  had  their  calorim- 


January  9,  UM2 


POWER 


47 


eters  and  thermometers  calibrated  by  the 
United  States  Bureau  of  Standards. 

The  disagreement  in  the  ultimate  an- 
alysis as  made  in  the  different  labora- 
tories indicates  that  very  little  confidence 
is  to  be  placed  in  the  heating  values 
calculated  from  this  analysis.  The  true 
heat  value  should  be  known. 
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F:g.  11.  Relation  between  Air  Supply 
AND  Thermal  Loss 

W.  F.  M.  Goss,  dean  of  the  University 
of  Illinois,  said  that  the  relation  between 
the  evaporative  efficiency  and  the  rate 
of  power  developed  was  one  which  he 
had  studied  with  care  in  its  application 
to  locomotive  boilers.  The  decrease  in 
efficiency  accompanying  an  increased  rate 
of  driving  is  not  only  relatively  less  than 
that  observed  in  boilers  with  which  he  is 


orate  10  or  12  lb.  of  water  per  square 
foot  of  heating  surface  per  hour,  with  an 
efficiency  which  will  be  well  above  70  per 
cent. 

E.    P.    Dreyfus,    of    the    Westinghouse 
Machine    Co.,    recalled    that    the    10,000- 


versity,  said  that  the  high  results  were 
entirely  due  to  the  method  by  which  the 
furnace  was  handled,  to  the  very  high 
grade  of  coal  used  and  to  the  remark- 
able control  of  the  air  supply.  The  re- 
sults of  the  flue-gas  analyses  in  all  these 


FiC.   13.  Fallen  Arch 


kw.  turbine  unit,  described  in  the  last 
issue  of  the  society's  Transactions,  re- 
quired 17,250  B.t.u.  per  kilowatt-hour  at 
three-quarters  load  with  a  boiler  effi- 
ciency of  75  per  cent.,  the  combined  re- 
sults, including  boiler  losses,  being  22,- 
000  B.t.u.     In  large  plants  using  steam- 


tests   show    that    they    were    run    at    just 
about   the   limit   of  CO,. 

John  C.  Parker,  of  the  Parker  Boiler 
Co.,  compared  the  present  tests  with 
those  made  by  H.  F.  Stott  at  the  Fifty- 
ninth  St.  station  of  the  Interborough 
Rapid   Transit  Co.,  and   reported  to  the 
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Fig.   12.  Various  Arches  Tried  with    Delrav   Boilers 
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familiar,  but  is  actually  very  small.  This 
fact  suggests  the  practicability  of  de- 
veloping the  type  of  boiler  under  con- 
sideration, for  work  at  even  higher  rates 
than  has  yet  been  attempted.  It  appears 
probable  that  by  increasing  the  grate  area 
or  by  altering  the  rate  of  combustion, 
this  type  of  boiler  may  be  made  to  evap- 


driven  au.xiliaries  with  their  exhaust  re- 
turned to  the  boiler,  the  increased  con- 
sumption which  they  occasion  is  well 
within  5  per  cent.  He  believed  it  safe  to 
say  that  such  a  plant  would  run  on  24,- 
000  B.t.u..  or  2  lb.  of  coal  per  kilowatt- 
hour. 

Prof.  R.  C.  Carpenter,  of  Cornell  Uni- 


American  Institute  of  Electrical  Engi- 
neers four  years  ago.  Taking  the  high- 
est test  with  the  Taylor  stoker  and  with 
nearly  forty  pounds  of  coal  per  square- 
foot  of  grate,  Mr.  Stott  would  have  had 
to  increase  his  combustion  efficiency  42 
per  cent,  to  equal  the  results  obtained 
at  Detroit. 
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Fuel   Economies  in   Factories 


In  conducting  the  financial  operations 
of  a  business,  no  one  would  think  for  a 
moment  of  dispensing  with  records  of 
expenditures  and  income  or  would  fail 
to  provide  a  more  or  less  elaborate  cost 
system  for  distributing  the  expense  over 
the  various  parts  of  the  apparatus  used 
in  production  and  for  dividing  the  cost 
of  the  products  into  the  dilTerent  ele- 
ments that  make  it  up.  Cost  information 
is  worth  as  much  as  the  possible  saving 
in  cost  of  production  to  which  the  in- 
formation leads. 

Necessity  for  Heat  Accounting 

There  "an  be  no  rational  attempt  made 
toward  fuel  economy  in  a  given  system 
of  manufactlire  using  fuel,  without  a 
knowledge  of  the  distribution  of  the  heat 
of  that  fuel,  though  it  is  quite  possible 
that  the  information  may  not  be  of  suffi- 
cient value  to  warrant  as  complete  a 
distribution  of  the  expense  of  heat  sup- 
ply or  as  elaborate  a  system  of  records 
as  would  be  warranted  in  the  case  of 
labor  or  materials  entering  directly  into 
the  factory  product.  However,  there  can 
be  no  question  as  to  the  absolute  neces- 
sity for  some  heat  accounting  to  deter- 
mine the  coal-heat  charge  to  be  at- 
tached to  each  individual  process  using 
heat  and  to  show  sources  and  quantities 
of  utilizable  waste  heat,  however  simple 
the  system  of  the  accounting  may  be, 
nor  can  there  be  any  doubt  as  to  the 
ncreasing  justification  for  more  and  more 
elaborate  records  as  coal  cost  forms  an 
ncreasing  fraction  of  the  total  cost  of 
production. 

Four  Classes  of  Service 

It  may  be  assumed  that  in  a  factory 
Fuel  enters  directly  or  indirectly  into- 
'our  classes  of  services,  all  of  which  are 
:ssential  to  the  making  of  the  product, 
lamely,  power;  factory  heating  in  cold 
i-eather;  factory  lighting,  and  direct 
Manufacturing  processes,  as  heating, 
ooling,  evaporating,  condensing,  melting 
md  drying. 

The  primary  process  in  the  use  of 
leat  is  the  making  of  steam  on  the 
ne  hand  or  the  gasifying  of  coal 
•n  the  other,  and  the  direct  loss  en- 
ountered  in  either  of  these  processes 
3  the  first  factor  for  measurement  and 
ecord  in  the  heat-accounting  system, 
his  first  step  of  conversion  may  be  had 
,'ith  an  average  efficiency  of  65  to  75 
er  cent,  for  the  steam  system,  depend- 
tg  on  the  coal,  proper  firing  and  the 
fpe  of  equipment;  and  an  efficiency  of 
rom  75  to  85  per  cent,  for  the  gas  sys- 
;m,  showing  a  clear  gain  of  about  10  per 
ent.  for  the  gas  system  on  the  average 
ar  this  first  step,  with,  however,  a 
mitation.  This  limitation  is  the  inability 
f   the    producer   to    handle    as    wide    a 
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The  author  compares  the 
advantages  offered  by  steam 
and  producer  gas  for  the 
four  uses  for  which  heat  is 
employed  in  industrial  es- 
tablishments: Power,  heat- 
ing, lighting  and  indus- 
trial processes ;  and  finds  a 
substantial  balance  in  favor 
of  the  gas  system  when 
mantle  light  for  weak  gas 
and  gas  fired  evaporators, 
concentrators,  cookers, 
etc.,  shall  be  available. 


♦Abstract  of  paper  presented  to  tlie  Xew 
York  section  of  the  .\merican  Chemical  So- 
ciety. 

tPi'ofessor  of  mechanical  engineering  at  Co- 
lumbia  University. 

range  of  fuel  with  equal  success  to  that 
attainable  in  the  boiler. 

Steam  once  made  is  transmitted  in 
pipes  for  short  distances  only,  and  under 
high  pressure,  with  a  constant  heat  loss 
for  every  foot  and  involving  high  main- 
tenance charges,  on  its  way  to  engines 
for  shaft  power  or  electrical  generation. 
Gas,  however,  may  be  transmitted  at 
low  pressure  over  long  distances  to  all 
the  buildings  of  large  establishments  or 
to  neighboring  establishments  or  from 
a  central  gas-generating  station  dozens 
of  miles  distant  through  pipes,  and  trans- 
mitted cheaper  than  those  required  for 
steam  and  with  almost  no  maintenance 
cost  in  comparison.  This  pipe-distribu- 
tion cost  is  the  next  item  in  the  account- 
ing and,  without  setting  down  numerical 
values,  is  again  plainly  in  favor  of  the 
gas  system;  it  involves  no  heat  loss 
whatsoever  while  the  steam  involves  a 
large  one  and  the  pipe-maintenance  costs 
are   hardly   comparable. 

The  next  step  is  the  conversion  into 
work  in  the  engine  of  the  heat  carried 
by  either  the  gas  or  the  steam.  Here 
the  balance  is  again  in  favor  of  gas  as 
the  gas  engine  is  a  more  efficient  heat 
converter  than  the  steam  engine  in  the 
small  sizes  found  in  the  average  factory 
— and  even  in  larger  sizes  also,  though 
to  a  lesser  degree.  Few  factories  would 
find  occasion  to  use  engine  units  exceed- 
ing 1000  horsepower,  which  size,  op- 
erated condensing,  whether  of  the  tur- 
bine or  compound  Corliss  type,  will  yield 
thermal  efficiencies  less  than  20  per  cent., 
whereas  if  operated  noncondensing  these 
efficiencies  would  drop  to  at  least  15 
per  cent. 


A  smaller  steam-engine  size  of,  say, 
100  horsepower,  will  be  less  efficient  and 
the  turbine  would  not  be  so  good  as  the 
piston  type,  though  the  difTerence  woultl 
not  be  so  great.  For  this  size  the  de- 
pendable efficiency  would  be  about  15  per 
cent,  when  operated  condensing  and  not 
over  10  per  cent,  when  operated  noncon- 
densing. A  comparison  of  these  effi- 
ciencies with  the  substantially  constant 
thermal  efficiency  for  the  gas  engine  in 
all  sizes,  of  25  per  cent.,  will  indicate 
a  margin  in  favor  of  the  gas  of  at  least 
5  per  cent,  over  large  steam  engines 
condensing,  10  per  cent,  over  the  smaller 
condensing  and  the  large  noncondensing, 
and  15  per  cent,  over  the  small  noncon- 
densing steam  engines. 

If  electricity  is  generated  and  trans- 
mitted for  lighting  or  for  use  in  electric 
motors,  the  efficiency  of  electrical  gen- 
eration, transmission  and  reconversion  to 
power  and  light  is  the  same  for  both 
systems. 

Economy  of  Individual  Gas  Engines 

Another  item  not  generally  or  suffi- 
ciently appreciated  may  be  put  on  the 
credit  side  of  the  account  in  favor  of  gas 
and  that  is  to  set  down  small  individual 
gas  engines  at  the  spot  where  power  is 
required  and  transmit  gas  with  practically 
no  loss  instead  of  generating  electricity 
and  transmitting  it  to  electric  motors  with 
three  losses.  This  would  not  only  save 
the  expense  of  the  electrical  equipment 
but  would  save  all  electrical  losses,  which 
are  often  considerable  when  the  gen- 
erator and  the  motor  work  at  unfavor- 
able loads.  This  is  feasible  and  will 
give  substantially  the  same  efficiency  of 
conversion  as  is  obtainable  in  a  single 
large  central  engine,  a  fact  which  es- 
pecially distinguishes  the  gas  from  the 
steam  system. 

Concentration  of  small  steam  engines 
into  a  single  large  one  always  results  in 
steam  economy,  a  fact  which  has  led  to 
constant  concentration  of  steam  systems 
into  larger  and  larger  central  generating 
units,  so  that  steam  may  be  regarded 
as  a  centralizing  influence.  The  con- 
stancy of  gas-engine  efficiencies,  on  the 
contrary,  in  large  or  sm.all  sizes,  must 
characterize  the  gas  system  as  a  decen- 
tralizing influence  in  the  interests  of 
economy. 

Factory  Lighting 

Take  next  the  question  of  factory  light- 
ing, which'  may  be  electrical,  with  cur- 
rent supplied  by  either  steam-  or  gas- 
driven  generators,  and  which  can  be  only 
electrical  for  steam-engine  driven  gen- 
erators but  may  be  something  else  when 
gas  is  available.  There  is  no  good  rea- 
son for  assuming  that  mantle  lights  of 
fair    brilliance    and    moderate    gas    con- 
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sumption  cannot  be  produced  to  operate 
on  weak  producer  gas  for  factory  lighting 
and  as  soon  as  they  become  available — 
as  they  surely  will  when  the  demand 
becomes  pressing  enough — mantle  gas 
lighting  with  producer  gas  will  displace 
to  a  very  large  extent  electric  lighting 
in  those  establishments  where  the  gas 
system  is  used  for  power  and  heat  and 
gas  transmission  is  substituted,  at  least 
In  part,  for  electric. 

Factory   Heating 

Heating  of  buildings  is  almost  uni- 
versally accomplished  by  means  of 
steam-  or  water-heated  radiating  sur- 
faces at  a  temperature  of  about  200  de- 
grees Fahrenheit,  and  there  is  no  good 
reason  for  changing  the  system.  The 
preparation  of  this  low-pressure  steam  or 
moderately  high  water  can  be  done  with 
equal  efficiency  by  either  the  gas  or  the 
steam  system  in  cold  weather,  though 
the  latter  again  receives  a  credit  charge 
for  all  the  rest  of  the  year  when  heat  is 
not  required. 

For  example,  if  the  exhaust  steam 
from  steam  engines  is  used  it  must  be  at 
approximately  atmospheric  pressure  to 
give  a  sufficiently  high  temperature,  or 
live  steam  must  be  used  either  alone  or 
added  through  reducing  valves  as  make- 
up. In  any  case,  the  heat  put  into  the 
heating  system  gives  about  100  per  cent, 
effect  in  the  warming  of  buildings,  es- 
pecially when  drips  are  returned.  This 
is  also  the  case  for  the  gas  system  as 
jacket-water  heat  and  exhaust-gas  heat 
can  be  combined  for  the  same  purpose 
and  fresh  gas  drawn  upon  through 
thermostatic  gas  burners  to  supply  any 
deficiency. 

By  either  method  the  effect  is  a  full 
use  of  heat  and  100  per  cent,  efficiency 
in  the  use  of  fresh  supplies  of  heat  in 
the  warming  of  the  building.  During  the 
time  there  is  no  building  heat,  which  in 
New  York  City  lasts  for  more  than  half 
the  year,  the  waste  heat  of  the  steam 
engine  is  far  in  excess  of  that  of  the 
gas  engines,  especially  if  the  former  be 
noncondensing,  as  is  usually  the  case 
where  exhaust-steam  heating  systems  are 
employed,  so  that,  measured  over  the 
whole  year,  the  gas  system  is  again  most 
favored. 

Heat  for  Manufacturing  Processes 

There  remains  now  to  examine  the 
possibilities  of  credit  or  debit  items  for 
the  two  systems  in  applying  the  heat  to 
the  direct  manufacturing  processes,  which 
for  convenience  may  be  divided  into  low- 
temperature  heating  and  high-tempera- 
ture heating;  the  former  includes  most 
of  the  evaporating  and  drying  processes 
and  the  latter  the  roasting,  baking,  melt- 
ing, etc.  All  low-temperature  processes 
can  be  carried  on  by  steam-jacketed 
chambers  or  by  steam-coil  apparatus 
using  live  or  exhaust  steam,  a  fact  which 


has  led  to  the  design  and  mechanical 
perfection  of  many  appliances  now  re- 
garded as  standard  and  for  which  there 
is  no  gas-heated  equivalent. 

There  is  no  good  reason  why  equiva- 
lent apparatus  should  not  be  quite  as 
effectively  designed,  and  with  efficiencies 
over  90  per  cent,  for  operation  with  gas 
burners,  but,  like  the  mantle  light,  the 
need  is  not  strong  enough  to  warrant 
their  production.  Such  evaporators,  con- 
centrators, cookers  and  driers  as  fall 
in  this  class  will,  when  gas  heated,  offer 
still  further  simplification  of  piping  and 
reduction  of  piping  loss  over  their  steam- 
heated  equivalents  and  should  be  equally 
effective. 

High-temperature  heating  can  be  ac- 
complished only  by  oil,  piped  illuminat- 
ing gas  or  by  independent  coal  fire  with 
the  steam  factory  system,  while  the  gas 
system  offers  a  possibility  of  the  pro- 
ducer gas-fired  furnace  for  practically 
all  services,  and  with  almost  perfect  tem- 
perature control,  better  by  far  than  is 
possible  with  oil  or  coal,  and  it  is  more 
economical  because  both  excess  air  and 
incomplete  combustion  can  be  eliminated. 

Thus,  for  the  heating  processes  of 
manufacture  the  gas  system  offers  the 
same  high-temperature  source  of  heat,  a 
gas  fire,  for  all,  while  the  steam  system 
requires  fresh  fuel  for  the  high  tem- 
peratures, accomplishing  the  low-tem- 
perature service  with  live  or  exhaust 
steam;  the  former  is  not  an  accom- 
plished fact  simply  because  no  one  is 
yet  prepared  to  sell  gas-fired  appliances 
to  take  the  place  of  steam-heated 
ones. 

Gas  and  Steam  Systems  Compared 

Comparing  gas  and  stesm  systems 
broadly  by  summarizing  the  preceding 
brief  analysis,  it  appears  that  the  self- 
contained  factory  plant  may  be  much 
more  economically  operated  by  the 
former  than  by  the  latter  for  all  the  ser- 
vices of  power,  lighting,  building  and 
process  heating.  This  is  not  all,  for 
there  is  also  in  favor  of  the  gas  a  sim- 
plicity in  the  heat-balance  determination 
for  the  gas  over  the  steam  so  great  as 
to  make  it  easier  to  keep  the  operat- 
ing economy  nearer  to  the  high  pos- 
sibility by  quick  and  easy  determination 
of  wastes. 

For  example,  by  means  of  a  central 
gas  meter  and  as  many  individual  dis- 
tributing meters  as  the  separate  con- 
sumptions of  gas,  the  gas  generated  may 
be  easily  known,  as  well  as  its  distribu- 
tion throughout  the  plant,  by  so  simple  a 
procedure  as  the  reading  of  meter  dials. 
Add  to  this  recording  calorimeters,  and 
gas-meter  readings  can  be  reduced  by 
one  multiplication  to  heat  consumed  by 
each  part  of  the  system.  With  such  a 
ready  check  on  consumptions  and  losses, 
it  is  sure  that  heat  accounting  will  be 
practised    because    the    cost    of    the    ac- 


count will  be  small;  therefore,  the  plant 
may  be  operated  at  somewhere  near  its 
good  economy  point. 

This  is  in  most  striking  contrast  to 
the  case  of  the  steam  system,  where  the 
possible  economy  is  not  only  less  but 
where  the  realized  economy  is  so  much 
below  its  own  maximum  possibility  sim- 
ply because  of  the  difficulty  of  making 
the  measurements  necessary  to  a  heat 
balance  with  reasonable  accounting  costs. 
In  the  first  place,  it  is  impossible  to  con- 
tinuously measure  the  heat  supplied  in 
steam  because  there  is  no  reliable  and 
cheap  steam  meter  available;  even  if 
there  were,  the  heat  equivalent  of  a 
pound  of  steam  constantly  varies  with 
feed-temperature  steam,  pressure  and  its 
wetness  or  superheat. 

Pipe-line  losses  can  be  determined  only 
by  collecting  and  weighing  drips;  steam 
consumption  of  the  various  appliances 
and  its  heat  equivalent  are  a  matter  of 
recording  meters,  steam  calorimeters, 
thermometers,  pressure 'gages  and  auto- 
matic water  weighers.  To  keep  up  ^11 
the  instruments  of  this  sort  that  would  be 
needed  would  in  most  cases  cost  more 
than  the  information  would   be  worth. 

Why  is  it,  in  view  of  both  the  higher 
possible  economies  of  the  self-contained 
gas-factory  system  for  the  four  classes 
of  factory  service  and  the  corresponding- 
ly easier  and  cheaper  fuel  accounting 
that  would  follow  its  use,  that  there  is 
to  be  found  no  such  system  in  use?  The 
answer  is  as  complex  as  a  detailed  study 
of  the  systems,  but  a  few  facts  stand 
out  prominently.  First,  the  inertia  of  the 
human  mind,  which  resists  the  mental 
effort  necessary  to  bring  about  a  change 
when  things  seem  to  be  running  fairly 
well  in  the  older  way.  There  is  always 
a  latent  suspicion  that  the  new  thing  may 
not  work,  however  clear  it  is,  put  on 
paper,  and  even  if  the  manager  is  con- 
vinced, his  board  of  directors  are  or- 
dinarily incapable  of  thinking  of  any- 
thing but  the  factory's  past  performance, 
however  willing  they  may  be  to  deal  in 
the  fixtures  of  stocks  and  bonds. 

So  far  in  this  particular  case  there 
has  been  some  good  reason  for  suspicion, 
not  of  the  scientific  and  engineering  pos- 
sibilities, but  of  the  business  expediency 
of  a  general  change  because  of  the  lack 
of  standardization  or  mechanical  perfec- 
tion of  some  of  the  needed  appliances. 
There  are  no  producer-gas  mantles  for 
lighting,  no  gas-fired  evaporators,  con- 
centrators or  driers,  and,  most  important 
of  all,  there  is  no  universal  gas  pro- 
ducer capable  of  economically  using  any 
available  solid  fuel. 

The  gas-appliance  makers  should  get 
to  work  on  the  problem  of  adapting  ap- 
paratus for  all  the  manifold  services  of 
lighting  and  heating  to  the  use  of  weak 
producer  gas  and  chemists  and  engineers 
should  try  to  solve  the  gas-producer 
problem. 
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Repairing  Induction  Motor 

Winding 

By  R.  H.  Fenkhausen 

Rewinding  Stators 

The  simplest  form  of  stator  coil  and 
the  one  in  most  common  use  by  builders 
of  motors  for  industrial  service  is  known 
as  the  diamond-shaped   coil.     The  pres- 


cupies  the  lower  half  of  one  slot  and  the 
upper  half  of  another  several  slots  away. 
The  magnetizing  power  of  a  coil  is  di- 
rectly proportional  to  the  current  it 
"carries"  and  the  number  of  turns  it 
contains,  and  is  independent  of  the 
length  of  turn.  It  therefore  follows  that 
the  shorter  the  turns  the  less  copper 
will  be  required,  and  consequently  the 
lower  the  resistance  and  less  the  loss 
in  the  winding.  An  inspection  of  Fig.  1 
shows  that  the  coil  is  a  great  deal  longer 
than  is  necessary  to  inclose  the  iron, 
but  this  excess  length  is  required  in 
order  that  all  the  coils  of  the  set  may 
clear  one  another.  The  part  of  the  coil 
lying  outside  the  slot  is  practically  idle 
wire,  and  is  known  as  the  "end  connec- 
tions." This  term  must  not  be  confused 
with  the  "cross-connections"  between  dif- 


FiG.  r.  A  Diamond  Coil 

ent  article  describes  the  operations  re- 
quired in  the  winding  of  a  set  of  these 
coils.  Before  taking  up  the  various 
processes  in  detail,  I  think  it  advisable 
to  describe  briefly  a  few  of  the  more 
important  factors  governing  the  shape  of 
this  type  of  coil,  for  the  benefit  of  the 
repair  man  who  may  be  called  upon  to 
design  a  form  for  the  coils  without  the 
assistance  afforded  by  a  sample  coil.  Of 
course,  it  seldom  occurs  that  a  winding 
is  so  completely  destroyed  that  the 
original  coil  shape  cannot  be  determined, 
but  occasionally  the  winding  is  removed 
by  a  helper  who  neglects  his  instruc- 
tions to  preserve  the  shape  of  one  coil, 
leaving  the  repair  man  no  information 
other  than  the  size  of  wire  and  number 
of  turns. 

Fig.  1  shows  a  diamond-shaped  coil 
with  the  different  parts  named  and  Fig. 
2  two  coils  in  place  on  the  stator  of  a 
motor,    illustrating    how    each    coil    oc- 


=  12,  and  a  full-pitch  coil  would  span 
12  teeth,  lying  in  slots  1  and  13.  The 
coils  shown  only  span  eight  teeth  and 
lie  in  slots  Nos.  -1  and  9.  which  is  only 
two-thirds   of  the    full   pitch. 

The  fractional  pitch  has  the  disad- 
vantage that  the  magnetizing  current 
required  with  a  given  number  of  turns 
is  greater  than  it  would  be  with  full 
pitch.  This  increase,  however,  is  not 
proportional  to  the  decrease  in  pitch;  a 
two-thirds  pitch,  as  shown  in  Fig.  2, 
only  results  in  a  comparatively  small 
increase  in  magnetizing  current. 

The  disadvantage  just  mentioned  is 
over-balanced  many  times  by  the  numer- 
ous advantages  obtained  by  the  use  of  a 
fractional  pitch.  The  more  important 
advantages  are  as  follows: 

( 1 )  Ease  of  repair  owing  to  the 
smaller  number  of  coils  which  must  be 
raised  to  permit  a  defective  coil  to  be 
removed  for  repairs.  This  advantage  is 
especially  marked  in  high-speed  or  low- 
frequency  motors  having  few  poles  and 
cons^uently  large  coil  pitches. 

(2)  Better  ventilation,  owing  to  the 
air  space  left  between  the  end  connec- 
tions.    If  the  distance  E,  Fig.  3,  be  kept 


Fin.  2.  Two  Coils   in   Position 

ferent  groups  of  coils   and   the  different 
coils  of  one  group. 

Coil   Pitch 

The  length  of  the  end  connection  is 
largely  governed  by  the  number  of  teeth 
spanned  by  the  coil.  This  is  called  the 
"pitch"  of  the  coil.  The  "full"  pitch  is 
equal  to  the  number  of  teeth  in  the  stator 
divided  by  the  number  of  poles.  In 
practice,  however,  the  coil  pitch  is  usual- 
ly less  than  the  "full"  pitch;  such  a 
pitch  is  called  a  "fractional"  pitch.  For 
example:  The  stator  shown  in  Fig.  2  has 
72  slots  and  teeth  and  is  wound  for  six 

poles.     The   full  pitch,  therefore,  is    -r 

o 


Fig."  3.  Effect  of  Coil  Pitch  on 

Angularity  of  Ends 

the  same,  the  angle  formed  by  the  end 
connections  will  be  more  acute  with  the 
fractional  pitch,  as  at  a,  than  with,  the 
full  pitch,  as  at  b,  and  therefore  the 
coils  will  be  separated  by  an  air  space 
as  shown. 

(3)  Less  insulation  is  required  on  the 
end  connections,  owing  to  the  pressure 
of  the   air  space  previously   mentioned. 
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(4)  Less  copper  is  required,  owing  to 
the  decreased  letigth  of  end  connections. 

(5)  Improved  efficiency  of  the  motor 
due  to  the  decrease  in  copper  and  hence 
in  the  resistance  loss  in  the  winding. 
This  will  usually  counter-balance  the  in- 
creased  magnetizing  current   required. 

(6)  In  practice  the  distance  £  (Fig. 
3)  to  which  the  coils  project  beyond  the 
core  will  be  decreased,  because  the  gain 
in  space  between  coils  will  be  greater 
than  is  necessary  for  adequate  ventila- 
tion and  insulation..  By  making  E  less, 
the  end  connections  and  copper  loss  are 
further  decreased. 


total  number  of  coils.  The  coil  angle 
which  it  is  proposed  to  use  should  then 
be  laid  out  to  scale  accurately,  as  shown 
in  Fig.  5,  and  the  distance  t  determined 
by  measurement.  If  this  distance  is  less 
than  the  number  obtained  by  dividing 
the  circumference  by  the  number  of  coils, 
there  will  be  a  space  between  the  end 
connections  equal  to  the  difference  be- 
tween the  two  measurements.  If  the  dis- 
tance /  is  greater,  however,  the  angle  A 
must  be  made  more  acute,  because  the 
coils  cannot  be  placed  in  the  slots  with 
the  end  connections  side  by  side;  they 
will  pile  up  on  one  another.     If  the  angle 


(7)  Shortening  that  part  of  the  coil 
which  projects  beyond  the  core  renders 
the  end  connections  less  liable  to  dam- 
age by  magnetic  reactions  such  as  are 
caused  by  severe  short-circuits  or  heavy 
overloads,  and  the  entire  motor  may  be 
made  shorter,  resulting  in  a  saving  of 
material. 

Shape  of  End  Connections 

The  diamond-coil  winding  is  in  effect 
a  two-layer  winding,  as  the  lower  "sides" 
of  the  coils  form  one  layer  and  the  up- 
per "sides"  another.  As  the  thickness 
of  the  coils  is  the  same  in  both  cases, 
a  little  consideration  will  show  that  the 
air  space  between  the  coil  sides  lying 
in  the  tops  of  the  slots  is  less  than  that 
between  the  coil  sides  in  the  bottoms  of 
the  slots,  which  lie  on  a  circle  of  larger 
diameter.  The  angular  distance  between 
the  sides  or  straight  parts  of  the  coils 
must,  of  course,  always  equal  the  thick- 
ness of  the  teeth  but  the  space  between 
the  end  connections  is  governed  by  the 
angle  which  they  form.  The  more  acute 
this  angle  is,  the  more  space  there  is 
between   coils. 

The  factors  affected  by  this  angle  were 
fully  discussed  with  fractional  pitch  and 
should  be  carefully  noted  before  de- 
ciding on  the  angle  to  be  used.  The  cir- 
cumference of  the  inner  diameter  of  each 
layer  of  coils  (radii  R,  and  /?«,  Fig.  4) 
should  be  measured  and   divided  by  the 
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A  is  such  that  there  will  be  space  be- 
tween the  coil  sides  in  the  inner  layer 
(smaller  circle)  there  will  be  a  slightly 
larger  space  between  the  coil  sides  of 
the  outer  layer,  but  as  a  rule  this  differ- 
ence is  so  slight  as  to  be  negligible. 

On  stators  of  small  diameter  and  few 
poles,  however,  the  difference  between 
the  diameters  of  the  inner  and  outer  coil 
circles  is  a  large  enough  proportion  of 
the  stator  diameter  to  render  it  impos- 
sible to  design  a  coil  having  the  same 
angle  of  end  connections  in  both  layers, 
especially  when  the  long  pitch  due  to 
the  few  poles  is  considered.  In  such  cases 
it  becomes  necessary  to  calculate  the 
angle  for  each  layer  separately,  and  an 
unsymmetrical  coil  results;  this  is  no 
disadvantage  for  a  form-wound  coil, 
however. 

Length  of  Coil  Sides 

The  two  straight  portions  of  each  coil 
lying  inside  the  slots,  called  the  "sides," 
are  usually  made  of  the  same  length,  but 
the  coils  will  fall  into  place  more  easily  if 
the  inner  "side"  (the  one  which  is  put 
in  the  slot  last)  is  made  longer  than 
the  other  "side"  by  an  -amount  equal  to 
twice  the  thickness  t  (Fig.  5).  This 
will  allow  the  last  few  coils  of  the  wind- 
ing, which  always  are  the  most  trouble- 
some, to  be  inserted  much  more  easily, 
because  the  under  "side"  of  the  coil  will 
pass  under  and  through  the  upper  "sides" 


of  the  other  coils  without  raising  them 
out  of  the  slots  any  more  than  enough 
to  clear  the  height  of  the  coil. 

JVlAKING    THE   FORM 

A  consideration  of  the  preceding  ex- 
planations should  enable  the  reader  to 
decide  on  the  exact  coil  proportions  re- 
quired, and  even  if  a  sample  coil  be  at 
hand  for  a  guide,  it  will  be  to  the  read- 
er's advantage  to  check  up  his  coil  for 
the  sake  of  future  jobs  when  he  may  not 
be  so  fortunate. 

The  laying  out  of  a  diamond  coil  ap- 
pears very  simple  and  it  was  once  the 
writer's  misfortune  to  lay  out  a  form 
with  this  delusion  in  mind,  resulting  in 
a  beautiful-looking  set  of  coils  which, 
alas,  went  into  the  scrap  copper  box  be- 
cause they  would  fit  nowhere  else,  owing 
to  the  hastily  designed  end   connections. 

The  form  must  be  made  of  some  hard, 
non-warping  wood,  preferably  teak. 
Lignum  vit»  is  also  excellent,  but  owing 
to  the  cost  of  working  it,  should  not  be 
used  except  for  a  form  likely  to  receive 
a  great  deal  of  use.  Two  pieces  of 
wood  will  be  required,  each  about  %  in. 
thicker  than  the  height  of  the  coil  and 
as  wide  as  its  extreme  width.  The  length 


Fig.  6.  Laving  Out  Coil  Form 

must  exceed  the  extreme  length  of  the 
coil  by  about  an  inch,  all  dimensions 
being  taken  with  the  coil  flattened  out. 

The  pieces  of  wood  must  be  surfaced 
off  perfectly  true  and  parallel  on  the 
edges,  after  which  the  exact  dimensions 
of  the  coil  must  be  laid  out  on  them  with 
a  sharp  pencil,  as  shown  in  Fig.  6,  which 
also  shows  the  pieces  to  be  cut  out  of 
the  corners.  The  form  may  then  be  cut 
out,  preferably  on  a  band  saw,  to  insure 
square  edges,  and  the  pieces  sawed  out 
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must  be  preserved,  as  they  may  be  re- 
quired later.  All  edges  of  the  form  must 
be  sandpapered  dead  smooth  and  the 
corners  at  X,  X  in  Fig.  6  slightly  rounded 
to  prevent  damage  to  the  cotton  cover- 
ing on  the  wire.  As  the  wire  tends  to 
sink  into  the  wood  at  these  corners,  due 
to  the  tension  employed  in  winding,  the 
shape  of  the  form  will  be  gradually 
changed;  therefore,  when  the  number  of 
coils  to  be  made  will  warrant  the  ad- 
ditional expense,  pieces  of  fiber  should 
be  inserted  at  these  points,  as  shown  in 
Fig.  6. 

Producing  the  Coil  Offset 

When   the   coils   are   in   place   in   the 
motor  it  is  desirable  that  there  be  an  air 


drilled  for  the  purpose,  and  as  more  or 
less  hammering  will  be  necessary  dur- 
ing the  subsequent  winding  and  shaping 
of  the  coils,  it  is  advisable  to  drill  the 
holes  large  enough  to  take  bushings 
made  of  brass  tubing  of  yi  in.  inside 
diameter.  These  bushings  must  be  a 
tight  fit  in  one  half  of  the  form  and  a 
close  sliding  fit  in  the  other  half.  A 
third  bushing  should  be  inserted  at  the 
exact  center  of  gravity  of  the  form  to 
serve  as  a  bearing  for  the  mandrel  upon 
which  it  will  revolve  during  the  winding 
of  the  coil. 

Two  hacksaw  cuts  must  be  made  on 
each  side  of  the  form  about  ,'4  in.  from 
the  ends  of  the  straight  parts  of  the 
coil.     These  sawcuts  are  to  permit  the 


Figs.   7,  9  and    10 


space  between  the  top  and  bottom  layers 
of  end  connections  for  ventilation  and 
improved  insulation  where  the  coils  cross 
each  other.  This  air  space  is  obtained 
by  giving  an  offset  to  the  twists  in  the 
end  connections;  this  offset  is  shown  in 
Fig.  7;  it  is  obtained  by  inserting  a 
piece  of  fiber  between  the  two  halves 
of  the  form.  The  thickness  of  this  sheet 
of  fiber  ranges  from  H  in.  for  the  coil  of 
a  2-hp.  motor  to  H  in.  for  a  coil  for  a 
50-hp.  motor,  "4  in.  being  a  good  aver- 
age for  motors  of  5  to  20  horsepower. 

In  order  that  the  coil  may  be  removed 
from  the  form  it  is  necessary  that  the 
fiber  sheet  be  in  halves,  and  each  half 
attached  to  half  of  the  form,  as  shown  in 
Fig.  8.  The  sheet  should  be  cut  to  the 
same  length  as  the  form  but  should  ex- 
ceed the  width  of  the  form  by  about  '< 
in.  in  order  that  a  small  ledge  will  be 
formed  on  which  the  coil  may  be  wound. 
The  form  must  next  be  lined  up  so  that 
the  edges  will  stand  open  enough  to  ad- 
mit the  wire  to  be  used,  as  shown  in 
Fig.  9,  and  firmly  clamped  in  this  posi- 
tion at  both  ends. 

Bushings.  Etc. 

The  form  must  be  held  together  by 
two  H-in.  bolts  closely  fitting  the  holes 


binding  wires,  which  hold  the  coil  in 
shape  after  its  removal  from  the  form, 
to  be  inserted  under  the  wire. 

A  small  fiber  clamp  held  by  a  wood 
screw  and  copper  burr  must  be  attached 
to  the  form  to  hold  the  beginning  end 
of  the   wire    in   each   coil.     This   clamp 


Fig.  8.  Coil  Forms 

must  be  on  the  end  of  the  fonn  corre- 
sponding to  the  terminal  end  of  the  coil, 
and  where  right-  and  left-hand  coils  are 
used  in  the  same  motor  the  clamp  must 
be  transferred  to  the  opposite  end,  after 
half  the  number  of  coils  is  wound,  as 
shown  in  Fig.  10. 

When  the  coils  are  symmetrical,  it  is 
immaterial  to  which  side  of  the  form  the 
clamp  is  attached,  but  when  an  unsym- 
metrical  coil  is  to  be  wound  the  clamp 
must  be  fastened  to  the  side  of  the  form 


having  the  longest  straight  portion  or 
coil    "side." 

The  end  to  which  the  clamp  is  fast- 
ened determines  the  "hand"  of  the  coil, 
the  side  to  which  it  is  fastened  governs 
the  location  of  the  splice  between  ele- 
ments of  a  coil,  as  will  be  described 
later. 

The  bushings,  sawcuts,  clamp  and 
other  details  are  clearly  shown  in  Fig. 
8,  a  close  examination  of  which  is  ad- 
visable before  proceeding  to  make  a 
form. 

Use  of  Corner  Blocks 

The  small  form  shown  at  the  rear  left 
of  Fig.  8  is  fitted  with  small  corner 
blocks  at  each  end  which  are  missing 
in  the  other  forms  shown.  These  blocks 
may  be  made  out  of  the  pieces  sawed  out 
of  the  corners  of  the  form,  which  were 
put  aside,  and  their  use  will  greatly 
facilitate  the  winding  of  small  coils  hav- 
ing relatively  many   turns  of  fine  wire. 

The  use  of  corner  blocks  is  recom- 
mended for  all  forms  using  wire  smaller 
than  No.  14  and  requiring  more  than 
seven  turns  per  layer.  When  heavier 
wire  and  fewer  turns  are  required,  the 
cotton  insulation  is  liable  to  abrasion, 
owing  to  the  difficulty  of  forcing  the  com- 
paratively stiff  wire  into  the  narrow  slots 
between  the  form  and  the  corner  blocks. 

As  the  corner  blocks  give  the  proper 
twist  to  the  V-shaped  ends  of  the  coil, 
their  omission  necessitates  the  formation 
of  this  twist  by  other  means.  The  sim- 
plest method  is  to  wind  the  coil  rather 
loosely  and  press  each  turn  into  approxi- 
mate shape  at  the  twist  with  the  thumb. 
After  all  the  turns  are  on  the  form  the 
accumulated  slack  may  be  worked  toward 
the  ends  of  the  coil  by  means  of  a 
small  fiber  block  and  a  mallet. 

Beginning  at  the  middle  of  the  coil 
"sides"  and  working  toward  the  ends  the 
coil  is  gently  driven  into  shape  against 
the  edges  of  the  form.  After  one  or 
two  practice  coils  have  been  wound,  the 
proper  tension  to  give  during  the  winding 
operation  will  be  determined  easily,  and 
once  the  knack  is  caught  it  will  be  found 
that  twice  as  many  coils  can  be  wound 
in  a  given  time  without  comer  blocks  as 
with  them. 


"To  a  large  extent,"  said  Frank  W. 
Smith,  secretary  of  the  United  Electric 
Light  &  Power  Co.,  of  New  York  City, 
"the  prosperity  that  you  and  I  enjoy  is 
due  to  the  passing  of  individualism  and 
to  the  present-day  spirit  of  cooperation. 
Without  organization,  the  best  effort 
is  not  possible  of  attainment.  It  means 
betterment  for  you  individually  and  col- 
lectively; it  means  improved  conditions, 
greater  success  and  a  sure  future  for 
your  company;  for,  without  a  loyal  force 
'laboring  together  with  others  for  a  com- 
mon end,'  great  success  and  prosperity 
to  any  business  enterprise   must   fail." 
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Gas   Power   Department 

Worth-while  gas-engine  and  producer  information  treated  in  a  way  that  can  be  of  practical  use 


A  German  Peat  Gas  Power 
Plant 

By  Paul  C.  Percv 
At  the  East  German   Exhibition  which 
was    held   some   time    ago    at    Posen,   a 


crank  construction  is  followed  instead 
of  the  old  German  center-crank  form. 
Ignition  is  effected  by  means  of  the  oscil- 
lating type  of  magneto  and  make-and- 
break  igniters  tripped  by  linkage  from 
the  magneto  shafts.     An  individual  mag- 
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Fic.  1.  GoRLiTZER  300-HP.  Peat-gas  Engine 


neto  is  provided  for  each  combustion 
chamber. 

The  engine  is  rated  at  300  hp.  and  was 
used  to  drive  an  electric  generator  which 
supplied  current  throughout  the  exhibi- 
tion hall. 

Fig.  2  is  a  sectional  view  of  the  pro- 
ducer outfit.  The  gas  generator  may 
be  considered  as  in  the  down-draft  class, 
but  differs  in  several  important  respects 
from  the  ordinary  down-draft  type  in 
general  use.  The  air  is  taken  from  the 
pit  beneath  it,  which  also  contains  the 
scrubber  water  and  the  gas-delivery  pipe 
D.  Part  of  the  air  is  drawn  through  the 
pipe  A  and  the  superheater  B  into  the 
upper  part  of  the  fuel  column,  whence 
it  must  travel  down  through  the  fuel 
bed  in  order  to  reach  the  gas  outlet  be- 
low. The  remainder  of  the  air  ascends 
through  the  space  between  the  outer  and 
the  inner  shells  of  the  generator,  absorb- 
ing radiant  heat,  and  under  normal  con- 
ditions it  enters,  through  the  valve  C 
at  t)ie  base  of  the  purge  pipe  F,  the 
combustion  chamber  above  the  fuel  bed. 

Gasification  of  the  fuel  takes  place  in 
one  direction  only,  and  the  gas  is  with- 
drawn from  the  center  of  the  combustion 
chamber  below.  The  air,  instead  of 
traveling  along  the  walls  of  the  gen- 
erator, is  forced  to  enter  the  inner  strata 
of  the  fuel  bed.  The  heavy  gases  pro- 
duced in  the  upper  layers  of  the  fuel 
bed  are  forced  to  pass  through  the  in- 
candescent zone  below,  where  they  are 


complete  peat-gas  power  plant  in  full 
operation  attracted  a  great  deal  of  atten- 
tion. The  producer  was  the  Heinz  ap- 
paratus, described  last  June  in  Power, 
and  the  engine  was  a  horizontal  single- 
cylinder,  double-acting  machine,  de- 
signed especially  to  work  on  the  variable 
quality  of  gas  characteristic  of  peat  gasi- 
fication. 

Fig.  1  is  a  view  of  the  engine  in  the 
exhibition  hall.  As  the  picture  clearly 
indicates,  the  engine  is  very  "stockily" 
built.  This  construction,  together  with  a 
relatively  moderate  compression  pressure, 
is  employed  in  order  that,  even  with  the 
high  explosion  pressures  produced  by 
especially  "snappy"  gas,  the  parts  sub- 
jected to  the  explosion  stresses  may  have 
a  margin  of  safety.  The  inlet  and  ex- 
haust valves  of  one  end  of  the  cylinder 
are  operated  from  a  single  eccentric  on 
the  layshaft  (the  engine  works  on  the 
four-stroke  cycle),  an  arrangement  now 
quite  common.  It  will  be  noted  that 
the    American    practice    of    using    side- 


FiG.  2.  Sectional  Elevation  of  Heinz  Producer 
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split    up    and    converted    into    light    and 
permanent  gases. 

If  the  water  content  of  the  peat  ex- 
ceeds certain  limits,  somewhere  around 
40  per  cent.,  an  auxiliary  process  is  em- 
ployed temporarily  by  starting  a  second 
combustion  zone  near  the  top  of  the  fuel 
bed.   This  is  done,  by  opening  the  pipe  F 


Fig.   3.   The   Charging    Floor 

and  the  auxiliary  air-inlet  valve  E,  as 
soon  as  the  attendant  notes  that  the  fire 
on  top  of  the  fuel  column  is  disappear- 
ing. The  valve  C  then  closes  automatical- 
ly and  the  air  which  is  preheated  in  the 
space  between  the  shells  enters  the  fuel 
bed  directly  through  the  valve  £.  Thus 
combustion  is  started  at  the  level  of  E 


resumed.  By  the  temporary  employment 
of  this  expedient,  fuels  of  very  high 
water  content  can  be  gasified.  Of  course, 
there  is  a  moisture  limit,  for  in  peat 
containing  80  per  cent,  of  water  the  20 
per  cent,  of  combustible  would  be  only 
sufficient  to  vaporize  the  water  and  no 
combustible  gas  could  be  produced.  With 
the  auxiliary  process  the  consumption  of 
fuel  per  horsepower-hour  becomes  some- 
what greater  than  normal,  but  the  op- 
eration is  very  simple  and  free  from 
troubles. 

In  this  producer  all  the  gases  emanat- 
ing from  the  scrubber  water  are  drawn 
up  with  the  air  into  the  combustion 
chamber  and  destroyed.  The  gas  pro- 
duced is  very  clean. 

Fig.  3  is  a  view  of  the  charging  floor 
of  the  producer  exhibited  at  Posen.  The 
simplicity  and  cleanliness  are  obvious 
from  the  picture.  The  producer  and  en- 
gine were  built  by  the  Gorlitzer  Machine 
Works,  Gorlitz,  Germany. 


LETTERS 

What  Caused   the  Explosion? 

The  accompanying  picture  gives  a  view 
of  an  automobile  engine  that  was 
wrecked  by  the  bursting  of  the  front  cyl- 
inder. This  was  a  four-cylinder  en- 
gine of  about  35  hp.  and  had  been  ia 


What  Caused  the  Explosion? 


both  ways,  the  up-draft  being  provided 
by  the  pipe  F  ser\'ing  as  a  chimney  and 
the  down-draft  by  the  suction  of  the  en- 
gine. As  soon  as  incandescence  is  re- 
established on  top  of  the  fuel  bed  the 
purge  pipe  F  is  closed  off  and  the  valve 
E  shut;   the   normal  process   is  thereby 


excellent  working'  order.  The  car  had 
not  been  taken  out  of  the  garage  for 
three  or  four  days  before  the  explosion, 
and  it  can  hardly  be  supposed  that  any- 
one could  have  tampered  with  the  en- 
gine. As  can  be  seen,  the  front  cylinder 
is  literally   blown   to  pieces;    the  cylin- 


ders being  cast  in  pairs.  No.  2  cylinder 
was  broken  from  the  crank  case.  A 
piece  of  casting  was  blown  practically 
through  the  radiator,  a  large  piece  of 
casting  was  blown  through  the  right- 
hand  mudguard,  the  wind  shield  was 
shattered,  and  the  bottom  half  of  the 
crank  case  was  broken  into  a  hundred 
or    more    pieces. 

When  the  engine  was  started  up  there 
was  no  one  present  except  the  man 
who  started  it,  and  he  was  perfectly 
familiar  with  it.  His  only  explanation 
of  the  accident  is  that  he  attempted  to 
start  the  engine  as  usual  and  only  made 
a  couple  of  turns  of  the  crank  when  the 
explosion  occurred. 

I  can  offer  no  solution  of  the  acci- 
dent, nor  has  anyone  who  .".as  looked  at 
the  engine.  I  would  like  .0  have  other 
readers  give  their  opinions  as  to  the 
cause  of  the  explosion.  The  gasoline 
tank  contained  some  ten  or  twelve  gal- 
lons of  gasoline  when  the  explosion  oc- 
curred, but  it  was  not  ignited.  Most  of 
the  remaining  gasoline  was  used  in  an- 
other four-cylinder  engine  without  giv- 
ing any  indication  of  unusually  explosive 
qualities,  although  from  the  results  of 
the  explosion  one  would  think  that  a 
few  sticks  of  dynamite  had  been  put 
into  the  front  cylinder  and  then  fired. 
L.  Earle  Browne. 

Roundup,   Mont. 


Was  It  Too  Early  Igniter 
Timing? 

While  operating  a  lO-hp.  horizontal 
gasoline  engine  in  Canada  last  summer,  I 
had  a  peculiar  experience.  I  started  up 
the  engine  one  morning  and  when  it 
had  made  a  few  explosions  and  got  fairly 
well  started,  turned  the  ignition  timer  to 
the  running  position,  giving  early  igni- 
tion. When  I  did  so  the  engine  was  prac- 
tically wrecked,  the  base  being  diagonal- 
ly broken  on  each  side  and  two  34-in. 
studs  at  the  head  end,  holding  the  base 
to  the  sub-base,  being  sheared  off.  The 
crank  end  of  the  cylinder,  with  half  of 
the  base,  was  raised,  thereby  bending 
the  connecting-rod  and  cracking  a  tri- 
angular piece  out  of  the  piston.  The 
valve  and  igniter  settings  were  correct; 
I  had  gone  over  them  shortly  before 
starting   up. 

Clamps  were  put  on  each  side  of  the 
base,  the  piston  inverted  until  a  new 
one  could  be  obtained,  and  the  engine 
adjusted  and  operated  a  week  while  I 
was  there  with   fairly  good  satisfaction. 

I  would  like  to  know  if  any  other 
reader  has  had  the  same  experience  or  if 
anyone  can  account  for  the  wreck,  ex- 
cept by  saying  that  the  maximum  ex- 
plosive force  occurred  exactly  on  dead 
center  and  there  was  not  enough  mo- 
mentum to  carry  the  flywheel  over,  so 
the   weakest  part   gave  way. 

R.  E.  Wall. 

Beloit,  Wis. 
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Refrigeration  Department 

Principles  and  operation  of  ice-making  and  refrigerating  plant  and  machinery 


Compressor  Water  Jackets* 

By   Edward  N.   Friedmann 

If  is  certainly  of  interest  to  know  what 
influence  the  water  jacket  exerts  and  to 
know  the  conditions  under  which  it  is 
most  useful;  also  whether  it  were  best 
at  times  not  to  use  the  jacket.  What  I 
would  like  to  see  established  is  some 
simple  rules  showing  the  operating  en- 
gineer that  under  certain  conditions  it  is 
best  to  run  all  the  water  he  can  through 
the  jackets,  and,  of  course,  at  the  lowest 
temperature  available;  also,  under  what 
conditions  he  should  stop  the  flow  of 
water  to  the  jacket. 

While  investigating  this  problem,  not 
having  access  to  an  experimental  plant, 
I  was  limited  for  data  to  the  reports  of 
tests  made  at  the  works  of  the  York 
Manufacturing  Co.,  York,  Penn.,  and  of 
the  Eastman  Kodak  tests.  In  reading  the 
discussions  and  claims  of  the  participants 
in  these  tests,  following  their  completion, 
it  may  be  seen  that  the  manipulation  of 
the  water  jacket  was  one  of  the  bones 
of  contention,  but  ever  since  those  tests, 
now  several  years  ago,  the  matter  has 
rested  so  far  as  data  were  concerned, 
and  no  additional  facts  have  been  es- 
tablished or  published  to  my  knowledge, 
and  I  must,  therefore,  confine  my  ob- 
servations to  the  material  then  avail- 
able. 

While  studying  the  data  mentioned,  I 
found  that  certain  conditions  affected 
the  use  of  the  water  jacket  differently 
in  the  single-acting  and  the  double-act- 
ing compressor,  making  the  influence  of 
the  water  jacket  favorable  or  unfavor- 
able,  according   to   circumstances. 

In  a  double-acting  compressor,  during 
each  stroke,  there  is  suction  on  one  side 
of  the  piston  and  compression  on  the 
other,  while  in  the  single-acting  com- 
pressor, during  the  up  stroke,  there  is 
suction  on  the  bottom  and  compression 
at  the  top;  but  on  the  down  stroke  only 
gas  passes  from  the  under  side  of  the 
piston  to  the  top,  without  either  suction 
or  compression.  During  this  down  stroke, 
which  may  be  called  the  "intermediate" 
stroke  for  want  of  a  better  expression, 
cooling  or  heating  takes  place  according 
to  whether  the  mean  temperature  of  the 
jacket  water  is  below  or  above  the  tem- 
perature of  the  ammonia  inside  of  the 
compressor.  Since  there  is  no  intermedi- 
ate stroke  in  the  double-acting  compres- 


•Excerpts  from  paper  read  at  the  New 
York  meeting  of  the  American  Society 
of   Refrig-erating-    Engineers. 


sor,  no  such  cooling  or  heating  can  take 
place. 

Now,  if  the  mean  temperature  of  the 
jacket  water  were  above  that  of  the  am- 
monia, the  result,  of  course,  would  be 
a  rise  in  the  temperature  of  the  am- 
monia, and  this,  in  my  opinion,  was  the 
case  at  the  Eastman  Kodak  test  No.  3, 
resulting  in  a  loss.  By  stopping  the 
water  circulation  this  loss  was  avoided, 
entirely  in  accordance  with  the  result  of 
the  test   for  capacity. 

If  this  line  of  reasoning  is  correct, 
the   following   rules  suggest   themselves: 

1.  Run  plenty  of  water,  at  as  low  a 
temperature  as  available,  through  the 
water  jacket,  in  order  to  maintain  a  low 
mean  temperature  in  the  jacket. 

2.  Since  the  larger  the  diameter  of 
compressor  the  smaller  the  amount  of 
inside  superheat  (meaning  the  heat  im- 
parted to  the  gas  by  the  cylinder  walls) 
the  greater  is  the  chance  to  heat  the  am- 
monia by  the  jacket  water.  It  is  at  times, 
for  instance  in  summer,  best  not  to  use 
the  water  jacket  on  large  compressors, 
say  of  18  to  24  in.  in  diameter,  but  to 
use  liquid  ammonia  injection  instead.  In 
the  case  of  smaller  compressors,  say  12 
in.  and  less  in  diameter,  I  consider  the 
water  jacket  a  very  good  thing,  effecting 
a  greater  cooling  than  is  possible  in  the 
double-acting  compressor  not  having  this 
intermediate  stroke. 

As  an  illustration,  consider  the  follow- 
ing three  examples,  taken  from  tests  of 
a   York  single-acting   compressor: 

Test  No.  1 

Test  made  by  York  Manufacturing  Co. 
on  machine  having  two  I2|;xl8-in.  sin- 
gle-acting vertical  compressors: 

Ammonia  discharge  temperature,  213 
deg.  F. 

Ammonia  suction  temperature,  19  deg.  F. 

Temperature  at  end  of  suction  stroke, 
72  deg.   F. 

Mean  temperature  of  jacket  water,  63 
deg.  F. 

Temperature  difference  between  jacket 
water  and  ammonia,  9  deg.  F. 

Inner  surface  of  compressors  and 
heads  equals  1 1   sq.ft. 

11    X   9   =  99 
hence    the    cooling    accomplished    during 
the  intermediate  stroke  was  99  B.t.u.  per 
minute.  In  this  case  the  water  jacket  was 
beneficial   to  the  extent  indicated. 
Test  No.  2 

Test  made  by  York  Manufacturing  Co. 
in  Rochester  on  machine  havmg  two  15x 


22-in.  single-acting  vertical  compressors: 

Ammonia  discharge  temperature,  216 
deg.  F. 

Ammonia  suction  temperature,  15  deg.  F. 

Calculated  temperature  at  end  of  suc- 
tion stroke,  50  deg.  F.' 

Observed  mean  temperature  in  jacket, 
68  deg.   F. 

Temperature  difference  between  am- 
monia and  jacket  water,  9  deg.  F. 

Compressors  delivered  311.4  lb.  of  am- 
monia in   15  min. 

Inner  surface  of  compressors  anil 
heads,   17  sq.ft. 

9  X  17  =  153  B.t.u. 
per  minute,  which  is  the  heat  exchanged, 
but  it  may  be  noticed  that  in  this  case 
the  jacket  water  did  no  cooling;  on  thi; 
contrary,  it  imparted  heat,  the  mean  tem- 
perature of  the  water  having  been  higher 
than  that  of  the  ammonia. 

Assuming  the  refrigeration  obtainable 
at  500  B.t.u.  per  pound  of  ammonia,  the 
loss  equals 

■5.K 


500 


;  0.306  lb. 


per     minute,     or     for     15     min.     equals 
4.59  lb. 

Test  No.  3 

Test  made  by  York  Manufacturing  Co. 
in  Rochester  on  the  same  machine  as 
in  the  second  test. 

Ammonia  discharge  temperature,  250 
deg.  F. 

Ammonia  suction  temperature,  16  deg.  F. 

Temperature  at  end  of  suction  stroke, 
59  deg.   F. 

Water  still,  no  circulation.  Compres- 
sors delivered  315.65  lb.  of  ammonia  per 
15  min. 

Adding  the  above  4.59  lb.  to  this  gives 
320.24  lb.  The  difference,  which  is  ex- 
tremely small,  may  be  explained  by  the 
fact  that  in  test  3  the  suction  tempera- 
ture was  higher  and  the  suction  pres- 
sure slightly  lower  than  in  test  2. 
Test  No.  4 

Test  of  21 -in.  single-acting  York  com- 
pressor at  Ebling's  brewery.  New  York 
City: 

Ammonia  discharge  temperature,  279 
deg.  F. 

Ammonia  suction  temperature,  6  deg.  F. 

Temperature  at  end  of  suction  stroke, 
40  deg.  F. 

Mean  temperature  of  jacket  water  as- 
sumed at  90  deg.  F. 

In  this  case  the  difference  between 
the   ammonia   and  jacket  water  was 

90  -  40  =  50  deg.  F. 
and,  owing  to  the  large  surface  of  these 
compressors,   the    heating    was   consider- 


56 


POWER 


January  9,  1912 


able,  and  if  no  water  jacket  had  been 
used  the  test  results  would  have  proved 
more  favorable  than  they  did. 

The  conclusions  I  have  come  to  are 
as  follows:  It  is  of  great  importance 
that  these  questions,  as  to  when  a  water 
jacket  is  an  advantage  or  a  drawback, 
be  settled  by  the  manufacturers  who  are 
in  position  to  have  accurate  tests  made 
in  their  test  plants,  for  it  seems  obvious 
that  the  construction  of  the  compressor 
should  be  suitable  for  each  particular 
case.  As  for  practical  reasons  this  is 
not  feasible;  the  manipulation  of  the 
water  jacket  should  be  modified  in  ac- 
cordance with  the  conditions  met  with  in 
practice.  With  large  compressors,  say 
from  18  to  24  in.  diameter,  and  where 
the  cooling  water  available  is  of  high 
temperature,  such  as  70  to  90  deg.  F., 
which  is  often  the  case  under  summer 
conditions,  the  water  jacket  is  not  only 
of  no  benefit,  but  rather  a  detriment, 
while  under  the  same  conditions  with 
small  compressors,  say  from  12  in.  diam- 
eter down,  the  water  jacket  will  be  an 
advantage. 

It  is  regrettable  that  the  tests  by  the 
manufacturers  have  usually  been  made 
under  abnormal  conditions,  the  cooling 
water  being  what  may  be  termed  "win- 
ter" water,  while  the  condenser  pressures 
were  artificially  made  to  correspond  with 
summer  conditions.  Thus,  the  compressor 
is  surrounded  by  colder  water  than 
would  be  the  case  under  ordinary  summer 
conditions,  which  influences  both  the  ton- 
nage of  refrigerating  capacity  and  horse- 
power; as  a  reduction  of  discharge  tem- 
perature effects  a  corresponding  reduc- 
tion in  horsepower,  nearly  all  the  power 
put  into  a  compressor  being  expended 
in  increasing  th,e  temperature  of  the  am- 
monia vapor  to  that  of  the  discharge. 


The  Gravity  Feed  System* 

By  Theodore  O.  Vilter 

I  have  found  in  my  experience  in 
traveling  around  the  country  that  a  great 
many  people  believe  the  coils  in  a 
gravity-feed  system,  which  is  commonly 
but  incorrectly  called  the  flooded  sys- 
tem, are  full  of  anhydrous  liquid  am- 
monia. This  is  not  true.  As  the  am- 
monia boils,  particles  of  gas  are  formed 
and  they  travel  in  a  coil.  With  every 
foot  of  travel  these  particles  of  gas  in- 
crease, so  that  at  the  end  of  the  coil 
most  of  the  pipe  is  filled  with  gas  under 
suction    pressure. 

The  gravity-feed  system  is  designed 
for  the  purpose  of  supplying  automatical- 
ly each  and  every  coil  in  a  tank  or  a 
coil  located  in  a  chill  room  of  a  pack- 
ing house  or  any  series  of  coils  that  are  of 
the  same  level,  with  the  necessary  supply 
of    ammonia.    In    forcing    every    square 


'A    paper    read    before    the    Practical 
Ii.ngineers'  Association,  in  Houston,  Tex. 


inch  of  surface  of  every  foot  of  pipe  to 
its  fullest  extent,  it  is  necessary  to  get 
the  ammonia  into  that  pipe,  and  this  ap- 
paratus does  that  automatically,  whereas 
with  12,  15,  30  or  40  coils,  with  a  feed 
cock  on  each,  the  man  who  can  regulate 
them  satisfactorily  is  yet  to  be  born.  I 
have  found  this  out  in  my  practical  ex- 
perience in  operating  refrigerating  and 
ice-making  plants.  The  gravity-feed  sys- 
tem in  connection  with  the  accumulator 
is  the  proper  apparatus  to  be  applied 
and  the  efficiency  of  the  plant  is  in- 
creased by  the  use  of  this  apparatus. 

In  the  tank  of  a  plate  ice-making  plant 
there  are  coils  that  have  10  in.  of  ice. 
Again,  there  are  coils  in  the  tank  that 
are  absolutely  free  from  ice  and  as  the 
water  entering  the  tank  on  these  bare 
coils  is  in  all  cases  warmer  than  the 
ice,  these  pipes  or  coils  will  have  to  cool 
the  water  down  to  the  ice-making  tem- 
perature. Consequently,  these  coils  re- 
quire more  ammonia  than  the  others. 
The  accumulator  of  the  gravity-feed  sys- 
tem accomplishes  this  result  automatical- 
ly and  the  engineer  is  not  hampered  by 
finding,  when  he  comes  on  duty  in  the 
morning,  that  one  coil  has  2  in.  of  ice, 
another  3  in.,  and  another  4  in.  The  ice 
forms  absolutely  uniform.  In  the  plate 
ice  plant  this  can  be  noticed,  whereas 
in  the  coils  of  a  can  ice  tank  it  is  not 
apparent.  This  is  why  in  a  great  many 
cases  the  efficiency  of  a  can  ice  plant 
is  increased  by  the  addition  of  the 
gravity-feed  system  to  existing  coils. 

When  installing  the  gravity- feed  sys- 
tem care  should  be  taken  that  the  ac- 
cumulator is  placed  above  the  top  of  the 
coils  so  that  the  liquid  may  have  suffi- 
cient head  to  enter  the  coils.  The  weight 
of  the  liquid  will  form  a  very  low  pres- 
sure in  a  tank  where  the  cans  are  only 
2  ft.  deep.  It  is  improved  a  bit  with 
300-lb.  cans,  and  still  more  with  400-lb. 
cans,  and  much  more  when  a  plate  ice 
plant  has  a  tank  9  or  12  ft.  deep. 

Care  must  be  taken  that  the  liquid 
pipes  run  at  an  angle  from  the  accumu- 
lator to  the  headers  of  the  tank,  and 
that  the  pipes  are  covered  if  they  pass 
through  a  warm  room  in  order  that  the 
ammonia  may  be  kept  from  boiling  as 
much  as  possible.  The  pipe  is  set  at 
an  angle  in  order  to  allow  the  gas  that 
is  liable  to  evaporate  to  pass  back  into 
the  accumulator  without  retarding  the 
flow  of  the  liquid. 

In  a  certain  plant  in  the  East  equipped 
with  a  gravity- feed  system,  there  were 
three  ice  tanks  with  three  inlets  from  the 
same  accumulator.  The  liquid-supply 
header  was  horizontal  and  in  one  tank 
to  which  it  raised  9  in.  it  was  possible 
to  make  but  very  little  ice.  The  liquid 
header  was  in  a  warm  room  and  in  the 
hot  summer  days,  of  course,  the  am- 
monia boiled  a  great  deal.  The  gas 
formed  retarded  the  flow  of  liquid  to  the 
coils  and  reduced  the  output  of  ice. 


A  Floating   Cold    Storage 
Plant 

A  new  venture  which  bids  fair  to  revo- 
lutionize the  methods  of  handling  and 
marketing  fish  is  to  be  tried  Isy  the  Gor- 
ton-Pew Fisheries  Co.  The  steamer 
"Alcona"  is  being  equipped  with  a  big 
cold-storage  and  freezing  plant  so  that 
it  may  cruise  about  the  various  ports  on 
the  west  and  south  coasts  of  Newfound- 
land, securing  fish  of  all  kinds,  freezing 
and  preserving  them,  and  later  shipping 
them  from  North  Sidney.  To  help  along 
the  scheme,  the  Newfoundland  govern- 
ment will  allow  all  coal  needed  for  op- 
erating the  cold-storage  plant  to  be  ad- 
mitted free  of  duty  while  the  steamer  is 
in  Newfoundland  waters. 

The  "Alcona"  is  of  1200  tons  gross 
and  has,  in  addition  to  the  usual  engine 
equipment  of  about  350  hp.,  two  30-ton 
absorption  refrigerating  machines  which 
give  a  daily  freezing  capacity  of  40,000 
lb.  of  fish.  Over  75,000  lb.  can  be 
spread  over  the  freezing  coils  at  one 
time.  This  unusual  capacity  in  the  re- 
frigerating rooms  is  the  result  of  sup- 
plying 30,000  linear  feet  of  IH-in.  pipe 
with  calcium  brine. 

So  far  as  is  known,  it  is  the  only 
vessel  afloat  today  in  any  part  of  the 
world  carrying  the  absorption  type  of 
refrigerating  machinery.  By  using  ver- 
tical tubular  generators,  absorbers  and 
condensers  the  equipment  occupies  very 
little  space. 

The  plant  was  designed  and  is  being 
installed  by  Mr.  Palson,  a  builder  of  ice 
ana  cold-storage  machinery  at  Glou- 
cester, Mass.,  and  the  apparatus  was 
built  at  the  plant  of  the  Robb  Engineer- 
ing Co.,  Ltd.,  at  South  Framingham, 
Mass. 

The  two  stills  or  generators  are  48  in. 
in  diameter,  with  heavy  cast-iron  dished 
heads  fitted  with  stuffing-boxes  through 
which  the  pipe  connections  are  made  to 
the  various  coils  within.  The  absorbers 
and  condensers,  also  vertical,  are  48  in. 
in  diameter;  each  has  one  hundred  and 
sixty-three  2'/.-in.  tubes  7  ft.  long.  These 
were  especially  designed  so  that  the 
tubes  could  expand  at  their  upper  ends 
and  take  care  of  any  difference  in  ex- 
pansion, which  might  occur  between  the 
tubes  and  the  shells.  The  tubes  are  of 
extra-heavy  gage,  and  because  of  the 
action  of  ammonia  each  tube  was  highly 
polished  in  a  lathe  so  that  the  surface 
would  be  perfectly  clean  and  make  com- 
plete contact,  thus  avoiding  the  chance 
of  any  foreign  matter  getting  between 
the  metal  surfaces,  which  would  soon 
be  eaten  out  by  the  ammonia.  Designed 
for  150  lb.  working  pressure,  these  ves- 
sels were  tested  to  300  lb.  pressure  be- 
fore leaving  the  shop. 


All  the  ammonium  sulphate  used  in 
Norway  is  supplied  by  four  of  the  prin- 
cipal  gas-works  in   that  country. 
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Status  of  the  Boiler    Horse- 
power 

The  boiler  horsepower  was  originally 
what  its  name  implies,  the  amount  of 
steam  required  by  a  then  prevalent  type 
of  engine  for  the  development  of  one 
horsepower  for  one  hour.  Being  based 
on  transient  conditions,  it  soon  lost  this 
connection  with  engine  performance  and 
became  simply  an  arbitrary  or  conven- 
tional unit  of  boiler  output.  In  the  pro- 
gress of  steam  engineering  there  has 
been  a  continual  change  in  the  relation 
between  boiler  rating  and  engine  rating. 
The  function  of  a  boiler  is  to  absorb 
heat  from  the  fire,  putting  it  into  water 
and  making  steam;  therefore  the  unit 
of  boiler  output  is  essentially  a  thermal 
quantity.  Taking  the  heat  to  vaporize 
one  pound  of  water  at  212  degrees  as 
a  sort  of  larger  heat  unit,  the  boiler 
horsepower  is  equivalent  to  34.5  of  these 
units,  or  to  about  33,460  B.t.u.  per  hour. 
Twenty  years  ago  the  best  pumping 
engines  were  cutting  their  heat-input  re- 
quirement to  less,  than  14,000  B.t.u.  per 
horsepower-hour;  now  they  run  below 
12,000.  Since  the  year  1900  there  have 
been  many  records  of  engines  in  power 
service  working  within  this  same  range 
of  heat  supply.  In  the  design  of  a  big 
plant,  a  boiler  rating  equal  to  half  the 
engine  rating  has  long  been  considered 
ample,  giving  margin  for  a  reasonable 
layoff  of  boilers  for  cleaning  and  re- 
pair. The  best  records  from  big  steam 
turbines  show  a  consumption  of  only 
about  11,000  B.t.u.  per  estimated  indi- 
cated horsepower-hour,  so  that  one 
American  boiler  horsepower  can  produce 
three  engine  horsepower  or  nearly  two 
kilowatts  of  electrical  output. 

Besides  this  lowering  of  heat  required 
by  the  machine,  there  has  been  a  de- 
crease in  the  boiler  surface  considered 
necessary  for  a  given  heat  transfer.  The 
common  allowance  of  ten  square  feet  to 
the  horsepower  implies  an  average  trans- 
fer rate  of  about  3350  B.t.u.  per  square 
foot  per  hour.  Locomotive  boilers  com- 
monly work  at  around  sixty-five  per  cent, 
efficiency    when    conducting    5000   B.t.u. 


per  hour,  and  are  often  pushea  to  as 
much  as  12,000  or  even  15,000  B.t.u., 
although  the  efficiency  then  falls  to  the 
neighborhood  of  forty-five  per  cent. 

There  is  now  a  strong  tendency  to 
burn  more  coal  under  stationary  boilers 
and  get  a  bigger  capacity,  and  experience 
has  shown  that  the  drop  in  efficiency  is 
small.  The  installation  of  additional  fur- 
naces under  the  boilers  at  the  Inter- 
borough  power  house  several  years  ago 
was  a  pioneer  example.  The  Detroit 
tests,  recently  reported  to  the  American 
Society  of  Mechanical  Engineers  and 
published  in  our  issue  of  Dec.  5,  arS 
another  striking  illustration.  In  these 
tests  the  rate  of  heat  transfer  varied 
from  3400  B.t.u.  at  eighty  per  cent,  effi- 
ciency to  6700  at  seventy-six  per  cent. 
This  means  that  with  big  boilers  and 
turbines  good  economy  can  be  main- 
tained when  three  square  feet  of  heating 
surface  are  carrying  one  kilowatt  of  gen- 
erator output.  It  is  a  long  step  from  a 
300-horsepower  battery  of  boilers  with 
a  300-horsepower  engine  to  one  boiler 
of  2400  horsepower  rating  which  carries 
8000  kilowatts. 


The  Value  of  Compression 

As  an  interesting  research  for  schools 
with  steam-engineering  laboratories,  we 
suggest  a  series  of  tests  to  determine 
the  effect  of  compression  upon  the  steam 
consumption  of  an  engine. 

It  is  not  a  new  subject.  Extremely 
painstaking  work  was  done  upon  it  at 
Liege  by  Prof.  Dwelshauvers-Dery,  years 
ago  (see  Power  of  June  28,  1910),  and 
other  tests  and  discussions  have  been 
published.  But  it  is  impossible  from  any 
data  of  which  we  know  to  draw  effi- 
ciency curves  of  the  same  engine  with 
different  ratios  of  compression.  When 
the  compression  is  changed,  either  the 
load  or  the  ratio  of  expansion  changes 
at  the  same  time,  and  the  effect  may  not 
be  due  entirely  to  the  change  of  com- 
pression. 

It  would  be  very  illuminating  if  a 
series  of  tests  could  be  made  with  an 
engftie  the  valves  of  which  were  set  for 
no   compression,   determining  the  steam 


consumption  of  various  loads  per  indi- 
cated and  per  brake  horsepower,  and 
with  no  variable  but  the  load.  Let  these 
be  plotted  in  the  usual  efficiency  curves 
with  the  Willans  line  of  total  steam  con- 
sumption added. 

Let  this  series  of  tests  be  repeated 
for  various  degrees  of  compression,  with 
the  same  pressure  and  quality  of  steam, 
the  same  speed;  in  fact,  with  all  condi- 
tions as  nearly  as  possible  reproduced. 

Will  the  efficiency  curve  with  the 
greater  degrees  of  compression  lie  above 
or  below  that  with  none  ? 

Will  they  parallel  or  cross  it? 

Will  the  Willans  line  change  its  angle, 
and  especially  will  it  come  nearer  to  the 
intersection  of  the  coordinates,  indicating 
diminished    internal    losses? 

How  will  the  ratio  of  the  brake  to  the 
indicated  horsepower  be  affected?  This 
might  be  studied  in  connection  with  in- 
ertia-pressure diagrams,  show'ing  the  ef- 
fect of  various  degrees  of  compression 
upon  the  bearing  pressure  and   friction. 

Will  some  of  our  laboratories  which 
are  looking  for  directions  in  which  to 
direct  their  activities  consider  the  sug- 
gestion? 


Misuse  of  the  Term  "Rotary" 
Engine 

Of  recent  years,  since  the  commence- 
ment of  the  now  quite  general  adoption 
of  the  aeroplane  by  the  more  daring  of 
our  wealthy  young  men,  several  so  called 
rotary  engines  have  been  evolved  which 
may  be  said  to  be  quite  satisfactory,  as 
far  as  that  adjective  can  be  applied  to 
present-day  aeroplane  engineering.  The 
majority  of  these  engines  are  of  the 
Gnome  type,  but  whether  they  justify 
(he  use  of  the  qualiflcation  rotary  is  open 
to  serious  question. 

This  is  not  such  a  silly-season  sort 
of  topic  as  it  may  appear  to  be  at  first 
blush.  Aeronautics  is  a  new  science. 
Then  let  it  take  lessons  from  the  older 
sciences  and  be  careful  how  it  picks  its 
technical  terms  and  expressions.  An 
ill  applied  term  once  adopted  and  stand- 
ardized by  continuous  use  can  be  ef- 
faced and  replaced  only  by  superhuman 
efforts  on  the  part  of  the  heads  of  the 
profession.  Endless  misunderstanding 
and  misconception  were  caused  by  the 
first  definition  of  "boiler  efficiency"  in 
steam  engineering.  This  term  was  made 
13    take    into   account   the    furnace,    the 


grate,  the  quality  of  fuel,  etc.,  and  it 
embraces  all  these  factors  when  referred 
to  now.  Obviously,  if  "boiler  efficiency" 
were  what  the  two  words  plainly  indi- 
cate, it  would  deal  only  with  the  capa- 
city of  the  boiler  itself  to  absorb  heat 
and  transfer  it  to  the  water  within  it, 
varying  only  with  the  design  as  regards 
construction,  materials,  heating  surfaces, 
thickness  of  plates  and  other  factors. 
Numberless  other  examples  could  be 
given  of  similar  cases  in  which  the  loose 
application  and  misuse  of  a  term  at  the 
beginning  of  a  new  science  has  stuck, 
to  be  misunderstood  by  each  successive 
generation  of  students.  It  would  be  a 
pity  if  the  future  students  of  aeronautics 
should  be  hampered  by  the  adoption  of 
misnomers. 

A  lexicographer  defines  reciprocating 
engine  as  "the  common  form  of  engine, 
in  which  the  piston  and  piston  rod  move 
backward  and  forward  in  a  straight  line, 
absolutely  or  relatively  to  the  cylinder, 
as  in  oscillating  engines.  The  term  is 
used  in  contradistinction  to  rotary  en- 
gine," which  is  found  to  be  "a  form  of 
steam  engine  in  which  the  piston  rotates 
in  the  cylinder  or  the  cylinder  upon  the 
piston.  The  varieties  are  numerous,  but 
in  practice  rotary  engines  are  not  found 
to  be  any  more  economical  than  the  re- 
ciprocating engine  with  crank  attached." 
The  latter  part  of  this  definition  cer- 
tainly presupposes  the  absence  of  cranks 
in  rotary  engines.  Equally  certainly,  this 
definition  was  written  in  the  days  before 
the  reign  of  the  steam  turbine  and  equip- 
ment of  similar  construction. 

Webster's  "International  Dictionary" 
gives  a  similar  definition  of  a  reciprocat- 
ing engine,  but  says  that  in  a  rotary,  or 
rotatory,  engine,  "a  piston,  vane  or  the 
like  is  constrained  to  move  in  a  circular 
path,  thus  obviating  the  necessity  for  a 
connecting-rod  and  a  crank."  It  also 
gives  the  following  description  of  a  ro- 
tative engine,  "an  engine  in  which  the 
reciprocating  motion  of  the  piston  is 
transformed  into  a  continuous  rotary 
motion." 

Another  dictionary,  however,  seems  to 
give  the  most  emphatic  definition  of  a 
rotatory,  or  rotary,  engine  as  an  engine 
in  which  the  piston  rotates  in  the  cylin- 
der or  the  cylinder  upon  the  piston  "with- 
out the  intervention  of  reciprocating 
parts."  It  also  refers  to  steam  acting 
directly  on  "surfaces  rigidly  connected 
with  the  shaft  to  be  set  in  motion." 


Now  the  Gnome  engine  and  its  con- 
temporaries are  certainly  not  rotary  en- 
gines in  the  same  sense  that  a  steam 
turbine  is  a  rotary  engine.  A  steam  tur- 
bine consists  broadly  of  two  parts,  a 
stator  and  a  rotor  the  first  is  stationary 
and  the  latter  in  rotary  motion.  A  so 
called  rotary  aeroplane  engine  of  the 
Gnome  type  has  also  a  stator  and  a  rotor. 
The  crankshaft  is  the  stator  and  the  rest 
of  the  engine  is  the  rotor.  So  far,  so 
good,  but  there  are  "wheels  within 
wheels"  in  this  case.  The  Gnome  en- 
gine and  its  like  are  also  reciprocating 
engines.  For  all  their  seeming  "rotari- 
ness,"  to  coin  a  word — they  hide  away 
pistons  which  reciprocate  in  their  cylin- 
ders. Without  the  reciprocation  of  these 
pistons  the  mechanisms  termed  "rotary 
engines"  would  no  longer  be  prime  mov- 
ers; they  would  be  locked  in  such  a 
case. 

A  perusal  of  the  foregoing  definitions 
makes  it  plain  that  no  engine  with  re- 
ciprocating parts  may  be  justifiably  called 
a  rotary  engine.  Gnome  and  similar 
engines  do  contain  reciprocating  parts; 
hence  they  cannot  be  rotary  engines. 
They  are  reciprocating  engines  certain- 
ly, but  the  term  "reciprocating  engine" 
has  been  standardized  to  mean  one  par- 
ticular type  of  reciprocating  engine,  and 
some  other  name  should  therefore  be 
found  for  the  Gnome  type  of  engine 
which  will  convey  the  impression  that, 
while  they  are  reciprocating  engines,  they 
are  by  no  means  of  the  usual  type  of 
this  class.  The  most  suitable  name  ap- 
pears to  be  "rotative  engine,"  in  which 
"the  reciprocating  motion  of  the  piston 
is  transformed  into  a  continuous  rotary 
motion." 


The  term  "failure"  has  come  to  be 
loosely  used  as  synonymous  with  disaster, 
etc.  A  piece  of  metal  "fails"  under  such 
and  such  a  stress  in  the  testing  machine. 
One  speaks  of  a  "flywheel  failure"  al- 
though the  exploded  wheel  may  have  been 
racing  at  a  speed  far  in  excess  than  that 
for  which  it  was  designed.  It  was  in  this 
loose  sense  that  we  referred  to  the  "fail- 
ure of  a  condenser"  in  our  issue  of  De- 
cember 19.  As  was  made  plain  in  the 
article,  the  condenser  was  subjected  to 
an  internal  pressure  which  it  could  not 
be  expected  to  withstand  and  that  it 
"failed"  or  exploded  under  such  abnormal 
conditions  is  no  reproach  upon  the  appa- 
ratus or  its  makers. 
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The  Otis  Water  Purifying 
System 

The  accompanying  engravings  -illus- 
trate a  system  which  has  just  been 
brought  out  by  the  Stewart  Heater  Com- 
pany, Buffalo,  N.  Y.,  for  removing  scale- 
forming  materials  and  other  impurities 
from  boiler-feed  water.  The  process  is 
simple.  It  consists  of  heating  the  water 
in  one  vessel  and  passing  the  heated 
water  through  a  filtering  bed  contained 
in  another  vessel.  The  high  temperature 
(300  degrees  or  over,  according  to  the 
pressure  carried  in  the  boiler)    attained 


leading  over  to  the  filter.  The  heated 
water  passes  through  this  pipe  and  down 
through  filtering  beds  of  emery  supported 
on  perforated  copper  plates  or  trays, 
emerging  from  the  filter  tank  at  the  bot- 
tom and  passing  to  the  boiler-feed  main. 
At  intervals  the  deposits  of  foreign 
matter  on  the  heater  tubes  and  in  the 
filtering  beds  are  blo.wn  out  by  admitting 
cold  water  at  the  outlet  of  the  filter  tank 
and  running  it  backward  through  the 
system.  The  cold  water  causes  the  heater 
tubes  to  contract  and  the  scale  which 
has  deposited  on  them  is  thereby  cracked 
off,  according  to  the  maker's  explanation. 


Fig.  1.   The  Otis  Water-purifying   System 


in  the  heater  is  said  to  precipitate  all  of 
the  scale-forming  materials,  some  of 
which  deposit  on  the  heater  surfaces  and 
some  remain  in  suspension  in  the  water. 
The  water  is  passed  through  the  filter  to 
remove  such  matter  as  remains  in  sus- 
pension in  it. 

Referring  to  Fig.  1,  the  right-hand 
member  is  the  heater,  the  construction  of 
which  is  clearly  shown.  Live  steam  at 
boiler  pressure  is  admitted  at  the  top 
and  fills  the  tubes.  The  water  enters 
from  the  supply  pipe  or  the  ordinary 
feed-water  heater  at  the  "raw  water  in- 
let," near  the  bottom  of  the  shell,  and 
fills   the   shell   up   to   the   transfer  pipe 


Fig.  2  shows  the  method  of  piping  the 
system  that  is  advocated  by  the  maker. 
The  feed-water  supply  is  taken  from  the 
pipe  A  and  normally  Rows  into  the  heater 
through  the  valve  /,  the  bypass  valve 
B,  back-flow  valve  C,  relief  valve  D 
and  blowoff  valve  E  being  closed.  The 
cleansed  water  passes  from  the  filter  tank 
to  the  boiler-feed  main  through  the  pipe 
F  and  valve  G.  To  cleanse  the  system, 
the  steam  supply  is  first  shut  off  (valve 
S)  and  the  water-inlet  valve  /  is  closed. 
Then  the  valve  D  is  opened  to  let  out 
whatever  steam  may  be  in  the  heater, 
and  the  valves  C  and  E  are  opened.  The 
former  admits  cold  water  to  the   bottom 


of  the  filter  tank  and  the  latter  allows 
the  water  to  discharge  from  the  heater 
to  the  drain.  Then  the  valve  D  is  closed 
in  order  to  force  the  backward  flow  of 
water  from  the  filter  tank  to  go  through 
the  heater.  This  back  flow  is  continued 
until  clear  water  comes  out  of  the  dis- 
charge pipe.  While  the  cleansing  process 


Fig.  2.    Method  of  Piping  System 

is  going  on,  water  may  be  fed  to  the 
boilers  if  necessary  through  the  bypass 
valve  B.  When  the  purifying  system  is 
normally  supplied  with  water  which  has 
passed  through  a  heater,  it  is  advisable 
to  connect  the  back-flow  pipe  H  with  a 
cold-water  supply  instead  of  the  feed- 
water  supply,  because  cold  water  is  pre- 
ferred   for  cleansing  the  system. 


Multiported   Safety  Exhaust 
Outlet  Vah'e 

An  improved  type  of  exhaust-outlet 
valve  has  been  designed  by  the  Harri- 
son   Safety    Boiler    Works,    Seventeenth 


Cochrane  Multiported  Exhaus 
Outlet  Valve 

and      Clearfield      streets,      Philadelphia, 
Penn. 

An  interior  view  of  this  valve  is  shown 
in  Fig.  1.  This  valve  has  been  designed 
for  the  purpose  of  discharging  a  large 
amount  of  steam  at  low  pressure  in  a 
short  time  and  also  to  keep  the  lift  of  the 
several    valve    disks    as    small    as    prac- 
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ticable  and  to  operate  without  pounding 
on  tlieir  seats. 

Tlie  valve  operates  on  the  principle  of 
the  pop  safety  valve,  in  that  the  disks  are 
held  to  their  seats  by  springs,  the  ten- 
sion of  which  can  be  varied  within  the 
range  of  the  spring.  When  the  pressure 
on  the  underside  of  the  disks  overcomes 
the  resistance  offered  by  the  springs,  the 


their  large  number  and  the  fact  that  they 
are  made  of  bronze,  as  are  also  the  lin- 
ings of  the  dashpot,  the  probability  of 
sticking  is  remote.  Should  one  disk  be 
deranged,  all  the  other  disks  will  con- 
tinue in  operation,  and  there  is  but  a 
slight  possibility  that  all  of  the  disks 
of  a  valve  will  become  inoperative  at  one 
time. 


Fig. 


Full  Pressure         Valves  in  Contact  Only     Raised  for  Full  Opening 
2.    Three  Principal  Positions  of  Pressure  Plate  in  Cochrane  Valve 


disks  are  forced  open  and  the  steam  is 
allowed  to  escape  to  the  atmosphere. 

The  valve  may  be  described  briefly  as 
consisting  of  a  valve  deck  upon  which 
are  placed  a  number  of  small  valve  disks, 
each  individual  disk  being  held  closed 
by  a  spring.  A  water  cushion  or  dashpot 
is  also  provided  for  each  disk  to  arrest 
its  motion  and  to  prevent  damage  to  the 
disk  and  its  seat.  Each  disk  may  be 
lifted  free  of  the  seat  by  a  stem  when 
desired.  The  tension  of  the  spring  is 
determined  by  the  position  of  a  pressure 
plate,  made  adjustable  by  means  of  a 
vertical  screw  which  may  be  turned  either 
way  by  means  of  bevel  gears  connected 
with  a  horizontal  shaft  which  extends 
to  the  exterior  of  the  valve  casing.  This 
shaft  is  fitted  with  either  a  handwheel, 
chain  wheel  or  a  gear  wheel.  The  valve 
deck  is  placed  between  the  flanges  of  the 
bottom  and  the  top  castings,  the  latter 
having  two  or  more  handhole  plates  or 
doors  for  access  to  the  valve  deck. 

From   the    type    of   valve   disks   used, 


In  the  valve  herewith  shown,  the  ag- 
gregate area  of  the  small  disks  is  some- 
what larger  than  the  area  of  the  inlet  and 
outlet  orifices,  which  provides  generally 
an  unrestricted  passage  for  the  steam 
when  the  disks  are  raised  for  exhausting 
free  to  the  atmosphere. 

The  individual  disks  are  small  and 
light,  and  respond  quickly  when  pres- 
sure is  applied  to  them.  The  seating  of 
the  disks  is  retarded  by  a  water  cushion 
in  the  dashpots  beneath  them.  The  water 
in  these  dashpots  is  produced  by  the  con- 
densation of  the  steam. 

Adjusting  the  tension  of  the  spring  is 
done  by  raising  or  lowering  the  pressure 
plate,  but  it  is  impossible  for  a  certain 
pressure  to  be  exceeded  without  sub- 
stituting new  springs;  that  is,  when  the 
pressure  plate  is  down  all  the  way,  the 
springs  are  compressed  to  their  maxi- 
mum. 

The  three  drawings  in  Fig.  2  illustrate 


■im 


Valve  Equipped  with  Trap- controlled  Water  Seal 


Fig.  3.   Outlet  Valve  for  Vacuum  Service  with  Overflow  Type  of  Water 
Seal 

the  several  positions  of  the  pressure- 
plate  and  valve  disks  when  the  valve  is 
set  to  the  maximum  back  pressure.  The 
first  is  set  with  the  valve  disks  just 
touching  the  seat,  as  when  only  a  few 
ounces  of  back  pressure  are  required  to 
force  steam  into  a  heater  or  other  ap- 
paratus; a  central  position  and  finally 
with  the  valves  raised  to  the  maximum 
hight  to  allow  free  exhaust  to  the  at- 
mosphere. 

In  Figs.  3  and  4  are  shown  two  types 
of  back-pressure  valves  intended  for  vac- 
uum service.  They  are  fitted  with  light 
springs  and  are  provided  with  a  means 
of  water  sealing.  The  water  seal  may 
be  of  the  simple  overflow  type,  shown  in 
Fig.  3,  the  water  entering  through  the 
valve  connected  at  the  left  and  overflow- 
ing at  the  right,  or  it  may  be  of  the  trap- 
controlled  type,  shown  in  Fig.  4,  which  is 
more   economical   of  water,   since   when 
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the  water  reaches  the  required  depth  on 
the  plate,  the  further  admission  of  water 
is  cut  off  by  the  float  in  the  float  cham- 
ber. In  order  to  prevent  waste  of  water 
when  the  valves  are  raised  for  exhaust- 
ing free  to  the  atmosphere,  a  system  of 
levers  is  provided  which  closes  a  valve 
in  the  supply  pipe.  As  may  be  seen  in 
Figs.  3  and  4,  an  indicator  is  provided 
on  the  outside  to  show  when  the  disks 
are  fully  raised  or  closed. 


Sturd_y  Smokeless  Furnace 

The  main  feature  of  this  furnace  is 
the  side-stoking  magazine  in  which  the 
grates  are  not  only  placed  beneath  the 
fuel  but  are  on  the  outer  side  of  the 
fuel  as  well.  The  fuel  is  held  in  place 
on  the  inner  side  of  the  furnaces  by  two 
sets  of  upright  triangular  water-tube 
grates  which  face  each  other  in  the  com- 
bustion chamber. 

The  central  compartment  is  covered 
with  firebrick  arches,  as  shown  at  A. 
The  sides  and  back  wall  of  the  fuel  cham- 
bers   are    lined    with    firebrick,    and    the 


The  discharge  pipes  from  the  water 
grates  connecting  the  top  drum  of  the 
water  grates  with  the  sheet  of  the  boiler; 
the  intake  pipe  connects  with  the  bot- 
tom drum.  This  arrangement  produces  a 
rapid  circulation  through  the  water 
grates. 

This  furnace  has  been  designed  for 
burning  any  grade  of  coal,  wood  or  shav- 
ings without  smoke. 

It  is  manufactured  by  the  Sturdy 
Brothers,   Buffalo,   N.   Y. 


An  Automatic  Water    Gage 

When  the  ordinary  type  of  gage-glass 
breaks,  one  is  often  forced  to  step  lively 
in  the  effort  to  avoid  the  cloud  of  steam 
that  is  liberated,  and  the  task  of  shut- 
ting off  the  connections  to  the  glass  is 
far   from   a   pleasant   one. 

The  accompanying  figure  illustrates  the 
"Safeguard"  automatic  water  gage,  man- 
ufactured by  the  Penbertby  Injector  Co., 
of  Detroit,  Mich.  This  gage  is  designed 
so  as  to  close  automatically  when  the 
glass  breaks. 


When  the  gage  stem  is  screwed  in  or 
out,  a  tongue  shaped  extension  integral 
with  the  stem,  beginning  at  the  stem  seat, 
rotates  eccentrically  through  the  shank 
of  the  gage  to  a  point  slightly  within 
the  boiler  or  column.  This  serves  to  pre- 
vent the  formation  of  lime  deposits. 

The  blowotr  cock  used  in  the  fittings 
of  this  gage  is  so  constructed  as  to  be  an 
important  aid  in  the  assembly  and  action 
of  the  gage,  and  because  of  its  slow 
opening  and  closing  movement,  adds  to 
its  safety  features.  This  has  a  screw- 
threaded  stem  of  fine  pitch  which  makes 
it  impossible  to  open  or  close  the  cock 
suddenly,  for  when  quick-opening  cocks 
are  used  the  glass  bursts  under  the 
sudden  release  or  formation  of  pressure 
and  by  the  rapid  change  in  the  tempera- 
ture of  the  glass. 

The  shank  port  in  the  upper  arm  of 
the  gage  is  purposely  made  of  extra-large 
area,  that  it  may  contain  a  ball  and  per- 
mit the  formation  of  the  ball  seat. 
This  seat  is  shaped  square  or  hexagonal 
so  as  to  prevent  the  tight  seating  of  the 


Sectional  Views  of  Stlrdv  S.mokeless  Furnace 


floor  of  the  combustion  chamber  is  also 
so  lined.  The  water  grates  are  located 
20  degrees  apart,  each  set  consisting  of 
20  upright  hollow  triangular-shaped  bars 
with  their  narrow  sides  pointing  inward 
and  backward,  as  shown  at  B. 

The  fuel  burns  against  and  through 
the  face  of  the  upright  water  grates,  the 
flame  from  each  furnace  chamber  passing 
through  the  grates  and  impinging  upon 
each  other  as  they  meet  in  the  central 
chamber.  The  flames  then  pass  beneath 
the  central  arch  and  along  the  bottom 
of  the  boiler  sheet,  returning  to  the  front 
of  the  boiler  through  the  tubes. 

Air  is  forced  into  the  compartment  un- 
der the  central  combustion  chamber  and 
passes  through  openings  to  the  ashpit 
under  the  grates. 


Included  in  the  lower  or  water  arm  of 
the  gage  are  a  stem  and  ball,  the  ball 
being  supported  upon  the  stem.  That 
portion  of  the  stem  upon  which  the 
ball  rides  is  square  in  shape,  so  as  to 
give  the  ball  an  up-and-down  movement 
when  the  handwheel  of  the  stem  is  moved 
to  screw  the  stem  in  or  out.  The  ball, 
being  disturbed  by  this  movement,  auto- 
matically cleanses  itself  from  deposits, 
keeping  its  surface  bright  and  clean  so 
as  to  seat  perfectly  at  the  critical  time 
of  the  breakage  of  the  glass.  Another 
effect  of  this  movement  is  to  prevent 
the  formation  of  lime  within  the  space 
of  the  ball  chamber,  the  ball  acting  as  a 
pulverizer  of  the  deposits  and  not  allow- 
ing such  solid  formation  that  it  cannot  be 
blown  out. 


The   Penberthy  "Safe  Guaud"    Water 
Gage 

ball.  When  the  gage  is  in  operation  its 
action  is  promoted  by  the  breaking  of 
the  gage-glass.  This  occurrence  permits 
the  pressure  on  the  boiler  side  of  the 
balls  to  attempt  its  release  through  the 
ball-seat  ports,  but  the  escape  is  prompt- 
ly stopped  by  the  balls  finding  their 
seats.  When  a  new  glass  is  tightened  in, 
the  boiler  pressure  is  built  up  in  the 
glass  equally  with  that  in  the  boiler.  The 
equalization  is  accomplished  by  the  steam 
flowing  gently  between  the  ball  and  its 
irregular  seat  in  the  upper  arm.  When 
the  pressure  in  the  glass  becomes  equal 
with  the  pressure  in  the  boiler,  the  balls 
drop  of  their  own  weight  and  leave  a 
clear  circuit  throughout  the  arms  and 
the  glass  of  the  gage  to  the  boiler  or 
column  space. 


r  u  w  n.  K 


January  a,   lai^ 


Readers  with  Something  to  Say 

A  letter  good  enough  to  print  ■will  be  paid  for.     Ideas,  not  mere  words,  wanted 


Plugging  a  Well 

Some  time  ago  we  had  occasion  to 
move  two  16x9xl4-inch  crank-and-fly- 
wheel  pumps  from  the  ground  level, 
where  they  had  been  operating,  taking 
their  suction  from  two  10-inch  driven 
wells,  to  the  bottom  of  a  25-foot  con- 
crete  pit,    and    there    connect    them    up 


Fig.  1.  The  Well  Plug 

again  to  the  same  wells  and  the  same 
discharge  pipe. 

It  was  necessary,  of  course,  to  cut  into 
each  well  at  the  proper  point  near  the 
bottom  of  the  pit  and  there  insert  a 
10-inch  flanged  tee  for  the  suction  con- 
nection. It  was  found  on  investigation 
that  the  wells  would  have  to  be  cut  and 
threaded  and  flanges  screwed  on  at  a 
point  about  10  feet  below  the  water  line 
in  the  well   when  not  pumping. 

Of  course,  some  method  of  stopping 
the  flow  of  water  while  this  was  being 
done  was  imperative,  and  it  was  up  to 
us  to  devise  one. 

After  rejecting  such  schemes  as  a  bean 
bag,    a    piston    with    rubber,  rings,    etc.. 


^ 


usft 


'■"^^ 


Fig.  2.  Location  of  New  Pump  Suction 

the  device  shown  in  Fig.  1  was  made. 
A  piece  of  pine  18  inches  long  was 
turned  to  9M  inches  diameter,  and  a 
cone-shaped  hole  turned  in  one  end;  this 
hole  was  made  deep  enough  to  allow  a 
cone-shaped  plug  to  expand  the  outer 
plug  to  somewhat  more  than  the  diameter 
of  the  well. 

The  annular  part  of  the  outer  plug 
was  cut  with  eight  radial  saw  cuts  to 
allow  for  expansion,  and  a  dozen  turns 
of   heavy   wire   were   made    around    the 


other  end  and  soldered,  which  effectually 
prevented   splitting. 

A  piece  of  i',j-inch  sheet-rubber  pack- 
ing was  tacked  around  the  outside,  ex- 
tending well  above  the  saw  cuts. 

A  plug  was  made  to  fit  into  the  tapered 
hole,  with  an  iron  washer  on  each  side 
held  by  nuts  on  the  I -inch  iron  rod  in 
the  center. 

This  rod  was  long  enough  to  reach 
above  the  top  of  the  well,  and  had  a 
long  thread  on  its  upper  end. 

A  piece  of  2-inch  pipe  was  fastened  by 
a  flange  to  the  large  plug,  the  1-inch 
rod  running  inside  this  and  extending  a 
few  inches  beyond. 

The  method  of  using  the  outfit  was  to 
lower  the  plug  in  the  well  until  the  plug 
was  below  the  cutting  point;  then  the 
nut  on  the  rod  was  screwed  up,  which 
expanded  the  eight  sections  of  the  plug 
and  pushed  the  rubber  firmly  against  the 
well  casing.  The  well  was  then  cut  and 
threaded;  a  flange  was  put  on,  and  a  tee 
and  valve  bolted  in  place.  Then  the 
old  piece  of  casing  was  bolted  on  top  of 
the  tee  and  the  plug  was  removed.  The 
casing  was  then  capped;  it  now  acts  as 
an  air  chamber  for  the  suction  pipe. 

The  device  worked  all  right,  only  a 
little  water  leaking  into  the  pit.  It  might 
have  been  improved  by  ''s  inch  more 
clearance   in  the  diameter. 

B.  S.   Nelson. 

Bayonne,  N.  J. 


Protection    of  Underground 
Pipes 

1  had  occasion  recently  to  cover  some 
underground  steam  pipes  and  a  descrip- 
tion of  the  means  taken  to  protect  the 
pipes  might  be  of  interest  to  Power 
readers. 

The  pipes  were  originally  laid  in  plank 
boxes  which  had  become  badly  decayed. 
I  had  the  pipes  dug  up  and  a  clear  space 
left  beside  and  under  them.  Then,  I 
had  about  2  in.  of  cement  put  down  in 
the  bottom  of  the  ditch  about  3  in.  clear 
of  the  pipes,  keeping  them  blocked  up 
in  the  meantime.  Next,  1  put  10-in. 
planks  along  the  sides  of  the  pipes,  leav- 
ing about  1  in.  clear  between  the  planks 
and  pipes  and  filled  the  sides  back  of 
the  planks  with  concrete  after  putting 
iron  rods  with  rollers  at  the  ends  of 
each  section  of  plank  so  that  the  ends 
of  the  rods  would  be  bedded  in  the  con- 
crete. After  the  planks  were  removed 
and  the  pipes  were  let  down  on  the  roll- 
ers. I  had  leather  waste  about  the  size 
of   coarse    sawdust   packed    around    the 


pipes,  leaving  the  top  rounding  fall, 
after  which  1  put  cement  mortar  about  1 
in.  thick  over  the  top.  The  idea  was  that 
the  top  could  be  easily  broken  up  when- 
ever it  was  necessary  to  get  at  the  pipes. 
This  job  proved  effective,  there  being 


P0WE1\ 

Section  of  Pipe  Trench 


very    little    condensation.      A    section    of 
the    conduit    would    look    something    like 
that  shown  in  the  accompanying  figure. 
F.  L.  Perkins. 
Mavnard,  Mass. 


Pump  Cylinder  Repair 

I  found  when  taking  charge  of  a  steam 
plant  a  few  years  ago,  among  other 
pieces  of  apparatus,  a  10xl6xl8-in.  vac- 
uum  pump    and    jet   condenser,   with   a 


Showing  Crack  and  Patch 

crack   in    the   water  cylinder,   as  shown 
in    the    accompanying    figure. 

I  learned  from  one  of  the  oilers  that 
the  cylinder  had  been  cracked  about  two 
years  before;  that  one  of  the  engineers 
had  patched  it,  after  a  great  deal  of  ef- 
fort, with  a  large  quantity  of  sheet  pack- 
ing. He  succeeded  in  partly  stopping 
the  leak.  At  the  time  of  which  I  speak, 
however,  it  leaked  continually  and  seri- 
ously interfered  with  obtaining  a  good 
vacuum. 
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I  had  conceit  enough  to  think  I  could 
put  a  patch  on  that  place  that  would  hold, 
but  after  repeated  efforts  with  all  the 
sheet  packings  and  iron  and  steel  ce- 
ments known  to  me,  I  lost  some  of  my 
conceit. 

All  were  failures,  and  I  was  consider- 
ing the  purchase  of  a  new  cylinder,  when 
I  thought  of  the  following  repair:  A 
piece -of  '.1x2 '..-in.  iron,  12  in.  long,  was 
bent  edgeways  for  the  patch  and  beveled 
on  the  inside  edge  to  conform  to  the 
fillet  on  the  neck  of  the  boss.  Then  I 
drilled  'i-in.  holes  2'j  in.  apart,  laid  the 
piece  on  the  cylinder,  covering  the  crack 
as  well  as  possible.  The  holes  were 
marked,  drilled  and  tapped  for  '2-in. 
studs,  2  in.  long,  regardless  of  where  they 
came.  Then  I  screwed  in  the  studs  and 
placed  the  patch  irt  position,  leaving  a 
space  of  from  yi  to  'A  in.  I  then  placed 
wood  forms  plastered  with  clay  all 
around  the  piece,  leaving  a  hole  at  the 
highest  point,  after  which  molten  lead 
was  poured,  the  form  removed  and  the 
nuts  tightened,  at  the  same  time  the 
patch  was  lightly  tapped  with  a  hammer. 
The  pump  was  then  started,  and  has  been 
running  ever  since,  with  never  a  sign  of 
a  leak. 

In  justice  to  the  iron  and  steel  ce- 
ments. I  will  say  that  I  think  that  with 
the  same  method  of  repair  the  cements 
would  have  been  as  effective,  although 
not  as  quick  to  set. 

Charles  W.   Hopes. 

Glens  Falls,  N.  Y. 


Civil    Service    Examination 

Having  read  with  interest  many  discus- 
sions in  Power  of  the  relative  virtues 
and  vices  of  existing  and  contemplated 
State  license  laws,  I  believe  that  a  brief 
description  of  the  civil-service  laws  of 
Illinois  might  be  of  value  to  those  not 
familiar  with  this  class  of  service. 

The  Illinois  civil-service  laws  govern 
all  employees  of  the  various  State  in- 
stitutions, but  I  refer  particularly  to  those 
which  have  to  do  with  the  examination 
and  the  listing  of  firemen  and  engineers. 

There  are  three  grades  of  examina- 
tions: firemen,  stationary  engineers  and 
chief  engineers.  Applicants  for  such  po- 
sitions are  required  to  pass  an  examina- 
tion before  entering  the  service,  but  a 
man  who  successfully  passes  the  engi- 
neers' examination  can  hold  a  position 
as  fireman  and  similarly  one  who  has 
passed  as  chief  engineer  can  hold  prac- 
tically any  position  in  the  engineering 
department  of  the  service. 

Applicants  for  examination  as  fireman 
are  required  to  be  American  citizens, 
residents  of  the  State,  21  years  of  age, 
and  physically  and  morally  capable  of 
taking  charge  of  a  boiler  room.  Further- 
more, they  are  required  to  give  at  least 
three  good  references  and  to  show  where 
and  for  what  time  they  have  been  em- 
ployed during  the  previous  five  years. 

The  examination,   which   is  quite  strict 


and  practical,  may  be  written  or  oral, 
or  both,  and  it  usually  lasts  from  three  ■ 
to  five  hours.  A  minimum  percentage  of 
70  is  required  for  passing  and  as  experi- 
ence counts  50  per  cent,  and  technical 
knowledge,  etc.,  counts  50  per  cent.,  it 
is  plain  that  a  man  with  book  knowledge 
and  no  experience  cannot  pass,  and  vice 
versa.  Any  serious-minded  man  with  a 
year's  previous  experience  and  good 
habits  ought  to  make  a  fair  showing, 
however. 

The  engineers'  examination  is  similar 
to  the  firemen's,  but  it  is  much  more  diffi- 
cult. 

When  I  took  the  test,  which  was  near- 
ly all  written,  I  scribbled  from  9  a.m.  to 
4  p.m.,  answering  questions  on  boilers 
and  pumps,  heating  and  ventilating,  re- 
frigeration, electricity,  steam  engines,  in- 
dicator practice,  practical,  everyday  prob- 
lems and  mathematical  computations.  I 
got  an  average  of  92  per  cent,  and  my 
name  was  second  out  of  4.3  on  the 
eligible  list.  This  examination,  although 
somewhat  shorter,  was  about  on  a  par 
with  those  which  I  took  for  licenses  in 
two  different  cities. 

An  engineer  having  passed  success- 
fully is  eligible  for  appointment  in  any 
of  the  State  charitable  institutions.  The 
Kankakee  State  hospital,  where  I  am  em- 
ployed as  stationary  engineer,  is  the  sec- 
ond largest  in  the  United  States;  it  has  a 
2000  boiler  horsepower,  500-kilowatt 
electric  plant,  waterworks,  a  refrigerat- 
ing and  ice  plant,  etc.,  and  engineers 
leaving  it  with  a  year's  experience  and  a 
good  recommendation  from  the  chief  en- 
gineer or  the  superintendent  have  no 
trouble  getting  good  jobs  anywhere. 

The  chief  engineers'  examination  is 
quite  severe,  owing  to  the  varied  re- 
quirements. Applicants  must  be  25  years 
of  age,  preferably  with  a  previous  ex- 
perience as  chief  and  at  least  five  years 
as  engineer  and  a  10-year  total  me- 
chanical  experience. 

The  examination,  usually  written,  takes 
a  whole  day  and  the  questions  pertain  to 
the  larger  problems  of  design,  installa- 
tion, operation  and  maintenance  of  mod- 
ern power-plant  apparatus  as  well  as 
finer  details.  This  was  the  hardest  ex- 
amination I  ever  took,  but  I  passed  with 
an  average  of  86  per  cent,  and  am  now 
eligible  for  appointment  as  chief  in  any 
institution  in  the  State  which  is  controlled 
by  civil-service  laws. 

All  chances  for  fraud  in  these  tests  are 
eliminated  as  far  as  possible;  when  the 
applicant  enters  the  room  all  books, 
reference  papers,  etc.,  are  taken  from 
him  and  he  then  draws  a  number  which 
he  seals  with  his  name  in  an  envelop 
that  is  sent  to  the  secretary  of  the  civil- 
service  commission  at  the  State  capitol. 
His  papers  are  then  signed  by  that  num- 
ber, so  that  the  board  of  engineers  who 
grade  them  have  no  idea  of  the  writer's 
identity. 

The    examinations    are    without    cost. 


The  applicant  must  take  an  oath  before 
a  notary  and  must  get  a  health  certificate 
from  a  physician;  both  are  free  at  the 
institutions  where  tests  are  held,  but 
would  cost  about  75  cents  outside. 

Upon  discharge  from  the  service  the 
employee's  name  is  taken  from  the 
eligible   list. 

If  we  are  to  have  State  license  laws, 
let  them  be  similar  to  the  civil-service 
laws  and  their  success,  in  my  opinion,  is 
assured. 

Ernest  B.  Lloyd. 

Kankakee,  111. 


A  License  Does  Not  Make 
an  Engineer 

A  license  does  not  make  an  engineer. 
For  instance,  a  simple  throttling  engine 
was  thrown  out  and  a  large  Corliss  en- 
gine installed  in  its  place.  The  engineer 
had  a  license,  but  he  could  not  manage 
the  new  engine,  and  his  job  fell  into  the 
iiands  of  an  old  chief  engineer  and  things 
got  worse.  He  burned  out  a  bearing  and 
excused  himself  by  saying  that  he  had 
been  used  to  running  plants  where  they 
had  someone  to  look  out  for  the  engine. 
I  think  this  is  true  of  many  chief  engi- 
neers— they  have  someone  to  hold 
them  up,  and  when  they  depend  on  their 
own   resources   they    fall   down. 

Another  engineer,  without  a  license, 
obtained  the  job  and  the  engine  is  run- 
ning nicely,  and  the  plant  is  in  first-class 
condition.  This  man  without  a  license 
is    there    with    the    goods. 

I  am  not  against  the  license  law  at  all. 
I  think  it  does  a  lot  of  good — but  there 
are    plenty    of    men    without    them    who 
can  hold  their  own  with  the  next  one. 
C.  R.  McGahey. 

Baltimore,  -Md. 


Kerosene  in  Blowoff  Pipe 

In  the  plant  where  I  am  employed  it 
is  customary  to  put  about  two  quarts  of 
kerosene  in  each  boiler  before  filling 
with  water  after  washing.  Recently  while 
washing  out  one  of  the  boilers  the  blow- 
off  became  clogged  with  scale,  which  was 
removed  by  taking  off  the  blowoff-valve 
bonnet.  This  was  replaced,  the  oil  put 
in  and  the  boiler  filled  as  usual,  when  a 
small  stream  of  oil  was  found  running 
from  the  joint  between  the  bonnet  and 
the  body  of  the  valve  and  which  con- 
tinued to  run  until  all  of  the  oil  had  run 
out. 

This  raised  two  questions  which  I 
cannot  answer:  Why  did  not  the  oil 
rise  to  the  top  of  the  water  in  the  boiler 
instead  of  staying  in  the  blowoff  pipe? 
If  the  oil  had  not  leaked  out  at  the 
fianges,  would  it  have  got  hot  enough  to 
explode? 

A.  Stambaugh. 

Weleetka,  Okla. 
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Some  Load ! 

The  accompanying  diagrams  were 
taken  from  an  18x42-in.  Corliss  engine 
of  well  known  make.  The  engine  makes 
82  revolutions  per  minute. 

I  have  taken  indicator  diagrams  from 
upward  of  3700  cylinders  in  the  last  14 
years  and  this  is  the  heaviest  load  that 
1  have  yet  found. 


Power. 

Diagrams  Showing  Heavy  Load  on 
Engine 

I  would  like  to  hear  from  other  read- 
ers as  to  the  amount  of  loss  due  to  the 
lack  of  expansion.  In  other  words,  what 
is  the  difference  in  steam  consumption 
between  this  engine  and  one  which  cuts 
off  so  as  to  obtain  the  full  benefit  of  ex- 
pansion? 

H.  I.  Fryant. 

Jackson,  Miss. 


Measuring  Furnace  Tem- 
peratures 

The  following  method  of  finding  the 
temperature  of  a  furnace,  although  ap- 
proximate, is  accurate  enough  for  all 
practical  purposes. 

By  means  of  the  accompanying  for- 
mulas and  tables  the  temperature  can  be 
read  off  at  a  glance  without  having  re- 
course   to    elaborate    calculations. 

In  the  Journal  of  the  Worcester  Poly- 
technic Institute  (November,  1906),  C.  F. 
Howe  and  C.  B.  Harrington  have  an 
article  on  tests  which  they  performed  on 
firebrick  to  determine  its  specific  heat. 
From  the  data  given  in  that  article,  after 
reducing  to  practical  units,  I  have  ob- 
t-ained  the  following  formula  for  the 
specific  heat  of  firebrick: 

S  =  0.000034  T  +  0.213  (1) 

where  T  is  the  temperature  to  which  the 
firebrick  is  subjected  and  S  is  its  specific 
heat  at  that  temperature. 

In  Table  1  is  given  the  specific  heat 
of  firebrick  at  different  temperatures  de- 
duced   from    formula    (1). 

TABLE    1 
iv-mperature  Specitk-  Heat 

dp^rees  F. 


*', 


200 
400 
600 
.SOO 
1000 
1 200 
IJOO 

ii;oo 

]-'00 
2O00 
2200 
2-00 

■Mton 


0.220 
0.226 
0.233 
0.240 
0.247 
0.2,'54 
0.261 
0.267 
0.274 
0.281 
0.2S8 
0.20S 


the   furnace  can   be   found   from   the   fol- 
lowing formula: 

_IV  {T,  -T,)  +  T,GS 
■'  ~  GS  ^^' 

7"3  =  Temperature  of  the  furnace; 
H' =  Weight  of  water, in  which  fire- 
brick  is   quenched; 
T:  =  Final     temperature     of     water 
after  brick  has  been  quenched ; 
7",  =  Original   temperature    of   water 
before   immersion  of  firebrick; 
G  =  Weight  of  firebrick  used; 
S  =  Specific  heat  of  firebrick. 
If  from  Table   1    is  taken   the   average 
specific    heat    of    firebrick    from    200    to 
2000  degrees   (the  range  of  temperature 
through  which  the  firebrick  would  prob- 
ably   be    heated)    it    is    found    that    this 
amounts  to  about  0.25. 

Take  a  piece  of  firebrick  4^x2^x4 
inches  in  size  (the  standard  size  of  a 
firebrick  is  2;/lx4}^x9  inches),  which 
will  weigh  about  3  pounds.  Now 
take  17  pounds  of  water,  about  2  gal- 
lons, and  formula  (2)  may  be  reduced 
to  the   following  form: 

T,  =  23.7  T2  —  22 Jo  r,  (3) 

Making  T,  =  70,  there  is  had 

r,  —  23.7  r=  —  1586  (4) 

In  Table  2  is  given  values  of  T,,  corre- 
sponding to  the  temperatures  7"=  deduced 
from    formula    (4). 

So  that  all  that  is  necessary  to  obtain 
the  temperature  of  a  furnace  is  to  take 
a  piece  of  firebrick  4x4K'x2!/',  which 
will  weigh  about  3  pounds.  Place  this 
in  the  furnace  and  let  it  heat  up  to  the 
temperature  of  the  surrounding  gases. 
Meanwhile,  prepare  17  pounds  of  water 
at  a  temperature  of  70  degrees.  Re- 
move the  piece  of  firebrick  from  the  fur- 
nace and  quickly  transfer  it  to  the  water. 
Keep  on  stirring  the  water  until  the 
thermometer  no  longer  shows  any  in- 
crease. Then,  by  noting  this  highest  tem- 
perature, which  is  designated  as  7",,  the 
temperature  of  the  furnace,  which  is 
designated  as  T,,  may  be  found  in  Table  2. 

TABLE  2 

Final  tenipfratiire  Temperature 

"t  water  o£  furnace 

''•=■  Ts. 

ilpgreps  V  degrees  F. 

.'*0  .'MO 


100 
110 
120 
130 
140 
150 
160 
170 
l.SO 
100 


547 
7S4 
1II2I 
1258 
140.1 
17:^2 
1360 
2200 
2443 
2680 
2017 
31 .14 

Samuel  B.  Kanowitz. 


Baltimore,  Md. 


Since  a  firebrick  can  be  easily  obtained 
around  any  furnace,  the  temperature  of 


This  Man  Hates  Us! 

I  own  a  threshing  rig  and  steam  plow. 
Would  like  to  send  you  some  views  this 
winter.  I  am  running  the  engine  in  the  mill 
here  and  I  also  have  charge  of  the  city 
electric-light  plant. 

Reading  Power  did  it! 

P.   C.   Forgard. 

Lake  Preston,  S.  D. 


Oil  in   Boilers 

About  two  weeks  ago  the  girth  seams 
of  one  of  the  boilers  which  I  am  operat- 
ing began  to  leak.  After  examining  the 
boiler   I    found   that   there   was  oil    in   it. 

I  took  out  the  back  manhole  plate  and, 
after  filling  the  boiler  above  the  flues,  I 
put  in  40  lb.  of  sal  soda  and  H  gal.  of 
coal  oil.  I  kept  a  slow  fire  under  the 
boiler  and  let  the  mixture  boil  18  hours. 
After  opening  up  the  boiler  again  and 
washing  it  out,  I  found  it  perfectly  clean, 
there  being  no  traces  of  oil  in  it  what- 
ever, and  when  the  boiler  maker  had 
calked  the  seams  it  was  in  fine  shape. 
A.  S.  Dillon. 

Kansas  City,  Mo. 


Brick  for  Boiler  Walls 

The  accompanying  illustration  shows  a 
brick  with  a  hollow  space  in  the  center, 
which  I  would  suggest  for  use  in  build- 
ing partition  and  outside  boiler  walls. 


Brick   for   Boiler   Walls 

I  would  like  to  have  the  opinion  of 
Power  .readers  on  whether  boiler  settings 
of  hollow  brick  have  ever  been  built,  and 
whether  they  have  been  satisfactory. 

Lewis  L.  Scheiderer. 

Marysville,  Ohio. 


Glass    Gages    Break   on 
Separators 

There  are  80  steam  separators  in  this 
city  and  there  is  not  one  that  can  hold  a 
glass  more  ,than  two  weeks.  Why  should 
there  be  any  more  trouble  with  glasses 
on  separators  than  elsewhere?  I  wonder 
if  engineers  generally  find  this  to  be  the 
ease. 

J.   W.   Dickson. 

Memphis,  Tenn. 


Water  Softeners 

I  would  like  a  little  information  from 
those  who  have  had  experience  with 
water  softeners  or  purifiers  and  filters 
for  preventing  the  scale-forming  mat- 
ter from  getting  into  the  boiler  and  with 
what  results;  also,  some  data  as  to  cost 
per  thousand  gallons  purified.  I  have 
been  told  that  water  so  treated  will  leave 
a  scale  so  hard  that  a  mechanical  cleaner 
will  not  cut  it. 

I  am  not  in  favor  of  boiler  compound 
to  get  rid  of  scale  because  this  is  trying 
to  cure  the  effect  instead  of  removing 
the  cause. 

J.    C.    Hawkins. 

Hyattsville,  Md.  1 
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Questions  Before  the  House 

Comment,  criticism,  suggestions  and  debate  upon  various  articles, 
letters    and    editorials    which  have  appeared  in  previous  issues 


Large  Saving  in  New  York 
City's  Coal  Bill 

In  view  of  the  publication,  in  a  recent 
issue  of  Power,  of  statements  on  the 
authority  of  the  Bureau  of  Mines  that 
"by  purchasing  coal  under  definite  speci- 
fications bidders  are  put  on  a  strictly 
competitive  basis,  the  purchaser  is  In- 
sured against  poor  quality,  rejectable 
coal  may  be  accepted  at  reduced  prices, 
and  there  is  a  check  on  the  practicable 
results  obtained,"  the  experience  of  the 
department  of  water  supply,  gas  and  elec- 
tricity of  New  York  City  during  the  past 
year  is  of  interest. 

This  department  has  the  largest  fuel 
bill  of  any  of  the  departments  of  the 
city  government.  Practically  all  of  the 
water  supply  of  the  boroughs  of  Queens, 
Brooklyn  and  Richmond  is  obtained  from 
driven  wells,  and  the  pumping  of  this 
water  and  the  maintenance  of  the  pres- 
sure throughout  the  other  boroughs 
necessitate  the  operation  by  the  depart- 
ment of  fifty-two  pumping  stations.  The 
enormous  amount  of  coal  used  in  these 
stations  is  seen  from  the  fact  that  when 
Commissioner  Henry  S.  Thompson  as- 
sumed office  on  Jan.  1,  1910,  the  annual 
coal  bill  had,  for  many  years,  approxi- 
mated 5600,000.  This  was  one  of  the 
first  matters  which  Commissioner  Thomp- 
son took  up  when  he  reorganized  the  de- 
partment, and  the  result  of  the  working 
of  the  new  methods  which  he  put  into 
use  was  a  reduction  in  coal  cost  in  1910 
over  1909  of  S122,514.  This  is  a  de- 
crease of  nearly  25  per  cent,  in  one 
year  and  the  commissioner  expects  the 
bills  to  show  a  further  reduction  for 
1911.  Together  with  this  decrease  in  the 
coal  bill  of  the  department,  2.5  per  cent, 
more  water  was  pumped  by  the  various 
stations  in  1910  than  in  1909. 

While  the  cost  per  ton  of  the  various 
kinds  of  coal  used  was  not  decreased  to 
such  a  large  degree,  the  quantity  of  each 
kind  of  coal  was  substantially  rear- 
ranged. The  price  of  broken  coal,  of 
which  64,001  tons  were  purchased  in 
1909,  was  reduced  from  $4.97  to  $4.90 
a  ton,  but  only  7742  tons  were  purchased 
in  1910;  this  made  a  difference  of  $23,- 
235  in  the  total  bill  of  $317,876. 

The  greatest  reduction  in  the  price 
per  ton  was  obtained  in  pea  coal,  which 
was  bought  at  $4.04  per  ton  in  1909  and 
for  $3.89  in  1910.  At  the  same  time, 
several  more  hundred  tons  were  pur- 
chased   in    1910  than   in    1909,   the  total 


being    25,948    tons    in    1909    and    29,202 
tons  in   1910. 

No  reduction  in  the  price  of  buckwheat 
coal  was  obtained,  it  being  bought  at 
$3.04  per  ton  for  both  years,  but  many 
more  tons  were  purchased  in  1910 
than  in  1909,  the  figures  being  80,064 
as  against  16,346  tons.  This  made  an 
increase  on  this  item  of  from  $49,732 
to  $243,394. 

The  offset  to  this  and  the  bringing 
about  of  the  enormous  decrease  was  ob- 
tained by  the  rearrangement  of  the  pur- 
chasing of  bituminous  coal  in  the  same 
manner  as  that  of  broken  coal.  A  reduc- 
tion per  ton  was  obtained  here  also  of 
from  $3.80  to  $3.73  and  the  amount 
purchased  was  reduced  from  37,179  tons 
to  29,777  tons. 

Commissioner  Thompson  called  to  his 
assistance  in  this  work  several  coal  ex- 
perts, and  the  specifications  which  he 
adopted  have  since  been  standardized  by 
the  board  of  estimate  and  apportionment 
and  are  now  used  in  the  purchase  of 
coal  for  all  of  the  other  city  depart- 
ments. 

E.  F.  Harvey. 

New  York  City. 


A   Commercial   Water  Power 
Problem 

I  read  with  much  interest  the  article 
by  Prof.  W.  D.  Ennis  under  this  heading 
in  the  November  14  issue,  and  while  his 
figures  might  be  correct  for  the  condition 
under  discussion,  I  do  not  think  that 
they  should  be  taken  for  any  other  con- 
dition at  the  same  rate  per  horsepower. 
Taking  his  figure  of  $25,000  as  the  value 
for  a  60.3-horsepower  water  supply,  there 
is  a  value  of  $41.45  per  horsepower.  In 
Kent's  "Mechanical  Engineers'  Hand- 
book" a  similar  calculation  is  given 
where  the  computed  value  of  a  10,000- 
horsepower  water  power  was  worth 
$445,000,  or  $44.50  per  horsepower.  This 
is   a   close   agreement. 

I  do  not  think  it  safe  to  assume  a 
water-power  right  to  be  worth  $40  to 
$45  per.  horsepower.  In  my  opinion,  the 
value  depends  entirely  on  local  condi- 
tions. Where  coal  or  other  fuel  is  cheap 
it  is  worth  less  than  where  it  is  ex- 
pensive. When  exhaust  steam  is  used 
the  power  is  not  as  valuable  as  where  it 
cannot  be  used  and  the  units  are  too 
small  to  run  economically  with  con- 
densers. Where  a  large  power  plant  is 
required  the  rate  per  horsepower  should 


not  be  as  high,  since  turbines  can  be  run 
very  cheaply  compared  with  condensing 
or  noncondensing  engines.  .To  my  mind, 
the  value  of  water  power  is  no  greater 
than  a  sum  of  money  which,  when  placed 
at  the  legal  rate  of  interest,  would  pro- 
duce an  income  equivalent  to  the  actual 
cost  of  getting  the  power  elsewhere  or 
producing  it  with  the  most  economical 
machinery.  In  other  words,  if  the  power 
required  is  enough  to  justify  a  high-effi- 
ciency turbo-electric  unit  producing  a 
horsepower  for  an  hour  on  2K'  pounds 
of  coal,  the  value  should  not  be  based 
on  the  cost  of  producing  the  same  with 
engines  using  3  to  5  pounds  of  coal  just 
because  they  happen  to  be  on  the  ground. 
Suppose  at  a  later  date  a  power  station 
should  be  erected  in  the  vicinity  which 
would  furnish  power  equivalent  to  the 
cost  based  on  3  pounds  of  coal.  It  will 
be  seen  how  much  money  would  be  lost 
by  buying  the  water  power  on  a  5-pound 
rate.  If  the  power  were  leased  on  the 
5-pound  rate,  it  would  certainly  have  to 
be  dropped  under  the  foregoing  condi- 
tion. 

A  small  user  of  power  could  afford  to 
pay  much  more  than  a  large  user.  In 
small  plants  the  cost  of  a  horsepower- 
year  is  very  high.  The  labor  costs  are 
nearly  as  much  as  in  a  larger  plant  and 
in  many  cases  the  plant  is  too  small  to 
justify  any  kind  of  fuel-saving  devices. 
In  fact,  most  small  plants  do  not  have 
a  first-class  engineer  in  charge;  usually 
it  is  any  common  laborer  who  will  keep 
up  steam  and  have  the  plant  in  good 
enough  shape  to  run.  They  may  only 
get  5  pounds  of  water  evaporated  per 
pound  of  coal  and  the  engine  may  con- 
sume 50  pounds  of  steam  per  horse- 
power-hour and  yet  it  would  never  be 
suspected.  To  such  plants  a  water  power 
based  on  5  pounds  of  coal  per  horse- 
power-hour would  be  a  great  saving.  To 
a  high-grade  plant  it  would  be  a  big  loss. 

Another  important  factor  to  be  re- 
membered is  the  variability  of  water  flow. 
In  the  summer  months  the  flow  is  so 
low  that  many  plants  are  forced  to  shut 
down  or  maintain  an  auxiliary  steam 
plant.  The  winter  flow  is  much  more, 
and  is  often  greater  than  the  wheel  capa- 
city. In  this  case  the  power  is  worth 
more  than  the  minimum  but  less  than  the 
full  wheel  capacity.  In  this  case  al- 
lowance must  be  made  for  the  cost  of 
maintaining  the  auxiliary  plant  or  the 
necessary  expense  entailed  in  the  annual 
summer    shutdown    because    of    lack    of 
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water.  It  would  be  out  of  place  to  try 
to  outline  a  plan  for  calculating  the 
value  under  these  conditions  as  it  would 
vary  greatly  and  be  governed  entirely  by 
local  conditions. 

As  to  the  value  of  water  for  condensing, 
Professor  Ennis  attempts  to  make  the 
water  more  valuable  as  a  power  pro- 
ducer for  this  purpose  than  when  it  is 
used  in  a  wheel.  I  disagree  with  him 
on  this  point.  I  claim  that  the  water 
is  worth  no  more  for  condensing  than 
the  cost  of  pumping  from  the  tailrace 
to  the  condenser.  The  efficiency  of  a 
waterwheel  will  seldom  go  above  75  per 
cent,  and  the  efficiency  of  the  best  of 
pumps  is  about  70  to  80  per  cent.  Since 
the  power  owners  cannot  claim  the  water 
after  it  has  gone  below  the  dam,  it  would 
be  impossible  to  prevent  the  pumping 
back.  Of  course,  the  cheapest  way  would 
be  to  buy  an  extra  amount  of  water  if 
the  power  house  is  up  above  the  dam,  but 
I  contend  that  this  water  should  not  be 
charged  higher  for  on  account  of  the 
saving  effected  oy  improved  machinery, 
but  should  be  sold  at  the  regular  power 
rate.  As  a  rule,  power  houses  are  situ- 
ated as  low  below  the  dam  as  is  con- 
sistent with  local  conditions,  and  in  many 
cases  the  condensing  water  can  be 
pumped  as  cheaply  as  the  water  power  is 
worth. 

The  estimation  of  the  value  of  unde- 
veloped water  power  is  a  matter  requir- 
ing a  thoroughly  competent  engineer,  or 
better,  a  board  of  engineers.  It  is  easily 
seen  that  a  comparatively  small  water 
power  is  worth  a  large  sum  of  money, 
and  anyone  buying  or  selling  such  a 
source  of  power  would  save  considerable 
money  by  getting  advice  from  several 
competent  engineers  experienced  in  such 
work. 

James  E.  Steely. 

Covington,  Va. 
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tained    the    mean    velocity    which,   when  charge   computed    above    and    it    is   also 

multiplied   by    the   area,   would    give   the  shown  by  an  inspection  of  the  equation 

flow.     This  is  not  necessary,  as  any  good  in  the  expanded   form, 
textbook    on    hydraulics    would    give    an  R.  L.  Daugherty. 

exact   formula  as  follows:  Ithaca,    N.    Y. 


q  =  c-l/  2g  b  (h;  —  Aj) 

where 

<j=;  Cubic  feet  per  second; 

c=  Coefficient  of  discharge; 

6  =  Width  in  feet; 

fti  =  Depth  of  upper  edge  in  feet; 

A:  =  Depth  of  lower  edge  in   feet. 
This  exact   formula  is   to  be  used  only 
when  there  is  a  very  low  head  in  pro- 
portion to  the  height  of  the  opening;  for 
if, 

d  =  Height  of  opening  =  fti  —  hi; 

h  =  Mean  depth   in   feet. 
It  can  be  written 

h.  =  h  +'^         h,  =h  —  ~ 

2  2 

and  putting  these  values  in  the  above 
formula  there  is  a  rapidly  converging 
series  as  follows: 

q  =  cbd  I      2gh 
L'  ~96\/iJ    ~'20^?,\h)    ~ J 

It  is  apparent  that  if  the  value  of  h 
is  two  or  three  times  d,  all  terms 
involving  d  ^  h  can  be  neglected;  then 
is   had 

q  =  cbd  1     2gh,  orD=  i     2gh 

This  latter  formula  is  the  one  usually 
used  for,  except  for  very  large  values, 
of  d  divided  by  h,  it  is  as  accurate  as  the 
reliability  of  the  coefficient  c  warrants. 
In  the  present  case  the  exact  formula 
gives 

q  =  c''y  2g    6   (32—2.5!)  = 

c  X  39.9  cu.jt.  per  sec. 

The   simpler   formiila  gives 


Prof.  W.  D.  Ennis,  in  his  article  on 
the  above  in  Power  for  Nov.  14,  gives  a 
method  for  computing  the  discharge  of 
water  through  a  large  opening  under  a 
low  head  that  is  unnecessary  and  mis- 
leading as  it  pretends  to  give  a  degree 
of  accuracy  that  is  not  warranted  in  the 
case.  In  the  first  place,  it  is  not  ap- 
parent why  he  should  have  computed  the 
results  he  gives  at  all,  as  the  diverging 
mouthpiece  on  the  opening  makes  the 
calculations  of  no  value.  If,  however,  it 
is  desired,  to  estimate  the  flow  through 
such  an  orifice  as  his  calculations  are 
made  for,  it  is  unnecessary  to  do  so  in 
such  a  round-about  manner.  Further- 
more, an  exact  method  for  such  a  case 
is  not  warranted. 

In  this  instance  there  was  an  opening 
6  ft.  wide  and  6  in.  high,  with  a  head 
of  water  on  its  upper  edge  of  2.5  ft. 
Since  the  head  varied  from  2.5  to  3  ft., 
he   computed   the   velocities   at   different 


Length  of  Belt 

Referring  to  the  answer  given  to  the 
question  of  R.  F.  H.  as  to  the  length  of  a 
belt,  as  printed  in  the  Nov.  28  issue,  not 
many  of  us  are  sufficiently  familiar  with 
the  tables  of  geometrical  functions  to 
work  the  formula  readily.  I  offer  one 
for  readers  of  Power  that  1  have  used 
many  years.  It  is  more  simple  and  there- 
fore more  easily  worked  out.  It  is  not 
absolutely  correct,  but  the  error  is  incon- 
siderable. 

The  formula  is  based  on  the  assump- 
tion that  the  line  of  the  belt,  in  relation 
to  a  line  drawn  through  the  centers 
of  the  two  pulleys,  may  be  taken 
as  the  hypotenuse  of  a  right-angled 
triangle  whose  height  is  the  differ- 
ence between  the  radii  of  the  two  pul- 
leys and  its  base  the  distance  between 
the  two  centers.  Twice  the  length  of 
the  hypotenuse  added  to  half  the  cir- 
cumference of  the  two  pulleys  will  give 
the  length  of  the  belt  very  closely. 
Let 

/?=  Radius  of  the  large  pulley; 

r=  Radius  of  the   small   pulley; 

D  =  Distance  between  centers; 

L  =  Length   of  the  belt. 
Then 


1      (R  ^  r)' +  2  D^-+{R  +  r)X  3-1416=  L 
Taking    the    conditions    of    R.    F.    H.'s 
problem,  L  would  equal  92.858  feet. 

Working  out  the  problem  by  the  pre- 
vious formula  as  a  check  on  mine,  the 
result  is  92.9019  ft.,  a  difference  of 
0.0439  ft.  or  0.5268  in.  in  92  +  feet. 

William  Hirst. 
Trenton,  N.  J. 


q  =  c  i  V    29  X  2.75  = 
c  X  3g^i6  cu.ft.  per  sec. 

The  slight  difference  between  the  two 
is  thus  shown.  In  the  case  of  a  stand- 
ard orifice  with  sharp  beveled  steel 
edges  the  coefficient  c  would  not  be  re- 
liable in  the  third  figure  perhaps,  and  in 
such  a  case  as  this  one  could  not  select 
a  coefficient  which  could  be  depended 
upon  in  the  second  figure.  The  author 
chose  a  value  of  0.60,  and,  as  that  is  not 
exact,  all  that  can  be  said  is  that  the 
flow  will  be  about  24  cu.ft.  per  second. 
To  attempt  such  refinements  where  the 
circumstances  do  not  warrant  it  and  to 
give  an  air  of  great  accuracy  where 
the  reality  is  absent  is  as  bad  as  the 
"German  method"  of  guessing  at  the 
load  on  a  bridge  and  calculating  the 
stresses  to  half  a  pound. 

The  article  further  states  that  the  true 
ideal  velocity  is  greater  than  1'  2gh, 
where  h  =  mean  depth.    The  reverse  is 


Manufacture  of  Switchboard 
Slate 

In  the  November  21  issue,  J.  J.  O'Brien 
describes  a  device  for  sawing  slate.  The 
design  of  this  too!  and  the  method  of 
using  it  seem  to  be  based  on  the  idea 
that  slate  is  machined  similar  to  other 
stone.  Such  is  not  the  case,  as  I  am 
aware  from  having  been  employed  for 
over  three  years  in  a  slate  factory  where 
all  manner  of  slate  products  were  man- 
ufactured, including  switchboards  of  all 
sizes. 

All  dimensional  cutting  is  done  with 
low-speed  circular  saws  with  swaged 
teeth,  and  curves  and  circular  cuts  are 
made  with  an  ordinary  woodworking 
handsaw  run  at  low  speed.  The  speed 
of  slate  saws,  as  I  have  seen  them  used, 
is  about  100  feet  per  minute,  and  the 
feed  rate  about  3  to  6  inches  per  minute 
ordinarily,  although  practice  may  vary 
in   different  localities   and   with   different 
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dinary  work  is  from  18  to  24  inches  in 
diameter  and  about  h  inch  thick.  For 
light  work  the  saw  is  smaller  and  thinner. 
Any  saw  that  will  cut  wood  will  cut 
slate,  but  it  must  not  be  hurried. 

All  other  operations  in  machining  slate 
are  practically  the  same  as  for  metal, 
and  no  water  is  used  on  any  saw  or  tool. 
If  the  slate  is  of  good  quality  and  free 
from  flint,  mineral  veins  and  spots,  a 
tool  will  do  a  lot  of  work  before  re- 
sharpening  is  necessary.  The  dark, 
natural  finish  that  we  are  familiar  with 
on  slate  is  produced  by  first  rubbing  the 
piece  perfectly  smooth  with  fine  emery 
cloth  and  then  applying  a  mi.vture  of 
boiled  linseed  oil  and  paint  drier.  The 
excess  oil  is  then  absorbed  with  sawdust 
and  the  slate  is  polished  by  being 'rubbed 
with  clean  waste. 

H.  L.  Strong. 

Portland,  Me. 


Value  of  CO.,  Recorder 

Much  has  been  said  recently  in  Power 
of  the  importance  of  CO:  recorders.  Most 
operating  engineers  are,  in  my  opinion, 
somewhat  skeptical  of  such  apparatus; 
furthermore,  I  believe  that  many  of  them 
take  a  similar  attitude  toward  all  re- 
cording  instruments. 

It  appears  to  me  that  several  of  the 
recent  contributors  have  been  discussing 
the  subject  from  a  theoretical  aspect 
rather  than  from  an  educational  or  prac- 
tical one.  I  suggest  that  it  be  so  dis- 
cussed that  whatever  is  said  may  be  of 
material  value. 

Most  engineers  who  do  not  attach 
much  importance  to  flue-gas  analysis  and 
CO:  recorders,  take  such  an  attitude 
simply  because  they  are  not  sufficiently 
interested  in  the  subject,  and  because 
they  do  not  consider  boiler-room  per- 
formance of  paramount  importance  in 
the  everyday  operation  of  the  power 
plant. 

Frequently  men  are  opposed  to  the 
CO:  recorder  because  they  have  the 
wrong  impression  of  what  it  really  is 
designed   to   accomplish. 

I  made  the  following  analyses  about 
18  months  ago  in  a  plant  burning  Island 
Creek  coal  under  return-tubular  boilers, 
with   straight   grates   fired  by   hand: 

The  heat  value  is  14,709  B.t.u.  per 
pound,  as  reported  by  the  West  Virginia 
Geological  Survey. 

In  a  contributed  article  on  this  sub- 
ject about  a  year  ago  I  drew  the  follow- 
ing conclusions: 

1.  The  draft  must  be  sufficient  to 
cause  the  coal  to  burn  with  a  bright 
flame,  if  good  combustion  is  sought; 
however,  an  excessive  draft  is  objection- 
able in  a  greater  degree  than  a  some- 
what insufficient  draft,  as  in  the  majority 
of  plants  a  too  low  evaporation  per 
pound  of  coal  is  caused  by  excess  air 
rather  than  by  carbon  monoxide. 

2.  Smoke    cannot   be    entirely    elimi- 


nated with  a  straight  furnace  (set  in 
accordance  with  standard  specifications) 
no  matter  how  efficient  the  fireman  may 
be. 

3.  The  absence  of  smoke  is  not  an 
indication  of  ideal  conditions,  as  they 
are  most  frequently  secured  by  the  ad- 
mission of  an  excess  of  air,  and  at  the 
expense  of  the  coal   pile. 

4.  A  good  flue-gas  analysis  is  prefer- 
able to  a  smokeless  stack.  The 
condition  to  be  sought  is  to  get  the  CO: 
as  high  as  conditions  will  permit  without 
getting  more  than  a  trace  of  CO. 

5.  Mechanical  stokers  cannot  make  a 
saving  in  fuel  in  comparison  with  hand 
firing,  unless  close  attention  be  given  to 
the  prevention  of  holes  or  bare  spots  in 
the  fire;  also,  most  mechanical  stokers 
secure  smokeless  combustion  with  vola- 
tile coals  by  the  admission  of  an  ex- 
treme excess  of  air. 

When  I  sent  this  contribution  for  pub- 
lication I  expected  to  stir  up  a  valuable 
discussion  upon  the  subject  of  flue-gas 
analysis,  but  to  my  disappointment  there 
never  appeared  a  single  dissenting  line. 

Referring  to  conclusion  No.  4,  gen- 
erally speaking,  it  is  advisable  to  have 
such  conditions  as  to  get  the  highest  pos- 
sible percentage  of  CO:  with  only  a 
trace  of  CO.  However,  as  there  are 
constituents  of  the  products  of  combus- 
tion which  are  far  more  valuable  from 
the  standpoint  of  heat  value,  it  is  of 
greater  importance  to  find  out  by  actual 
working  conditions  at  which  particular 
percentage  of  CO:  the  highest  evapora- 
tion per  pound  of  coal  can  be  secured. 

Let  several  evaporative  tests  be  run, 
the  first  being  run  while  using  the  evenly 
spread  fire,  aiming  to  get  the  highest 
possible  percentage  of  CO:. 

Let  the  second  be  run  using  the  cok- 
ing method  of  firing,  the  main  object 
being  to  prevent  smoke,  while  using  ap- 
proved methods  of  cleaning  the  fires 
and  aiming  at  all  times  to  prevent  an  un- 
necessary excess  while  cleaning  fires,  all 
other  conditions  being  the  same. 

Let  the  third  test.be  run  using  about 
0.25  in.  of  draft  over  the  fire,  using  the 
ribbon  method  of  firing  and  maintaining 
the  fire  bed  only  thick  enough  to  cover 
the  grates,  with  just  a  little  excess  of 
air  over  the  fire,  all  other  conditions 
being  the  same  as  in  the  other  two  tests. 

To  me  there  is  no  question  whatso- 
ever but  that  the  last  test  would  make 
by  far  the  best  showing  in  evaporation, 
if  they  were  all  three  equally  fair  and 
correct;  furthermore,  there  is  no  doubt 
but  that  the  CO:  would  be  somewhat 
lower  than  in  either  of  the  other  two 
tests.  Of  course,  it  is  understood  that 
the  present  discussion  refers  to  a  highly 
volatile  coal. 

Eighteen  months  ago  I  thought  that 
the  CO:  should  be  just  as  high  as  pos- 
sible, say  14  to  15  per  cent.,  but  I  am 
convinced  that  while  such  a  percentage 
of  CO:  would  be  advisable  in  burning  a 


coal  low  in  volatile  matter,  it  would  be 
extremely  detrimental  to  economy  in 
burning  a  coal  high  in  volatile  matter. 
In  conclusion,  I  would  offer  the  fol- 
lowing: 

1.  A  high  percentage  of  CO:  is  not 
necessarily  an  indication  of  the  highest 
possible  economy  when  firing  volatile 
coals. 

2.  The  percentage  of  CO=  should  not 
be  as  high  for  highly  volatile  coals  as 
for  those  of  a  semibituminous  nature, 
such    as    New    River   and    Pocahontas. 

3.  That  under  usual  conditions  a 
semibituminous  coal  (Pocahontas)  will 
evaporate  much  more  water  per  pound 
of  coal  than  a  highly  volatile  or  bitumi- 
nous coal,  both  having  an  equal  heat 
value. 

4.  That  carbon  monoxide  is  not  of 
any  great  importance,  insofar  as  econ- 
omy  is   concerned   in   everyday   practice. 

5.  The  combustion  of  the  hydro- 
carbons is  of  greater  importance  than 
the  prevention  of  CO  if  highest  economy 
is  desired. 

6.  Slack  or  small-size  coals  give  a 
much  higher  evaporation  per  pound  of 
coal  in  everyday  practice  than  run-of- 
mine    or   lump    coals. 

7.  A  combination  of  the  alternate  and 
spot  methods  of  firing  is  most  economical 
and  practicable  with  hand  firing. 

8.  The  maximum  economy  in  fuel  is 
more  easily  maintained  with  mechanical 
stokers  than   with   hand   firing. 

9.  All  recording  instruments  are  ex- 
tremely valuable  and  necessary  if  econ- 
omy is  to  be  secured  in  everyday  opera- 
tion. 

Waldo  Weaver. 
Tippecanoe  City,  Ohio. 


To  Stop  a  Runaway  Corliss 
Engine 

After  reading  the  account  of  the  Farm- 
ington,  Utah,  flywheel  explosion  in  the 
Nov.  14  issue,  one  might  feel  inclined 
to  criticize  the  engineer  in  charge  of  the 
plant.  But  if  one  will  stop  to  consider, 
he  will  see  how  easy  it  is  for  a  man  up 
a  tree  to  criticize  a  man  in  a  field  run- 
ning a  foot  race  with  a  bull,  and  if  he 
should  get  in  first  show  him  where  he 
failed  to  show  class.  Also,  there  is  a 
vast  difference  between  a  man  sitting  at 
a  desk  reading  and  one  standing  in 
front  of  an  18-ft.  flywheel  running  at 
200  r.p.m.  when  its  normal  speed  should 
be  50. 

So,  instead,  I  will  say  that  it  is  not 
necessary  to  close  the  throttle  of  a  Cor- 
liss engine  to  bring  it  to  a  standstill. 
With  a  few  exceptions  Corliss  engines 
are  equipped  with  the  ordinary  fly-ball 
type  of  governor,  and  if  the  pulleys  or 
belt  do  not  slip,  the  weights  are  thrown 
to  their  highest  position  when  the  en- 
gine starts  to  race,  thereby  cutting  off 
the  steam.  Also,  if  the  governor  belt 
breaks,  the  governor  will  drop  to  its  low- 
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est  position; 


if  tlie  nuts  A   in  the   ac-  ideal  way  of  deciding  ttie  matter,  as  a 

companying    figure    are    in   their   proper  license  good  for  a  certain  class  plant  m 

portion!  the  safety  cams  will  come  un-  one  location  would  be  good  anywhere  .n 

der    the    roller,    thereby    preventing    the  the  United  States   for  the  same  class  of 

valves  from  hooking  up.  plant.     While  a  Federal    aw  .n  th.s  re- 

So   if  any  beginner  is  caught  like  the  spect  would  be  desirable   it  would  be  im- 

'           ^  possible    to    get    it    as    it    would    be    an 


trap  to  discharge.  In  several  instances 
I  have  caused  traps  whose  maximum 
pressure  range  is  40  pounds  to  operate 
under  a  higher  pressure  without  reduc- 
ing the  size  of  the  discharge  orifice, 
which  is  necessary  v/ith  an  increase  of 
pressure,  simply  by  adding  weight  to  th? 
infringment  on  States'  rights  and  would  bucket.  Of  course,  there  is  a  limit  to 
have  to  be  voted  on  by  the  people  of  the  the  amount  of  weight  added,  and  I  have 
several  States  and  also  acted  on  by  Con-     found  it  impractical   to  add  much   more 


gress. 

The  license  laws  at  the  present  time 
base  the  classification  of  Ucenses  on  the 
horsepower  of  the  plant  regardless  of 
the  pressure  carried.  I  believe  this  is 
partly  wrong,  because  a  plant  of  100 
horsepower  is  just  as  dangerous  and  as 
liable  to  explosion  as  one  of  500  horse- 
power, although  a  higher  grade  of  li- 
cense   is    required    for    the    latter   plant. 


than  would  give  15  or  20  pounds  over  the 
maximum  pressure  for  which  the  trap  is 
intended. 

W.  Simpson. 
New  York  City. 


Crankpin  Oiler 


To  Stop  Engine  Pull  Weight  Arm 
Down  to  Lowest  Position 

man  at  Farmington,  he  need  not  risk  his 
life  in  front  of  the  runaway  flywheel  but 
may  just  reach  over  from  the  back  side 
of  the  engine  and  pull  down  the  gov- 
ernor arm  and  hold  it  there  until  the 
speed  gets  back  to  normal. 

A.  W.  Griswold. 
Adams,  Mass. 


Answering   Fred   L.  Wagner's  letter  in 

Power  for  Nov.  28,  I  fail  to  see  why  my 

The  pressure  carried  as  well  as  the  size     arrangement  described  in  the  Oct.  3  is- 


License  Laws 

Regarding  the  engineers'  license  laws, 
I  do  not  think  they  are  what  they  should 
be,  because  too  much  of  the  examination 
is  given  over  to  finding  out  how  much 
the  applicant  knows  about  machinery  in 
general  and  not  enough  to  his  knowledge 
as  to  safety. 

How  many  examiners  ever  ask  an  ap- 
plicant to  calculate  the  safe  speed  of  a 
given  flywheel?  And  yet  nearly  every 
week  Power  publishes  an  account  of  a 
flywheel  explosion  or  engine  wreck. 

How  many  engineers  are  ever  ex- 
amined as  to  their  knowledge  of  different 
kinds  of  governors,  their  safe  operation 
and  faults?  Yet  the  operation  of  the 
governor  or  its  failure  is  often  the  cause 
of  a  wrecked  engine. 

If  the  valves  on  the  engine  are  not 
properly  set,  it  does  not  make  it  unsafe 
to  operate,  yet  in  one  examination  for  a 
second-class  license  I  was  required  to  set 
the  valves  on  five  separate  engines  to  run 
in  both  directions,  but  not  one  question 
was  asked  about  flywheels  or  governors. 

The  examinations  on  boilers  and  pip- 
ing should  be  more  strict. 

Some  of  the  writers  in  these  columns 
say  that  the  State  and  municipal  laws 
should  be  superseded  by  a  Federal  law. 
■This,    if    properly    done,    would    be    the 


of  the  boilers  in  the  plant,  together  with 
their  number  and  age,  should  determine 
the  classification.  As  the  boilers  become 
older  the  higher-class  engineer  should 
be  required  because  the  boilers  are  not 
as  safe  and  require  closer  and  more  ex- 
pert attention;  this  is  the  reverse  of  what 
is  the  usual  practice. 

If  the  engineer  desires  to  have  a  li- 
cense or  certificate  of  merit  or  ability  to 
show  his  competency  to  handle  a  given 
class  of  plants,  let  him  do  so  in  some 
such  manner  as  outlined  by  the  Institute 
of  Operating  Engineers,  which  is  now 
being  started,  and  not  by  compulsory 
laws  as  at  present. 

Several  engineers  have  suggested  the 
civil-service  examination  for  licenses, 
but  if  the  lists  of  civil-service  questions 
were  asked  in  an  examination  for  a 
license  to  operate  a  plant,  the  engineers 
would  set  up  a  great  cry  of  protest. 

J.  C.   Hawkins. 

Hyattsville,  Md. 

Drain  Grating  for  Cement 
Floors 

A  good  drain  grating  for  cement  floors 
can  be  made  out  of  old  furnace  grates 
that  have  outlived  their  usefulness.  The 
wornout  furnace  grates  should  be  broken 


sue  would  not  deliver  almost  as  much  oil 
to  the  crankpin  at  low  speed  as  it  would 
at  high  speed,  as  it  does  not  depend  on 
centrifugal  force  to  carry  the  oil  to  the 
crankpin;  it  is  simply  assisted  by  this 
force,  for  every  time  the  crank  is  down, 
the  oil  flows  to  the  pin  by  gravity. 

If  Mr.  Wagner  will  look  at  my  sketch 
he  will  see  a  parting  in  the  upright  pipe 
to  show  that  the  oil  cup  could  be  placed 
at  any  height  above  the  crank. 

If  it  was  desired  to  use  grease,  a 
compression  grease  cup  could  be  used 
instead  of  a  sight-feed  oil  cup;  but  in 
such  a  case  also  there  should  be  thii 
union  and  the  support,  as  it  would  be  mort 
troublesome  to  screw  the  cap  on  a  com- 
pression cup  that  was  revolving,  or  to 
tell  how  much  the  cap  had  been  turned 
to  force  the  grease  to  the  pin,  than  in  thet 
case  of  a  stationary  cup. 

The  cup  should  have  a  support;  other- 
wise it  .is  likely  to  be  knocked  out  of 
true  and   wabble. 

Daniel    Ashworth. 

Wappingers  Falls,  N.  Y. 


A  Pumping  Problem 

Mr.  Crockett's  pumping  problem  on 
page  932  of  the  Dec.  19  issue  is  what 
has    sometime    been     regarded 


into   pieces   of   the   desired    length,   and     ^^^^^,y  ;^  ,^g  practical  working  of  cen 


then    embedded    in    the    concrete   at   the 
time  the  floor  is  being  put  down. 

H.  M.  Nichols. 
Kenyon,  R.   I. 

Substitute  Trap  Bucket 

In  the  issue  of  November  14,  P.  J. 
McEnaney's  letter  describing  the  tem- 
porary substitution  of  a  can  for  the 
bucket  in  a  steam  trap  made  no  mention 
of  weighting  the  can  to  insure  satisfac 
tory  operation. 

If  the  can  was  too  light  and  the  pres- 
sure high,  the  valve  would  be  held  tightly 
against  its  seat,  and  the  combined  weight 
of  the  bucket  and  the  water  would  be 
insufficient  to  pull  it  away  and  al!ow  the 


trifugal  pumps.  At  first  sight,  it  might 
be  inferred  that  a  decreased  head  would 
decrease  the  load  on  the  engine  which 
drives  the  pump,  but  the  opposite  effect 
is  often  observed. 

This  is  easily  understood  when  it  is 
considered  that  the  power  required  is 
proportional  directly  to  the  rate  of  dis- 
charge and  head,  and  inversely  to  the 
efficiency.  A  decrease  in  the  head  causes 
an  increase  in  the  rate  of  discharge  and 
probably  a  decrease  in  the  efficiency,  so 
that  the  net  result  may  be  an  increase 
in  the  power,  as  seems  to  be  the  ef- 
fect in  this  case. 

W.    L.     DURAND. 

Brooklyn,  N.  Y. 
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Inquiries  of  General  Interest 

Questions  are  not  answered  unless  accompanied  by  the  name  and 
address  of  the  inquirer.     This  page  is  for  you  when  stuck — use  it 


Ratio  of  Expansion 

What  is  meant  by  ratio  of  expansion? 
M.   D. 

Divide  the  length  of  stroke  in  inches 
by  the  number  of  inches  traveled  by  the 
piston  before  the  steam  is  cut  off.  The 
quotient  will  be  the  ratio  of  expansion. 

To  be  accurate  the  clearance  should 
be  added  to  both  quantities  before  di- 
viding. 


Two   Eccentrics  for    Corliss 
Engines 

What  is  gained  by  having  two  eccen- 
trics on  the  low-pressure  side  of  a  com- 
pound-condensing engine? 

M.  J.   G. 

By  using  two  eccentrics,  the  steam  and 
the  exhaust  valves  may  be  set  separate- 
ly, thus  permitting  a  longer  range  of 
cutoff  for  the  steam  valves  and  an 
earlier  opening  of  the  exhaust  valves 
and  allowing  the  benefit  of  the  vacuum 
earlier. 


Siz,e  of  Steam  Pipe  for  Engines 

What  should  be  the  size  of  the  steam 
pipe  in  reference  to  the  size  of  the 
cylinder? 

J.  B. 

There  is  a  wide  variation  in  practice 
regarding  the  size  of  steam  mains.  Each 
case  should  take  the  length  and  direct- 
ness of  the  connections  into  considera- 
tion. A  general  rule  is:  Multiply  the 
square  root  of  the  horsepower  by  0.406. 


Point  of  Cutoff  of  a   Cotnttion 
Slide  Valve 

Why  does  not  a  slide  valve  cut  off  in 
the  first  half  of  the  stroke? 

J.  A.  C. 

The  point  of  cutoff  of  a  simple  slide- 
valve  engine  is  fixed.  The  speed  is  con- 
trolled by  the  throttling  effect  of  the  gov- 
ernor. For  a  common  slide  valve  it  is 
not  practicable  to  cut  off  the  steam  supply 
to  the  cylinder  sufficiently  early  in  the 
stroke  as  to  effect  so  large  a  degree  of 
expansion  as  by  a  Corliss  or  other  type 
of  valve,  because  it  would  require  a  valve 
having  an  excessive  amount  of  outside 
lap  and  the  exhaust  would  take  place  too 
early  in  the  stroke.  Slide  valves  work 
to  better  advantage  when  the  lap  is  so 
proportioned  as  to  cut  off  the  steam  at 
from  two-thirds  to  three-quarters  of  the 


stroke  than  at  any  other  point,  because 
of  the  comparatively  long  stroke  of  the 
valve  when  more  lap  is  added  and  the 
great  amount  of  friction  between  the 
valve  face  and  its  seat. 


Lubricator  Piping  and  Lubrica- 
tion 

Is  it  good  practice  to  extend  the  lubri- 
cator pipe  into  the  steam  pipe?  How 
can  I  get  more  lubrication  at  the  valve 
ends?  What  is  the  record  for  the  mini- 
mum amount  of  oil  used?  Is  oil  dan- 
gerous in  a  boiler? 

D.  C.  Y. 

The  lubricator  pipe  should  not  extend 
into  the  steam  space  of  the  main  pipe, 
but  should  end  so  that  the  oil  will  run 
down  the  side  of  the  pipe.  Oil  grooves 
cut  in  the  ends  of  the  valves  will  some- 
times aid  in  getting  the  oil  where  it  will 
do  its  work. 

The  least  quantity  of  oil  used  of  which 
there  is  any  record  was  one  drop  every 
two  minutes  on  a  500-hp.  compound 
Corliss  engine.  Some  engines  especially 
in  the  marine  service  are  run  without 
cylinder  lubrication. 

It  makes  a  great  deal  of  difference 
what  type  of  boilers  is  used  as  to  the 
danger  from  oil.  With  the  tubular  type, 
too  much  care  cannot  be  taken  to  keep 
them  free;  with  the  water-tube  there  is 
much  less  danger. 


Equalizing  Clearance 

How  is  the  clearance  in  the  cylinder 
equalized  if  the  piston  rod  is  keyed  in 
the  crosshead  ?  How  can  I  get  more 
power  out  of  an  engine? 

J.  K. 

The  clearance  on  the  cylinder  of  an 
engine  where  the  piston  rod  is  keyed 
in  the  crosshead  can  be  equalized  by 
adjusting  the  shims  in  the  connecting- 
rod  boxes.  Increasing  its  speed  or  its 
pressure,  or  putting  a  condenser  upon 
it,  will  get  more  power  out  of  an  en- 
gine. 


Boiler    Thimble 

What   is  a  boiler  thimble? 

T.  U. 
The  thimble  on  a  boiler  is  a  ring  or 
bushing  placed  between  the  tube  and  the 


tube  sheets.  It  is  used  more  in  loco- 
motive and  marine  than  in  stationary 
boilers. 


Induction  Heater 
What  is  an  induction  heater? 

A.  L.  F. 
An  induction  heater  is  a  dead-end 
heater  having  only  one  opening  and  con- 
nected to  the  exhaust  pipe  through  a 
shunt.  Part  of  the  steam  rises  through 
the  opening  and  is  condensed,  the  water 
going  out  at  the  usual  drip  and  more 
steam  entering  the  heater  to  take  the 
place  of  that  which  is  condensed.  Induc- 
tion heaters  are  used  in  places  where 
it  is  not  convenient  to  place  a  thorough- 
fare heater. 


Corliss  Engine    Valves 
is  it  possible  to  have  all  four  valves 
of  a   Corliss   engine   closed   at  one   time 
when  the  engine  is  running  full  speed? 
F.    A.   T. 
Yes;    if  the  exhaust   valves  have   lap 
so    that    one    is    closed    for   compression 
before  the  other  opens  for  release.     One 
steam  valve  will  have  dropped,  the  other 
will    not    have    opened;    hence    all    four 
valves  will  be  closed. 


Priming  and  Foaming 

What  is  the  difference  between  prim- 
ing and  foaming?  What  is  the  remedy 
for  each  ? 

M.  K.  L. 

A  boiler  primes  when  water  is  me- 
chanically carried  over  with  the  steam. 
This  is  due  to  forcing,  to  carrying  the 
water  level  too  high,  or  to  restricted 
spaces  between  the  tubes,  thus  making 
the  steam  come  up  in  gulps  and  break- 
ing up  the  surface  of  the  water.  The 
remedy  is  to  carry  a  lower  water  level, 
take  out  the  central  row  of  tubes  in  a 
horizontal  return-tubular  boiler,  keep  the 
feed  constant  and  uniform  so  as  to  pre- 
serve a  constant  condition  of  circulation, 
and  have  the  rate  of  operation  within 
that  at  which  the  boiler  will  furnish 
practically  dry  steam.  When  a  boiler 
foams,  the  contents  get  frothy.  The  con- 
dition may  be  brought  about  by  dirty 
water  or  by  water  in  which  an  excess 
of  soda  has  been  used. 


Lyons,   France,  is  insisting  on  a  more 
rigid  observance  of  its  smoke  laws. 
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Joiler   Explosion  in   Roswell, 
N.  M. 

By   J.    D.    HUDGINS 

Baty's  steam-laundry  plant  at  Roswell, 
I.  M.,  was  the  scene  of  a  boiler  explo- 
ion  on  the  morning  of  Dec.  21.  One 
lan  was  seriously  injured  and  15  others 
xperienced  a  miraculous  escape.  The 
Titer  was  in  the  immediate  vicinity  of 
le  accident  when  the  explosion  occurred 
nd  reached  the  scene  about  one  minute 
fterward.  Upon  arrival  it  was  noticed 
lat  the  tubes  exposed  by  the  rupture, 
tiown  in  the  photograph,  were  at  a  dark 
5d  heat.  The  boiler  was  of  the  return- 
tbular  type  36  in.  in  diameter  and  12  ft. 
1  length,  having  thirty  3-in.  tubes,  and 
■as  used  to  heat  water  for  laundry  pur- 
oses;  it  was  also  required  to  carry  65 


AUis-Chalmers  Co.  in  Finan- 
cial  Difficulties 

Believing  that  the  Allis-Chalmers  Co., 
of  Milwaukee,  Wis.,  could  no  longer 
profitably  continue  its  business  and  meet 
its  obligations,  its  directors  decided,  on 
Dec.  29,  to  precipitate  the  company  into 
a  receivership  by  defaulting  the  interest 
on   its   first-mortgage   bonds,   on   Jan.    1. 

The  stockholders'  and  the  bondholders' 
committees  are  working  upon  a  plan  of 
readjustment  and  upon  going  to  press  it 
is  learned  that  the  receivership  will  be 
held  in  abeyance,  temporarily  at  least. 

When  the  company  announced  its  de- 
fault on  the  January  interest,  it  became 
known  that  Judge  Gary  had  resigned  as 
chairman  of  the  board. 

The  company  was  incorporated  in 
New  Jersey  in  1901  as  a  combination  of 


The  company's  bonded  debt  consists 
of  $11,148,000  first  sinking  fund  gold  5s, 
dated  July  1,  1906,  and  due  July  1,  1936. 
Its  accounts  show  that  in  the  fiscal  years 
1905-06  and  1906-07  there  were  good- 
sized  deficits.  In  1907-08  there  was 
earned  on  the  preferred  3.81  per  cent., 
in  1908-09  0.84  per  cent,  and  in  1909-10 
3.07  per  cent. 


View  of  the  Boiler  after  the  Explosion 


b.  steam  pressure,  gage,  for  drying  and 
roning. 

Upon  inquiry  it  was  learned  that  in 
losing  down  the  plant  at  night  the  prac- 
ice  was  to  bank  the  fires  and  that  when 
he  fireman  returned  the  following  morn- 
ng  it  was  not  uncommon  to  find  that  the 
ires  had  burned  out,  evaporating  the 
vater  until  it  did  not  show  in  the  gage- 
;lass;  the  noise  made  by  the  safety 
'alve,  and  its  disturbance  of  the  people 
iving  in  the  neighborhood  is  evidence  of 
his  fact.  The  boiler  was  equipped  with 
m  injector  for  supplying  the  feed  water, 
ind  it  required  a  steam  pressure  of  25 
b.  for  the  2-ft.  lift  from  a  barrel  near-by. 
rhe  first  duty  of  the  fireman,  as  he  saw 
t,  was  to  raise  steam  and  then  fill  the 
joiler  with  water,  which  he  invariably 
lid.  Nothing  happened  from  this  prac- 
ice  until  the  morning  mentioned  above. 


four  smaller  Western  manufactories  of 
machinery.  In  1903  and  1906  additional 
departments  were  added  to  the  company's 
plants  at  Milwaukee,  Chicago,  Scranton 
and  West  Allis,  Wis.  In  1906  also  the 
Bullock  Electrical  Works,  at  Cincinnati, 
were  acquired  by  stock  purchase. 

The  company  has  authorized  S25,000,- 
000  common  stock  and  $25,000,000  cumu- 
lative 7  per  cent,  preferred  stock.  There 
is  outstanding  about  $19,820,000  common 
and  $16,150,000  preferred.  The  par  of 
both  is  $100.  The  preferred  stock  is  con- 
vertible into  common.  Dividends  at  the 
rate  of  7  per  cent,  a  year  were  paid  on 
the  preferred  from  July.  1901.  to  Feb. 
1,  1904.  inclusive.  Since  then  there  has 
been  none  and  that  7  per  cent,  a  year 
has  been  accumulating  as  an  obligation. 
No  dividends  have  ever  been  paid  on  the 
common  stock. 


PERSONAL 

A.  G.  Roberts  has  been  appointed  chief 
engineer  at  the  municipal  lighting  plant 
of  Pasadena,  Calif.,  succeeding  W.  M. 
Glass,   who   recently    resigned. 


Walter  J.  Jones,  consulting  engineer,  30 
Church  St.,  New  York  City,  has  been 
appointed  engineer  to  the  electrical  com- 
mission of  Montreal.  Quebec.  He  will 
have  immediate  supervision  over  the  work 
of  gathering  data  and  laying  out  a  com- 
plete municipal  underground  system  for 
that  city. 


F.  C.  Holly,  chairman-secretary  of  the 
Col.  Goethals  Branch  No.  1,  at  Yazoo 
City,  Miss.,  has  resigned  this  position  on 
account  of  his  removal  to  Memphis.  Tenn.. 
where  he  is  superintendent  of  the  Perkins 
Oil  Co.  W.  G.  Richardson  has  been 
elected  to  fill  the  position  made  vacant  by 
Mr.  Holly. 


OBITUARY 

Allan  Harris  Crowell,  vice-president  of 
the  William  A.  Harris  Steam  Engine  Co.. 
of  Providence,  R.  I.,  died  at  Channing 
Hospital,  in  that  city,  on  Dec.  27.  He 
was  the  only  son  of  E.  Francis  Cromwell, 
secretary  and  treasurer  of  the  company. 
Death  was  due  to  intestinal  indigestion, 
from  which  he  had  been  suffering  since 
Nov.  1.  Mr.  Cromwell  was  about  25 
years  old  and  had  been  associated  with 
his  father  in  business  since  leaving 
school.  He  is  survived  by  a  widow  and 
two  children. 


Edward  Sawyer,  widely  known  as  a 
civil  engineer  and  an  authority  on  the 
construction  of  water  and  sewer  systems, 
died  at  his  home  at  Newton,  Mass.,  on 
Dec.  27.  He  was  73  years  of  age.  Mr. 
Sawyer,  in  partnership  with  J.  Herbert 
Shedd,  constructed  the  sewer  and  water 
systems  in  the  city  of  Providence.  He 
also  had  a  large  share  in  the  engineer- 
ing problem  of  the  division  of  water  for 
power  purposes  along  the  Blackstone 
River,  had  charge  of  the  construction  of 
the  power  plant  of  the  Chicopee  Mills, 
was  one  of  the  founders  of  the  Sawyer 
Spindle  Co.,  of  Boston,  and  since  his  re- 
tirement from  more  active  work  had 
served  as  consulting  engineer  on  the 
Cochituate  water  plant,  from  which  the 
city  of  Boston  receives  most  of  its  water 
supply,  and  for  other  large  water  sys- 
tems. He  was  a  member  of  the  American 
Society  of  Civil  Engineers,  the  Boston 
Society  of  Civil  Engineers  and  the  Bos- 
ton Society  of  Arts. 
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Once  there  was  a  man  belonging  to  a  certain 
engineers'  organization  whom  his  fehows  came 
to  look  upon  as  a  sort  of  mine  of  information, 
both  general  and  specific. 

Whenever  you  put  a  question  to  him  con- 
cerning some  phase  of  "power-planting,"  if  he 
couldn't  answer  you  offhand  he  would  say, 
"I'll  look  it  up."  And  sure  enough,  he  would. 
The  next  time  he  saw  you  he  would  have  a 
whole  bunch  of  interesting  facts  and  figures 
to  give  you. 

Whenever  the  association  listened  to  a  lec- 
ture or  to  the  reading  of  a  paper,  this  man 
always  came  primed  with  intelligent  questions 
to  ask  and,  usually,  he  had  a  few  illuminating 
remarks  to  make  as  well.  And  let  us  tell  you, 
friend,  the  ability  to  ask  intelligent  questions 
usually  results  from  a  fairly  earnest  study  of 
the  subject  in  question. 

Well,  one  day,  as  was  inevitable,  he  was 
asked  how  he  did  it  and  in  reply  he  said: 

"I  am  a  collector,  not  of  stamps,  old  coins 
or  first  editions,  understand  me,  but  of  facts, 
figures  and  fancies  concerning  the  science  of 
pow  er  generation  and 
transmission,     the 
which    affords    me 
bread   and  butter. 


"Any  article  I  see 
in  a  magazine  or 
journal  which  seems 
worth  preserving  for 
reference  after  I  have 
read  it,  I  clip  out 
and  file  away. 
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"I  started  in  with  one  small  cardboard  file  or 
transfer  box.  I  had  no  index.  The  box  con- 
tained a  set  of  stiff  paper  separator  sheets,  each 
with  a  letter  of  the  alphabet  marked  on  it  at 
the  edge.  I  filed  each  article  under  the  initial 
letter  of  the  most  suggestive  word  in  the  title. 
It  was  no  time  before  I  had  that  box  filled. 
Then  I  filled  another  and  still  another.  By  this 
time  the  lack  of  an  adequate  index  began  to  be 
a  bit  of  a  hardship  and  I  decided  to  use  a  ver- 
tical filing  cabinet  and  a  card-index  and  cross- 
reference  system.  Then,  not  only  could  I 
index  what  clippings  I  actually  had  in  my 
file  but  I  could  also  index  many  articles  of 
which  I  could  not  or  did  not  wish  to  make 
clippings." 

Power,  beginning  with  this  issue,  will  ar- 
range the  "Outline  ot  Topics"  page  so  that  the 
title,  the  brief  synopsis,  the  author's  name, 
the  date  of  issue  and  the  page  number  of  each 
article  will  form  a  neat  paragraph  that  may 
be  clipped  out  and  pasted  onto  an  index  card 
in  the  manner  shown  herewith.  All  that 
will  then  remain  to  be  done  is  to  write 
the  general  heading  on  the  first  line  and 
place  the  card  in  its 
proper  place  in  the 
index. 

We  know  that  this 
new  arrangement 
will  be  welcomed  by 
those  who  now  main- 
tain a  reference  index 
and  we  hope  that  it 
wUl  encourage  others 
to  start  the  con- 
struction of  one. 
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High  Vacuum,  Reciprocating  Engines 


Considerable  interest  is  afforded  by  a 
paper  by  K.  Heilmann,  pf  Magdeburg, 
Germany,  with  reference  to  the  efficiency 
of  reciprocating  engines,  which  was  ab- 
stracted in  the  Oct.  31  issue  of  Power. 
In  this  much  attention  has  been  given 
both  theoretically  and  by  practical  experi- 
ment to  the  effect  of  steam  superheating 
and  cylinder  condensation. 

Articles  are  constantly  appearing  which 
deal  with  the  subject  both  with  refer- 
ence to  steam  superheating  and  cylin- 
der condensation,  but  the  question  of  vac- 
uum as  affecting  steam  consumption  and 
increased  horsepower  has,  however,  re- 
ceived only  casual  attention  and  con- 
siderable error  in  the  conclusions  arrived 
at  is  likely  to  be  the  result  unless  the 
matter  be  thoroughly  investigated. 

It  is  held  by  many  engineers  that  any 
augmentation  in  the  condenser  vacuum 
above  24  or  25  in.  does  not  result  in 
such  an  increase  in  steam  economy  as 
would  fully  justify  the  extra  initial  cost 
of  installing  a  condensing  plant  suitable 
for  the  higher  vacuum,  and  therefore  it 
has  become  more  or  less  standard  prac- 
tice with  reciprocating  engines,  to  design 
the  condensing  plant  for  a  vacuum  of 
about  25  inches. 

The  general  acceptance  of  a  low  vac- 
uum as  being  best  suited  for  reciprocat- 
ing engines  has  no  doubt  been  arrived 
at  from  results  previously  obtained  by 
steam-consumption  trials  at  varying  vac- 
uums. Fig.  1  illustrates  a  typical  ex- 
ample of  the  effect  of  vacuum  on  the 
steam  consumption  of  compound  and 
triple-expansion  engines  having  cylin- 
ders of  ordinary  design.  In  both  cases 
the  rate  of  decrease  in  steam  consump- 
tion rapidly  falls  off  toward  the  higher 
vacuum;  in  fact,  the  curve  at  the  higher 
vacuum  approaches  closely  to  the  hori- 
zontal. 

In  the  triple-expansion  engine  it  will 
be  seen  that  from  20  to  26  in.  the  total 
economy  is  1.27  lb.,  equal  to  1.87  per 
cent,  per  inch  of  vacuum  over  this  range; 
while  from  26  to  29  in.  the  total  economy 
is  0.08  lb.,  representing  0.23  per  cent. 
of  improvement  per  inch  of  vacuum,  a 
very  slight  gain  as  compared  with  the 
economy  obtained  over  the  lower  range. 
In  the  compound  engine  the  gain  at  the 
higher  vacuums  is  even  less,  due,  of 
course,  to  the  lower  number  of  expan- 
sions and  to  the  greater  cylinder  con- 
densation. 

From  such  observations  as  these  it 
would  naturally  appear  that  the  produc- 
tion of  the  higher  vacuum  in  order  to 
realize  the  slight  increase  in  economy 
is  not  justifiable,  and  engineers  were 
unanimously  of  the  opinion  that  for  re- 
ciprocating engines  the  greatest  overall 
economy   in  the   engine   room   could   be 


By  H.  Fothergill 


An  argument  for  the  use 
of  a  high  vacuum  with  re- 
ciprocating engines,  show- 
ing how  it  may  be  em- 
ployed to  advantage  by 
properly  designing  the  ex- 
haust ports  and  passages 
of  the  low-pressure  cylin- 
der. Tests  are  cited  to 
substantiate  this. 


obtained  with  a  vacuum  in  the  neighbor- 
hood of  25  inches. 

There  is  no  reason,  though,  why  the 
curves  should  not  continue  in  a  down- 
ward direction  and  a  higher  economy  be 
obtained  provided  the  low-pressure  cyl- 
inder be  suitably  designed  to  respond  to 
the  higher  vacuum,  and  in  overlooking 
this  fact  engineers  have  arrived  at  the 
false  conclusion  that  the  lower  vacuum 
is  the  most  economical. 

The  true  effect  of  high  vacuum  on  the 
steam  consumption  and  increased  horse- 
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Fig.  1.   Effect  of  Vacuum  upon  Steam 
Consumption 

power  of  reciprocating  engines  has  per- 
haps for  the  first  time  been  most  thor- 
oughly dealt  with  by  D.  B.  Morison,  who 
has  proved  beyond  doubt  that  the  in- 
crease in  steam  economy  due  to  the 
higher  vacuum  fully  justifies  its  use, 
provided  the  ports  and  passages  of  the 
low-pressure  cylinder  are  of  such  pro- 
portions as  will  permit  of  the  unre- 
stricted flow  of  steam  into  the  condenser. 
In  considering  the  ports  and  passages 
of  an  ordinary  low-pressure  cylinder,  the 
exhaust  areas  are  such  as  to  produce  a 
high  velocity  of  steam  when  the  pres- 
sure on  the  exhaust  side  of  the  port  is 
lower  than  that  on  the  piston  side,  the 
velocity,  of  course,  being  dependent  upon 
the  quantity  of  steam  passing  per  square 


inch  of  port  area.  Steam  turbines  may 
be  constructed  so  that  a  high  exhaust 
velocity  occurs  only  with  exceedingly 
high  vacuums,  and,  therefore,  the  dif- 
ference in  pressure  between  the  con- 
denser vacuum  and  the  vacuum  in  the 
low-pressure  section  of  the  turbine  un- 
der normal  conditions  is  very  slight  and 
the  turbine  fully  responds  to  the  higher 
vacuum.  Hence,  reducing  the  exhaust 
velocity  and  minimizing  the  pressure 
difference  between  the  condenser  and 
the  low-pressure  cylinder  in  reciprocat- 
ing engines  is  a  problem  worthy  of  care- 
ful consideration,  as  the  quantity  of  heat 
available  for  doing  useful  work  in  the 
engines  is  dependent  upon  the  pressure 
on  the  exhaust  side  of  the  ports. 

Mr.  Heilmann  found  from  tests  carried 
out  at  the  works  of  the  manufacturers 
of  the  "locomobile"  engine  at  Magde- 
burg that  the  efficiency  of  the  engine 
reached  its  highest  value  with  about  80 
per  cent,  vacuum.  With  higher  vacuums, 
the  losses  were  increased,  due  to  the 
throttling  effect  between  the  low-pressure 
cylinder  and  the  condenser,  and  yet  ap- 
parently no  attempt  was  made  to  avoid 
this  by  constructing  the  ports  and  pass- 
ages of  the  low-pressure  cylinder  so  as 
to  minimize  the  throttling  effect  and  ob- 
tain the  full  possible  benefits  resulting 
from  the  higher  vacuum. 

Careful  experiments  have  recently 
been  conducted  by  R.  L.  Weighton  in 
order  to  arrive  at  a  definite  conclusion 
as  to  the  economy  derivable  from  high 
vacuums,  and  a  series  of  steam-consump- 
tion tests  were  made  with  both  triple- 
and  quadruple-expansion  reciprocating 
engines  at  varying  vacuums.  The  first 
set  of  tests  was  recorded  from  the  en- 
gines when  fitted  with  low-pressure  cyl- 
inders of  ordinary  design.  Before  tak- 
ing the  second  readings  the  low-pres- 
sure cylinder  was  removed  and  a  new 
cylinder  having  specially  designed  ports 
and  passages  of  large  cross-sectional 
area  was  fitted  in  its  place. 

The  results  obtained  from  the  first 
readings  were  represented  by  curves 
similar  to  those  shown  in  Fig.  1,  while 
the  results  obtained  from  the  second 
readings  with  the  new  low-pressure  cyl- 
inder having  enlarged  ports  showed  a 
uniform  increase  in  steam  economy  up 
to  the  highest  vacuum  carried  in  the 
condenser.  In  the  case  of  quadruple- 
expansion  engines,  the  saving  in  steam 
between  25  and  28 '4  in.  vacuum  was  5 
per  cent,  and  in  triple-expansion  engines 
4  per  cent.;  the  actual  results  obtained 
were  as  follows: 

GAIN  FROM  25  TO  28i  IN.  VACUUM 

Saving  in 

Steam  per  Increase  in 

B.hp.,    Per  B.hp.,    Per 
Cent.  Cent. 

Quadruple-expansion.  5.1  5.9 

Triple-expansion ....  4.2  5.0 
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The  reason  for  the  gain  in  power  be- 
ing slightly  greater  than  the  gain  in 
economy  is  because  the  higher  vacuums 
entail  a  slight  increase  in  steam  con- 
sumption per  revolution.  There  is  there- 
fore no  doubt  that  had  the  engines 
from  which  the  results  shown  in  Fig.  1 
were  obtained,  been  fitted  with  low-pres- 
sure cylinders  having  enlarged  ports  and 
passages,  the  steam  consumption  at  the 
higher  vacuums  would  have  been  con- 
siderably reduced,  as  indicated  by  the 
dotted  lines. 

The  next  question  to  consider  is  the 
cost  of  obtaining  this  increased  economy 
and    how    it    compares    with    the    actual 


ports  of  such  dimensions  as  to  permit  the 
highest  vacuum  to  produce  such  a  dimi- 
nution of  pressure  in  the  low-pressure 
cylinder  as  will  make  such  a  vacuum 
exceedingly  advantageous.  In  small  high- 
speed engines,  it  is  not  generally  advis- 
able to  aim  at  the  utilization  of  extreme 
vacuums,  as  the  effect  of  increasing  the 
ports  has  also  the  effect  of  increasing  the 
clearance  space,  but  even  with 'moderate- 
ly high  vacuums  the  high  thermal  effi- 
ciency of  this  type  of  engine  enables  ex- 
cellent economy  to  be  obtained. 

The  largest  field  for  a  high  vacuum 
in  connection  with  reciprocating  engines 
appears    to   be    in    the    design   of   triple- 


Fic.  2.    Triple  Expansion  Marine    Engine  Designed  for  High  Vacuum 


saving  effected.  It  has  been  stated  that 
the  expense  of  increasing  the  cross-sec- 
tional area  of  the  ports  and  passages 
of  the  low-pressure  cylinder  ladds  to 
the  first  cost  of  the  engines,  but  such  is 
not  the  case,  however,  and  it  has  been 
proved  that  the  dimensions  of  the  ports 
and  passages  necessary  to  permit  an  eco- 
nomical utilization  of  vacuums  up  to 
even  29  in.  are  moderate  and  not  at  all 
difficult  to  attain  in  practical  designing, 
nor  do  they  add  appreciably  to  either  the 
bulk,  weight,  friction  or  first  cost  of  the 
engines. 

A  high  vacuum  is,  in  general,  ap- 
plicable to  all  types  of  reciprocating  en- 
gines, maximum  economy  being  obtained 
in    large    slow-speed    engines    with    the 


and  quadruple-expansion  marine  engines 
and  it  is  in  this  direction  that  the  great- 
est headway  has  been  made;  in  fact,  it 
is  now  becoming  the  recognized  prac- 
tice with  British  engineers  to  design  en- 
gines upon  this  principle.  A  typical  ex- 
ample of  high-vacuum  triple-expansion 
engines  as  constructed  by  Messrs.  Rich- 
ardsons,  Westgarth  &  Co.,  Ltd.,  Hartle- 
pool, England,  is  illustrated  in  Fig.  2, 
which  represents  a  back  view  of  the  en- 
gine, showing  the  condenser  and  pumps. 
It  will  be  noted  that  the  exhaust  pipe 
is  of  large  diameter  and  the  space  oc- 
cupied by  the  condenser  is  relatively 
small. 

The   air-withdrawing   capacity   of   any 
reciprocating  air  pump   of  a  given  size 


depends  on  the  difference  between  the 
vacuum  that  can  be  produced  in  the 
pump  barrel  on  its  suction  stroke  and 
that  of  the  vacuum  in  the  condenser. 
But  if  water  of  condensation  enters  the 
pump  at  a  temperature  corresponding  to 
the  vacuum  in  the  condenser,  it  would 
obviously  boil  as  soon  as  the  pump 
bucket  commenced  its  suction  stroke,  and 
the  resultant  vapor,  by  filling  the  bar- 
rel, would  impair  the  inflow  of  air  from 
the  condenser.  If,  on  the  other  hand, 
the  water  entering  the  pump  were  so  cold 
that  it  did  not  boil  during  any  portion 
of  the  vacuum-producing  stroke  of  the 
air  pump,  then  the  vacuum  produced  in 


Fig.   3.    Contraflow   Condenser   with 
Temperature  Regulator 

the  barrel  would  be  much  higher  than 
in  the  condenser  and  the  flow  of  air  into 
the  pump  would  be  a  maximum.  There- 
fore, an  air  pump  can  be  rendered  very 
flexible  in  air-withdrawing  capacity  by 
the  temperature,  and  if  there  are  means 
for  controlling  this,  then  the  air-with- 
drawing capacity  of  a  single  pump  can 
be  regulated  in  accordance  with  the 
quantity  of  air  to  be  withdrawn  and  the 
vacuum  required. 

The  condenser  illustrated  in  Fig.  3 
contains  a  receiver  divided  off  at  its  base 
which  is  always  completely  filled  with 
water  of  condensation.  At  a  distance 
above  this  water  receiver  is  a  diaphragm 
which  catches  the  water  of  condensation 
formed  in  the  condensing  chamber  above 
it. 

There  is  a  pipe  connecting  the  top  of 
the  water-collecting  diaphragm  and  the 
water  receiver,  and  in  this  pipe  there  is 
inserted  a  two-way  cock  or  valve,  one 
way  leading  to  the  air-pump  suction  pipe 
and  the  other  to  the  water  receiver.  If 
there  is  a  clear  way  between  the  water- 
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collecting  diaphragm  and  the  water  re- 
ceiver, all  the  water  of  condensation 
passes  through  the  receiver  and  is  re- 
duced in  temperature  before  it  passes 
into  the  air  pump.  If,  on  the  other  hand, 
there  is  a  clear  way  between  the  col- 
lecting diaphragm  and  the  pump,  all  the 
water  of  condensation  passes  at  a  maxi- 
mum temperature  into  the  pump.  The 
temperature  of  the  pump,  and  therefore 
its  air-withdrawing  capacity,  is  under 
complete  control  by  the  partial  or  the 
full   use   of   the   temperature   regulator. 

Experience  has  shown  that  by  the  use 
of  this  temperature-regulating  device  for 
cooling  the  whole  or  a  portion  of  the 
water  before  passing  into  the  air  pump, 
a  low  vacuum  in  the  tropics  can  be 
raised  by  from  1^  to  3  in.,  and  often 
more;  at  the  same  time  the  air-pump 
discharge  water  is  kept  at  the  highest 
temperature  consistent  with  the  mainte- 
nance of  the  highest  available  vacuum 
in  the  condenser. 

It  has  been  advanced  by  some  engi- 
neers that  any  increase  in  economy  on  a 
steamship  resulting  from  a  high  vacuum 
is  impaired  by  the  loss  of  heat  units  due 
to  the  reduced  temperature  of  the  feed 
water.  Such  a  statement  can  apply  only 
to  out-of-date  steamships.  According  to 
modern  practice,  the  feed  water  in  a 
steamship  is  heated  to  pumping  limits 
by  the  available  exhaust  steam  from  the 
auxiliary  engines,  which  is  generally 
found  to  be  more  than  sufficient  for  that 
purpose.  The  temperature  of  the  feed 
water  is  therefore  independent  of  the 
temperature  at  which  it  passes  through 
the  air  pump. 

It  is  only  natural,  however,  when  a 
considerable  gain  is  effected  in  one 
quarter,  to  look  for  a  possible  loss  in 
another  quarter,  and  one  might  be  in- 
clined to  think  that  the  pumping  power 
required  for  circulating  the  extra  con- 
densing water  through  the  condenser  to 
obtain  the  higher  vacuum  would  be  ab- 
normally high,  but  by  simple  calculation 
it  can  be  shown  that  the  increase  in 
pumping  power  is  so  small  compared 
with  the  increase  in  the  horsepower  of 
the  main  engines  that  it  is  unworthy  of 
consideration. 


A  Boiler  Room  Argument 

By    F.    ^X'EBSTER 

"Look  out  for  your  clothes!"  I  cau- 
tioned banteringly,  as  Denny  stood  near 
the  open  furnace  door  while  the  induced- 
draft  fan  tugged  at  the  smoke  flue.  The 
door  clanged  shut,  he  hooked  the  hoe 
into  the  lattice  braces  of  the  nearby  roof 
post  and  slammed  the  handle  against  the 
foot  of  it. 

"Thim  air-blowed,  man-operated  fur- 
naces make  me  lose  everything  but  me 
appetite,"  he  declared,  turning  his  grimy 
face  square  at  me.  "T'row  the  wind- 
sucker  outfit  into  the  river.    Thin  put  in 


a  steam  blower,  an'  ther  fires  can  be 
forced  wid  half  ther  labor  an'  widout  cost 
fer  fuel." 

"That's  going  some,"  I  said ;  "the  agent 
who  put  in  that  induced-draft  outfit 
promised  to  operate  it  on  only  3  per  cent, 
of  the  steam,  or  with  85  per  cent,  of  the 
steam  that  would  be  used  by  a  jet  blower. 
If  a  steam  blower  will  be  better  than  a 
fan,   I    am   here   to   be   shown." 

Denny  heaved  a  heavy  sigh  at  my  ig- 
norance, and  he  turned  to  the  patent 
weighing  chute.  After  dropping  a  ton 
of  dirt  onto  the  floor  he  drew  forth  a  copy 
of  the  Stokers'  Journal  from  his  hip 
pocket. 

"This  theoury  of  blowin'  cold  air  into 
ther  ashpit,  or  of  sucking  the  smoke  out 
of  the  breeching  is  all  clinker."  he  con- 
temptuously remarked,  as  he  turned  over 
the  advertising  pages  of  the  Journal. 
"Fans  take  nearer  tin  per  cent,  than  t'ree 
per  cent,  of  ther  steam,  no  matter  what 
agents  may  say.  As  it  takes  more  draft 
to  burn  dirt  than  it  does  to  burn  lump 
coal,  it  is  roight  here  that  ther  agents 
for  all  sorts  ov  air  machines  get  in  their 
wurruk  on  ther  boss;  whin  they  learn 
that  he  is  thinkin'  ov  changin'  over  so 
as  ter  use  a  cheaper  fuel,  or  is  hot-foot 
for  makin'  a  savin',  they  come  whinin' 
around  like  coyotes  that  smell  dead 
horse." 

Denny  had  been  a  cowboy  before  he 
entered  the  engineering  field  and  his 
mind  frequently  wandered  to  the  days 
of  his  stunts  in  the  sagebrush.  "Takin' 
fer  granted  that  somethin'  must  be  used 
ter  force  a  dirt  foire,  what  sort  of  a 
hitch  should  it  be  ?"  he  continued.  "I 
say  that  steam-jet  blowers  beat  forced- 
draft   fans. 

"Air  is  four-fifths  waste.  Ther  nitro- 
gen fills  up  ther  space,  an'  does  nothin' 
fer  combustion  itself;  besoides,  it  hinders 
ther  oxygen,  which  is  one-fifth  of  ther 
air,  from  gettin'  at  ther  foire  and  ther 
burnt  gases  from  gettin'  out  ov  ther 
stack.  A  blast  ov  air  widout  steam  in 
the  ashpit  will  make  clinkers,  an'  anny 
foire  that  clinkers  will  not.  get  all  ther 
heat  out  ov  ther  coal.  Tryin'  ter  be  ec- 
cynomical  ther  fireman  lets  a  jet  ov  ex- 
haust steam  from  some  ov  ther  ingines 
into  ther  ashpit;  or,  fer  convanyance,  ther 
steam  may  be  piped  into  ther  air  duct 
at  some  distance  from  ther  furnace.  In 
ayther  case,  he  don't  get  much  steam 
into  ther  foire  at  all,  but  he  has  ter  rowl 
up  his  trousers  ter  keep  out  ov  ther 
watther  that  comes  onto  ther  floor.  Ther 
cold  air  condenses  ther  exhaust  steam 
an'  afther  a  whoile  ther  pit  overflows  like 
anny  ol'  irrigation  ditch.  But  jist  use 
hoighly  sooper-heated  steam  direc'ly  on 
ther  spot  an'  ye  have  a  double  cinch  on 
anny  furnace." 

"Steam  has  to  come  out  of  the  boiler, 
and  hot  talk  will  not  superheat  it,"  I 
remarked.  "Water  is  not  a  fuel,  and  put- 
ting superheated  steam  into  the  fire  may 
prevent  clinkers,  but  where  is  the  econ- 


omy of  using  live   steam   for  blowing?" 

"They  all  talk  that  way,  avan  afther 
they've  bin  bit,"  Denny  replied  knowing- 
ly. "This  is  because  they  don't  know 
sooper-heated  steam  in  furnace  opera- 
shun.  Ye  see,"  he  continued,  reading 
from  his  paper,  "ther  sooper-heated  steam 
does  ther  blowin'  an'  it  also  gits  into 
ther  foire.  There  ther  steam  gits  decom- 
posed by  ther  high  heat  inter  its  com- 
ponent gases,  hydrogen  and  oxygen. 
Ther  hydrogen  passes  on  into  ther  com- 
bustion chamber  where  it  moight  unite 
wid  ther  oxygen  of  ther  air  an',  burnin', 
forms  watther.  Its  burnin'  gives  back 
ther  heat  that  was  absorbed  from  ther 
foire  to  decompose  ther  sooper-heated 
steam,  an'  this  returned  heat  affects  ther 
boiler  at  ther  rear  ov  ther  ordinary  hot 
spot.  Thus  ther  schame  extinds  ther  fur- 
nace effect.  Ther  watther  vapor  from 
ther  burned  hydrogen  passes  up  ther 
stack  wid  ther  other  waste  gases.  Ther 
oxygen  from  ther  decomposed  steam  aids 
in  burnin'  ther  coal,  an'  ther  gas  formed 
by  ther  union  ov  wan  atom  ov  oxygen 
wid  wan  atom  ov  carbon  will  take  up 
wan  more  atom  ov  oxygen  in  ther  hot 
area  where  ther  hydrogen  is  burnin'  an' 
thus  add  greatly  to  ther  furnace  heat. 
The  sooper-heated  steam  jet  can  be  used 
as  a  blower  ov  wan  hunderd  per  cint. 
efficiency." 

"Whew!  Perpetual  motion  in  the  boiler 
furnace,  and  the  Patent  Office  only  500 
miles  away!"  I  exclaimed.  Similar  effi- 
ciencies are  common  in  stock  pros- 
pectuses, especially  those  originating  in 
Boston  and  Philadelphia.  Taking  heat 
from  the  burning  coal  to  decompose 
water,  or  live  steam,  and  then  getting  a 
return  of  the  heat  by  burning  the  hydro- 
gen at  another  location  under  the  boiler, 
is  a  scheme  that  makes  one's  head  dizzy. 
I  suggested  that,  before  he  spread  his 
secret  broadcast,  he  condense  the  steam 
from  the  jet  blower  and  weight  it;  also, 
that  he  find  out  the  nature  of  the  gases 
that  went  up  the  stack. 

"I'll  admit,"  Denny  interjected,  "that 
ther  steam-jet  blower  will  use  as  much 
or  more  steam  as  ther  fan,  but  it  can  do 
so  widout  anny  operatin'  cost,  an'  ther 
whole  outfit  nade  not  cost  more  than  a 
dozen  dollars.  Wid  ther  sooper-heated 
steam  jet  ther  boiler  gits  heat  not  only 
from  ther  burnin'  coal  directly  but  also 
from  ther  burnin'  hydrogen,  as  it  recom- 
bines  wid  ther  oxygen  farther  back  in 
ther  furnace." 

The  whistle  blew  and  I  ducked  with 
this  parting  shot:  "What'U  you«give  me 
per  ton  for  extra  fine  water  for  fuel?" 

I  went  down  the  street,  musing  on  what 
would  happen  if  one  ever  got  blowers  of 
100  per  cent,  efficiency.  Then  there  came 
to  mind  the  philosophy  of  the  old  fanner 
who  was  seen  putting  a  dead  snake  in 
each  hill  of  corn  for  a  fertilizer.  "Wa'U 
it's  jest  this  way,"  he  explained  when 
questioned,  "snakes  make  corn,  corn 
makes  whisky,  an'  whisky  makes  snakes." 
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Smoke  Prevention  with  Steam  Jets 


Knoxville  Ry.  &  Light  Co. 

The  boiler  equipment  of  the  Knoxville 
Ry.  &  Light  Co.  consists  of  three  300- 
hp.  Stirling  and  five  600-hp.  Babcock  & 
Wilcox  boilers;  the  latter  are  superheat- 
ing and  all  are  hand-fired.  A  system  of 
forced  draft  is  installed  for  occasional 
use,  but  ordinarily  natural  draft  suffices. 
There  are  two  chimneys  cross  connected; 
that  is,  the  breeching  is  continuous  from 
one  end  of  the  battery  to  the  other.  The 
plant  operates  condensing  and  there  is 
the  usual  complement  of  boiler  pumps, 
feed-water  heaters,  etc.  All  eight  boil- 
ers have  been  equipped  with  the  smoke 
consumers,  and  Fig.  1  shows  one  of  the 
larger  boilers  thus  equipped.  In  Figs. 
2  and  3  are  shown  respectively  the  aver- 
age appearance  of  the  stacks  before  and 
after  installing  the  consumers. 

Ordinarily  two  of  the  600-hp.  boil- 
ers serve  to  carry  the  night  load,  three 
the  day  load  and  four  the  peak  load; 
but  on  holidays  and  special  occasions  the 
entire  battery  is  taxed  to  furnish  the 
requisite  power.  Coal  is  purchased  on 
the  B.t.u.  basis  and  is  regularly  an- 
alyzed. 

Smoke  consumers  were  put  in  under  a 
contract  making  the  following  guarantees: 
First,  to  abate  90  per  cent,  of  the  smoke; 
second,  to  increase  the  capacity  of  the 
plant  10  per  cent,  or  more;  third,  to  re- 
duce the  accumulation  of  soot  on  the 
tubes  50  per  cent.,  and,  fourth,  to  ef- 
fect an  actual  saving  of  10  per  cent,  of 
the  fuel.  These  guarantees  were  to  be 
determined,  first,  by  means  of  two  evap- 
orative tests,  and,  second,  by  a  compari- 
son of  the  coal  consumption  per  kilo- 
watt-hour during  the  month  next  suc- 
ceeding that  in  which  the  installation  was 
made  with  the  coal  consumption  of  any 
month  during  the  year  1910.  The  con- 
tract further  specified  that  should  the 
equipment  fail  to  meet  the  guarantee  as 
judged  by  either  of  these  tests,  or  should 
it  not  prove  entirely  acceptable  to  the 
company,  it  was  to  be  removed  and  all 
charges  were  to  be  cancelled. 

The  smoke-consuming  apparatus  con- 
sists of  a  steam  line  terminating  in 
jets  placed  just  inside  the  special  fire 
doors  which  are  fitted  with  dashpots 
connected  by  a  lever  system  to  auto- 
matically controlled  valves.  The  arrange- 
ment is  such  that  when  a  door  is 
opened  for  stoking  the  steam  is  auto- 
matically turned  on  and  discharged  into 
the  combustion  chamber.  When  the  door 
is  closed  after  firing,  the  steam  continues 
to  blow,  and  dampers  on  the  door  are 
held  open  for  a  period  of  three  or  four 
minutes;  then  the  motion  of  the  dash- 
pot  slowly  closes  the  dampers  and  throt- 
tles the  steam. 

The  action  in  abating  smoke  is  as  fol- 
lows:    When    fresh   coal   is   fired   upon 


By  J.  A.  Switzer 


The  introduction  of  a  sys- 
tem of  smoke  consumers, 
consisting  of  automatically 
controlled  steam  jets  over 
the  fire,  not  only  reduced 
the  smoke  about  90  per 
cent,  but  also  greatly  in- 
creased the  plant  efficiency. 

The  coal  used  was  high 
in  volatile  matter. 


the  hot  fuel  bed,  the  combustible  vola- 
tile matter  begins  instantly  to  distill  in 
great  quantity.  For  the  complete  com- 
bustion of  this  gas  an  increased  supply 
of  air  is  immediately  required.  The 
steam  jets  create  the  draft  and  the  open 
dampers  furnish  the  avenue  for  the  ad- 
mission of  this  supply  of  air.  But  in  ad- 
dition to  fulfilling  this  function,  the  jets 
by  a  swirling  action  serve  to  bring  about 


Fig.    I.    Showing  Smoke   Consumers 
Applied  to  Boiler  Front 

a  complete  mixing  of  the  air  and  com- 
bustible gas,  thus  insuring  practically 
complete  combustion  before  the  burn- 
ing gases  can  come  into  contact  with  the 
heating  surfaces. 

Evaporative  Tests 

These  tests  were  each  of  1 1  hours' 
duration  and  were  conducted  by  the 
writer  with  the  assistance  of  engineer- 
ing students  of  the  University  of  Ten- 
nessee, the  station  engineer  participat- 
ing. 


Methods    Employed 

Coal  is  distributed  to  the  boilers  by  a 
bucket  conveyor  and  was  weighed  in  this 
bucket  on  a  special-test  platform  scale. 
The  weights  were  calibrated  on  the 
ground  and  were  found  to  be  correct  to 
within  less  than  one-tenth  of  1  per  cent. 
The  alternate  method  of  running  the  test 
was  employed. 

The  feed  water  was  measured  by 
means  of  a  3-in.  Venturi  meter,  and  ob- 
servations were  made  every  minute 
throughout  the  test.  The  meter  was  cali- 
brated with  great  care  and  the  prob- 
able error  of  feed-water  measurement 
did  not  exceed  1  per  cent.  At  the  end 
of  each  test  the  water  in  each  of  the 
gage  glasses  was  brought  back  to  the 
string  marking  its  level  at  the  beginning. 

Coal  was  sampled  at  the  time  of  weigh- 
ing, and  determinations  of  the  heat  value 
were  made  with  a   Parr  calorimeter. 

Just  prior  to  installing  the  steam-jet 
apparatus  the  company  had  equipped  its 
boilers  with  soot  blowers.  In  order  to 
eliminate  any  influence  which  the  use 
of  these  blowers  might  have  upon  the 
performance  of  the  plant  during  the  tests, 
it  was  agreed  that  the  blowers  should 
not  be  used  for  36  hours  preceding  each 
test. 

The  indicating  wattmeters  were  read 
every  minute  throughout  both  tests.  The 
readings  were  plotted  upon  cross-section 
paper,  and  the  curves  integrated  with  a 
planimeter.  In  order  to  guard  against 
personal  error,  instantaneous  readings 
were  made.  At  the  beginning  and  end  of 
each  test  the  watt-hour  meters  were  also 
read;  but  since  these  instruments  can- 
not be  read  closer  than  to  the  nearest 
1000  kw. -hours,  dependence  could  not 
be  put  upon  them.  It  is  interesting  to 
note,  however,  that  in  both  tests  the 
agreement  between  the  two  sets  of  in- 
struments was  closer  than  the  latter 
could  be  read,  being  in  both  tests  with- 
in about  800  kw.-hours;  and  in  both  tests 
the  variance  was  in  the  same  direction. 

Smoke  Observations 

Smoke  observations  were  carried  on  by 
comparison  with  the  Ringelmann  chart, 
and  were  made  every  minute  during  the 
tests.  From  these  observations  the  charts 
were  plotted  as  shown  in  Fig.  4.  How- 
ever, a  comparison  of  the  two  charts 
utterly  fails  to  indicate  the  degree  of 
smoke  abatement  accomplished.  The 
Ringelmann  method  of  observation  takes 
account  only  of  the  color  of  the  smoke 
and  not  at  all  of  its  volume.  While  it  is 
true  that  since  the  installation  was  made 
the  smoke  occasionally  reached  a  black- 
ness of  No.  5  for  short  intervals  of  time, 
its  volume  during  these  intervals  is  as 
nothing  compared  to  that  which  was 
formerly   habitual   with  the  smoke.     On 
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the  day  of  the  first  test,  smoke  of  No.  5 
blackness  issued  forth  72  per  cent,  of 
the  time;  No.  4,  23  per  cent.;  No.  3,  3 
per  cent.,  and  No.  2,  2  per  cent.  Not 
once  during  the  11  hours  of  the  first 
test  did  the  smoke  from  either  stack  drop 
below  No.  2.  During  95  per  cent,  of  the 
time  prior  to  the  installation  of  the 
smoke  consumers  a  volume  of  smoke 
was  generated  which  now  is  not  equalled 
for  2  per  cent,  of  the  time;  and,  while 
the  exact  percentage  of  abatement  ac- 
complished is  purely  a  matter  of  in- 
dividual judgment,  it  is  certain  that  90 
per  cent,  of  the  smoke  has  been  stopped. 

The  Evaporative  Tests 

As  far  as  possible,  the  operating  char- 
acteristics of  the  plant  were  maintained 
alike  for  the  two  tests,  except  for  one 
particular.  It  had  been  customary  to 
carry  the  day  load  on  three  of  the  600- 
hp.  boilers,  and  at  about  3  p.m.  to  cut 
in  a  fourth  to  meet  the  approaching 
peak  load.  The  increase  of  boiler  capa- 
city brought  about  by  the  new  equipment 
permits  postponing  cutting  in  the  fourth 
boiler  until  after  5:30  p.m.  If  the  dura- 
tion of  the  tests  had  been  24  hours,  it  is 


Feed      water,      degrees 

Fahrenheit 1S6 

Steam,  degrees  Fahren- 
heit   409.3 

FOEL 

Kind  of  fuel Jellico 

nut  and 

Size  of  coal slack 

Moisture,  per  cent 2.77 

Ash,  per  cent 10.6 

Heat  value  per  pound  of 

coal,  B.t.u 13,528 

Heat  value  per  pound  of 

eombustible,B.t.u 15,150 

Total    coal     consumed, 

pounds 74,213 

Dry      coal      consumed, 

pounds 72,158 

Total   ash   dry,    pounds  7,817 
Total   combustible, 

pounds 64,341 

Total  Water 

Total  weight  of  water 

used,  pounds 557,850 

Total  evaporation  dry 

steam,  pounds 557,850 

Superheat,    degrees 

Fahrenheit 40.7 

Factor  of  evaporation  1 .  102 

Equivalent  evapora- 
tion from  and  at 
212  degrees 614,750 

Economic  Evaporation 
Actual        evaporation 

per    pound    of    dry 

coal,  pounds 7  .73 

Equivalent  evapora- 
tion from  and  at  212 

degrees    per  pound 

of  dr>' coal,  pounds  8.52 

Equivalent  useful 

evaporation        per 

pound  of  drj'  coal 

(deducting      steam 

usedfor  jets),  lb. . .  8.52 


Jellico 

nut  and 

slack 

■2.96 

14.1 


546,400 
546,400 


Efficiency    of    boiler, 

per  cent 611  77.7 

Efficiency     of     boiler 

and  grate 60.8  77.8 

Overall    efficiency    of 

plant,  per  cent ,  . .  .  5 .  94  7.54 

Economic  Performances  of  Plant 

Coal  per  kilowatt- 
hour,  pounds 4 .  38  3 .  56 

B.t.u.  per  kilowatt- 
hour,  pounds 57,600  45,560 

*As  No.  1  boiler  was  feeding  steam  into  the  line 
for  only  one  hour,  or  ,"i  of  the  time,  the  grate  sur- 
face of  three  boilers,  262.5  square  feet  for 
10  hours,  and  262.5  square  feet  plus  87.5  square 
feet  (boiler  No.  1)  for  one  hour,  is  taken  as 
equivalent  to  262.5,  plus  ^  of  87.5,  or  270  square 
feet,  for  eleven  hours.  The  same  applies  to 
the  heating  surface. 

Station  Records 

The  station  records  are  as  follows: 

Pounds 
of  Coal 
Total        per 
Kilowatt-    Kilo- 
Pounds  of         hours       watt- 
Date  Coal  Generated   hour 

Jan.,  1910 3,958,000        960,948     4.12 

Feb.,  1910 3,646,000        826,604     4.42 

Mar.,  1910 3,680,000        876,322     4.20 

Apr.,  1910 3,576,000        854,510     4.18 

May,   1910 3,816,000         860,368     4.43 

June,  1910 3,506,000        855,756     4.09 

July,  1910 3,734.000        879,700     4.24 

Aug.,  1910 3,788,000        908,640     4. 16 

Sept.  1910 4,648,000     1,086,640     4.27 

Oct.,  1910 4.746,000     1,084,834     4.37 

Nov.,  1910 4,354,000     1,054,529     4. 13 

Dec,  1910 4,864,000     1,141,964     4.26 

Average  for  1910 4.24 

May.  1911 3.356,000        939.000     3.57 


Fig.  2.  Usual  Appearance  of  Kno.wille  Railway  &  Light 
Co.'s  Stacks  before  Installing  Jets 


Fig.  3.   Average  Appearance  of  Stacks  Since   Installa- 
tion OF  Jets 


probable  that  the  comparative  showing 
would  not  be  essentially  changed,  since  a 
like  improvement  has  been  made  in  the 
time  of  changing  from  the  night  to  the 
day  load  in  the  early  morning. 

TEST    DATA    AT    PLANT    OF    KNOXVILLE 
RY.  &  LIGHT  CO. 

First  test  Second  test 

Date  of  test March  29         May  5 

Duration  of  test,  hours.  11  11 

Bohers  fired,  Babcock  & 

Wilcox    (No.    1   for   1 

hour,  Nos.  2,  3,  8)  .  .  .  1  2,  3,  8 

Grate    surface,    square 

feet 270.0*  262.5 

Heating  surface,  square 

feet 14,964  14,520 

Ratio  heating  to  grate 

surface 55.3:1  55.3:1 

Steam  pressure,  pounds 

gage 157  160 

Draft  gage  near  stack, 

inches  of  water 0.32  0, 29 

External     air,     degrees 

Fahrenheit 45  65 

Boiier  room,  degrees  Fah- 
renheit   64  72 


.\ctual  evaporation 
per  pound  of  com- 
bustible, pounds.  .  .  8.69  11.62 

Equivalent  evapora- 
tion per  pound  of 
combustible.pounds  9.58  12.83 

Equivalent  useful 

evaporation  per 
pound,  pounds ...  .  9.58  12.23 

Horsepower 

On  basis  34i  pounds 
equivalent  evapora- 
tion per  hour 1,615  1,590 

Corrected    for    steam 

used  bv  jets 1,526 

Builders' rating 1,854  1,800 

Ratio,  commercial  to 

builders'  rating. .  .  87.0  85.0 

Electrical  Output 

Kilowatt-hours 16,950  15,925 

Kilowatts  per  hour..  .  "      1,540  1,450 

Efficiencies 

Heat     supplied     per 

pound  of  dry  coal, 

B.t.u 13,528  13,091 

Heat     absorbed     per 

pound  of  dry  coal, 

B.t.u 8,228  10,160 


In  analyzing  these  figures  it  is  of  in- 
terest to  note  first  the  close  agreement 
between  the  coal  consumed  during  the 
second  evaporative  test,  3.56  lb.  per 
kilowatt-hour  and  that  consumed  during 
the  entire  month  of  May,  3.57  lb.  per 
kilowatt-hour. 

In  accordance  with  the  terms  of  the 
contract,  the  saving  effected  could  justly 
be  calculated  by  comparison  with  the 
fuel  consumption  for  May,  1910.  On 
this  basis  the  saving  would  appear  to  be 
19.4  per  cent.  However,  this  is  not  a 
fair  comparison,  since  the  operating  char- 
acteristics of  the  plant  in  May,  1910, 
were  not  as  favorable  as  during  May, 
1911.  Comparing  the  fuel  consumption 
for  May,  191 1,  with  the  average  for  the 
year    1910,  the   saving   figures    15.8   per 
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cent.,  and  this  might  well  be  regarded 
as  a  fair  comparison.  For  the  sake  of 
finding  a  perfectly  impartial  basis  of 
comparison,  however,  the  complete  sta- 
tion records  were  searched  with  a  view 
to  selecting  a  month  during  which  the 
operating  characteristics  were  identical 
with  those  of  May,  1911.  The  records 
for  May,  1909,  meet  these  conditions, 
3,410,000  lb.  of  coal  being  burned  and 


blowers  had  not  been  used  for  36  hours. 
In  spite  of  this  fact,  the  boiler  perform- 
ance was  as  good  as  that  shown  for  the 
rest  of  the  month,  when  the  tubes  were 
blown  twice  daily.  This  is  so  because 
the  steam  jets  themselves  kept  the  tubes 
clean.  Before  the  first  test  the  soot 
blowers  had  not  been  used  for  36  hours. 
The  fact  that  the  boiler  performance  on 
this  day  was  below  the  average  perform- 


consists  of  one  160-hp.  Heine,  one  200- 
hp.  and  three  150-hp.  Stirling  boilers, 
giving  a  total  capacity  of  810  b.hp.  The 
contract  for  the  smoke-consuming  equip- 
ment was  similar  to  that  previously  de- 
scribed; but  the  mills  had  no  adequate 
record  of  their  coal  consumption. 

The  methods  of  the  evaporative  tests 
were  the  same  as  those  used  at  the  Knox- 
ville  Ry.  &  Light  Co.'s  plant. 
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Second  Test,  May     5,    1911 

Fig.  4.    RiNGELMANN  Smoke  Charts,  Made  during  Tests  at  Knoxville  Railway  &  Light  Co.'s  Plant 
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Fig.  5.    Rincelmann  Smoke  Charts   Made  during  Tests  at  the  Knoxville  Cotton  Mills 


315,400  kw. -hours  generated,  giving  a 
coal  consumption  for  the  month  of  4.18 
lb.  per  kilowatt-hour.  This  yields  as  a 
final  figure  a  saving  of  14.6  per  cent.  A 
comparison  of  the  average  cost  for  the 
time  which  has  now  elapsed  since  in- 
stalling the  smoke  consumers,  with  the 


ance  for  1910  proves  simply  that  the 
tubes  were  badly  coated.  Hence  the 
evaporative  tests  are  of  interest  chiefly 
in  that  they  bring  out  the  service  rendered 
by  the  smoke  consumers  in  keeping  the 
boiler  tubes  free  from  soot. 

Results   similar  to   the   case   just   de- 


Although  the  load  carried  by  the  plant 
is  less  th^n  550  b.hp.,  it  has  been  the 
practice  to  carry  the  entire  battery  un- 
der steam,  since  with  the  quality  of  coal 
used  steam  could  not  otherwise  be  held. 
During  the  test  with  the  consumers  in 
operation,  however,  it  was  found  an  easy 


Fig.  6.    Knoxville  Mills  60  Seconds  after  Firing; 
Steam   Jets   not   in    Use 


Fig.  7.    Knoxville  Mills  60  Seconds  after  Firing,  with 
Steam  Jets  in  Operation 


average     for    the    previous     16    months, 
strikingly  confirms  this  figure. 

It  remains  to  reconcile  this  14.6  per 
cent,  with  the  20.9  per  cent,  saving  ap- 
parently shown  by  the  two  evaporative 
tests.     Before   the  second  test  the   soot 


scribed  were  obtained  with  steam  jets 
in  the  boilers  of  the  Knoxville  cotton 
mills. 

Knoxville  Cotton  Mills 

The   boiler  equipment   of  these   mills 


matter  to  carry  the  load  with  the  200-hp. 
boiler  cut  out,  notwithstanding  that 
poorer  coal  was  used  than  for  the  first 
test. 

The    degree    of    smoke    abatement   se- 
cured was  better  than  that  in  the   first 


case  described.  This  is  shown  both  by 
a  comparison  of  the  smoke  charts,  Fig. 
5,  and  of  the  photographs  of  the  chim- 
ney, Figs.  6  and  7.  No.  5  smol<e  did 
not  occur  at  all  with  the  consumers  op- 
erating, and  No.  4  occurred  but  four 
times  during  the  entire  nine  hours  of 
the  test.  On  the  other  hand,  the  fuel 
saving  is  somewhat  less.  Figured  on 
the  basis  of  the  B.t.u.  supplied  per  pound 
of  water  evaporated,  the  saving  would 
appear  to  be  14.8  per  cent.,  but  allow- 
ing that  3  per  cent,  of  the  water  evap- 
orated was  consumed  by  the  steam  jets 
themselves,  the  final  calculation  shows  a 
saving  of  11.5  per  cent. 

TEST  AT  KNOXVILLE  COTTON   MILLS 

First  Second 

Trial  Trial 

Duration  of  trial,  liours  9  9 

Number  of  boilers  fired .  5  4 

Grate    surface,     square 

feet 175.5  131,5 

Heating  surface,  square 

feet 779.0  579,0 

Steam  pressure,  pounds 

gage 115  116 

Draft      at      breeching, 

inches  of  water 0.17  0.19 

External     air,     degrees 

Fahrenlieit 82  85 

Boiler     room,     degrees 

Fahrenheit 94  107 

Feed      water,      degrees 

Fahrenheit 192  189 


Steam,  degrees  Fahren- 
heit   337  347 

Kind  of  coal bituminous 

Si  ze  of  coal nut  and  slack 

Moisture,  per  cent 2  47  2 .  88 

Ash,  per  cent 11.2  12.7 

Heat  value,  per  pound 

of  dry  coal,  B.t.u 13,153  12,790 

Heat  value,  per  pound 

combustible,  B.t.u. .  .       14,850  14,650 

Total     coal     consumed, 

pounds 20,313  18,188 

Dry      coal      consumed, 

pounds 19,800  17,640 

Total  ash,  pounds 2,305  2,340 

Total  combustible, 

pounds 17,495  15,325 

Economic  Evaporation 

Actual  evaporation  per 
pound  of  dry  coal, 
pounds 7.35  8.85 

Equivalent  evaporation 
from  and  at  212  de- 
grees, per  pound  of  dry 
coal,  pounds 8 .  20  9 .  42 

Actual  evaporation  per 

pound  of  combustible  8.75  10.20 

Equivalent  evaporation 
from  and  at  212  de- 
grees, per  pound  of 
combustible,  pounds .  9.27  10.85 

Horsepower 

On  basis  34^  pounds 
equivalent  evapora- 
tion per  hour 525  637 

Builders'  rating 810  610 

Ratio  of  commercial  to 
builders'    rating,    per 

cent 65  88 

Efficiencies 

Heat      generated      per 

pound  of  dry  coal 13,153  .  12,790 

Heat       absorbed       per 

pound  of  dry  coal  .    ,         7,919  9,097 


Efficiency  of  boiler  and 

grate 60  71 ,2 

B.t.u.     per     pound     of 

water  evaporated.  .  ,  .         1,747  1,489 

From  the  results  of  these  and  other 
tests  which  the  writer  has  had  the  op- 
portunity of  making,  he  feels  that  the 
utility  of  steam  jets,  when  properly  con- 
trolled, has  been  established  beyond 
question.  The  earlier  reports,  which  were 
not  favorable  to  the  use  of  steam  jets, 
were  based  either  on  tests  made  with 
steam  jets  not  automatically  controlled 
or  else  on  tests  of  plants  in  which  coal 
low  in  volatile  matter  was  burned.  Hand- 
operated  steam  jets  will  never  serve  ef- 
fectively to  prevent  excessive  smoke  and 
do  so  with  the  highest  economy;  nor  will 
automatically  controlled  steam  jets  ef- 
fect any  such  saving  of  fuel  as  here 
reported  if  used  with  low-volatile  coals. 
But  the  amount  of  smoke  produced  by  a 
coal,  and  consequently  the  need  for 
equipment  to  abate  the  smoke,  increases 
as  the  volatile  content  of  the  coal  in- 
creases; and  so  in  general  it  may  be  said 
that  the  worse  the  offense  of  a  plant  in 
respect  to  smoke  production  the  greater 
is  the  hope  of  its  ultimate  reformation. 


Why  "Block"  Stations  Do  Not  Thrive 


In  the  issue  of  Nov.  14  an  editorial 
appeared  entitled  "The  'Block'  Central 
Station,"  which  mentioned  a  scheme 
often  thought  of,  frequently  tried  and 
in  many  cases  proving  a  decided  suc- 
cess. Wonder  was  expressed  in  the 
editorial  that  there  are  not  more  such 
plants,  even  though  they  have  not  proved 
a  success  in  many  other  places  than 
New  York  City.  It  may  be  that  the  ex- 
perience of  the  writer  in  a  number  of  in- 
stances will  explain  why  it  has  been 
found  so  difficult  to  organize  and  carry 
through  d  successful  "block"  plant. 

In  those  large  cities  where  the  cen- 
tral station  is  firmly  planted,  it  is  diffi- 
cult to  carry  through  any  "block"-plant 
scheme  because  of  the  required  coop- 
eration of  so  many  interests.  For  in- 
stance, in  a  large  block  having  many 
tenants,  each  tenant  has  a  contract  for 
lighting,  and  possibly  for  power,  with 
the  central  station,  the  price  of  the  power 
varying  in  accordance  with  the  service 
rendered.  The  organizer  of  a  "block" 
plant  suggests  to  the  tenants  or  owners 
the  possibility  of  a  central-power  plant 
for  furnishing  light,  power  and  heat,  the 
whole  to  be  worked  out  on  a  cooperative 
basis.  Or  he  suggests  that  someone  will 
install  a  plant  from  which  will  be  fur- 
nished light,  power  and  heat  at  a  rea- 
sonable price;  that  the  price  will  be 
much  lower  than  that  of  the  central  sta- 
tion because  the  tenants  can  obtain  a 
considerable  return  from  the  exhaust 
steam  which  will  be  supplied  from  the 
engines  driving  the   generators   using  it 


By  Henry  D.  Jackson 


The  main  reason  is  be- 
cause central-station  rates 
are  lowered  temporarily  to 
stifle  them.  Another  reason 
is  the  lack  of  belief  as  to  the 
possibilities  of  the  "block" 
station  on  the  part  of  those 
ivhom  it  is  intended  to  serve. 


for  heating  purposes.  The  organizer 
carefully  studies  the  light,  power  and 
heat  demands  of  the  tenants  or  owners, 
and  then  proposes  that  each  owner  or 
tenant  agree  to  pay  for  a  proportionate 
part  of  the  power,  light  and  heat  used,  the 
porportion  being  first  as  regards  the 
meter  showings  for  the  various  purposes 
and  then  to  the  radiation  used  for  the 
heat;  or  he  shows  how  the  individual  who 
installs  the  plant  can  furnish  light,  power 
and  heat  at  a  low  cost,  giving  these  fig- 
ures to   the   individuals   interested. 

At  first  the  individuals  are  decidedly 
interested,  and  state  that  they  will  take 
hold  and  push  the  scheme.  Almost  im- 
mediately, however,  one  of  them  takes 
the  matter  up  with  the  central-station 
people,  telling  them  exactly  what  is  pro- 
posed; thereupon  the  central  station  im- 
mediately lowers  its  rates  for  light  and 


power  to  the  figure  proposed  by  the 
promoter — in  some  cases  to  an  even 
lower  figure — with  the  result  that  when 
the  promoter  next  visits  the  individuals, 
he  finds  that  they  are  unwilling  to  en- 
tertain  his   scheme. 

The  central  station  rarely  makes  a 
contract  for  more  than  a  year  under 
these  conditions,  the  scheme  fails  and  the 
price  for  power  and  light  goes  back  to 
the  normal  figure. 

Briefly,  the  reasons  why  the  "block"- 
plant  scheme  has  not  always  proved  a 
success   are: 

1.  The  short-sightedness  of  the  own- 
ers or  lesses  of  the  property  in  the 
block,  who  cannot  see  that  the  low  figure 
given  by  the  central  station  is  only  an 
expedient  to  choke  off  the  "block"  plant. 

2.  The  apparent  lack  of  belief  of 
the  individuals  in  the  possibilities  of 
power  being  furnished  at  any  such  price, 
largely  owing  to  the  representations  of 
the  central-station  solicitors  and  also 
the  individuals'  lack  of  technical  in- 
formation. 

3.  The  unfortunate  condition  of  af- 
fairs that  exists  whereby  the  central  sta- 
tions are  enabled  to  sell  power  below 
cost  to  large  consumers  and  charge  the 
excess  up  to  the  small  ones. 

This  condition  is  frequently  found  in 
large  cities,  where  the  central  stations 
are  strongly  intrenched.  They  make  the 
claim  that  power  during  the  day.  and  in 
very  large  quantities,  costs  them  nothing 
but  the  operating  expenses  during  this 
period,  as  the  interest,  maintenance  and 
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depreciation  on  the  machinery,  buildings, 
etc.,  are  paid  for  during  the  lighting  load. 
This  is  true  only  to  a  very  limited  extent, 
because  the  lighting  and  the  power  load 
do  overlap  to  such  an  extent  that  it  is 
only  reasonable  and  fair  that  a  consider- 
able portion  of  the  fixed  charges  should 
be  made  on  the  power  bill,  and  the  light- 
ing commission  in  fairness  to  all  con- 
sumers should  take  this  attitude. 

In  one  instance  which  came  to  my 
notice  in  the  suppression  of  a  "block" 
plant  by  the  central  station  there  was  a 
large  establishment  which  supplied  light 
for  the  entire  block,  power  for  its  own 
service  and  steam  from  heating  and  man- 
ufacturing purposes.  A  very  fair  profit 
was  made  from  the  sale  of  light  and  heat. 
The  central-station  solicitor,  to  secure 
this  large  block,  made  a  proposition  to 
the  owner,  who  was  not  a  steam  or  elec- 
trical expert. 

He  was  informed  that  the  larger  part 
of  the  steam  used  was  required  for  driv- 
ing the  electrical  apparatus  and  that  he 
was  not  making  the  amount  of  money  he 
thought  he  was;  that  if  he  would  put  in 
electric  power  at  a  price  slightly  lower 
than  he  figured  it  cost  him,  he  would  save 
a  very  considerable  sum;  that  his  heat 
was  costing  him  the  most  money.  The 
owner  believed  him,  dismantled  his  plant 
and  put  in  central-station  power.  Much 
to  his  surprise,  after  the  first  year's  op- 
eration, he  found  that  the  total  bill  for 
heating,  lighting  and  power  was  very 
nearly  double  what  it  had  ever  been,  in- 
cluding, as  he  did,  all  of  his  fixed  charges. 

To  the  technical  man  the  reason  is 
clear.  His  heat,  both  for  manufacturing 
and  heating,  was  formerly  provided  by 
exhaust  steam,  and  sufficient  exhaust 
steam  was  at  all  times  available  from 
the  operation  of  his  engine,  so  that  he 
was  practically  supplying  his  heat  for 
nothing.  He  was  getting  a  fair  price  for 
his  electricity  and  made  a  profit  on  it. 
On  the  removal  of  his  generators  he  still 
had  to  supply  the  heat.  The  boiler  capa- 
city was  the  .  same  as  before,  re- 
quiring the  same  amount  of  coal 
and  the  same  amount  of  labor.  The 
only  difference  was  that  he  was  not  pay- 
ing fixed  charges  on  the  difference  be- 
tween the  price  he  paid  for  his  generat- 
ing apparatus  and  the  price  at  which  he 
sold  it,  and  he  was  paying  a  price  very 
nearly  equal  to  what  his  electricity  cost 
him  in  his  own  plant  for  what  he  pur- 
chased  from   the  central   station. 

The  remainder  of  the  people  in  this 
block  were  worse  off,  because  they  got 
a  contract  for  only  one  year,  whereas 
the  owner  got  a  contract  for  ten  years. 
This  arrangement  doubled  the  price  of 
electricity  at  the  end  of  the  first  year 
and  the  second  year  doubled  again,  so 
that  they  were  very  large  losers  by  the 
deal.  It  is  possible  that  under  the  con- 
ditions a  "block"  plant  may  again  be  in- 
stalled in  this  block  under  a  different 
owner,  or  perhaps  the  former  owner  will 


install  his  plant  and  continue  to  pay  to 
the  central  station  the  present  price  for 
electricity.  Even  under  these  conditions 
there  is  a  possibility  of  his  making  a 
saving,  although  the  power  company 
manages  to   hold   him   to  the  contract. 

In  some  cases  the  central-station  man- 
agers have  seen  the  opportunities  in  the 
block  plants,  and  have  leased  or  bought 
space,  installed  apparatus  and  made  ar- 
rangements to  furnish  electric  power  and 
heating  to  the  people  in  the  block.  By 
this  arrangement  they  are  enabled  to 
make  a  very  comfortable  saving  over  the 
price  of  power  as  generated  from  their 
own  station  and  still  hold  up  the  price  to 
the  tenant.  The  saving  is  made  because 
the  plant  is  operated  practically  only  dur- 
ing the  winter  months,  when  the  peak 
load  on  the  plant  is  excessive,  and  en- 
ables them  to  reduce  the  peak  load,  and 
as  the  heat  of  the  exhaust  steam  is  paid 
for,  their  operating  cost  can  be  lowered. 
In  the  summer  time  the  plant  need  not 
be  operated  as  the  peak  loads  are  prac- 
tically noncoincident  and  the  central  sta- 
tion can  very  readily  take  dare  of  all 
the  load  without  marked  peaks  or  ex- 
cessive apparatus. 

This  system,  if  carried  to  its  limit, 
would  practically  do  away  with  the  cen- 
tral station  except  that  of  comparatively 
small  size.  It  would,  however,  soon  re- 
sult in  the  installation  of  block  systems 
by  the  building  owners  or  in  a  coopera- 
tive arrangement  between  building  own- 
ers, and  this  is,  in  my  opinion,  the  only 
reason  why  the  central  stations  do  not 
take  it  up  more  fully. 


Peat 

The  results  of  an  investigation  that 
was  undertaken  to  determine  whether 
peat,  a  fuel  widely  used  in  some  coun- 
tries, could  be  serviceable  in  the  United 
States  are  contained  in  a  bulletin  just 
published  by  the  Bureau  of  Mines.  Its 
author,  Charles  A.  Davis,'  the  peat  ex- 
pert of  the  bureau,  gives  an  exhaustive 
review  of  the  entire  problem,  both  in  this 
country  and  in  Europe,  and  draws  the 
conclusion  that  the  peat  beds  of  this 
country  are  a  great  and  neglected  re- 
source, which,  when  fully  developed,  will 
add  to  the  national  wealth  no  inconsidera- 
ble quantity  of  good  fuel  and  of  raw  ma- 
terial for  important  arts  and  manufac- 
tures. 

Mr,  Davis  declares  that  the  difficulties 
that  have  always  been  encountered  in 
utilizing  peat  for  fuel  are  due  to  the  fact 
that  in  its  natural  state  peat  contains  only 
about  10  per  cent,  of  combustible  matter, 
the  remaining  90  per  cent.,  more  or  less 
being  water.  He  also  says  that  in  the  last 
few  years,  more  than  SI, 000,000  has  been 
spent  in  erecting  plants  and  in  experi- 
menting with  peat,  and  that  these  efforts 
were  unsuccessful. 

"Because  the  closing  of  larger  plants 
before    they    had    reached    a    stage    of 


demonstrated  success  was  so  general," 
says  Mr.  Davis,  "more  conservative  de- 
velopments have  been  planned  for  mak- 
ing a  thorough  trial  of  the  material  in 
favorably  situated  places  under  American 
conditions  of  production  and  fuel  supply." 

Mr.  Davis  estimates  that  there  are  more 
than  11,000  square  miles  of  land  in  the 
United  States  having  peat  deposits  of 
good  quality;  that  these  deposits  contain 
12,888,500,000  tons  of  peat  with  a  value 
of  more  than  thirty-eight  billion  dollars, 
enough  peat  to  furnish  heat  and  power 
for  the  entire  country  for  many  years. 

The  author  is  of  the  opinion  that  there 
will  soon  be  a  demand  for  peat  as  a  fuel, 
at  the  same  time  he  gives  the  following 
warning:  "The  foundation  of  all  suc- 
cessful development  and  growth  of  peat 
industries  in  the  United  States  must  be 
a  thorough  scientific  study  of  the  occur- 
rence, nature,  qualities  and  peculiarities 
of  peat  itself  and  a  careful  and  honest 
investigation  of  the  status  of  these  indus- 
tries in  the  European  countries  in  which 
they  have  reached  self-supporting  exist- 
ence. 

"It  is  an  exceedingly  interesting  coin- 
cidence and  a  most  important  economic 
consideration  that  the  regions  where  peat 
is  most  abundant  are  relatively  remote 
from  the  coal  fields,  the  only  exception 
being  the  overlapping  of  peat  and  coal 
in  Michigan.  When  one  also  notes  that 
the  more  Northern  states,  in  which  fuel 
is  most  needed,  and  the  parts  of  the 
Southern  states  where  other  kinds  of  fuel 
are  not  readily  available,  are  rich  in  peat, 
it  seems  strange  that  a  more  careful 
examination  into  the  possibilities  of  our 
peat  resources  has  not  been  made,  be- 
cause potentially  they  have  large  value 
and  great  possibilities. 

"Peat  fuel  may  be  said  to  be  especially 
useful  for  certain  purposes  for  which 
wood  was  formerly  in  general  use  and  for 
which  coal  has  not  yet  been  altogether 
successfully  introduced,  such  as  brick 
and  other  forms  of  ceramic  firing  and 
lime  burning.  It  appears  to  reach  its 
highest  value,  however,  as  a  source  of 
producer  gas  in  properly  constructed  gas 
producers. 

"No  quantity  of  peat  fuel  of  any  type 
sufficient  to  prove  its  value  has  yet  been 
produced  in  the  United  States;  until  this 
has  been  done,  although  the  outlook  and 
European  experience  warrant  further  in- 
vestigation of  its  possible  uses  and  value, 
no  final  conclusions  as  to  the  commer- 
cial value  of  American  peat  as  compared 
with  coal  can  be  reached." 


To  remove  varnish,  paint,  tar  or  lac- 
quer, or  to  restore  a  hard  paint  brush, 
the  following  mixture  is  recommended  by 
D.  L.  Fagnan,  of  New  York  City:  4  oz. 
benzol,  3  oz.  fusel  oil,  mix  and  shake 
well,  then  add  1  oz.  of  alcohol.  This  mix- 
ture will  remove  varnish  in  10  min.  and 
will  soften  a  hard  brush  when  soaked 
for  1  hr. 
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Application  of  Prof.  Bone's  Boiler 


The  experiments  of  Prof.  Bone,  of  the 
University  of  Leeds,  upon  surface  com- 
bustion appear  to  have  attracted  more 
than  a  passing  interest  in  engineering 
circles,  and  if  their  application  in  actual 
practice  bears  out  the  results  attained  in 
the  laboratory,  the  subject  will  un- 
doubtedly have  a  potent  influence  upon 
present  boiler  practice. 

In  the  Nov.  21  issue,  space  was  de- 
voted to  the  principles  of  surface  com- 
bustion and  to  a  description  of  Prof. 
Bone's  experimental  boiler  with  which 
he  was  able  to  obtain  an  evaporation  of 
over  21  lb.  of  water  per  square  foot  of 
heating  surface,  at  an  efficiency  of  nearly 
95  per  cent. 

Following  these  extraordinary  results, 
comes  the  announcement  that  a  boiler 
of  the  same  type,  but  of  larger  size  and 
capable  of  evaporating  at  least  5500  lb.  ' 
of  water  per  hour,  has  recently  been 
constructed  for  the  Skinningrove  Iron  Co., 


A  boiler  10  ft.  in  diameter 
and  4  ft.  long,  capable  of 
evaporating  5,500  lb.  of 
water  per  hour,  has  recently 
been  constructed  for  the 
Skinningrove  Iron  Co. 

This  boiler  is  similar  in 
design  to  the  experimental 
one  with  which  an  evapo- 
ration of  21  lb.  per  square 
foot  of  heating  surface  was 
obtained. 


For  the  benefit  of  those  not  having 
read  the  previous  article  upon  the  sub- 
ject, it  might  be  well  to  review  briefly 
the  principles  of  surface  combustion  and 
the  results  attained  with  Prof.  Bone's 
experimental  boiler.  Surface  combustion 
is  based  upon  the  fact  that  a  mixture 
of  gas  and  air,  in  the  proper  proportions 


energy  developed,  transmission  of  heat 
from  the  seat  of  combustion  to  the  ob- 
ject to  be  heated  is  very  rapid. 

Applying  these  principles.  Prof.  Bone 
designed  and  built  his  experimental  boiler 
(see  Fig.  3),  the  main  features  of  which 
will  herein  be  reiterated.  It  consists  of 
a  cylindrical  shell  traversed  by  ten  3-in. 
tubes,  3  ft.  in  length.  These  tubes  are 
packed  throughout  their  length  with  frag- 
ments of  refractory  material,  and  into 
the  front  end  of  each  tube,  where  the 
gaseous  mixture  is  introduced,  is  fitted  a 
fireclay  plug,  through  which  is  bored  a 
circular  hole  of  about  '4  in.  diameter. 
This  plug  serves  the  double  purpose  of 
keeping  the  front  end  of  the  boiler  cool 
and  of  providing  a  suitable  aperture 
through  which  the  gaseous  mixture  may 
be  introduced  at  a  speed  very  much 
higher  than  the  speed  of  back-firing. 

Attached  to  the  front  plate  of  the  boiler 
is  a  mixing  chamber  of  special  design, 
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Fig.    1.    Front  View  of  Boiler 


Fig.  2.    Rear  View  of  Boiler  and  Economizer 


of  Yorkshire.  This  boiler,  which  is  shown 
in  Figs.  1  and  2,  as  erected  in  the  shops 
of  the  builders,  Richardson  &  Westgarth, 
is  10  ft.  in  diameter,  4  ft.  long  and  con- 
tains one  hundred  and  ten  3-in.  tubes. 
It  is  to  be  fired  with  byproduct  coke-oven 
gas  which  will  be  drawn  through  the 
boiler  by  a  fan  capable  of  producing  a 
suction  equivalent  to  20  in.  of  water. 
The  products  of  combustion,  having  tra- 
versed the  boiler  tubes,  pass  to  a  semi- 
circular chamber  at  the  back  of  the  boiler 
(see  Fig.  2),  thence  through  a  duct  to 
the  economizer;  the  fan,  which  is  at- 
tached to  the  economizer,  discharges  them 
through  a  short  duct  to  the  atmosphere. 
No  stack  is  required. 


for  complete  combustion,  is  caused  to 
burn  without  fiame  when  in  contact  with 
a  granular  incandescent  solid,  the  com- 
bustion taking  place  only  in  the  layers 
next  to  the  incandescent  surface,  provid- 
ing the  mixture  is  fed  at  a  velocity  greater 
than  the  propagation  of  backfire. 

The  advantages  claimed  for  this  sys- 
tem are,  ( 1 )  the  combustion  is  greatly 
accelerated  by  the  incandescent  surface, 
and  if  so  desired,  may  be  concentrated 
just  where  the  heat  is  required;  (2)  the 
combustion  is  perfect  with  a  minimum 
excess  of  air;  (3)  the  attainment  of  very 
high  temperatures  is  possible  without  the 
aid  of  elaborate  regenerative  devices; 
(4)  owing  to  the  large  amount  of  radiant 


the  mixture  as  fed  into  the  tubes  from 
this  chamber  containing  a  proportion  of 
air  very  slightly  in  excess  of  that  re- 
quired for  complete  combustion.  The 
mixture  is  injected  or  drawn  in  (either 
by  pressure  or  by  suction  I  through  the 
orifice  in  this  fireclay  plug,  onto  the 
incandescent  material  in  the  tubes.  The 
'  combustion  is  completed  by  the  time  the 
mixture  has  traversed  a  distance  of  about 
6  in.  from  the  point  of  entry  to  the  tube, 
the  remainder  of  the  material  acting  as 
a  baffle  for  the  burnt  gases  and  causing 
them  to  impinge  repeatedly  on  the  walls 
of  the  tubes.  The  gases  leave  the  boiler 
at  a  comparatively  low  temperature 
(about  450  deg.)  and  then  pass  to  a  short 
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tubular  feed-water  heater  or  economizer 
at  the  rear  of  the  boiler,  finally  emerg- 
ing at  a  temperature  of  about  200  deg. 
F.  with  the  feed  water  at  130  deg. 

When  starting  up,  air  alone  is  admitted 
to  the  chamber  C  by  means  of  the  tubes 
A  and  gas  alone  to  the  chamber  D,  by 
means  of  the  tubes  B.  The  small  tubes 
F  convey  the  gas  to  the  centers  of  the 
fireclay  bushes  in  the  several  tubes  and 
it  is  ignited  as  it  issues  from  the  left- 
hand  or  free  ends  of  the  boiler  tubes,  and 
the  gas  and  air  supply  adjusted  until  the 
flame  strikes  back  and  combustion  pro- 
ceeds in  the  bed  of  fireclay.  When  the 
mass  has  become  incandescent  the  gas 
supply  to  chamber  D  is  shut  off  and 
through  the  pipes  A  a  combustible  mix- 
ture of  gas  and  air  is  admitted.  The 
separate  admission  is  necessary  at  first 
to  prevent  the  backfiring  of  an  explosive 
mixture   during  the   starting-up   process. 

Tests  of  this  boiler  using  a  mixture  of 
Leeds  coal  gas  and  air  introduced  at  a 


ting  is  necessary.  Furthermore,  the  front 
head  can  never  be  heated  beyond  the 
temperature  of  the  water,  which,  with  the 
short  length  of  tubes,  implies  an  ab- 
sence of  strain  and  greatly  reduces  the 
liability  of  leaky  joints.  Of  course,  its 
short  length  necessitates  a  greater  diam- 
eter, but  this  is  largely  compensated  for 
by  the  high  rate  of  evaporation.  With  a 
mean  evaporation  of  over  20  lb.  per 
square  foot  of  heating  surface,  it  is  es- 
timated that  about  70  per  cent,  occurs 
over  the  first  third  of  the  tube  length, 
22  per  cent,  over  the  next  third  and  8 
per  cent,  over  the  remaining  third.  Such 
a  steep  gradient  should  cause  a  rapid 
circulation  of  the  water  within  the  boiler. 


Electrical  Reduction  for   Ship 
Propulsion 

Before  the  united  engineering  societies 
of  Boston,  W.  L.  R.  Emmet,  of  the  Gen- 
eral Electric  Co.,  spoke  upon  the  above 


Fig.   3.    Experimental   Boiler 


pressure  of  17.3  in.  of  water,  showed 
an  evaporation  of  21.6  lb.  of  water  per 
square  foot  of  heating  surface  into  steam 
at  100  lb.  and  a  combined  boiler  and 
economizer  efficiency  of  94.9  per  cent. 
This  exceptionally  high  efficiency  may  be 
accounted  for  by  the  very  small  excess 
of  air,  the  complete  combustion  and  the 
small  radiation  losses.  The  gases  left 
the  economizer  at  203  deg.  F.  and  the 
feed  water  entered 'boiler  at  136  deg. 

From  a  structural  point  of  view,  this 
boiler  possesses  certain  advantages:  No 
chimney  is  necessary,  and  being  sup- 
ported upon  a  casting,  no  elaborate  set- 


subject  with  which  his  name  has  become 
Identified  by  the  contribution  of  numer- 
ous papers  and  discussions.  His  talk 
was  informal  and  was  based  upon  his 
former  utterances.  Mr.  Emmet  certainly 
makes  out  a  strong  case  for  electrical 
transmission  between  the  turbine  and  the 
propeller. 

It  is  often  asked  why  motors  should 
be  used  when  in  certain  cases  mechan- 
ical gearing  has  been  successfully  ap- 
plied to  speed  reduction  for  this  pur- 
pose, and  it  is  not  easy  to  give  a  definite 
answer  to  this  question,  since  the  limits 
of  the   application   of  gears   are   as   yet 


very  imperfectly  understood.  In  this 
connection,  said  JVlr.  Emmet,  it  must  be 
borne  in  mind  that  the  performance  of 
large  high-speed  gears  must  be  con- 
sidered as  problematical,  while  the  facts 
of  electric  speed  reduction  are  estab- 
lished and  certain. 

The  only  ship  that  is  being  success- 
fully propelled  by  gears  is  the  S.S. 
"Vespasian,"  equipped  by  Sir  Charles 
Parsons  two  or  three  years  ago.  This 
vessel  operates  with  a  single  screw,  to 
which  1000  hp.  is  delivered  by  two  tur- 
bines. Each  of  these  turbines  drives  a 
pair  of  helical  pinions,  the  diameter  of 
these  pinions  being  6  in.  The  diameter 
of  the  large  gear,  which  is  mounted  upon 
the  propeller  shaft,  is  10  ft.,  the  speed 
reduction  being  20  to  1.  The  face  of 
each  half  of  the  pair  of  pinions  Mr. 
Emmet  did  not  know  exactly,  but  his 
recolltition  was  that  it  is  about  a  foot, 
giving  2  ft.  of  working  pinion  length  for 
each  turbine  shaft.  The  propeller  op- 
erates at  about  80  r.p.m.  and  the  turbine 
at  about   1600  revolutions  per  minute. 

The  speaker  made  a  comparison  be- 
tween this  case  and  the  case  of  a  large 
electrically  propelled  ship  where  the  total 
horsepower  is  17,000,  delivered  to  twin 
shafts.  The  propeller  speed  is  84  r.p.m. 
and  the  turbine  speed  is  1800  r.p.m. 

If  each  of  these  shafts  were  driven 
through  gearing  by  two  turbines,  as  in 
the  case  of  the  "Vespasian"  shaft,  each 
of  the  four  turbines  so  used  would  have 
to  deliver  4250  hp.,  and  it  is  obvious 
that  it  would  not  be  possible  to  deliver 
so  large  an  amount  of  power  to  a  pinoin 
having  a  diameter  of  only  6  in.  If  this 
were  so,  it  would  be  necessary  to  great- 
ly increase  the  length  of  the  pinion  in 
order  that  the  pressure  between  teeth 
may  be  kept  down.  If  the  length  of  the 
pinion  is  increased,  the  strain  imposed 
upon  it  will  cause  it  to  exert  all  its  force 
at  the  driven  end,  the  torsional  elasticity 
of  the  pinion  being  such  as  to  entirely 
relieve  the  opposite  end  from  pressure. 
Thus  to  make  a  long  pinion  operate 
throughout  its  length,  sufficient  diameter 
must  be  had  to  give  the  necessary  tor- 
sional stiffness,  and  theoretically  it  is 
impossible  to  conceive  of  a  pinion  which 
will  not  tend  to  bear  harder  at  the  driven 
end  than  it  does  at  the  opposite  end. 

If  to  avoid  these  difficulties  the  diam- 
eter of  the  pinion  is  increased,  its 
peripheral    velocity    must    also    be    in- 


SHIPS 

FOR    WHICH    ELECTRTC  PROPELLING  MACHINERY   HAS   BEEN   DESIGNED 
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Water Bate, 

mate 

Electric  Drive 

Weiprtit, 

without 

Main 
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Engines  or 

Correspond- 

R.p.m.. 

Pounds  per 

Shaft 
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Knots 

Electric 

Steam  Horse- 

Vessel 
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Tons 

Drive.    Tons 

Drive 

power 

Steam  Conditions 

"Ovclops"  .... 

19.360 

6,850 

33.5 

13.i 

14 

110 

12,0 

200  lb.  gage,  28.5"  T  jc.  dry 

"P.S.  445" 

25,000 

12.500 

411 

237 

16 

110 

115 

?00  !b.  gage.  2S.6"  viJ.  dry 

"Delaware". .  . 

20,000 

3,400 

435 

374 

12 

87 

12.Rr> 

■>60  lb.  gai;e,  2''..f>"  vac,  50  deg.  superheat 

17,300 

435 

374 

20 

14S 

11.5 

260  lb.  gagi,  28.0"  vac,  50  deg.  superheat 

-Everett" 

10,945      ■ 

2,275 

102 

55 

10  5 

8.'-. 

13.0 

175  lb.  gage.  28.0"  va^.,  dry 

"Otaki" 

9,900 

5,500 

133 

11   6 

114 

12.5 

ISI  lb.  gage,  28.0"  vac.  dry 

I'nnamed 

17,000 

910 

430 

17    5 

R! 

11   0 

1 00  !b.  gage  28.5"  vac  dry 
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creased  or  it  will  be  necessary  to  diminish 
tlie  speed  of  the  turbine  which  drives 
it  or  increase  the  diameter  of  the  large 
wheel,  and  any  of  these  changes  may 
involve  serious  difficulties.  As  the  parts 
of  such  a  structure  are  made  larger,  the 
difficulty  of  maintaining  perfect  accuracy 
of  engagement  between  them  increases, 
and  the  weights  and  spaces  occupied 
are  rapidly  multiplied. 

Some  engineers  who  are  advocating 
the  use  of  gearing  for  ship  propulsion 
have  proposed  the  use  of  peripheral 
velocities  in  some  cases  double  that  used 
upon  the  "Vespasian,"  but  even  with 
these  extreme  assumptions  the  gearing 
for  such  a  ship  would  be  a  very  formid- 
able affair,  and  it  would  be  necessary 
either  to  diminish  the  turbine  speed  or 
increase  the  propeller  speed  to  keep  its 
proportions  within  reason.  Even  if  the 
gearing  itself  involved  no  loss,  it  is  prob- 


The  Passing  of  One  of  Cor- 
liss'  First  Engines 

In  his  paper,  "The  Power  System  of 
the  Pacific  Mills,"  presented  at  a  recent 
meeting  of  the  Boston  Society  of  Civil 
Engineers,  the  Mechanical  and  Electrical 
Engineers  cooperating,  Fred  A.  Wallace, 
to  whom  we  are  indebted  for  the  draw- 
ings reproduced  herewith,  drawn  by  him 
largely  from  memory,  made  a  forcible 
comparison  between  the  prime  mover  of 
today  and  that  of  the  middle  of  the  past 
century,  emphasizing  it  by  a  description 
of  one  of  the  original  engines  of  the 
Pacific  Mills,  which  was  torn  down  in 
the  reorganization  for  the  new  central 
power  plant. 

The  double  walking-beam  engine 
which  was  removed  by  these  changes 
was,  for  sentimental  reasons,  torn 
down    with    regret,    said    Mr.    Wallace. 


horsepower,  it  has  developed  900  horse- 
power. The  condenser  was  of  the  jet 
type,  of  the  simplest  form,  as  shown  in 
the  sketch.  The  pump  was  a  common 
bucket  arrangement  24  inches  in  diam- 
eter by  about  36  in.  stroke,  with  two 
large  brass  valves  hinged  in  the  center 
and  each  covering  nearly  one-half  of  the 
area  of  the  piston.  One  single  rubber 
valve  24  inches  in  diameter  by  Ji  inch 
thick    constituted    the   upper   deck. 

In  1897  this  engine  was  overhauled 
and  the  valves  were  adjusted  to  run  on 
low-pressure  steam  which  was  taken 
from  an  exhaust  system  into  which  near- 
ly 100  engines  and  pumps  of  various 
sizes  exhausted.  Enough  of  this  exhaust 
steam  was  used  by  the  engine  to  pro- 
duce about  350  horsepower  and  the  re- 
mainder was  used  for  manufacturing  pur- 
poses. 

The  engine  is  thus  further  interesting 
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Double  Walking-beam   Engine   Designed  over  60  Years  Acq' 


able  that  the  necessary  disadvantages  in 
the  turbine  and  propeller  would  more 
than  offset  the  electrical  losses  which 
must  be  incurred  if  Mr.  Emmet's  method 
is  adopted.  The  total  electrical  loss  in 
such  a  ship  as  the  "Vespasian"  amounts 
to  only  8  per  cent,  and  this  loss  con- 
stitutes the  only  valid  argument  which 
can  be  brought  against  electric  propul- 
sion as  compared  with  propulsion  by 
gearing.  With  an  electric  propeller  it  is 
known  that  both  the  turbine  and  the 
propeller  can  be  operated  at  the  most  ad- 
vantageous speeds,  and  that  all  the  ad- 
vantages incident  to  doing  so  can  be 
gained;  with  mechanical  gearing,  there 
is  no  such  knowledge,  and  the  facts 
actually  demonstrated  fall  very  far  short 
of  such  an  ideal. 

The  accompanying  table  gives  approxi- 
mate figures  concerning  the  number  of 
ships  of  different  types  for  which  elec- 
tric propelling  machinery  has  been  de- 
signed. 


As  this  was  an  engine  designed  over 
60  years  ago,  a  description  may  be  in- 
teresting. It  was  of  the  double  walking- 
beam  type,  having  two  vertical  cylinders 
38x40  inches,  both  operating  condensing. 
The  flywheel  has  a  gear  20  feet  in  diam- 
eter and  18  inches  face,  having  a  pinion 
on  the  waterwheel  jack  shaft.  The  en- 
gine in  its  general  appearance  was  like 
the  famous  Centennial  engine  but  not  so 
elaborately  finished.  It  was  built  by 
Nightingale,  Bancroft  &  Co.,  of  Provi- 
dence, R.  I.,  in  1847,  and  was  one  of  the 
first  engines  in  which  George  H.  Corliss 
was  interested.  It  was  made  before  the 
rotary  cutoff  valve  was  invented  and  the 
valves  were  plain  slides,  one  inlet  and 
one  exhaust  on  each  end  of  the  cylinder. 
They  were  operated  from  a  gear  on  a 
lay  shaft.  The  engine  was  built  to  op- 
erate with  30  pounds  steam  pressure 
and  to  run  at  30  revolutions  per  minute; 
the  speed  was  controlled  by  a  throttling 
governor.      Although    designed    for    450 


in  that  it  is  one  of  the  first  large  power 
units  to  run  on  exhaust  steam.  No  tests 
were  made  to  determine  the  efficiency, 
but  it  must  have  been  very  good  under 
the  conditions  in  which  it  was  run.  In 
the  changing  of  this  engine  to  low  pres- 
sure and  adjusting  to  increase  its  effi- 
ciency with  a  higher  vacuum,  the  fact 
was  realized  that  there  is  as  much  energy 
in  a  pound  of  steam  expanding  from, 
atmospheric  pressure  to  27  inches  of 
vacuum  as  when  expanding  from  120 
pounds  to  the  pressure  of  the  atmosphere. 

The  engine  was  offered  to  several  edu- 
cational and  other  institutions  in  the  hope 
that  it  might  be  preserved  as  an  example 
of  engineering  before  the  advent  of  the 
Corliss  type  of  engine,  but  its  great  bulk 
made  it  impossible  to  find  a  suitable 
home  for  it  and  it  was  reluctantly  broken 
up. 

It  occupied  practically  three  floors  of  a 
building  50x30  feet  and  developed  nom- 
inally only  450  horsepower. 
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Conducted  to  be  of  service  to  the  men  in  charge  of  electrical  equipment  in  the  power  house 


Locating    Defects    in    Direct 

Current  Armatures 

By  Gordon  Fox 

The  faults  which  most  commonly  de- 
velop in  direct-current  armatures  are 
short-circuits,  open  circuits  and  grounds. 
The  location  of  a  short-circuit  or  an  open 
circuit  in  an  armature  in  service  is  usu- 
ally self-evident.  In  case  of  a  short- 
circuit  in  any  coil  or  between  commutator 
bars,  excessive  heat  is  developed  in  the 
affected  coil,  often  causing  smoke  to  be 
given  off.  By  revolving  the  armature 
slowly  by  hand  while  still  hot  and  feel- 
ing carefully  of  the  armature-coil  ends 
and  commutator  segments,  it  is  quite  easy 
to  determine  the  hottest  points  and  mark 
the  coil  in  trouble. 

In  case  of  an  open  circuit  in  an  arma- 
ture in  service,  bluish  green  rings  of  fire 
will  encircle  the  commutator.  The  mica 
strips  adjacent  to  the  bars  to  which  the 
open  coil  is  connected  will  be  very 
noticeably  pitted  by  the  arcing  across 
them.  In  a  four-pole  machine  there  will 
be  two  pitted  strips  located  diametrically 
opposite  each  other.  In  a  six-pole  ma- 
chine there  will  be  three  pitted  strips  120 
degrees  apart. 

The  location  of  a  ground  can  some- 
times be  detected  by  the  odor  of  burnt 
insulation  at  the  defective  point.  If  the 
ground  is  only  partial,  a  high  potential 
impressed  between  the  winding  and  the 
ground  may  cause  an  arc,  which  will  be- 
tray the  location  of  the  trouble. 

A  simple  device  which  may  be  used  to 
locate  accurately  all  "shorts,"  opens, 
grounds  or  cross-connections  in  any  di- 
rect-current armature  is  illustrated  in 
Fig.  1.  The  method  of  using  it  consists 
in  inducing  a  small  alternating  electro- 
motive force  in  the  armature  coils  and 
then  testing  by  means  of  a  telephone  re- 
ceiver from  bar  to  bar  for  defects.  To 
induce  the  electromotive  force  in  the 
armature  coils,  the  U-shaped  magnet, 
which  has  a  laminated  iron  core,  is  ex- 
cited with  alternating  current  and  the 
poles  are  applied  to  the  armature  core  so 
that  they  are  opposite  the  two  sides  of  a 
coil.  In  order  to  make  the  magnet 
adaptable  to  different  sizes  of  arma- 
ture, the  pole  pitch  may  be  made  adjusta- 
ble by  hinging  at  the  center,  shortening 
half  of  the  laminations,  interleaving  the 
others  and  fastening  with  a  bolt  passed 
through  axially. 

The  cross-section  of  the  magnet  core 
should  be  about  2x8  in.,  the  longer  di- 


mension being  that  parallel  to  the  arma- 
ture slots.  For  llO-volt  alternating-cur- 
rent supply  each  coil  should  consist  of 
about  60  turns  of  No.  6  double-cotton- 
covered  wire  wound  over  mica  insulation 
on  the  core.  Pins  may  be  set  into  the 
core  to  hold  the  coils  in  place,  as  shown 
in  Fig.  1. 


receiver  will  indicate  the  short-circuit  by 
failure  to  vibrate.  In  case  of  a  short- 
circuit  between  two  turns  of  a  multi- 
turn  coil,  the  humming  of  the  receiver 
will  be  decreased  considerably,  depend- 
ing on  the  number  of  turns  short- 
circuited.     A    cross-connection    is    indi- 


The  magnet  may  be  suspended  from  a 
small  rope  fall  and  lowered  over  the 
armature,  which  should  be  so-  supported 
on  horses  or  in  a  lathe  that  it  may  be 
rotated.  There  should  be  about  J4  'i- 
clearance  between  the  pole  tips  and  the 
armature  core.  Fig.  2  shows  how  the  de- 
vice should  be  applied.  With  the  magnet 
thus  located  and  its  winding  excited  with 
alternating  current,  there  is  induced  in 
the  armature  coils  an  alternating  electro- 
motive force;  and  a  slight  potential  dif- 
ference therefore  exists  under  normal 
conditions  between  adjacent  commutator 
segments.      If   a    telephone    receiver   be 


Fig.  2.   Application  of  Magnet  and 
Explorer 

cated  when  groups  of  three  or  four  bars 
symmetrically  spaced  test  silent.  A  few 
top  coil  sides  must  be  lifted  out  of  the 
slots  and  tested  out  to  determine  the  exact 
location. 

When  an  open  circuit  exists,  a  com- 
paratively large  potential  difference  re- 
sults between  the  bars  connected  to  the 
defective    coil.      Consequently,    the    re- 
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Figs.  3  and  4.   Substitute  for  Inducing    Magnet 


connected  from  one  bar  'to  the  next 
adjacent  bar,  a  small  alternating  current 
will  flow  through  it,  setting  the  dia- 
phragm into  vibration,  and  a  humming 
sound  will  result. 

In  case  a  short-circuit  exists  between 
the  bars  being  tested,  there  will  be  no 
voltage  difference  between  them  and  the 


ceiver  responds  with  a  loud  disk  when 
such  a  point  is  reached.  A  dead  ground 
is  merely  a  short-circuit  between  some 
coil  and  the  core.  It  can  therefore  be 
located  by  the  short-circuit  method,  con- 
necting one  receiver  terminal  to  the  shaft 
and  testing  each  segment  with  the  other. 
If  the  armature  is  grounded,  the  receiver 
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will  test  silent  on  the  bars  connected  to 
the  grounded  coil.  On  the  other  bars  a 
sound  will  result  and  its  intensity  will  de- 
crease as  the  grounded  bar  is  approached. 
This  test  can  only  be  used  when  a  dead 
ground  exists. 

In  using  this  method  of  testing  for 
faults,  care  should  be  taken  to  keep  the 
position  of  the  magnet  at  all  times  the 
same  with  respect  to  the  armature  core 
and  the  telephotie  terminals;  otherwise, 
the  effects  of  varying  field  strength  may 
lead  to  erroneous  conclusions.  A  pair  of 
exploring  terminals*  should  be  used  and 
kept  in  one  position,  the  armature  being 
slowly  rotated  to  change  the  segments 
under  test. 

Although  this  is  an  excellent  method 
for  use  in  a  repair  shop,  it  is  not  always 
practicable,  due  to  the  requirement  of  a 
special  exciting  magnet.  A  modification 
of  this  method,  however,  can  be  easily 
applied  to  any  direct-current  armature 
without  removing  it  from  its  bearings.  A 
storage  battery  or  a  few  dry  cells  and  a 
buzzer  may  be  used  to  replace  the  in- 
ducing magnet.  The  battery  and  buzzer 
are  connected  in  series  and  the  terminals 
placed  under  brushes  of  opposite  polarity, 
as  represented  in  Fig.  3.  The  exploring 
terminals  attached  to  the  receiver  are 
then  placed  on  the  commutator  about  mid- 
way between  brushes  and  the  armature 


slowly  revolved,  so  as  to  test  from  bar  to 
bar  as  previously  described.  The  inter- 
rupted current  acts  similarly  to  the  alter- 
nating current  induced  by  the  exciting 
magnet  and  the  results  are  the  same.  It 
is  difficult,  however,  to  locate  a  short- 
circuit   between    turns   by    this   method. 


The    Westinghouse    Load- 
Equalizing  Hoisting  Set 

The  Calumet  &  Arizona  Mining  Co.  re- 
cently completed  an  elaborate  set  of  tests 
on  an  electric  hoisting  system  which  has 
been  in  operation  some  time  at  its  mine 
in  Bisbee,  Ariz.  The  installation  is  re- 
ported as  having  been  highly  satisfactory 
in  every  respect  and  remarkable  for  the 
ease  with  which   it  is  handled   and   the 


Fig.   1.    Diagram  of  Load- equalizing    Hoist  System 


♦See  Fig.  6  and  accompanying  descrip- 
tion on  page  892,  Dec.  12  issue  of  Power. 


To  locate  a  ground,  one  battery  terminal 
should  be  connected  to  the  motor  frame 
and  the  other  terminal  left  under  one 
brush  as  before.  The  receiver  terminals 
are  connected  to  ground  and  to  successive 
segments,  as  shown  in  Fig.  4.  The  re- 
ceiver will  test  silent  when  the  grounded 
bar  is  reached. 


complete  control  which  the  operator  has 
over  it. 

Tests  have  shown  that  even  under 
severe  operating  conditions  where  the 
hoist  is  running  a  great  portion  of  the 
time,  the  average  intake  of  the  system 
over  a  day's  run  will  not  be  more  than 
about  25  per  cent,  of  the  maximum  load. 


Fig.  2.    The   Hoisting  Equipment  and  Control  Apparatus 
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and  that  the  rate  of  intake  is  practically 
constant. 

With  small  hoists,  it  has  been  found 
satisfactory  to  use  alternating-current  in- 
duction motors  directly  applied,  but  where 
heavy  loads  are  to  be  handled  and  at  high 
speed,  the  peak  due  to  the  acceleration 
of  the  rapidly  moving  parts  is  always 
greatly  in  excess  of  the  average  require- 
ments of  the  hoist.  If  the  current  is 
supplied  from  a  line  also  carrying  a  light- 
ing load,  the  resulting  fluctuations  of  volt- 
age prove  most  objectionable. 

Furthermore,  in  most  cases  the  hoist  is 
ar  the  end  of  a  long  transmission  line  and 
an  excessive  amount  of  copper  must  be 
installed  to  prevent  a  serious  drop  in  the 
voltage  during  the  maximum  demand;  in 
other  words,  the  line  must  be  equipped 
for  the  peak  load  instead  of  the  average 
load,  at  a  greatly  increased  expense. 

It  was  to  overcome  these  undesirable 
conditions  that  the  Westinghouse  load- 
equalizing  hoisting  plant  was  devised. 
The  essential  features  of  this  system  are 
diagrammatically  shown  in  Fig.  1.  The  ma- 
chinery consists  of  a  direct-current  motor 
direct-connected  to  the  hoist  drum,  a  di- 
rect-current generator  and  its  exciter, 
coupled  to  an  alternating-current  induc- 
tion motor,  and  a  laminated  flywheel 
mounted  on  the  motor-generator  shaft. 
The  equipment  also  includes  a  reversing 
controller  for  the  generator  field  winding, 
a  speed  regulator  for  the  induction  motor, 
a  series  transformer  and   a  switchboard. 

The  hoist  proper  was  built  by  the  Den- 
ver Engineering  Works,  and  it  has  a  nor- 
mal duty  of  6000  lb.  unbalanced  load.  Its 
hoisting  speed  is  1000  ft.  per  minute. 

The  brushes  of  the  generator  and  the 
hoist  motor  are  electrically  connected,  di- 
rectly. The  field  winding  of  each  ma- 
chine is  excited  separately,  constant  full 
field  being  maintained  in  the  motor.  The 
hoist  is  started  by  gradually  increasing 
the  field  strength  of  the  generator  and 
thereby  delivering  an  increasing  voltage 
to  the  hoist  motor.  When  the  load  on  the 
alternating-current  motor  reaches  a  cer- 
tain point,  resistance  is  automatically  in- 
serted in  its  secondary  circuit,  reducing 
the  speed  of  the  set,  and  the  energy  stored 
in  the  flywheel  is  used  to  overcome  the 
peak  of  the  hoisting  cycle,  economizing 
in  the  draft  of  current  from  the  supply 
circuit. 

The  hoist  is  stopped  by  gradually  weak- 
ening the  generator  field  and  thus  allow- 
ing all  excess  energy  in  the  descending 
cage,  the  rotating  hoist  motor  and  the 
drums  to  be  returned  to  the  flywheel 
through  the  generator,  which  momen- 
tarily acts  as  a  motor,  receiving  energy 
from  the  hoist  motor,  which  for  the 
moment  acts  as  a  generator. 

The  overall  efficiencies  of  hoists  of  this 
type  are  generally  from  50  to  60  per  cent, 
when  operated  under  normal  operating 
conditions. 

Because  of  the  ease  of  control  and  the 
general  characteristics  of  the  set,  it  is  a 


simple  matter  to  devise  reliable  safety 
devices  which  do  not  depend  on  mechani- 
cal brakes.  Such  devices  have  been  put 
in  practice  in  Germany,  where  the  gov- 
ernment allows  men  to  be  hoisted  at 
a  speed  of  2500  ft.  per  minute  in  this  type 
of  hoist,  whereas  with  steam  hoists  pro- 
vided with  the  best  available  safety  de- 
vices the  maximum  speed  allowed  is  but 
1200  ft.  per  minute. 

The  first  cost  of  installation  is,  of 
course,  somewhat  greater  than  a  small 
motor  hoist  with  rheostat  control,  but  the 
reduction  of  power  cost  due  to  the 
equalization  of  the  load  is  said  to  be  so 
great  that  the  initial  expenditure  becomes 
a  secondary  matter,  especially  when 
power  is  purchased  on  any  maximum- 
demand    system. 

Fig.  2  shows  the  hoist  motor,  the  drums 
and  the  operator's  platform  at  the  Calu- 
met &  Arizona  Co.'s  Bisbee  plant.  The 
set  consists  of  a  Westinghouse  220-hp. 
shunt-wound  interpole  hoist  motor,  di- 
rect-connected to  the  hoist  drum;  a  fly- 
wheel motor-generator  which  comprises  a 
Westinghouse  180-kw.  shunt-wound  inter- 
pole direct-current  generator,  a  22,700-lb. 
laminated  flywheel  and  a  180-hp.  three- 
phase  induction  motor;  a  Westinghouse 
15-kw.  125-volt  exciter  and,  of  course, 
the  necessary  controlling  and  regulating 
devices.  The  hoist  motor  runs  at  63 
r.p.m.,  maximum,  when  receiving  current 
at  550  volts  from  the  generator;  the  in- 
duction motor  is  a  60-cycle  220-volt  ma- 
chine and  drives  the  generator  normally 
at  from  1050  to  nearly  1200  r.p.m.,  the 
latter  being  synchronous  speed. 


LETTERS 

An  Easy  Problem  in  Star 
Connections 

Some  time  ago  trouble  with  a  polyphase 
wattmeter  gave  rise  to  considerable  dis- 
cussion which  I  should  like  to  submit  to 
the  readers  of  Power.  Our  system  is  a 
four-wire  three-phase  one  and  all  of  the 
switchboard  instruments  are  supplied 
with  current  through  current  and  potential 
transformers.     Fig.  1  shows  the  connec- 
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WaH-mefer 

Fig.  1. 

tions  of  the  potential  transformers  and 
the  potential  coils  of  the  wattmeter,  as 
shown  in  the  wiring  diagram  sent  with 
the  switchboard  panel  on  which  the  meter 
is  mounted.  Fig.  2  is  the  same  as  Fig.  , 
1    with   one  transformer  left   out,   while' 


Fig.  3  shows  the  connections  as  given  in 
the  meter  instruction  book. 

I  maintain  that  for  all  practical  pur- 
poses the  three  diagrams  are  the  same, 
but  others  say  they  are  not;  they  contend 
that  in  Fig.  1  the  transformers  are  Y- 
connected    and    in    Fig.   3   they   are   con- 


nected open  delta.  My  opinion  is  that 
Fig.  3  is  really  an  open  Y-connection  and 
that  so  far  as  the  wattmeter  is  concerned 
will  give  the  same  results  as  Fig.  1.  Who 
is   right? 

W.  Russell  Cooper. 
Indianapolis,   Ind. 
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[Fig.  3  is  not  the  exact  equivalent  of 
Fig.  2;  neither  is  it  an  open  delta  connec- 
tion. No  true  delta  connection  is  pos- 
sible with  transformer  terminals  con- 
nected to  a  neutral.  The  relations  be- 
tween Figs.  1,  2  and  3  are  not  difficult 
to  analyze  and  we  shall  leave  their  analy- 
sis to  the  readers. — Editor.] 


Rotary    Converters   vs.   Motor 
Generators 

I  note  in  the  Electrical  Department 
of  the  Dec.  5  number  a  table  by  Mr. 
Tupper  on  page  854  purporting  to  give 
the  best  general  practice  as  regards  the 
use  of  motor-generators  or  rotary  con- 
verters for  various  frequencies  and  di- 
rect-current voltages.  In  particular,  he 
refers  to  the  use  of  a  motor-generator 
as  preferable  on  a  60-cycIe  circuit  with 
a  direct-current  voltage  of  600.  In  the 
article  he  states  that  there  is  consider- 
able trouble  in  the  operation  of  con- 
verters at  60  cycles,  flashing  over  and 
hunting   being   the   chief  troubles. 

I  do  not  know  how  far  back  Mr.  Tup- 
per has  gone  for  his  data.  Not  many 
years  ago  one  company  manufacturing 
machines  of  this  character  had  a  great 
deal  of  trouble  with  its  rotary  converters 
flashing  over,  also  hunting,  at  about  600 
volts  on  60-cycle  work.  One  of  the 
other  companies,  however,  manufactured 
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:iis  class  of  apparatus  which  gave  ab- 
olutely  no  trouble  with  voltages  as 
igh  as  650  and  over  on  a  tremendously 
arying  railway  load;  and  at  the  pres- 
nt  time  I  believe  many  of  the  electrical 
ompanies  can  build  converters  for  these 
onditions  which  will  give  service  that 
k'ill  compare  favorably  with  25-cycle 
peration.  The  chief  difficulty  with  con- 
erters  of  this  character  is  to  get  a  low 
ifference  of  potential  between  commu- 
ator  bars  without  having  the  commu- 
ator  surface  run  at  an  excessive  velocity. 

With  the  old-type  converter,  in  which 
he  field  was  comparatively  weak  and 
he  neutral  point  was  constantly  shifting 
wing  to  the  variable  load,  a  great  deal 
f  trouble  was  experienced ;  also,  when 
he  converter  was  not  provided  with  pole- 
ace  grids  or  some  other  device  to  pre- 
■ent  the  hunting.  The  modern  con- 
erter,  either  with  a  strong,  stable  field 
nd  grids  or  with  interpoles,  will  give 
atisfactory  operation  on  60-cycle  cir- 
uits  and  direct-current  voltages  of  600 
nd  considerably  over.  The  only  condi- 
ion  under  which  a  motor-generator  is 
nore  satisfactory  than  a  rotary  con- 
erter  is  that  where  a  wide  variation  of 
irect-current  voltage  is  essential.  Rotary 
onverters  can  be  compounded  and  op- 
rated  with  perfect  satisfaction  where 
he  voltage  is  to  remain  within  moderate 
imits,  and  they  have  the  advantage  of 
eing  far  less  costly  and  much  simpler. 
Henry  D.  Jackson. 

Boston,  Mass. 


A  Simple  Wa)'^  to  Put  an 
Index  on  a  Voltmeter 

A  voltmeter  that  is  not  provided  with 
n  adjustable  index  to  show  where  the 
eedle    ought    to    point    causes    incon- 


A   Home-made  Voltmeter   Index 


enience,  if  the  voltage  is  likely  to  vary 
iften,  because  one  cannot  tell  from  a 
listance  whether  the  needle  is  at  the 
ight  point  on  the  scale.  To  correct  this 
lefect  I  put  an  index  on  my  voltmeter, 
made  a  mark  on  the  outside  of  the 
;lass,  with  something  that  rubs  off  easily, 
It  the  point  where  I  wish  to  keep  the 
'oltage.  Then  I  took  the  glass  out  and 
;lued  a  piece  of  thick  black  thread  on 


the  inside  to  agree  with  the  mark  on 
the  outside  and  rubbed  off  the  outside 
mark. 

This  has  the  advantage  that  cleaning 
the  glass  does  not  disturb  the  index,  as 
it  would  if  the  thread  were  glued  to 
the  outside  face  of  the  glass.  The  ac- 
companying sketch  shows  the  index  in 
place.  This  may  not  be  new,  but  I  have 
never  seen  it  before  and  I  have  found 
it  to  be  a  great  help  in  watching  the 
voltmeter. 

Samuel  H.  Winterbottom. 

Woonsocket,   R.   I. 


That    Line    Current    Problem 

In    the    Inquiries    Department    of    the 

Nov.  28  issue,  I  noted  with  interest  the 

answer  to  a  request  by  "G.  A.  H."  for 

a  method  of  calculating  the  line  current 

when  the  delivered  voltage  is  not  known. 

The    formula   given   is   correct,   but   the 

one    given    below    is    somewhat    simpler 

and  has  the  advantage  of  following  the 

general   equation: 

,     ^  Watts . 

Amperes  =-. 


VoUs 


My  formula  is: 
Amp 


4(^y- 


watts  X  res.  -\ 

Murray   Raney. 


Springfield,  111. 


The  formula  given  in  the  Inquiries  De- 
partment in  reply  to  "G.  A.  H.'s"  ques- 
tion is,  of  course,  correct,  but  it  is  not 
the  easiest  method  of  finding  the  de- 
sired current  strength.  The  relation  be- 
tween the  generator  voltage,  line  resist- 
ance, delivered  power  and  line  current 
is: 

Watts  =  Volts  X  Amp.  —  Res.  X  Amp.' 
and   an   easy  way  to   find  the  value  of 
the    line    current    is    to    assume    a    low 
current  value,  a  medium  value  and  a  high 
one  and  plot  a  small  chart  showing  the 
relation   between   watts   and   amperes. 
.    The     accompanying     chart     illustrates 
what  I  mean.     It  is  plotted  from  the  fig- 
ures  given   in   the   example    which   was 
stated  in  the  answer  to  "G.  A.  H."    The 
currents  assumed  were  20  amperes,  60 
amperes  and  100  amperes.  At  20  amperes 
the  delivered  watts  would  be: 
500  X  20  —  I/'  X  20'  = 
10,000  —  200  =  9800 
watts,   or  9.8  kw.     At  60  amperes,  the 
delivered  power  would  be 

500  v  60  —  '  <  X  60=  = 
30,000  —  1800  =  28,200 
watts,  or  28.2  kw.     At  100  amperes,  the 
delivered  watts  would  be  45  kilowatts. 

Using  a  piece  of  ordinary  cross-sec- 
tion paper,  lay  off  a  scale  of  amperes  on 
the  bottom  and  a  scale  of  kilowatts  up 
the  side  and  locate  one  point  at  the  in- 
tersection of  the  20-ampere  line  and  the 
9.8-kw.  line,  another  at  the  crossing  of 
the    60-ampere    and    28.2-kw.    line,    and 


the  third  at  the  crossing  of  the  100-am- 
pere  and  45-kw.  lines.  Then  draw  a 
curve  through  the  three  points  and  the 
zero  point,  as  shown. 

By  tracing  from  any  value  of  kilowatts 
over  to  the   diagonal  curve   and   thence 

50 
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Line    Current;   Amperes-         ^-t" 

Mr.   Wing's  Chart  Method 

down  to  the  bottom  scale,  the  correspond- 
ing current  may  be  found. 

This  method  is  almost  as  short  as 
solving  the  equation  given,  and  the 
liability  to  error  is  much  smaller. 

Stephen  R.  Wing. 

Ithaca,  N.  Y. 


Mr.  Raney's  formula  is  correct  and  is 
also  less  tedious  to  work  with  than  ours, 
which  was  the  conventional  solution  of 
the  affected  quadratic 
Volts  X  Amp.  —  Res.  X  Amp."  =  Watts 

Mr.  Wing's  method  is  much  quicker 
than  the  calculation,  but  it  would  be 
rather  difficult  to  obtain  accuracy  with  it 
if  either  the  current  or  the  delivered 
power  should  happen  to  be  expressed  in 
several  figures  and  the  values  should  not 
be  easily  located  on  a  scale  of  relatively 
few  divisions.  For  example,  if  the  de- 
livered power  were  28,457  watts  and  the 
•corresponding  current  257  arrfperes  it 
would  be  necessary  to  plot  a  very  large 
chart  to  determine  the  values  correctly. 
The  method  is  excellent  for  approxima- 
tions and  for  small  values  of  current  and 
delivered    power. — Editor. 


An  important  water-power  development 
is  now  nearing  completion  on  the  OcoU 
River,  at  Parkville,  Tenn.  A  maximum 
head  of  114  ft.  has  been  made  avail- 
able by  the  construction  of  a  concrete 
dam  impounding  the  water  so  as  to  form 
a  lake  2000  acres  in  extent.  It  is  esti- 
mated that  the  development  will  yield 
about  32,000  hp.,  the  power  being  trans- 
mitted at  66,000  volts  to  Cleveland,  Chat- 
tanooga, Knoxville  and  other  surround- 
ing cities. 


According  to  the  United  States  Geo- 
logical Survey,  the  coal  output  in  this 
country  for  the  year  1910  exceeded  that 
of  Great  Britain  by  over  200,000,000 
tons. 
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Heating  and  Ventilation 

Considered  as  power-plant  problems.     Layout  and  operation  of  systems  and  apparatus 


Coal    Required    to    Heat 
Modern  City  Building 

By  E.  F.  Tweedy 

The  artificial  heating  of  all  habitable 
buildings  throughout  the  greater  part  of 
the  temperate  zone  is  necessary  during 
some  six  to  eight  months  of  the  year,  if 
inside  temperatures  conducive  to  the 
physical  comfort  of  those  who  reside 
within  are  to  be  maintained. 

Some  idea  of  the  relative  importance  of 
this  heating  problem  in  different  sections 
of  our  own  country  may  be  obtained  by 
referring  to  Fig.  1,  which  shows  the  mean 
monthly  temperatures  in  a  number  of 
cities  located  in  various  parts  of  the 
United  States. 

This  chart  is  based  upon  the  assump- 
tion that  artificial  heating  is  required 
■when  the  mean  outside  temperature  is 
below  55  degrees  Fahrenheit,  and  that 
the  amount  so  required  is  proportional 
to  the  difference  between  70  degrees  Fah- 
renheit (the  assumed  inside  temperature) 
and  the  mean  outside  temperature.  The 
mean  temperature  for  a  given  month  is 
plotted  upon  a  vertical  line  erected  at 
the  middle  point  of  the  corresponding 
month.  Straight  lines  are  drawn  between 
the  various  points  thus  obtained,  and 
from  the  two  points  where  the  horizontal 
line  through  55  degrees  Fahrenheit  is 
crossed,  vertical  lines  are  erected  to  meet 
a  horizontal  line  drawn  through  70  de- 
grees Fahrenheit.  The  areas  of  the  poly- 
gons thus  obtained  roughly  represent  the 
heating  requirements  in  the  several  cities 
which  have  been  selected  for  compari- 
son. The  intercepts  upon  the  horizontal 
line'  drawn  through  55  degrees  Fahren- 
heit give  an  approximate  idea  of  the 
number  of  days  comprising  the  heating 
season,  for  each  city.  Table  1  gives  the 
mean  monthly  temperatures  of  these  sev- 
eral cities,  as  well  as  the  mean  tempera- 
tures during  the  heating  season  and  the 
number  of  days  during  which  heating 
is  required,  both  of  the  latter  sets  of 
figures  being  obtained  from  Fig.  1.  The 
last  line  of  this  table  gives  the  heating 
requirements  of  each  of  these  cities  as 
a  percentage  of  those  of  New  York  City. 
In  determining  these  relations,  however, 
no  allowance  has  been  made  for  any 
differences  in  mean  wind  velocity,  al- 
though this  is  a  factor  which  may  ma- 
terially affect  the  heating  requirements, 
as  is  shown  later  on.  Furthermore,  they 
make  no  allowance  for  those  days,  if 
any,    during    the    heating    season    when 


either  no,  or  only  a  small  amount  of, 
heating  may  be  required,  such  as  on 
Sundays,  holidays,  etc.,  and  they  there- 
fore do  not  afford  an  accurate  means  of 
comparing  the  heating  requirements  of 
two  given  buildings  located  in  different 
cities,  if  the  operating  conditions  of  these 
buildings,  as  regards  continuity  of  heat- 
ing, are  radically  different. 


the  loss  of  heat  which  any  given  building 
will  experience  by  transmission  through 
its  walls,  roof,  etc.,  for  any  given  con- 
ditions as  regards  building  exposures  and 
outside  and  inside  temperatures,  when 
the  nature  of  the  materials  of  which  the 
building  is  constructed,  together  with 
the  thicknesses  of  such  materials,  is 
definitely  known. 


U-  Oct.->l*-  Nov.-^J<-Dec.-->«-Jan.-J«-Feb.--i>U-Mar.-*4*- Apr.-*U--May-jJ 
Fig.   1.    iVlEAN  Monthly  Temperatures  in  Various  Cities 


The  loss  of  heat  by  transmission 
through  the  various  materials  of  which 
modern  buildings  are  composed,  has  been 
made  the  subject  of  much  experimental 
study,  and,  as  a  result  of  the  many  in- 
vestigations which  have  been  made  along 
these  lines,  it  is  now  possible  to  predict, 
with  a  considerable  degree  of  accuracy. 


Table  2,  compiled  from  data  given  by 
various  authorities,  shows  the  approxi- 
mate amount  of  heat  that  is  transmitted, 
per  square  foot  per  hour  for  every  de- 
gree difference  in  temperature  between 
the  inside  and  outside  air  for  a  few  of 
the  materials  most  commonly  used  in 
the   construction    of   modern   city   build- 


TABLE   1 

.      MEAN   MONTHLY  TEMPER,\TURES 

Phila- 

• 

Port- 

•St. 

St. 

At- 

del- 

Bos- 

Port- 

Chi- 

New 

land, 

Louis, 

Paul, 

lanta, 

phia, 

ton. 

land, 

cago, 
111 

York, 

Ore. 

.Mo. 

Minn. 

Ga. 

Pa. 

Mass. 

Me. 

N.  Y. 

3S.7 
41.4 

31.0 
33.5 

11.9 

15.4 

42.2 
45.2 

31.8 
32.8 

27.0 
28.0 

22.0 
23,8 

24.0 
25.7 

30.6 

30,7 

46.1 

43.5 

28.2 

52.4 

40.0 

35.0 

32.0 

34.9 

.51.8 

56.1 

45.8 

61.1 

50.8 

45.3 

43.0 

46.2 

48,7 

May 

57.7 

66.5 

57.7 

69.5 

62.2 

56.6 

53.5 

56.6 

59,8 

62.5 

75.1 

67.2 

75.6 

71.2 

65.8 

62.6 

66,5 

69,0 

July 

67.3 

79.1 

72.0 

77.6 

75.8 

71.3 

68,0 

72.3 

74,1 

66.6 

77.2 

69.7 

76.1 

73.8 

68.9 

66.2 

71.3 

72.6 

61.3 

70.0 

60.5 

72.1 

67.4 

62.7 

59.6 

64.8 

66.5 

53 . 7 

58.4 

48.4 

62.4 

56.3 

52.3 

49.1 

.53,1 

45.7 

43.4 

31.0 

51.9 

44.9 

41.2 

37.6 

39,4 

43.9 

December 

40.2 

35.5 

18.8 

44.6 

35.7 

31.6 

27.1 

29.1 

36.0 

.52.8 

55.8 

43.9 

60.9 

53.6 

48.8 

45.4 

48.7 

52.1 

Mean  during  heating  season. . 

49.9 

43.1 

35.4 

Difference  between  70°  and  mean 
during  heating  months 

25.7 

28  . 5 

39.0 

22.0 

28.3 

30.4 

32.3 

32.0 

28,8 

Number  of  days  dunng  heatirs 

203 

17R 

223 

139 

190 

216 

234 

212 

197 

Per  cent,  of  New  York  City  heat- 
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ings.  The  heat  losses  as  given  in  this 
table  are,  when  used  as  a  basis  for  cal- 
culating the  amount  of  radiating  surface 
required,  generally  increased  by  some 
10  to  20  per  cent,  when  the  exposure  is 
a  northerly  one;  by  10  to  30  per  cent, 
when  the  building  is  heated  during  the 
daytime  only,  the  percentage  of  increase 
depending  upon  whether  the  building  is 
in  a  protected  or  in  an  exposed  location, 
and  by  50  per  cent,  when  the  building 
is  heated  only  intermittently,  with  inter- 
vals of  considerable  duration  when  the 
building  is  without  heat. 

TABLE  2 
Brick  Walls 


Thickness,  in . . 

8 

12 

16 

20 

24 

30 

B.t.u.  loss  pe: 
sq.ft.  per  hr. 

per        degree 
difl.  in  temp.. 

U.46 

U.3:^ 

U.26 

u.2a 

Stone  Wali-s  (Sandstone) 


Thicliness,  in. 

12 

16 

20 

24 

28 

36 

44 

B.t.u.  loss  pel 

sq.ft.  per  hour 

per         degree 

ditf .  in  temp. 

U.44I 

0,3f> 

u.ae 

0.3010.27 

0.24 

0.20 

B.t.u.    loss    per    square    feet    per    hour    per 
degree  difference    in    temperature. 
Single  window  .     .  1.03-1.1 

Double  window  0 .  45-0 .  52 

Single  skyUght  1  00-1    14 

Double  skylight 0 ,  42 


changes  per  hour  for  that  portion  of  the 
building  which  is  to  be  heated,  but  this 
method  is  uncertain  at  best  and  it  may 
lead  to  considerable  error. 

In  order  to  eliminate  the  uncertainty 
that  arises  from  estimating  the  heat  loss 
due  to  air  leakage  by  assuming  an  ar- 
bitrary number  of  air  changes  per  hour, 
the  writer  employs  a  method  which  com- 
bines this  loss  with  the  heat  loss  due  to 
transmission,  both  being  expressed  in 
terms  of  equivalent  glass.  The  pos- 
sibility of  making  such  a  combination 
was  arrived  at  by  the  following  line 
of  reasoning.  The  loss  due  to  air  leak- 
age is  proportional  to  the  summation  of 
the  window  perimeters  (assuming  the 
leakage  space  around  the  windows  to  be 
approximately  constant  in  width),  but  as 
the  dimensions  of  the  windows  in  sim- 
ilar types  of  city  buildings  are  fairly  uni- 
form, it  becomes  possible  to  consider  the 
leakage  loss  as  a  function  of  the  total 
window-glass  surface,  when  deriving  a 
general  expression  for  the  loss  of  heat 
from  buildings  of  a  given  type,  without 
introducing  any  considerable  amount  of 
error. 

In  reducing  wall  exposure  to  equiva- 
lent glass,  a  ratio  of  4.5  to  1  has  been 
taken  as  representing  the  relation  which 
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G  =  Total    window-glass    surface 
in  square  feet; 
K  and  K'  =  Constants    for    buildings    of 
the  same  type  and  of  sim- 
ilar   form    of    construction. 
As   it   is   not   necessary   to   solve   the 
above  equation,  K  and  K'  need  not  be 
separately  determined.  However,  in  order 
to  provide  a  relation  between  the  actual 
coal    consumptions    and    the    total    glass 
equivalents    of   the   buildings   that   were 
investigated,  it  was  necessary  to  express 
K'  in  terms  of  K.    For  K'  —  K,  the  equa- 
tion evidently  becomes 
W 


The  loss  of  heat  occasioned  by  the 
leakage  of  air  at  the  windows  and  doors 
is,  however,  not  subject  to  precise  cal- 
culation, and  this  loss  may  result  in  an 
insufficient  amount  of  radiating  surface 
being  provided,  unless  proper  allowance 
is  made  to  cover  this  loss,  either  by  bas- 
ing the  estimate  upon  previous  experi- 
ence or  by  following  one  of  the  more  or, 
less  empirical  methods  that  are  frequent- 
ly used  in  providing  for  the  loss  of  heat 
due  to  this  cause.  The  most  common 
method  of  making  provision  for  this  loss 
is  to  assume  an  arbitrary  number  of  air 


the  heat-transmitting  properties  of  glass 
bear  to  those  of  the  materials  of  which 
the  walls  of  the  average  building  in  New 
York  City  are  constructed.  Having  made 
the  foregoing  assumptions,  the  following 
equation  results: 


4-5 
K 


K' 


T  =  Tons   of   coal   consumed   per 

year  for  heating; 
W  =  Total  exposed  wall  surface  in 

square  feet; 


r  = 


4-5 


+  2G 


K 


The  relation  between  K  and  K'  can  be 
varied  considerably  without  affecting  the 
result  to  any  appreciable  extent  other 
than  to  alter  the  value  of  K. 

Fig.  2  shows  the  results  obtained  by 
plotting  the  actual  yearly  coal  consump- 
tion of  some  eighteen  office  and  loft 
buildings  located  in  New  York  City, 
against  the  total  glass  equivalents  of 
these  buildings,  as  represented  by  the 
numerator  of  the  quantity  on  the  right- 
hand  side  of  the  equation  given  above. 
The  coal  consumed  in  these  buildings 
was  used  for  heating  purposes  only,  as 
all  light  and  power  requirements  are 
supplied  by  means  of  electrical  energy 
purchased  from  the  central  station.  The 
loft  buildings  that  are  included  are  not 
what  are  known  as  manufacturing  lofts, 
but  they  are,  for  the  most  part,  devoted 
solely  to  sales  purposes.  It  will  be  ob- 
served that  the  value  of  K  for  this  type 
of  building  is  approximately  100,  which 
is  a  very  convenient  figure  for  practical 
use.  Pea  coal  was  used  in  almost  all 
of  the  buildings  which  appear  on  this 
chart,  but  data  were  secured  on  a  num- 
ber of  buildings  where  the  buckwheat 
coals,  or  various  mixtures,  were  being 
used.  All  such  cases — as  would  natural- 
ly be  expected  from  the  somewhat  lower 
average  calorific  value  of  such  fuels — 
fall  above  the  average  of  the  buildings 
using  pea  coal,  but  in  some  cases  to  a 
considerably  greater  extent  than  can 
readily  be  explained  by  the  difference 
in  the  thermal  values  of  the  fuels. 

In  examining  the  chart  shown  in  Fig. 
2,  it  may  be  observed  that  only  four  of 
the  buildings  show  any  appreciable 
amount  of  divergence  from  the  mean, 
as  represented  by  K  —  \00.  The  diverg- 
ence of  these  four  cases  can  be  readily 
explained.  One  of  those  falling  below 
the  line  was  due  to  a  considerable  por- 
tion of  the  building  being  vacant  and 
only  being  partially  heated;  the  other  is 
a  building  where  a  considerable  amount 
of  heat  results  from  the  industrial  use 
to  which  a  portion  of  the  building  is  de- 
voted. The  two  cases  above  the  line 
are  due,  respectively,  to  poor  building 
construction  and  to  inefficient  operation 
of  the  heating  plant. 
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The  foregoing  explanation  of  the  meth- 
ods that  were  followed  in  deriving  the 
equation  upon  which  this  chart  is  based, 
will  make  it  evident  that  this  equation 
cannot  be  employed  with  any  high  de- 
gree of  accuracy  in  the  case  of  any 
building  that  is  so  peculiar  in  its  con- 
struction as  to  widely  differentiate  it 
from  others  of  its  class;  also  where  me- 
chanical ventilation  is  to  be  employed,  a 
certain  allowance  must  be  made  for  the 
loss  of  heat  arising  from  this  source, 
over  and  above  that  which  the  equation 
provides  for  in  the  form  of  natural  ven- 
tilation due  to  air  leakage.  However,  as 
a  means  of  arriving  at  the  amount  of 
coal  required  to  heat  a  given  building, 
the  writer  has  found  this  method  to  be 
of  considerable  value,  and,  owing  to  the 
many  uncertainties  that  are  invariably 
present  in  any  heating  problem,  the  use 
of  this  method  will  probably  lead  to  re- 
sults quite  as  accurate,  in  the  average 
case,  as  those  secured  by  the  use  of  a 
much  more  involved  and  elaborate  meth- 
od of  calculation. 

A  method  of  estimating  the  amount  of 
coal  required  to  heat  a  given  building, 
as  employed  by  a  Chicago  company  that 
is  engaged  in  the  business  of  operating 
steam-heating  plants,  will  be  briefly  out- 
lined. This  company  has  derived  a  for- 
mula based  upon  a  heating  season  ex- 
tending from  October  1  to  May  1,  a  total 
of  243  days,  or  5832  hours.  The  average 
outside  temperature  during  this  period 
being  36  degrees  Fahrenheit,  the  average 
difference  between  this  mean  outside 
temperature  and  an  inside  temperature 
of  70  degrees  Fahrenheit,  is  34  degrees. 
The  amount  of  heat  lost  by  transmis- 
sion per  square  foot  of  glass  per  hour 
per  degree  difference  in  temperature  is 
taken  as  2  B.t.u.,  which  is  twice  the 
amount  usually  allowed  for  this  loss.  The 
loss  of  heat  by  transmission  through  or- 
dinary brick  or  tile  wall  is  taken  as  one- 
tenth  of  the  loss  through  glass,  or  0.2 
B.t.u.  per  hour  per  square  foot  per  de- 
gree difference  in  temperature.  Taking 
the  number  of  heat  units  in  a  pound  of 
steam  as  1000,  the  following  equation 
is  obtained: 

S  X  2  X  34  X  5832  _  5  X  0.2 
1000  X  e  X  2000  e 

(approximately) 
where 

S  =  Glass    surface,    plus    one-tenth 
the   wall   surface    (north   and 
west     exposures     being     in- 
creased 10  per  cent.)  ; 
s  =  Number    of    pounds    of    water 
evaporated  per  pound  of  coal; 
C  =  Tons  of  coal  required  for  heat- 
ing. 
It  will  be  observed  that  S  in  the  above 

W 
equation  is  equivalent  to  —  +  G,  which 

may  be  written  in  the  form  Vz  (  —  -V  -  G\. 

In   this  latter   form   the   quantity   within 
the   parentheses    is    practically    identical 


C=:- 


with  the  quantity  representing  the  total 
glass  equivalent  as  given  previously  in 
the  equation  developed  by  the  writer.  The 
quantity  S  X  2  in  the  Chicago  equation 
is,  therefore,  practically  equivalent  to  the 

W 
quantity  — •  +  2G  in  the  writer's  equa- 

4-;" 
tion.    In  other  words,  the  leakage  loss  in 
Chicago  has  been  provided  for  by  doubl- 
ing the   glass-transmission   factor. 

In  Fig.  2  the  number  of  tons  of  coal 
required    for  heating   have  been  plotted 

IF 
against  the  quantity  —  -f  2G  (which  is 
4-5 

practically  equivalent  to  the  quantity  S 
X  2  of  the  Chicago  equation)  for  a  num- 
ber of  commercial  buildings  located  in 
Chicago,  and  it  will  be  observed  that 
these  buildings  fall  fairly  closely  along  a 
line  for  which  the  value  of  K  is  50.  In 
other  words,  the  amount  of  coal  required 
to  heat  a  building  with  a  given  total  ex- 
posure expressed  in  terms  of  equivalent 
glass,  is  apparently  twice  as  great  under 
Chicago  conditions  as  under  those  exist- 
ing in  New  York  City,  the  value  of  K 
for  buildings  of  a  similar  type  located 
in  the  latter  city  having  been  found  to 
be  approximately  100.  The  question 
naturally  arises,  how  is  this  observed  dif- 
ference to  be  reconciled  with  the  ap- 
parent difference  in  the  heating  require- 
ments of  the  two  cities,  as  shown  in 
Table  1  ?  From  this  table  it  would  ap- 
pear that  the  heating  requirements  in 
Chicago  are  approximately  19  per  cent, 
in  excess  of  those  existing  in  New  York 
City,  while  the  actual  coal  requirements 
are  practically  100  per  cent,  greater  in 
the  former  city  than  in  the  latter.  This 
apparent  discrepancy  can  undoubtedly  be 
explained  by  taking  two  additional  fac- 
tors into  consideration — one  of  which 
has  a  very  material  bearing  upon  the  heat 
loss  of  a  building  with  a  given  exposure, 
while  the  other  has  an  important  bear- 
ing upon  the  amount  of  coal  required  to 
offset  a  given  loss  of  heat.  The  first 
of  these  factors  is  that  of  wind  velocity; 
the  second  is  that  of  evaporation,  or  the 
average  number  of  pounds  of  water  evap- 
orated  into  steam  per  pound  of  coal. 

The  average  velocity  of  the  wind  dur- 
ing the  heating  season  in  Chicago  is  a 
little  over  18  miles  per  hour,  while  the 
average  wind  velocity  in  New  York  City 
during  the  months  when,  heating  is  re- 
quired is  approximately  13  miles  per 
hour.  As  the  wind  pressure  varies  ap- 
proximately as  the  square  of  the  wind 
velocity,  the  mean  wind  pressure  during 
the  heating  season  in  Chicago  is  ap- 
proximately twice  that  existing  in  New 
York  City.  Now  the  loss  of  heat  by  air 
leakage  is  naturally  a  function  of  the 
mean  external  air  pressure  that  results 
from  the  velocity  of  the  wind.  Therefore, 
in  order  to  show  the  effect  which  the 
higher  average  velocity  of  the  wind  in 
Chicago  has  upon  the  heating  require- 
ments of  the  buildings  in  that  city,  as 
compared  with  those  of  similar  buildings 


in  New  York  City  where  the  average 
wind  velocity  is  considerably  lower,  it  is 
only  necessary  to  estimate  approximately 
the  average  relation  of  the  heat  loss  due 
to  leakage  to  the  total  heat  loss  under 
New  York  City  conditions.  In  the  latter 
city  it  has  been  found  that  the  square 
feet  of  window  surface  of  office  and  loft 
buildings  averages  about  20  per  cent, 
of  the  total  exposed  wall  and  glass  sur- 
face; hence,  by  referring  to  the  expres- 

W 
sion  for  the  total  heat  loss,  ■ —   +  2G, 

4  5 
it  will  be  seen  that  the  average  heat  loss 
from  leakage,  under  New  York  City  con- 
ditions, is  approximately  35  per  cent,  of 
the  total  heat  loss.  Based  upon  the  in- 
creased air  leakage  alone,  the  Chicago 
heating  requirements  are  therefore  135 
per  cent,  of  those  existing  in  New  York 
City. 

From  tests  made  upon  a  vast  number 
of  Illinois  coals  by  the  United  States 
Geological  Survey,  it  would  appear  that 
a  figure  of  11,000  B.t.u.  per  pound  may 
be  taken  as  representing  the  average  heat 
content  of  these  coals  as  fired.  Pea 
coal,  such  as  is  used  in  the  majority  of 
New  York  City  buildings,  will  probably 
average  something  over  12,000  B.t.u. 
per  pound.  Consequently,  if  these  dif- 
ferent kinds  of  coal  were  burned  with 
equal  efficiency,  the  amount  of  Illinois 
coal  required  would  be  about  1 10  per 
cent,  of  the  amount  of  pea  coal  neces- 
sary to  supply  an  equal  quantity  of  heat. 
It  is  very  probable,  however,  that  the 
actual  ratio  is  more  nearly  expressed  by 
125  per  cent.,  due  to  the  fact  that  pea 
coal,  when  used  in  the  average  heating 
plant,  will  unquestionably  show  a  con- 
siderably higher  efficiency  than  that 
shown  by  such  grades  of  soft  coal  as  are 
commonly  used  in  the  heating  plants  of 
Chicago.  Hence,  if  this  contention  and 
the  foregoing  assumptions  are  correct,  we 
have  an  explanation  of  the  fact  that  the 
amount  of  coal  required  in  Chicago  for 
heating  a  given  building  is  twice  what  it 
would  be  were  the  building  located  in 
New  York  City;   for 

1.19  X   1.35  X   1.25  —  2 

The  heating  requirements  of  a  large 
number  of  Boston  buildings  have  received 
careful  investigation  at  the  hands  of 
Davis  S.  Boyden,  of  the  Edison  Electric 
Illuminating  Company,  of  Boston,  and  as 
a  result  of  these  investigations  he  has 
developed  a  somewhat  complicated  for- 
mula for  use  in  determining  the  amount 
of  coal  required  to  heat  a  given  building. 
As  the  accuracy  of  this  formula  depends 
very  largely  upon  what  values  are  as- 
signed to  a  number  of  variables,  its  use 
is  necessarily  confined  to  these  who 
possess  more  than  an  ordinary  knowl- 
edge of  the  subject  of  heating  and  who 
are  capable  of  using  a  considerable 
amount  of  judgment  in  assigning  proper 
values  to  these  variables  for  any  par- 
ticular case. 
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In  deriving  this  formula,  the  assump- 
tion is  first  made  that  1  EXu...!!  ra.e 

5^  cubic  feet  of  air  1  degree  Fahrenheit. 
f;om  which  it  follows  that  the  heat  umts 
lost  from  a  building  per  hour  per  degree 
difference  in  temperature  will  be 

Volume  of  air  X^r  changes  per  hour 

55 
As   it   is   usually    impractical    to    esti- 
mate the  amount  of  air  displaced  by  parti- 
tions    floors,    interior    furnishings,    etc., 
the  term  "volume  of  air"   in  the  above 
expSn   is   taken   as   the   total    gross 
vXme  of  the  building  less  10  per  cent. 
The  above  expression  then  becomes 
nf.€  of  gross  vol.  X  air _changes_perju^. 
55 


The  next  step  consists  of  selecting  the 
heat-transmission    factors   for   glass  and 
the    materials    of    which    building    walls 
are  usually  composed.    Th«. '"^^  "^  ^ 
through  a  square  foot  of  ordinary  window 
glass  per  hour  per  degree  difference  in 
femperatureistakenaslB.t.u    andthe 
corresponding  losses  through  brick  and 
granite   walls    of   the   usual   thicknesses 
are  taken  as  0.2  and  0.3  B.t.u.  respective- 
ly     By  thus  providing   for  the   loss  of 
heat  due  to  transmission,  an  expression 
is  obtained  for  the  total  heat  units  lost 
per  hour  per  degree  difference  in  tern- 
perature.     This  expression  is 

(Irnss  vol.  X  air  changes  per  hour  _^ 
■ 6o 


pu  W  tii^ 

obtained  represents  '^e  average  boiler 
horsepower  required  during  the  heating 
season.  The  final  equation,  in  its  general 
form,  is  as  follows: 

Tons  oj  coal  per  year  = 

V  X  a 

X   i.  X  'i  X 


scribed  above,  and  they  therefore  differ 
from  the  methods  described  only  in  the 
manner  in  which  they  deal  with  the  vari- 
ables of  which  any  heating  formula  is 
necessarily  composed. 


h  X 


sq.jl.  oj  glass  +  0.2  X  sq.ft.  oj  wall 
Instead  of  next  proceeding  to  make  an 
assumption  as  to  the  average  difference 
in  temperature  between  the  outs.de  and 
the   inside   air,   which,  together  with   an 
assumed  number  of  hours  during  which 
heating   occurs,   would   result   '".an  ex- 
pression for  the  total  heat  loss  m  B.t.u. 
during   the  heating   season,   the   expres- 
sion in  the  above   form  was  applied  to 
what   was   considered   to   be   an    average 
building    that   was    satisfactorily    heated 
and  had  neither  too  much  nor  too  little 
radiating  surface  installed.    This  resulted 
in  a  factor  which  is  considered  as  being 
constant  for  any  given  locality,  the  value 
for  Boston  being  5.4.    This  factor  repre- 
sents numerically   the   number  of  B.t.u. 
lost   per   hour  per   degree   difference   in 
temperature  between  the  outside  and  the 
inside  air  for  each  square  foot  of  radiat- 
ing surface.    Consequently,  when  the  ex- 
pression given  above  is  divided  by  this 
factor    the    quotient    will    represent    the 
proper   amount    of   radiating   surface   in 
square  feet  for  any  given  building     This 
radiating  surface  is  then  divided  by  130, 
which   is   considered   to   be  the   average 
amount  of  radiation  that  can  be  supplied 
by  one  boiler  horsepower  throughout  the 
heating  season  under  the  conditions  ex- 
isting in  Boston,  and  the  quotient  thus 
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'"  ^  V  =  Gross  volume  of  the  building, 

including  basement  if  heated; 

C  =  Square    feet   of   glass   surface, 

10  per  cent,  being  added  for 

north  and  west  exposures; 

W  =  Square  feet  of  wall  surface,  10 

per    cent,    being    added    for 

north  and  west  exposures; 

a  =  Average  air  changes  per  hour 

during  heating  period; 
C,  =  Constant  for  glass  =  1  for  sin- 
gle glass; 
C.=  Constant  for  wall,  usually  0.^ 

for  brick  and  0.3  for  stone; 
C,  =:  Constant  for  local  conditions  _ 

5.4  for  Boston; 
T  =  Factor  dependent  upon  relation 
the  heating  plant  bears  to  the 
premises  heated; 
L=:  Factor   for  portion   of  building 
not  heated,  or  for  building  not 
heated  to  70  degrees  Fahren- 
heit; 
e  =  Average  evaporation  in  pounds 
of  steam  per  pound  of  coal; 
d  =  Number  of  heating  days  dur- 
ing season; 
ft  =  Average   number   of  hours  of 
heating  per  day. 
The  values  of  ft  for  different  classes 
of  buildings  are  given  as  follows: 
Hotels,  15  to  16  hours. 
Apartment  houses,  12  to  14  hours. 
Departmem  stores,  10  to  12  hours. 
Office  buildings,  10  to  12  hours. 
Theaters,  6  to  10  hours. 
In  the  writer's  opinion  this  formula  is 
altogether  too   complicated   for  ordinary 
practical  use.     As  previously  mentioned, 
its  accuracy,  in  any  particular  case,  de- 
pends upon  the  value  assigned  to  each 
of  the  several  variables.     A  slight  error 
in  each  of  these  assigned  values  might, 
by  a  cumulative  action,  lead  to  a  total  er- 
ror  of   considerable   magnitude.      More- 
over, the  method  employed  in^obtaming 
the    so    called    constant    C,    (-  5.4  tor 
Boston)    introduces    a    considerable    ele- 
mem    of    uncertainty,    inasmuch    as    it 
would,  conceivably,  be  an  extremely  diffi- 
cult fact  to  determine  absolutely  whether 
a  certain  building  had  exactly  the  Proper 
amount  of  radiating  surface  for  its  heat- 
ing  requirements. 

While  there  are  a  number  of  other 
methods  employed  for  estimating  the 
heating  requirements  of  a  S'ven  build- 
ing, they  are  all.  of  necessity,  based  upon 
the  same  general  principles  as  those 
which  have  determined  the  methods  de- 


Continuous  vs.  Intermittent 
Heating 

In  reply  to  me  in  the  Dec.  5  number 
of  Power,  Mr.  Evans  chooses  a  buildmg 
that  is  heated  altogether  by  direct  radia- 
tion while  the  original  question  was  m 
regard    to    school    buildings    *'here    an 
abundance  of  air  is  supplied  for  ventila- 
tion     In  the  report  quoted  it  is  correctly 
stated  that  when  the  building  cools  off, 
the  radiation  to  the  outside  diminishes. 
Therefore,    in    intermittent   heating,   less 
heat  is  required,  and,  if  there  is  any  sav- 
ing by  continuous  heating,  it  is  because 
by  this  method  the  boilers  are  operated 
more  economically.     Mr.  Powell's  report 
then  should  not  assume  that  at  all  times 
exactly  8500  heat  units  are  obtained  from 
a  pound  of  coal  because  that  would  be 
the  same  economy  at  all  times. 

I    contend    that,   in    a   school    building 
which  is  fan  vemilated,  there  is  consider- 
able  saving  in   allowing  the  building  to 
cool  for  a  number  of  hours.     In  such  a 
building,  consider  the  heat  to  be  divided 
into   two   parts,   that    necessary   to    heat 
the  air  for  ventilation  to  70  deg.,  and  that 
radiated  through  the  walls  of  the  build- 
ing    The  first  part,  when  school  is  not  in 
session,  can  nearly  always  be  dispensed 
with.    This  part  is  nearly  always  half  ot 
the  total  and  often  more  than  half.     So 
that   if  the  boilers  are  operated   at  the 
same  rate  of  steaming,  and  therefore  at 
the  same  efficiency,  when  school  is  not  in 
session   as  when   it  is;  there  is  enough 
heat    to    cause    the    temperature   to    rise 
rapidly. 

There  are   so  many  things  that  enter 
into  the  consideration,  that  one  has  to  be 
very  careful  in  drawing  conclusions  from 
such  tests  as  Mr.  Powell  made.     For  m- 
stance,   it    is   a   long   way    from    correct 
to  assume  that  the  coal  consumption  tor 
the  13  hours  of  the  night  is  ii  of  the  total 
consumption  for  24  hours.     To  keep  the 
factory  at  70  deg.  during  the  night  would 
take  more  coal  per  hour  than  during  the 
day    unless  doors  are  opened  very  often 
in  the  dav  time.     The  night  temperature 
is  .^ot  only  lower,  but  in  the  day  time  con- 
siderable  radiated   heat   direct   from  the 
sun  enters  the  building.     If  Mr.  Powell 
would   assume  that  it  took  a  small  per 
cent,  more  heat  to  maintain  the  building 
at  70  dee.  during  the  night  than  in  the 
day  time,  his  figures  would  come  out  in 
favor  of  intermittent  heating.     But  it  is 
for  the   fan-heated   school  building  with 
its   comparatively   short   sessions   that   1 
claim  the  most  saving. 

H.  H.  Hastings. 

St.  Louis,  Mo. 
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One-Man    Shifts   in    Power 
Plants 

It  is  not  uncommon  in  small  plants  to 
find  one  man  performing  the  duties  of 
both  engineer  and  fireman,  and  in  some 
large  plants  this  is  the  practice  on  the 
night  shift  when  a  very  small  load  is 
being  carried.  Where  oil  is  burned  under 
the  boilers,  it  is  possible  to  extend  this 
practice  to  still  larger  plants. 

While  a  slight  reduction  in  the  labor 
item  is  thus  made  possible,  the  wisdom 
of  such  a  course  is  questionable.  For, 
after  all,  the  wages  of  an  extra  attend- 
ant (he  need  not  be  a  high-priced  man) 
are  small  when  compared  with  the  total 
power  cost,  and,  viewed  from  the  stand- 
point of  providing  additional  protection, 
the  increase  in  wages  may  be  consid- 
ered as  cheap  insurance. 

Two  men  are  required  in  the  cabs  of 
all  locomotives  and  likewise  in  the  pilot- 
houses of  ferryboats,  this  being  consid- 
ered a  necessary  precaution  against  acci- 
dent should  anything  happen  to  the  man 
at  the  throttle  or  the  wheel.  While  in 
such  event,  more  lives  would  be  endan- 
gered in  the  case  of  a  public  carrier,  still 
the  impending  danger  to  life  and  prop- 
erty is  present,  to  a  lesser  degree,  per- 
haps, in  the  case  of  a  power  plant. 

To  cite  an  illustration,  some  time  ago 
the  assistant  engineer  of  the  Pasadena 
municipal  electric-light  plant,  who  stood 
the  night  watch  alone,  attending  the  oil 
burners  in  the  boiler  room  as  well  as  per- 
forming his  engine-room  duties,  was  pre- 
sumably struck  by  the  governor  and  fell 
into  the  flywheel  pit.  This  apparently 
happened  about  1  a.m.,  but  as  the  oil 
burners  and  the  pumps  were  regulated 
so  nicely  the  plant  kept  on  running,  the 
flywheel  grinding  all  the  time  into  the 
thigh  of  the  injured  engineer. 

Not  until  long  after  daylight  was  it 
noticed  that  something  was  wrong  at  the 
power  house,  as  the  street  lights  were 
still  burning.  Upon  investigation,  the 
engineer  was  found  dead  in  the  flywheel 
pit,  and  a  medical  examination  indicated 
that  he  had  died  about  5  a.m.;  in  other 
words,   for   four  hours   he   was   literally 


being  ground  to  death.  This  fatality 
might  have  been  averted  had  there  been 
a  second  man  on  duty  at  the  plant. 

Viewing  this  incident  from  another 
standpoint,  had  anything  gone  wrong  with 
the  boilers  or  any  of  the  machines  while 
running  without  attendance,  immeasura- 
ble damage  might  have  been  wrought  to 
property  and  perhaps  other  lives  en- 
dangered. 

The  whole  question  resolves  into  a 
compromise  between  economy  and  safety. 
If  economy,  in  the  long  run,  be  consid- 
ered as  dependent  upon  safety,  as  we  be- 
lieve it  should,  then  it  would  seem  ad- 
visable, wherever  possible,  to  have  more 
than  one  man  on  a  shift. 


Steam  Boiler  Operation 

Fuel,  whether  solid,  liquid  or  gaseous, 
is  burned  most  economically  when  just 
air  enough  to  furnish  the  required  oxy- 
gen for  complete  combustion  is  admitted 
to  the  furnace.  If  too  much  air  is  used, 
the  products  of  combustion  are  chilled 
to  just  the  extent  that  the  heat  which 
should  be  transmitted  to  the  water  in  the 
boiler  is  used  to  heat  the  surplus  air. 
While  the  combustion  may  be  perfect 
with  an  excess  of  air  passing  through 
or  around  the  burning  fuel,  about  one- 
quarter  of  a  heat  unit  will  be  used  for 
each  degree  that  every  pound  of  excess 
air  ffe  heated  in  its  passage  through  the 
furnace  to  the  chimney. 

It  makes  no  difference  whether  the 
extra  air  goes  through  or  around  the 
fuel  or  is  drawn  in  through  the  boiler 
setting  beyond  the  furnace,  the  effect  is 
the  same  in  kind  if  not  in  degree.  The 
cold  air  absorbs  heat  that  should  go  to 
make  steam. 

If  too  little  air  is  furnished,  the  com- 
bustion will  be  incomplete  and  a  large 
percentage  of  the  fuel  will  pass  off  in 
the  form  of  a  combustible  gas  which  can- 
not burn  in  the  furnace  because  of  an 
insufficient  supply  of  oxygen. 

In  many  coal-burning  power  plants  the 
boiler  efficiency  is  low  from  one  or  the 
other  of  these  causes.  Where  the  grate 
area   is   larger  than  is   needed  to  gen- 
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erate  the  steam  used,  the  draft  is  re- 
stricted by  the  damper  and  much  of  the 
fuel,  instead  of  being  burned,  is  distilled 
and  passes  off  unconsumed. 

If  the  grate  is  not  completely  covered 
with  fuel  or  if  there  are  cracks  in  the 
setting,  cold  air  is  drawn  in,  reducing 
the  efficiency  just  in  proportion  as  the 
gases  are  cooled. 

Many  oil-burning  furnaces  are  disap- 
pointing in  their  operation  for  the  same 
reason.  The  oil  is  well  atomized  and 
burns  with  a  clear,  smokeless  flame  be- 
cause it  is  thoroughly  intermixed  with 
air  in  sufficient  quantity  to  make  the 
burning  complete,  but  owing  to  the  facts 
that  the  air  inlet  to  the  furnace  is  too 
large  and  that  the  damper  is  opened  too 
much,  so  much  unneeded  air  is  admitted 
that  the  boiler  falls  far  short  of  its  ex- 
pected performance. 

In  a  pumping  station  where  there  was 
an  excess  of  grate  area,  a  damper  regu- 
lator was  installed  for  the  purpose  of 
keeping  the  steam  pressure  more  nearly 
uniform.  This  saved  the  fireman  number- 
less periodical  trips  across  the  boiler 
room  to  the  base  of  the  chimney  where 
the  damper  lever  was  located.  With 
hand  regulation  the  steam  pressure  varied 
from  five  to  ten  pounds  either  side  of 
the  desired  point.  A  part  of  the  time 
the  damper  was  open  too  much  for  the 
demand  on  the  boilers,  but  during  this 
period  the  fire  burned  rapidly,  giving  the 
best  results  so  far  as  -combustion  was 
concerned.  When  the  damper  was  con- 
nected to  the  regulator  and  the  draft 
was  controlled  by  the  steam  pressure 
the  damper  never  opened  enough  to  make 
a  brisk  fire,  and  the  fuel  consumption 
was  increased  about  ten  per  cent. 

This  was  corrected  by  reducing  the 
grate  area  until  the  required  coal  con- 
sumption per  square  foot  of  grate  was 
such  that  the  damper  was  wide  open 
most  of  the  time. 

With  the  reduced  grate  area  the  fur- 
nace conditions  were  so  much  improved 
that  the  coal  consumption  was  reduced 
six  per  cent,  below  that  required  by  hand 
regulation. 

In  a  tar-burning  furnace  the  evapora- 
tion per  pound  of  fuel  containing  17,000 
heat  units  was  twelve  pounds  of  water 
while  running  with  the  ashpit  doors 
wide  open.  These  openings  were  gradual- 
ly reduced  until  all  of  the  air  admitted 
to  the   furnace  passed  through  an  area 


of  twenty-five  square  inches.  At  this 
point  the  evaporation  was  fifteen  pounds 
of  water  per  pound  of  fuel,  and  further 
reduction  in  the  air  supply  caused  smoke. 

These  incidents  tend  to  show  the  lines 
to  be  followed  in  steam-boiler  operation. 

All  air  in  excess  of  that  needed  for 
the  burning  of  the  fuel  should  be  kept 
out  of  the  furnace.  The  combustion 
should  be  as  rapid  as  possible,  consistent 
with  the  demands  for  steam,  and  the 
grate  area  and  air  inlets  should  be  as 
nearly  as  possible  adjusted  to  obtain 
these  conditions. 


Steam    Piping 

The  sole  object  of  a  steam  pipe  is  to 
convey  steam  from  one  point  to  another. 
This  fact  is  sometimes  lost  sight  of,  with 
the  result  that  at  the  last  moment  the 
pipe  is  put  up,  usually  along  a  row  of 
building  columns  regardless  of  distance 
or  accessibility.  The  broad  principles  to 
be  observed  in  order  to  enable  a  pipe 
line  to  perform  maximum  duty  are  that  it 
shall  take  as  direct  a  course  as  prac- 
ticable between  any  two  points,  have 
bends  of  as  large  a  radius  as  possible, 
slope  toward  a  certain  point  to  provide 
for  drainage  and  shall  be  only  large 
enough  to  take  care  of  the  steam  at  a 
fair  velocity.  Very  often  circumstances 
compel  to  be  neglected  the  first  two  of 
these  principles,  but  they  should  all  be 
considered  as  a  basis  for  the  design  of 
every  pipe  line. 

Adherence  to  the  first  principle  results 
in  a  minimum  amount  of  material  re- 
quired, as  well  as  a  minimum  amount  of 
labor  for  erection  and,  consequently,  a 
lower  initial  cost.  Low  costs  for  repairs 
and  maintenance  will  follow,  as  will  also 
minimum  losses  due  to  radiation,  etc., 
all  of  which  naturally  tend  to  keep  down 
the  operating  costs. 

The  second  principle,  namely,  the  use 
of  long  radius  bends,  gives  the  steam  a 
less  retarded  and  obstructed  path  so  that 
the  drop  in  pressure  at  the  discharge 
point  is  not  unduly  great,  and  numerous 
joints,  which  are  always  points  of  weak- 
ness in  a  pipe  line  and  frequently  afford 
pockets  in  which  condensation  will  ac- 
cumulate, are  eliminated. 

The  question  of  proper  drainage  is 
always  an  important  one  and  should 
never  be  overlooked.  The  fruits  of  neg- 
lect in  this  particular  are  often  a  blown- 


out  cylinder  head  or  burst  pipe,  caused 
by  a  slug  of  water  resulting  from  the  ac- 
cumulation of  condensed  steam.  If, 
because  of  local  conditions,  it  is  impos- 
sible to  install  a  line  without  low  points, 
provision  should  always  be  made  for 
drainage  at  these  points.  Water  in  a 
steam  line  usually  indicates  improper 
construction  or  neglect  to  see  that  the 
traps,  etc.,  operate  properly  and  is  a 
condition  that  should  not  be  permitted. 

In  laying  out  a  steam  line,  error  more 
often  occurs  on  the  side  of  extravagance 
than  economy  when  the  size  of  the  pipe 
to  be  put  in  is  considered.  This  part  of 
a  power  plant  is  so  costly  in  comparison 
with  the  rest  of  the  equipment,  especial- 
ly when  large  valves  are  employed,  that 
every  effort  should  be  made  to  minimize 
such  cost  as  much  as  maximum  efficiency 
will  allow. 

The  question  of  radiation  and  its  con- 
sequent losses  should  also  be  a  potent 
factor  toward  this  end  for,  naturally,  the 
smaller  the  surface  exposed  to  the  sur- 
rounding air  the  less  will  be  the  cooling 
effect.  Advocating  small-diameter  pipes 
and  high  velocities  for  steam  is,  to  a  cer- 
tain extent,  inconsistent  with  minimum 
pressure  loss;  therefore,  a  compromise 
should  be  effected  between  the  loss  of 
heat  (assuming,  of  course,  that  the  line 
is  properly  covered)  and  the  loss  of  pres- 
sure. 

Beyond  a  certain  small  loss  of  pres- 
sure, any  increase  in  pipe  diameter  af- 
fords so  little  reduction  in  friction  and 
adds  so  much  to  the  heat-reduction  losses 
that  the  tendency  toward  the  smaller 
pipe  and  a  greater  steam  velocity,  within 
limits,  is  amply  justified  from  the  op- 
erating side  as  well  as  from  that  of  first 
cost;  therefore,  the  expenditure  involved 
in  the  installation  of  a  line  really  larger 
than  necessary  is  in  practically  every  in- 
stance out  of  all  proportion  to  the  small 
gain  in  pressure. 


The  Delray  boilers,  with  their  23,654 
sq.ft.  of  effective  heating  surface  and 
over  400  sq.ft.  of  grate,  are  the  largest 
stationary  boilers  in  the  world.  An  inter- 
esting comparison  is  the  record-breaking 
locomotive  just  built  for  the  Pennsyl- 
vania R.R.  With  7723.6  sq.ft.  of  heating 
surface  and  96  sq.ft.  of  grate  this  im- 
mense boiler  on  wheels  will  generate 
nearly  as  much  steam  as  the  stationary 
boiler  at  its  normal  rating. 
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Corrosion  of  Boiler  Tubes 
in  Nashville 

As  the  contributor  of  an  article  in 
Power  for  Oct.  24  on  corrosion,  my 
attention  has  been  called  to  the  corro- 
sion of  boiler  tubes  in  Nashville,  Tenn. 
A  new  boiler  was  started  up  in  April 
and  by  September  all  of  the  tubes  had 
become  pitted  and  had  to  be  replaced. 
Commenting  on  boiler  troubles  in  gen- 
eral, the  Nashville  Banner  of  November 
2  says:  "Some  of  the  new  piping  that 
has  sprung  leaks  has  been  taken  to  the 
office  of  the  city  water-works  depart- 
ment, and  in  each  case  it  was  seen  that 
the  pipes  were  rusted  out  in  spots,  and 
not  uniformly,  as  they  would  have  been 
if  the  rusting  had  been  the  result  of  the 
action  of  the  water.  The  fact  that  the 
rusting  was  in  spots  showed  that  there 
were  flaws  in  the  iron  at  the  places 
where  the  rust  came.  If  the  pipe  had 
been  good  and  the  rusting  had  been  the 
result  of  the  water,  the  entire  surface 
would  have  rusted,  for  it  is  obviously 
impossible  for  water  to  be  selective  in 
its  action  and  touch  certain  spots  while 
not  touching  others." 

At  first  this  might  appear  to  be  com- 
mon sense,  but  a  careful  study  as  to 
why  a  tube  rusts  more  at  one  place  than 
at  another  has  developed  the  fact  that 
the  rising  air  bubbles  liberated  from  the 
water  stick  fast  to  the  surface  of  fhe 
steel  tube,  especially  at  those  places 
where  a  roughness  already  exists.  Air 
and  wafer  act  simultaneously  on  the 
iron  and  rusting  begins.  The  air  bub- 
bles liberated  by  the  further  deaeration 
stick  fast  at  the  rusted  places  so  formed 
Which,  compared  to  the  other  parts  of  the 
surface  of  the  tube,  become  very  rough, 
thus  causing  an  increasing  spreading  and 
deepening  until  a  complete  rusting 
through  occurs.  This  shows  that  even  if 
the  tube  is  rusted  at  one  place  more  thaii 
at  another,  the  fault  is  not  that  the  metal 
is  more  liable  to  rust  in  one  place  than 
another,  but  simply  that  it  happened  to 
begin    there. 

The  Nashville  Banner  quotes  Dr.  Hol- 
lingshead,  of  Vanderbilt  University,  as 
follows:  "As  to  the  boilers,  I  think  that 
the  trouble  will  be  found  to  be  due 
partly  to  the  fact  that  the  old  mud  in- 
crustation on  the  tubes  is  being  worn 
off,  but  far  more  is  it  due  to  the  use  of 
the  modern  steel  tube.  The  old  char- 
coal iron  tubes  are  not  now  used  and 
steel  tubes  are  not  homogeneous.    There 


are  places  in  them  where  particles  of 
various  substances  are  found,  and  water 
acts  on  these  places,  causing  electrolysis 
and  decomposition  in  those  spots.  Any 
water  would  do  this." 

Without  going  into  the  relative  merits 
of  wrought  iron  and  steel  tubing,  one 
fact  which  may  apply  to  boiler  tubes  is 
that  conditions  today  are  much  more 
favorable  to  electrolysis  and  corrosion 
due  to  the  presence  of  stray  electric  cur- 
rents than  they  were  years  ago  when  the 
wrought-iron  tube  was  in  use,  and  this  is 
not  disputing  the  opinion  that  the 
wrought-iron  tube  rusts  less  than  the 
steel. 

Coming  now  to  the  practical  question 
of  how  to  make  the  boiler  tubes  actually 
supplied  last  as  long  as  possible,  I 
believe  that  with  the  softened  water  sup- 
plied in  Nashville  the  boiler  tubes  could 
be  given  some  protecting  coating  as 
cement  or  graphite.  I  am  not  a  steam- 
boiler  expert  and  my  only  reason  for 
this  opinion  is  obtained  from  the  new 
book  of  Spalckhaver  and  Schneider  on 
the  steam  boiler  ("Die  Dampfkessel") 
in  which  it  is  said  that  a  large  number 
of  boiler  paints  are  being  brought  into 
the  market,  and  nearly  all  of  them  are 
advertised  as  a  universal  means  of  pro- 
tection regardless  of  the  character  of 
the  boiler  feed  water  and,  besides  pre- 
venting the  corrosion,  are  supposed  to 
overcome  the  formation  of  boiler  scale 
and  consequently  to  add  materially  to 
the  saving  in  fuel. 

It  is  pointed  out,  however,  that  even 
when  the  paint  actually  has  one  or  the 
other  effect,  still  its  use  is  not  to  be 
advised  in  most  cases  since  a  coat  of 
paint  can  never  be  maintained  over  the 
entire  surface  without  interruptions.  At 
any  interruption,  however,  the  destruc- 
tion of  the  boiler  plate  would  proceed 
as  before.  The  coat  of  paint  would 
easily  be  injured,  especially  if  during  the 
operation  pieces  of  the  boiler  scale  spring 
off,  since  the  paint  usually  sticks  to  the 
scale  and  not  to  the  metal.  By  pure  feed 
water  the  inner  coating  of  paint  would 
remain  longer  unharmed  and  prevent  the 
corrosion  if  the  rust-preventing  paint 
was  spread  on  after  the  metal  has  been 
cleaned  by  sand  blast.  The  preliminary 
cleaning  of  the  wall  is  of  especial  im- 
portance since  otherwise  the  corrosion 
would"  proceed  underneath  the  coat  of 
paint  and  by  the  increase  in  volume  rela- 
tive to  the  original  condition  occasioned 


thereby,  the  protecting  coat  would  be 
lifted  off,  permitting  the  further  en- 
trance of  the  corroding  agents. 

Since  the  paints  Used  are  easily  vola- 
tile and  ignitable,  their  application  on 
warm  heating  surface  is  not  permissible 
for,  under  some  circumstances,  as  by  the 
use  of  open  lamps,  explosion  of  the 
gases  formed  may  endanger  the  men 
engaged  in  painting.  Oily  and  fatty  sub- 
stances are  likewise  not  to  be  used  as 
paints  since  they  prevent  the  perfect 
contact  between  the  water  and  the  metal 
wall  and,  aided  by  the  subsequent  for- 
mation of  boiler  scale,  can  occasion  the 
overheating  of  the  metal  wall  or  even 
buckling    of    the    plates. 

Cement  has  in  many  cases  proved 
good  as  a  paint  for  the  inside;  likewise 
graphite,  if  it  is  applied  to  the  previously 
well-cleaned  boiler  plate  and  carefully 
rubbed  on. 

L.  B.  Taylor. 

Toronto,  Ont. 


A  Clutch  That  More  Than 
Paid  for  Itself 

Several  years  ago  I  was  first  assistant 
engineer  in  a  textile  plant  having  a  pair 
of  22  and  40  by  72-inch  tandem-com- 
pound Corliss  engines  turning  53  revolu- 
tions per  minute  with  a  direct-connected 
air  pump  and  condenser.  This  outfit 
was  known  as  unit  No.  2.  TTiere  was 
also  an  18  and  36  by  48-inch  single 
tandem  compound  Corliss  engine  turning 
91  revolutions  per  minute  with  an  in- 
dependent air  pump  and  condenser.  This 
engine  was  unit  No.  3.  These  units  were 
side    by    side. 

One  day  while  everything  apparently 
was  running  all  right,  one  of  the  valve 
studs  in  the  water  end  of  the  No.  3 
air  pump  came  out  and  the  action  of  the 
water  worked  the  stud  into  such  a  posi- 
tion that  it  caught  lengthwise  between 
the  front  cylinder  head  and  the  oncom- 
ing piston.  The  consequence  was  a 
break  in  the  piston  rod  right  next  to  the 
water  piston.  As  unit  No.  3  was  operat- 
ing at  about  40  per  cent,  overload,  it  was 
out  of  the  question  to  run  it  noncon- 
densing  and  expect  to  carry  all  the  load. 

Inside  the  mill  there  was  a  friction 
clutch  to  couple  the  countershafts  of  the 
two  units  together  in  just  such  an 
em.ergency  as  this. 

The  clutch  was  thrown  in  and  a  wooden 
block  was  made  to  hold  the  governor  of 
No.  3  in  its  highest  position.     Thus  this 
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engine  carried  a  maximum  constant  load 
and  the  No.  2  unit  took  care  of  tlie  bal- 
ance of  the  entire  load  and  whatever 
slight   variations   occurred. 

Although  the  clutch  had  never  been 
used  before,  the  saving  that  it  effected 
by  preventing  a  shutdown  in  this  single 
instance  amounted  to  many  times  the 
cost  of  its   installation. 

A.   Lamarine. 

New  Bedford,   Mass. 


Homemade    A^uxiliary  Heater 

In  the  plant  where  I  am  employed,  there 
are  two  compound  pumping  engines  of 
about  5,000,000  gallons  combined  capa- 
city, four  double  return-tubular  boilers, 
two  air  pumps  and  two  duplex  feed 
pumps,  also  two  small  flywheel  air  com- 
pressors. In  fact,  the  equipment  is  sup- 
posedly in  duplicate,  but  whoever  de- 
signed it  fell  short  on  one  of  the  most 
essential  features,  in  that  only  one 
heater  was  provided  for  the  entire  plant, 
with  not  even  an  injector  to  be  used  as 
an  auxiliary  to  tide  over  periods  when 
the  heater  was  being  cleaned. 

A  short  time  ago,  however,  the  man 
who  had  put  the  ban  on  any  alterations 
or  additions  to  the  heater  was  relieved 


"All  right,  go  ahead,"  said  the  super- 
intendent. 

The  result  is  shown  in  the  accompany- 
ing sketch. 

The  original  vertical  open  heater  is 
represented  at  A  and  at  B  is  shown  the 
new  one,  which  was  made  of  a  piece  of 
30-inch  cast-iron  pipe.  The  ends  were 
chipped  smooth  enough  to  take  a  gasket 
and  then  the  four  plates  p,  p',  p"  and  p'" 
were  procured  from  a  local  boiler  shop. 
The  plate  p  was  drilled  full  of  '/.-inch 
holes  spaced  about  /  inch  apart;  p'  and 
p"  were  drilled  as  shown  at  Z,  with  the 
holes  in  p'  at  the  bottom  and  those  in  p" 
at  the  top  (these  were  drilled  together 
in  one  operation).  The  rod  R  was  run 
through  the  center  of  the  three  perforated 
plates,  the  nuts  and  keys  holding  the 
plates  firmly  in  place. 

Keys  were  used  on  the  inside  because 
threaded  bolts  soon  corrode  and  also  be- 
cause it  is  impossible  to  turn  a  nut  on 
them  for  any  great  distance,  unless  both 
the  rod  and  the  nut  are  of  brass  or  cop- 
per. 

In  the  space  /  was  placed  the  gal- 
vanized-wire  screen  cover  O;  the  space 
d  was  filled  with  excelsior  and  the  space 


Section  through   Heater 


of  authority  and  after  the  new  superin- 
tendent had  been  on  the  job  a  short  time, 
I  was  much  surprised  one  day  when  he 
asked  me  if  there  was  any  auxiliary  feed- 
water  heater.  I  told  him  that  there  was 
none  and  that  we  did  not  even  have  an 
injector  to  use  while  washing  out  tha 
heater. 

"What  provision  do  you  think  advis- 
able?" said  he. 

"It  will  be  necessary  to  do  something 
at  once,"  I  replied,  "for  on  examining 
the  heater  yesterday  I  found  that  all 
the  piping  inside  of  it  was  so  badly 
pitted  that  the  heater  cannot  perform  its 
most  essential  duty,  the  filtration  of  the 
feed  water."  I  suggested  that  an  auxiliary 
heater  be  built  and  placed  near  the  pres- 
ent one. 


e  with  coke.  There  were  no  means  at 
hand  for  making  a  baffle-plate  oil  sep- 
arator; hence  a  piece  of  8-inch  wrought- 
iron  pipe  was  attached,  as  shown  at  T, 
and  filled  with  coke.  This  served  to  ex- 
tract the  oil,  and  by  renewing  the  coke 
at  each  cleaning  it  gave  very  good  re- 
sults. 

To  remove  the  oil  extractor  it  was  nec- 
essary only  to  disconnect  the  flanges  at 
V  and  c,  and  the  coke  could  be  removed 
or  replaced  by  removing  the  plugs  at 
either  end  of  the  pipe.  The  method  of 
removing  the  front  head  and  the  perfo- 
rated plates  is  obvious  from  the  sketch. 
The  plate  p"  is  not  removed  unless  for 
renewal.  After  the  plates  p  and  p'  and 
the  coke  a-nd  excelsior  have  been  re- 
moved, the  hose  is  brought  to  play  on 


the  two  filtering  chambers,  and  then  the 
filtering  materials  are  renewed. 

The  two  brackets  which  support  the 
heater  are  shown  'n  a  side  elevation  at 
X.  They  are  made  of  JgxS'j-inch  strap 
iron,  with  two  1-inch  bolts  extending 
through  a  12-inch  retaining  wall. 

The  method  of  operating  the  heater  is 
as  follows:  The  water  from  the  air  pumps 
is  forced  through  the  line  containing  the 
cross  C  and  is  prevented  from  entering 
the  vertical  heater  by  the  gate  valve  D. 
The  exhaust  from  the  auxiliaries  is  forced 
into  the  heater  through  the  line  cdntain- 
ing  the  valve  C  and  is  prevented  from 
entering  the  vertical  heater  by  the  valve 
F.  The  line  containing  the  valve  E  is 
the  steam-jacket  drain  line  from  the  two 
engines,  and  is  cut  off  from  the  vertical 
heater  by  the  valve  E.  The  line  with 
valve  H  leading  to  the  cross  at  C  is  the 
reserve  supply,  or  cold-water  line  lead- 
ing from  the  street  mains,  and  the  amount 
of  water  required  is  controlled  by  the 
valve  at  M.  The  valve  /  is  in  the  line 
that  supplies  the  water  by  gravity  to  the 
feed  pump,  and  this  is  prevented  from 
entering  the  vertical  heater  by  the  valve 
L.  The  valve  at  K  is  simply  a  drain  to 
let  the  water  out  of  the  horizontal  heater, 
and  with  the  valve  /  closed  and  valve  K 
open,  all  the  mud  and  oil  will  find  a  way 
to  the  sewer  without  first  dirtying  the 
engine-room  floor  around  the  heater. 

This  heater  has  been  working  all  right 
for  three  months,  and  the  old  heater  is 
repaired  and  in  good  working  order,  but 
I  do  not  use  it  simply  because  I  believe 
in  letting  a  good  thing  do  the  work  while 
it  will. 

C.   W.    DUNLAP. 

Depew,  N.  Y. 


Sight  Seeing  in  a  City  Factory 

While  on  a  visit  to  a  certain  large 
city,  I  was  introduced  to  the  superintend- 
ent of  one  of  the  factories  there.  He  ex- 
tended to  me  a  cordial  invitation  to  in- 
spect his  plant,  which  I  gratefully  ac- 
cepted. 

First,  there  was  the  office  with  large 
plate-glass  windows,  giving  plenty  of 
light,  large  clothes  lockers  for  all  of  the 
office  help,  a  large  toilet  room  with  white 
enameled  wash  basins,  and  combs, 
brushes,  towels,  soap,  etc.,  all  furnished 
by  the  company.  There  were  two  large 
fans  for  clearing  the  room  of  foul  air. 
In  short,  everything  possible  was  done 
to  make  the  office  force  comfortable. 
The  office  employees  worked  only  eight 
hours  a   day   and   received   good   wages. 

We  next  went  to  the  top  floor  where 
the  articles  of  manufacture  were  given 
the  finishing  touches  by  the  painters  and 
packed  for  "shipment.  Here  I  found  things 
a  little  different  from  the  ofifice,  though 
very  comfortable.  There  were  eight 
painters  and  ten  helpers  or  handymen, 
the  painters  receiving  from  $3  to  $4  per 
day  of  eight  hours,  and  the  helpers  from 
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$1.25  to  $2.  The  paint  shop  and  pack- 
ing room  had  large  windows  on  all  sides, 
furnishing  plenty  of  light  and  air.  Each 
man  had  a  small  closet,  just  large  enough 
for  his  coat  and  hat.  There  were  three 
cast-iron  wash  sinks  in  the  paint  shop, 
each  man  furnishing  his  own  soap  and 
towel. 

On  the  next  floor  was  the  carpenter 
and  pattern  shop.  The  carpenters  were 
paid  from  $2.25  to  $3.50  per  day  for 
nine  hours;  the  pattern  makers  from  $3 
up  to  $5.50  for  eight  hours.  Although 
their  room  had  several  large  windows, 
the  light  and  ventilation  could  have  been 
improved  at  a  small  cost.  On  one  side 
of  the  carpenter  shop  they  had  to  use 
electric  light  on  cloudy  days.  There  was 
a  large  blank  wall  in  which  a  window 
could  have  been  cut,  but  the  company 
would  not  go  to  the  small  e.xpense.  The 
foremen  of  the  carpenter  and  the  pattern 
shop  each  had  a  large  clothes  closet 
which  they  had  built  themselves  from 
packing  cases.  The  journeymen  had  no 
place  to  put  their  clothes  except  in 
their  tool  boxes  and  on  nails  driven 
in  the  wall.  There  were  two  sinks  in^ 
the  carpenter  shop. 

Next,  we  visited  the  machine  shop,  on 
the  main  floor.  There  I  found  men  of 
half  a  dozen  nationalities  working  10 
hours  per  day  at  wages  ranging  from 
$1.25  to  $2.50  per  day.  The  clothes 
lockers  were  a  little  larger  than  a  bird 
cage.  The  men  had  to  use  pails  (which 
they  furnished  themselves)  to  wash  up, 
heating  the  water  with  a  steam  hose. 

We  then  visited  the  foundry,  where  I 
found  about  the  same  class  of  men  as 
in  the  machine  shop.  The  wages  were 
from  $1.75  to  $3.50  for  nine  hours.  Their 
clothes  were  kept  in  a  shed  outside  the 
foundry,  and  there  was  one  dilapidated- 
looking  sink  in  which  to  wash. 

The  superintendent  then  wanted  to  go 
back  to  the  office,  but  I  asked  to  see  the 
engine  and  fire  room.  He  said  that  it 
would  be  too  hot  for  him,  but  I  might 
go  down  if  I  thought  I  could  stand  the 
heat. 

The  engine  room  was  about  18  or  20 
feet  below  the  level  of  the  street.  The 
thermometer  stood  at  about  125  degrees, 
and  not  a  window  in  the  room;  a  small 
air  shaft  off  at  one  end,  with  a  fan 
belted  from  the  engine,  was  the  only 
means  of  ventilation.  The  fan  was  made 
and   installed  by  the  engineer. 

Two  Corliss  engines  direct-connected 
to  generators  furnished  the  power  and 
the  light  for  the  factory,  and  there  were 
two  fire-tube  boilers  placed  back  under 
the  sidewalk,  with  a  grating  for  light  and 
ventilation.  The  engineer  had  no  place 
to  hang  his  clothes,  or  to  put  packing, 
tools  or  anything  else,  and  he  had  to  use 
a  pail  to  wash  up.  The  floor  was  of 
rough,  cheap  cement  made  from  one 
shovel  of  cement  to  seven  of  ashes,  the 
top  dressing  being  placed  for  two  or 
three    feet    around    each    engine.      The 


floor  was  put  down  by  the  engineer,  who 
did  the  best  he  could  with  the  ma- 
terials at  hand.  He  worked  12  to  13 
hours  a  day,  six  days  per  week,  and 
made  his  repairs,  cleaned  the  boilers, 
etc.,  on  Sunday.  His  wages  were  20 
cents  per  hour!  There  is  quite  a  differ- 
ence from  the  office  to  the  engine  room ! 

Is  it  just  that  an  engineer,  with  so 
many  lines  depending  on  him,  should 
be  so  poorly  paid  and  so  neglected  even 
in  the  matter  of  necessities,  let  alone 
conveniences? 

W.  V.  Ford. 

Norwich,  Conn. 


lating  the  valves  1  and  2.  When  both 
valves  were  open  all  of  the  discharge 
went  into  the  main,  since  the  pressure 
there   was  less  than  that  of  the   boiler, 


Engine  Needs  Compression 

Not  more  than  1000  miles  from  Boston 
is  a  paper  mill  containing  two  engines, 
one  a  double  and  the  other  a  single  ma- 
chine, both  running  high  pressure.  The 
old  chief  engineer  of  this  establishment 
boasts  that  he  is  running  those  units 
without  compression,  therefore  making  a 
great  saving. 

These  engines  are  of  well  known 
makes,  with  piston  rods  held  in  a  taper 
fit  in  the  crossheads  by  two  keys.  About 
every  two  months  the  chief  and  the 
plant  machinist,  the  latter  receiving  $6 
for  his  day's  work,  put  in  one  entire 
Sunday  drilling  and  chipping  out  the  key- 
ways  in  the  crossheads  to  allow  for 
wider  keys  being  inserted  as  the  rods 
have  pounded  themselves  loose  in  their 
sockets  and  the  keys  have  been  driven 
up  to  their  heads.  It  is  only  a  question 
of  time  when  the  slots  will  be  so  long 
that  new  crossheads  will  have  to  be 
ordered.  In  the  shop  there  is  a  large  pile 
of  keys  that  have  grown  too  small  for 
the  job. 

To  my  way  of  thinking,  if  the  chief 
would  give  the  engines  a  little  compres- 
sion, the  company  would  be  the  gainer 
in  the  long  run. 

Edward  E.  Moore. 

Atlantic,  Mass. 


Feed  Pipe  Arrangement 

In  a  plant  which  consisted  of  a  hori- 
zontal tubular  boiler,  a  large  duplex 
pump  which  discharged  into  a  main  lead- 
ing to  a  standpipe,  and  an  8x6x6-in. 
duplex  boiler-feed  ?ump,  the  capacity  of 
the  feed  pump  was  far  greater  than  the 
evaporation  of  the  boiler,  and  it  was  op- 
erated for  but  a  few  strokes  and  then 
shut  down  till  the  water  level  fell  in  the 
boiler. 

This  imposed  an  undue  strain  upon  the 
boiler  as  well  as  the  fireman,  who  had  to 
force  his  fires  previous  to  starting  the 
feed  pump,  in  order  to  prevent  the  fall- 
ing of  the  steam  pressure. 

I  overcame  the  difficulty  by  connect- 
ing the  feed  line  to  the  main,  as  shown. 
By  means  of  this  arrangement  the  feed 
pump  was  run  continuously,  and  the  feed 
to  the   boiler  was   regulated   by  man-pu- 


Plan    of    Piping 

but    by    throttling    with    valve   2   the   de- 
sired feed  to  the  boiler  could  be  obtained. 
R.  S.  Martin. 
Fort    Worth,    Texas. 


On  Keeping  Record  of  Plant 
Performances 

I  should  be  glad  to  get  the  ideas  of 
other  Power  readers  on  a  systematic 
means  for  running  various-sized  instal- 
lations. 

It  seems  to  me  that  the  ideal  way  to 
run  a  plant  is  to  be  able  at  all  times  to 
determine  just  what  each  piece  of  ap- 
paratus is  doing,  and  to  do  this  I  think 
that  from  time  to  time  each  piece  ought 
to  be  calibrated  according  to  a  certain 
fixed  standard,  preferably  based  on  what 
the  apparatus  did  when  new.  Of  course, 
a  certain  percentage  of  loss  will  have 
to  be  allowed  for  leakage,  wear,  etc. 

In  figuring  the  cost  of  light,  heat,  venti- 
lation, etc.,  there  is  always  the  possibility 
of  placing  charges  against  these  items 
which  in  reality  belong  somewhere  else. 
To  offset  this  I  suggest  a  system 
whereby  each  engine,  pump,  etc.,  be  first 
numbered,  then  rigged  up  for  a  test  un- 
der actual  working  conditions  and  a  care- 
ful note  made  of  the  data  thus  gained. 

In  these  times  of  keen  competition  I 
think  that  engineers  should  take  a  greater 
interest,  in  their  work  than  ever  before, 
because  as  business  competition  grows 
keener  so  does  competition  in  the  engi- 
neering line  by  reason  of  greater  facili- 
ties for  learning.  The  uptodate  engineer 
should  be  uptodate  in  reality  when  it 
comes  to  answering  questions  regarding 
each  piece  of  apparatus  under  his  care 
if  it  is  at  all  possible  to  do  so. 

H.    H.    BURLEY. 

Brooklyn,   N.  Y. 
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Questions  Before  the  House 

Comment,  criticism,  suggestions  and  debate  upon  various  articles, 
letters  and  editorials   which  have  appeared  in  previous  issues 


Engine  Runs  with  Steam 
Valves  Closed 

I  have  been  much  interested  in  the 
ntributions  under  this  head  as  I  have 
arge  of  a  Corliss  engine  which  will 
n  when  the  steam  valves  are  closed, 
le  accompanying  diagram  was  taken 
lile  the  engine  was  running  under  these 
nditions  at  a  speed  of  10  r.p.m.  The 
igine  has  tvifo  eccentrics  and  it  ex- 
usts  into  a  heating  system  against  a 
,ck  pressure  of  15  lb.  The  diameter 
the  cylinder  is  24  in.  and  the  stroke 
42  in. 

I  removed  both  admission  valves  and 
und  that  the  head-end  one  was  true 
id  bright  the  full  distance  across,  show- 
g  that  it  fits  well,  but  the  crank-end 
live  was  bright  only  at  the  ends,  show- 
g  that  across  the  width  of  the  ports  it 
as  off  the  seat. 


ends  were  cut  off  from  the  screws, 
first-class  job  was  thus  obtained. 

John  A.  Cook. 
Birmingham,  Ala. 


Expert  Advice 

The  editorial  on  page  788  in  the  Nov. 
21  issue  gives  good  advice  when  it  says: 
"Advice  which  is  valuable  is  worth  pay- 
ing for,"  but  it  should  have  gone  a  bit 
further  and  added,  "but  be  sure  that 
the  advice  is  valuable  before  you  engage 
it." 

Usually,  the  engineer  is  capable  of 
taking  care  of  his  plant  in  installing  and 
operating  new  machinery,  but  sometimes 
a  condition  will   arise   in   which   he   has 
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Diagrams  from  Engine  with  One  Leaky  Steam  Valve 


When  the  engine  runs  with  the  admis- 
on  valve  closed  it  slows  up  as  it  ap- 
■oaches  the  crank  end  of  the  stroke 
id  then  speeds  up  on  the  return.  From 
is  it  is  easy  to  tell  at  which  end  the 
ak   is  located. 

George  Taylor. 
Millinocket,  Maine. 


Wrought  Iron  Tap 

The  letter  in  Power  for  Nov.  21  about 

1   emergency   reamer   attracted   my   at- 

ntion  and  called  to  mind  a  job  of  the 

lys  before  machine  steel  became  com- 

on. 

An   old   wood-planer  was  being   over- 


Wrought-iron    Screw    with    Fluted 
End 

luled.  The  elevating  screws  were  worn 
jt  and  the  threads  in  the  crossrail  were 
Tipped.  New  screws  were  made  of 
rought  iron  a  little  longer  than  the  old 
les,  and  the  ends  were  fluted  like  a 
p  and  case-hardened. 
The  holes  in  the  crossrail,  which  was 
r  capst  iron,  ware  then  tapped  out  with 
lese   screws,   and   afterward   the   fluted 


had  little  or  no  experience;  in  this  case 
the  calling  in  of  a  consulting  engineer 
(or  expert  advice)  is  a  good  investment, 
but  care  should  be  taken  to  get  a  man 
of  good  reputation  and  inquire  into  his 
previous  work  before  engaging  his  ser- 
vices. The  advice  of  a  makeshift  is  dear 
at  any  price  and  if  a  machine  is  installed 
which  is  not  suited  to  the  duty  it  is  to 
perform,  it  is  a  constant  source  of  trouble 
and  annoyance  to  the  operating  engineer. 

I  have  had  this  experience  and  it  still 
is  a  source  of  daily  trouble. 

We  were  contemplating  the  installing 
of  an  internal-combustion  engine,  gen- 
erator and  auxiliaries,  and  as  our  experi- 
ence with  this  type  was  very  limited, 
the  firm  engaged  the  services  of  a  con- 
sulting engineer  who  came  recommended 
as  "the  best  in  the  state."  After  giving 
him  all  the  data  we  could  as  to  the  duty 
the  engine  had  to  perform,  etc.,  he  left. 
In  due  time  the  specifications  arrived 
and  we  advertised  for  bids.  Plenty  of 
engine  builders  wrote  in  for  a  copy  of 
the  specifications,  but  when  the  time 
came  for  letting  the  contract  a  very  few 
builders  were  represented.  They  said 
that  the  specifications  were  so  that  but 
one  company  could  build  an  engine  to 
come  up  to  the  queer  requirements. 
After  some  discussion  the  date  for  let- 
ting the  contract  was  set  a  month  later 


and  new  specifications  were  made  out, 
with  a  slight  change  over  the  old  ones, 
but  still  favoring  this  one  firm  of  build- 
ers. We  also  gave  a  very  flattering  his- 
tory of  our  plant,  the  town  and  its  popu- 
lation. 

When  the  contract  was  finally  let  this 
favored  firm's  bid  was  accepted,  as  the 
consulting  engineer  claimed  it  was  the 
only  engine  which  was  fit  for  our  service, 
although  other  bids  gave  a  lower  fuel 
consumption  and  a  better  operating 
guarantee. 

The  specifications  stated  that  the  en- 
gine should  be  in  operation  in  90  days 
after  signing  the  contract;  that  if  the 
contractor  did  not  have  the  engine  in- 
stalled and  operating  in  the  specified 
time,  he  would  have  to  pay  $10  per  day 
for  every  succeeding  day  the  engine  was 
not  operating. 

It  was  just  five  months  later  when 
the  engine  was  finally  started  and  the 
acceptance  run  was  made.  The  fuel  con- 
sumption was  higher  than  the  specifica- 
tions called  for,  but  the  consulting  en- 
gineer said  that  the  fuel  consumption 
called  for  in  the  specifications  was  too 
low  and  that  the  engine  was  doing  well, 
better  than  he  had  expected.  When  asked 
about  that  SIO  per  day  damages,  the 
builders'  representative  pointed  out  that 
as  there  was  to  be  no  premium  if  they 
were  ahead  of  the  specified  time,  we 
could  not  hold  them  to  this  forfeit. 

After  this  engine  had  been  in  service 
six  months  it  proved  to  be  too  light  for 
our  service.  It  was  under  a  constant 
strain  all  the  time,  the  crankpin  and 
crosshead-pin  brasses  wore  far  too  fast 
and  were  subject  to  heating  because  of 
insufficient  bearing  surface;  they  needed 
keying  up  every  day;  the  governor  was 
unsatisfactory;  in  fact,  the  engine  was 
not  built  for  our  service. 

Later  on,  when  I  showed  a  copy  of  the 
specifications  to  a  consulting  engineer  of 
high  standing,  he  said  they  were  so 
drawn  up  and  worded  that  a  coach  and 
four  could   be   driven   through  them. 

About  a  year  later  we  bought  and  in- 
stalled another  engine  and  generator, 
and  with  our  previous  experience  we 
knew  just  what  we  wanted.  Our  super- 
intendent took  charge  of  this  work  and 
we  got  much  better  satisfaction  than 
the  time  before. 

This  is  no  reflection  on  the  consulting 
engineer  in  general,  for  we  are  at  pres- 
ent employing  one  to  install  a  water- 
filtering  system,  but  before  engaging  his 
services  we  made  careful  inquiry  as  to 
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his  ability  for  thiis  tcind  of  work  and  we 
wrote  to  the  operating  engineers  of  sev- 
eral plants  where  he  had  installed  this 
type  of  filtering  system,  asking  them 
what  satisfaction  his  work  and  advice 
gave,  and  it  looks  as  if  we  will  get  our 
money's   worth    this   time. 

M.  W.  Utz. 
Minster,  Ohio. 


Burning  Fuel  Oil 

I  noticed  in  a  recent  number  that  D.  A. 
Steiner  wished  some  information  regard- 
ing a  suitable  design  of  furnace  for 
burning   fuel   oil. 

I  have  found  the  design  shown  in  the 
accompanying  figure  to  be  quite  satis- 
factory. Cover  the  entire  grate  surface 
with  firebrick  except  for  a  space  of  8  to 
12  in.  at  the  front,  which  should  be  left 
bare  to  admit  air  from  the  ashpit.     Cut 


of  the  vibration  period  would  not  show 
too  high  a  frequency  for  the  case  in 
question. 

The  vibration  period  of  the  indicator 
spring,  either  free  or  loaded,  is  entirely 
too  low  for  consideration.  However,  it 
is  nearer  the  truth  to  say  that  both  have 
their  influence  upon  each  other,  and  that 
all  the  reciprocating  parts  exert  a  modi- 
fying effect  upon  the  wave  form.  Mr. 
Moyer's  diagrams  of  Nov.  28  show  this 
very  clearly. 

In  reply  to  Charles  F.  Prescott's 
criticism  of  Dec.  5  on  the  grounds  of 
economy;  the  writer  offers  the  accom- 
panying diagrams.  These  were  taken  from 
a  19,ijx21-in.  four-valve  engine  in  the 
shops  of  the  Chicago  &  Northwestern 
Ry.  at  Lake  Shore  Junction,  Wis.  This 
engine  is  running  at  200  r.p.m.  under 
110  lb.  steam  pressure.  During  a  re- 
cent test  of  this  engine  by  the  writer  and 
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Arrangement  of  Burner  and  Furnacf. 


down  the  bridge-wall  to  the  grate  level 
and  fill  up  the  back  combustion  cham- 
ber as  shown;  have  the  filling  take  a 
slight  slope  up  toward  the  rear.  Pro- 
tect the  blowoff  pipe  well  from  the 
fiame.  Regulate  the  damper  and  ashpit 
doors  according  to  requirements  of  load, 
etc. 

John  Weil. 
Escondido,  Calif. 


Vibrations  of  the  Indicator 
Pencil 

Amos  F.  Moyer,  in  the  Nov.  28  issue, 
while  criticizing  the  writer's  article  un- 
der the  above  heading  published  on  Oct. 
31,  attributes  the  undulations  in  the  in- 
dicator diagram  to  the  vibration  of  the 
spring  rather  than  of  the  pencil  arm.  Mr. 
Moyer  holds  that  the  natural  vibrations 
of  the  arm  are  too  high. 

In  reply,  the  writer  wishes  to  call  at- 
tention to  the  fact  that  it  requires  two 
"beats"  or  oscillations  to  form  a  graphical 
wave,  and,  further,  that  the  pencil  arm 
is  comparatively  heavily  loaded  and  sup- 
ported in  a  complicated  manner  as  well 
as  loaded,  and  that  a  complete  calculation 


two   engineers   of  the   railroad,   the   fol- 
lowing results  were  obtained: 

Load  in  percentage  Pounds  of  steam 

of  rated  load  per  i.hp. -hour 

32. a  27.9 

4S.S  27.3 

77.2  25.7 

101.0  24. ,5 

134.0  25.fi 

The  Steam  used  by  the  engine  was 
passed  through  a  surface  condenser  and 
weighed.  The  steam  was  also  measured 
by  a  Gebhardt  steam  meter  which  gave 
a  very  satisfactory  check  on  the  weighed 
condensate.  The  economy  speaks  for 
itself,  and  it  is  good  in  spite  of  the 
jagged  expansion  line. 

The  writer  has  seen  diagrams  from 
English  high-speed  compound  engines, 
with  worse-appearing  expansion  lines 
than  the  one  in  question,  developing  an 
indicated  horsepower-hour  on  10.5  lb. 
of  steam. 

Mr.  Prescott  cites  an  experiment  he 
made  of  soldering  a  strip  of  tin  to  the 
pencil  arm,  and  because  this  did  not  re- 
move the  waves  he  claims  the  indicator 
is  not  responsible  for  them.  It  is  not 
to  be  expected  that  this  would  remove 
the  waves;  it  would,  however,  greatly 
alter  them,  as  he  may  see  by  carefully 
looking  over  the  diagrams  presented.  He 


holds  that  the  sinuous  expansion  line  is 
due  to  governor  action;  that  is,  unsuc- 
cessful attempts  of  it  to  close  the  valve. 
This  would  mean  that  the  friction  of  the 
valve  throws  the  weight  arms  through 
their  entire  range  every  quarter  revolu- 
tion, and  does  this  by  a  succession  of 
jerks,  always  steadying  and  returning  to 
the  exact  position  in  time  for  cutoff  No.  1. 
Now,  this  is  a  very  convenient  gov- 
ernor for  the  hypothesis  offered,  but  it 
would  never  control  an  engine.  The 
shaft  governor  is  powerful  and  no  valve- 
gear  can  stand  up  while  it  receives  such 
treatment.  Were  the  governor  blocked 
for  a  given  point  of  cutoff,  it  would  still 
show  the  same  characteristic  diagram.  If 
these  waves  do  actually  represent  an  in- 
termittent admission,  why  is  it  that  the 
terminal  pressure  is  as  normal  as  though 
no  reopening  had  occurred?  The  most 
vulnerable  point  of  Mr.  Prescott's  hy- 
pothesis, however,  is  its  narrow  applica- 
tion; for  numerous  steam  engines  with 
widely  differing  types  of  valves  and  gov- 


DlACRAMS     FROM     ENGINE     OPERATED     ON 

24.5  LB.  OF  Steam  per  hp.-hr. 

ernors,  and  various  internal-combustion 
engines  of  both  gas  and  oil,  show  similar 
waves  in  the  expansion  line. 

No  instrument  made  by  human  hands 
is  perfect.  They  all  have  but  a  limited 
field  and  their  peculiarities  and  short- 
comings within  that  field.  Every  dif- 
ferent make  of  indicator  has  its  own  in- 
dividuality and  characteristics  which  are 
also  changing  with  age  and  wear.  The 
engineer,  by  study  and  experience,  must 
learn  to  recognize  the  fundamental  facts 
from  the  hurried  record;  as  the  child, 
having  learned  the  ideal  letter  forms, 
must  learn  ■  further  to  recognize  these 
same  letters  and  words  in  the  hasty 
manuscript  of  its  elders. 

J.  W.  Taylor. 

Massillon,  Ohio. 


Central  Station  vs. 
Plant 


Isolated 


I  have  been  interested  in  the  discus- 
sion of  the  above  subject  in  Power  as 
I  have  had  some  experience  with  the 
central-station  solicitors. 

I  have  lost  one  position  to  them  and 
have  been  able  to  keep  one  contract 
from  them.  In  the  first  case  it  was  a 
brickyard  plant  running  only  in  the  sum- 
mer months  and  shut  down  on  rainy 
days.  As  the  owners  had  no  need  for 
steam  except  to  drive  the  engine,  I  could 
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not  put  up  much  of  an  argument  against 
the  central  station.  1  know,  however, 
that  since  changing  over  to  the  central- 
station  service,  as  far  as  expenses  are 
roncerned,  they  just  about  break  even 
with  the  cost  of  the  old  system. 

The  second  case  was  that  of  a  tenant 
on  one  of  the  floors  of  the  building  which 
my  present  plant  serves.  This  man 
thought  that  he  might  reduce  his  expenses 
by  buying  outside  current.  He  requires 
about  10  hp.  to  drive  some  shoe  ma- 
chinery. The  central-station  solicitor 
came  in  and  looked  over  his  machines 
and  said  that  if  they  were  all  running 
all  of  the  time  it  would  take  about  18 
hp.,  but  his  average  would  not  be  over 
10.  He  would  let  him  have  current  at 
3  cents  per  horsepower-hour  and 
guarantee  that  it  would  not  cost  more 
than  $30  per  month. 

As  near  as  I  could  figure  the  same 
proposition,  3  cents  per  horsepower  for 
a  10-hour  day  would  be  S3  per  day,  and 
with  26  working  days  in  a  month,  it 
would  be  $78  per  month. 

It  seems  to  be  the  same  way  every- 
where. I  have  talked  with  engineers  who 
know  more  about  the  business  than  I 
do,  and  all  of  them  say  that  they  cannot 
figure  with  the  central  station  and  un- 
derstand it. 

L.  W.  Chadwick. 

Bridgewater,  Mass. 


Using  the  Firm's  Stationery 

In  the  Nov.  28  issue,  Mr.  Utz  gives 
his  experience  in  using  the  firm's  sta- 
tionery. My  experience  has  been  that 
this  oftentimes  gives  the  letter  too  much 
of  an  air  of  responsibility.  Some  time 
ago,  while  reading  the  advertising  sec- 
tion of  Pcoi'ER,  I  decided  to  try  a  sample 
of  a  certain  well  advertised  grease  which 
prior  to  that  time  I  had  never  used;  at 
the  time  the  grease  in  use  was  not  giving 
entire  satisfaction.  So  I  used  the  firm's 
stationery  to  request  a  free  sample,  to- 
gether with  a  grease  cup,  and  stated  in 
the  letter  that  the  grease  was  to  be  sent 
to  my  private  address  and  not  to  the 
company's. 

In  about  a  week  the  supply  clerk  told 
me  that  he  had  just  received  a  package 
addressed  to  me  in  care  of  the  firm.  It 
proved  to  be  my  can  of  grease.  I  used 
it  and  found  it  to  be  just  what  I  was 
looking  for,  but,  although  I  recommended 
it  to  the  purchasing  agent,  I  could  not 
get  him  to  order  a  trial  barrel  at  that  time. 

A  few  days  later  I  received  a  letter 
from  the  grease  company,  inclosing  a 
stamped  envelope,  asking  for  the  results 
of  my  trial  sample.  I  wrote  them  that 
it  was  a  very  good  grade  of  grease  and 
thought  it  would  give  much  better  re- 
sults than  the  grease  I  was  then  using. 
This  I  considered  a  purely  private  affair 
as  I  had  sent  for  the  grease  and  tried  it 
to  satisfy  my  own  curiosity  as  to  its 
merits  in  my  plant. 


About  two  weeks  later  the  superin- 
tendent received  a  letter  from  the  grease 
company,  inclosing  a  copy  of  my  letter 
on  the  firm's  letter-head  and  signed  by 
myself,  recommending  the  grease,  and 
urged  them  to  buy  a  barrel.  The  super- 
intendent called  me  to  his  office  and 
asked  me  to  explain  myself.  I  told  him 
and  still  recommended  the  grease  as 
the  best  I  had  ever  used  for  that  plant 
and  urged  him  to  buy  a  barrel.  He 
thought  he  smelled  graft  from  the  grease 
company  and  called  it  an  underhanded 
way  to  get  the  grease  tried;  he  would 
not  order  it  on  any  conditions.  We  used 
about  three  barrels  a  year  and  conse- 
quently the  use  of  the  firm's  stationery 
lost  the  grease  company  a  good  customer. 

The  grease  would  have  been  used  if 
its  makers  had  not  employed  the  means 
they  did  to  get  the  attention  of  the  firm. 
Since  then  in  sending  for  samples  I  pur- 
posely leave  out  the  firm's  name  but  state 
that  if  the  sample  proves  satisfactory  to 
me  under  the  conditions  I  wish  to  use 
it  I  will  call  the  company's  attention  to 
it;  if  it  is  not  satisfactory  I  do  not  care 
to  have  them  bother  the  company  about 
it  and  bring  me  into  the  matter. 

Since  I  have  stopped  using  the  firm's 
stationery  when  sending  for  samples,] 
etc.,  I  have  had  no  trouble.  Of  course, 
when  prices,  etc.,  are  asked  and  it  is  the 
intention  of  the  company  to  purchase, 
then  the  firm's  stationery  is  used. 

J.  C.  Hawkins. 

Hyattsville,  Md. 


Engineer's  Reference  Book 

Reading  of  late  in  Power  of  the  meth- 
od of  compiling  one's  own  reference 
book,  I  must  say  that  I  also  passed 
through  the  over-enthusiastic  state  noted 
by  Mr.  Bailey  in  the  issue  of  Nov.  21. 

However,  I  do  not  regret  it  one  mo- 
ment, for  it  is  one  of  the  best  ways 
possible  to  impress  upon  a  beginner  the 
importance  of  delving  into  the  root  of 
whatever  the  subject  at  hand  may  be. 

In  the  first  place,  it  is  usually  some- 
thing along  his  line  of  work,  and  im- 
portant that  he  should  know  it,  for  it  is 
understood  such  a  reference  book  per- 
tains only  to  his  line  of  work,  thorough 
in  all  its  phases. 

Too  many  times  the  compilers  of  these 
home-made  reference  books  copy  only 
the  mechanical,  electrical,  hydraulic  and 
allied  topics,  forgetting  that  the  inser- 
tion of  business  methods  is  equally  im- 
portant. It  is  not  a  difficult  task  to  fig- 
ure how  to  work  overtime,  plus  Sun- 
days and  holidays,  but  to  eliminate  those 
extra  hours  as  much  as  possible  is  an 
important  factor. 

The  collecting  of  data  of  any  nature 
is  for  our  own  personal  betterment  and 
advancement;  therefore,  why  stop  at  the 
dynamical  side  of  the  subject?  While  a 
reference  book  does  not  mean  a  collec- 
tion of  these,  but  rather  abbreviated 
forms,  points  relating  to  social,  financial 


and  ethical  phases  of  it  should  not  be 
omitted.  If  one  inquires  regarding  any 
successful  man's  career  he  will  find  that 
he  has  not  neglected  the  observance  of 
any  one  of  the  above  points. 

My  practice  now  is  the  same  as  out- 
lined by  Mr.  Bailey — "Copy  all  of  some 
article  into  my  book,  but  not  unless  it 
is  of  great  importance  or  something  that 
cannot  be  found  in  the  handbook.  After 
all,  the  handbooks  contain  a  good  deal 
of  reliable  information  and  are  hard  to 
beat."  Power  has  of  late  been  treating 
of  the  low  wages  of  engineers,  especially 
in  proportion  to  their  hours,  and  in  par- 
ticular with  the  "higher-ups"  in  the  en- 
gine room.  The  reason  for  this  is  at  once 
made  manifest  in  this  brief  sentence; 
There  is  too  much  mechanical  and  nol 
enough  business  engineering. 

Many  engineers  simply  get  in  a  rut, 
though  they  are  apparently  unaware  of 
it.  In  New  York  City,  engineers  can 
be  had  for  from  SIS  to  $20  per  week, 
which  condition  is  pretty  general  all  over 
the  country,  and  it  includes  engineers  in 
fairly  good-sized  plants  and  smaller  but 
more  complicated   plants. 

A  cold-storage  engineer  who  held  a 
first-class  license  in  Illinois  told  me  that 
he  would  not  work  at  the  operating  end 
as  there  was  "nothing  in  it,"  and  that 
he  could  more  than  double  his  earnings 
in  laying  out  and  erecting  refrigerating 
equipment.  It  is  claimed  that  New  York 
City  alone  has  1000  engineers  following 
other  lines  of  work,  low  wages  plus  cen- 
tral-station inroads  being  responsible  for 
much  of  it. 

Had  many  of  these  engineers  studied 
other  branches  relating  to  their  work — 
though,  to  many  of  them,  at  the  time 
apparently  foreign  to  it — they  would  still 
be  following  their  natural  bent  in  life 
and  with  greater  success.  Those  who 
have  done  so  are  continuing  their  en- 
gineering work  and  receiving  a  salary  in 
keeping  with  their  responsibility. 

Samuel  Brouthers. 

Springfield,   Ohio. 


Emergency  Die  Stock 

Recently  I  saw  a  description  in  Power 
of  an  emergency  die  stock.  Here  is  one 
I  made  in  about  ten  minutes.  I  bored  a 
hole  in  the  center  of  a  2x4-in.  board, 
the  same  size  as  the  pipe  I  wanted  to 
thread.  Then,  I  nailed  some  blocks  on 
7H 


A  Quickly  Made  Die  Stock 

to  keep  the  die  from  turning.  When 
I  wanted  to  cut  a  smaller  pipe  I  nailed  a 
block  on  the  back  side  and  bored  a  hole 
in  it  the  same  size  as  the  pipe  I  was  to 
cut.  I  kept  the  pipe  from  turning  with 
a  pipe  wrench,  and  cut  the  best  thread 
I  ever  made. 

F.  W.   Bair. 
Hancock.   Mich. 
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Inquiries  of  General  Interest 

Questions  are  not  answered  unless  accompanied  by  the  name  and 
address  of  the  inquirer.     This  page  is  for  you  when  stuck — use  it 


Barometer  Readifig  and  Lift 
of  Pump 

On  a  mountain  where  the  atmospheric 
pressure  is  12  lb.  per  square  inch,  how 
high  would  the  mercury  stand  in  the 
barometer,  and  to  what  height  would  it 
be  possible  to  raise  water  by  a  suction 
pump? 

P.  P. 

The    relation    between    the    barometer 

reading  and  the  air  pressure  in  pounds 

per  square  inch  may  be  expressed  as 

atmospheric  pressure 

•  Barometer  reading  ;= 5 

■'  0.4908 

Applying  this  to  the  present   problem, 

Barometer  reading  ;^ s  ^ 

'       0.4908 

24.43  in.  of  mercury 
A   column    of   mercury    1    in.    high    will 
balance    a    column    of    water    1.133    ft. 
high.     Therefore   24.43   in.   of   mercury 
will  balance 

24.43  X  1.133  =:  27.7  ft.  of  water 
This  is  the  theoretical  height  to  which 
water  could  be  lifted  by  the  suction  pump 
if  the  valves  did  not  leak  and  there  was 
a  perfect  vacuum  in  the  suction  cham- 
ber. In  practice,  it  is  seldom  possible  to 
obtain  over  85  to  90  per  cent.;  there- 
fore, the  probable  lift  in  the  present  case 
would  be  from  23.5  to  25  ft. 


Gate  Valve  between  Relief  Valve 
a?id  Exhaust  Header 

The  atmospheric  exhaust  of  our  en- 
gines and  auxiliaries  is  piped  to  a 
common  header,  making  it  impossible 
to  inspect  or  repair  the  relief  valves 
without  shutting  down  the  plant.  Would 
it  be  safe  to  install  a  gate-valve  between 
the  relief  valves  and  the  exhaust  header? 
R.  S.  K. 

Putting  in  valves  as  suggested  is  not 
unsafe  if  proper  precautions  are  taken 
against  their  being  closed  by  some  care- 
less or  unauthorized  person.  This  can 
be  done  by  removing  the  handwheels 
and  locking  them  open. 


Boiler  Horsepower 

How  is  the  horsepower  computed  of 
a  5xl8-ft.  return-tubular  boiler  having 
forty-four  4-in.  tubes? 

F.  J.  R. 

The  heating  surface  of  a  horizontal  re- 
turn-tubular boiler  is  one-half  the  area 


of  the  shell,  the  area  of  all  the  tubes 
and  the  area  of  one  head  minus  twice 
the  area  of  one  end  of  all  the  tubes.  In 
this  case,  one-half  the  area  of  the  shell 


5  X  18  X  3.14^ 


141  J 


The    internal    area    of    forty-four    4-irL 
tubes   18  ft.  long  is 

11.75  X    216  X  44  _- 


144 


■=  775-5  -f?-/'- 


The  area  of  one  head  is 

5  X   5  X  0.7854  =   19.63  sq.ft. 
Twice   the   area   of  the  ends  of  all  the 
tubes  is 

12,56  X 


=  y.eSsq.jt- 
=    11.95  sq.ft. 


144 
19.63  —  7. 
Adding  these  together  gives  the  total 
heating  surface  of  the  boiler. 
141.3  +  777.5  -f  11.95  =  930.75  sq.ft. 
Allowing  10  sq.ft.  of  heating  surface  per 
boiler  horsepower,  the  horsepower  of  the 
boiler  will   be 


930.75 . 


93.07  hp. 


Horsepower  Constant 

What  is  the  rule  for  finding  the  horse- 
power constant  of  an  engine?  Give  an 
example. 

A.  A.  B. 

To  find  the  horsepower  of  an  engine 
from  a  number  of  diagrams  it  is  con- 
venient to  figure  the  horsepower  de- 
veloped per  pound  of  mean  effective 
pressure,  and  multiply  this  result,  which 
is  the  horsepower  constant,  by  the  mean 
effective  pressure  of  each  diagram  to 
find  the  horsepower  developed  from  that 
diagram.  This  can  be  done  by  consider- 
ing the  mean  effective  pressure  in  the 
formula  as  1  lb.  As  it  is  unity  it  may  be 
left  out. 

The  formula  is  as  follows: 

Multiply  the  area  of  the  cylinder  by 
the  stroke  in  feet  and  the  number  of 
strokes  per  minute;  divide  this  product  by 
33,000.  The  quotient  is  the  horsepower 
per  pound  of  mean  effective  pressure,  or 

ANS        ...      ,. 

=  hp.  per  lb.  m.e.p. 

33,000 

This  horsepower  constant  multiplied 
by  the  mean  effective  pressure  is  the 
horsepower  developed. 

Assume  an  engine  22x48  in.  running 


at  70  revolutions  per  minute.  The  mean 
effective  pressure  obtained  from  one  in- 
dicator diagram  averaged  37  lb.;  from 
another  diagram  the  average  pressure 
was  32  pounds. 

The  area  of  the  cylinder  is 

22  X  22  X  0.7854  =  380.13  sq.in. 
The  piston  speed  is 

2  X  48  in.  =  96  in.  =  8  ft. 
8  X  70  =  560  ft. 

33,000 
Multiply  the  average  unbalanced  pres- 
sure of  the  first  diagram  by  6.45. 
37  X  6.45  =  238.65  hp. 
From  the  pressure  obtained   from  the 
second     diagram     the     horsepower     de- 
veloped would  be 

32    V   6.45   =   206.4   hp. 


Pressure  on  the   Guides 

What  is  the  maximum  pressure  on  the 
guides  of  a  slide-valve  engine  when  the 
initial  pressure  is  90  lb.  per  square  inch? 
A.  F.  D. 

Multiply  the  area  of  the  piston  in 
square  inches  by  the  pressure  per  square 
inch  when  the  crank  is  at  right  angles 
with  the  guides.  The  product  will  be 
the  horizontal  push  on  the  crosshead  at 
this  point.  Divide  the  length  of  the  con- 
necting-rod by  the  length  of  the  crank, 
and  subtract  1  frcm  the  square  of  the 
quotient.  Divide  the  horizontal  thrust 
found  as  above  by  th;  square  root  of  the 
remainder.  The  quotie  't  will  be  the  maxi- 
mum thrust  at  right  a  igles  to  the  guides 
due  to  the  steam  pres;    re. 

Assume  an  engine  aving  a  cylinder 
diameter  of  12  in.,  a  str  ke  of  14  in.  and 
a  connecting-rod  35  in.  long.  Applying 
the  dimensions  to  the  rule  it  may  be  thus 
expressed: 

(12  X  12  X  0.7854)  X  90  =  10,179  lb. 
The  horizontal  push  on  the  crosshead  at 
this  point  is 


(7)--= 


the    maximum    thrust   at   right  angles  to 
the  guides  at  90  lb.  initial  pressure. 


The  largest  electrical  show  in  the  world 
will  be  held  in  Boston  in  September.  The 
Mechanics  building,  which  will  contain 
it,  seats  over  100,000  people  at  one 
time,  and  has  105,000  square  feet  of 
exhibit  space. 
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OBITUARY 

James  McBrier,  president  of  the  Ball 
Engine  Works,  and  a  prominent  business 
man,  died  at  his  home  in  Erie,  Penn.,  on 
Jan.  4,  at  the  age  of  78.  Mr.  McBrier  was 
born  in  Allegheny  and  received  his  early 
education  in  the  common  schools.  In 
1887,  in  company  with  several  other  busi- 
ness men,  Mr.  McBrier  organized  the 
Ball  Engine  Works,  of  which  he  was 
elected  president,  retaining  that  position 
until  his  death. 

Richard  Teller  Crane,  founder  and 
head  of  the  Crane  Co.,  died  at  his  Chi- 
cago home  on  Jan.  8. 

Mr.  Crane  was  born  in  Paterson,  N.  J., 
on  May  15,  1832.  The  family  being  too 
poor  to  give  the  children  much  of  an 
education,  Richard  started  to  work  when 
nine  years  of  age  and  after  six  years 
he  found  employment  in  John  Benson's 
brass  shop  in  Brooklyn  in  1847.  Four 
years  later  he  entered  the  machine  shop 
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chine  shop.  In  1886  the  elevator  part 
of  the  business  was  separately  incorpo- 
rated as  the  Crane  Elevator  Co.,  and 
with  a  view  to  concentrating  on  the  valve 
and  fitting  business  the  Crane  Elevator 
Co.    was   sold    in    1895. 

Mr.  Crane  always  took  a  lively  interest 
in  the  welfare  of  his  employees.  Prior 
to  the  establishment  of  a  pension  sys- 
tem by  the  Crane  Co.,  he  personally 
pensioned  employees  whom  sickness  or 
old  age  overtook  before  they  could  lay 
by  a  competence.  Through  the  Crane 
Co.  in  1900,  Mr.  Crane  gave  to  each  em- 
ployee 5  per  cent,  of  the  total  amount 
of  the  employee's  earnings  during  the 
previous  year  as  a  New  Year's  present. 
This  had  been  his  practice  each  year 
since,  except  that  for  the  last  eight  years 
the  amount  was  10  instead  of  5  per  cent. 

Mr.  Crane  took  an  active  interest  in 
social,  economic,  political  and  educa- 
tional affairs  and  was  prominently  identi- 
fied with  many  important  movements. 
He  was  a  student  of  and  writer  on  edu- 
cational problems.  In  all  of  his  writings 
he  placed  great  emphasis  upon  the  dis- 
tinction between  an  educational  system 
adapted  to  meet  the  wants  of  the  masses 
and  a  system  suitable  for  training  only 
a  favored  few.  He  laid  especial  stress 
upon  the  importance  and  practical  value 
of  manual  training  in  the  grade  schools. 
In  recognition  of  Mr.  Crane's  interest 
in  the  public-school  system  the  Chicago 
board  of  education  a  few  years  ago 
named  a  new  school  the  R.  T.  Crane 
Manual  Training  High  School. 
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will  extend  over  two  terms  of  11  weeks 
each.  Membership  in  some  branch  of  the 
Young  Men's  Christian  Association  is  a 
preliminary  requirement.  C.  A.  Fuller, 
heating  and  ventilating  engineer,  is  in- 
structor. 


SOCIETY  NOTES 

The  Minnesota  Electrical  Association 
will  hold  its  next  convention  in  Minne- 
apolis on  Mar.  20  to  22.  The  Northwest- 
ern electrical  show  will  be  in  progress 
at  the  same  time. 


Richard  T.  Crane 

of  the  Taylor  Printing-Press  Works,  and 
later  that  of  Hoe  &  Co.,  where  he  learned 
the  machinist's   trade. 

In  1855,  he  went  to  Chicago  and  after 
obtaining  advice  and  material  assistance 
from  his  uncle,  Martin  Ryerson,  he  built 
a  small  brass  shop  on  the  corner  of 
Lake  and  Market  Sts. 

Mr.  Crane's  policy  from  the  first  was 
to  put  his  earnings  back  into  the  busi- 
ness, and  he  had  sufficient  courage  to 
extend  the  business  as  rapidly  as  his 
means  permitted.  As  a  result,  the  busi- 
ness grew  rapidly  and  steadily. 

Some  of  the  special  lines  in  which  Mr. 
Crane  actively  engaged  were  the  manu- 
facture and  installation  of  elevator 
equipment,  piping,  valves,  fittings  and 
air-brakes.  Elevators  were  made  by  the 
Crane  Co.  as  early  as  1867,  and  this 
business  grew  so  rapidly  that  it  was 
soon  crowding  other  work  out  of  the  ma- 


Indicted  for  Neglect 

On  Jan.  2,  Francis  S.  Ward,  commis- 
sioner of  public  works,  at  Buffalo,  N.  Y., 
and  his  chief  assistant,  Henry  L.  Lyon, 
were  indicted  on  a  charge  of  manslaughter 
in  the  third  degree. 

It  is  charged  that  their  negligence  in 
the  preparation  of  plans  for  the  city's 
power-plant  building,  'which  collapsed 
last  June,  caused  the  death  of  eight 
workmen. 


The  twenty-fourth  annual  convention 
of  the  American  Boiler  Manufacturers 
Association,  together  with  its  associate 
members  and  the  Supplymen's  Associa- 
tion, will  be  held  in  New  Orleans,  La., 
Mar.  12  to  15,  at  which  time  some  very 
important  papers  will  be  presented  to  the 
association,  and  other  business  of  in- 
terest to  all  the  boiler  manufacturers  in 
the  United  States  and  Canada  and  supply  • 
houses  dealing  with  the  boiler  and  tank 
industry.  An  extensive  program  of  en- 
tertainment has  been  arranged,  and  a 
large  attendance  of  boiler  manufacturers 
and  supplymen  from  the  United  States 
and  Canada  is  expected.  Further  in- 
formation can  be  had  by  applying  to 
F.  B.  Slocum,  secretary,  Supplymen's 
Association,  of  the  American  Boiler  Man- 
ufacturers Association,  the  Continental 
Iron  Works,  Brooklyn.   N.   Y. 


Instruction  in   Heating  and 
Ventilation 

The  evening  school  of  the  Harlem 
Young  Men's  Christian  Association,  5 
West  One  Hundred  and  Twenty-fifth  St., 
New  York  City,  opened  an  evening  class 
in  heating  and  ventilating  on  Wednesday 
evening,  Jan.  10.  This  is  the  third  season 
for  this  course.  The  instruction  is  pro- 
vided especially  for  engineers,  drafts- 
men, mechanics  and  salesmen  of  heating 
appliances.  The  course  will  consist  of 
lectures,  demonstrations  of  systems  and 
appliances,  visits  to  institutions  for  in- 
specting the  operation  of  various  heat- 
ing and  ventilating  devices,  discussions 
and    answering    pertinent    questions. 

Classes  meet  on  Wednesday  evenings 
each  week,  from  7:45  to  9:45.  The  course 


PERSONAL 

George  J.  Henry,  Jr.,  until  recently 
chief  engineer  of  the  Pelton  Waterwhee! 
Co.,  San  Francisco,  Calif.,  has  resigned 
in  order  to  establish  his  own  office  in 
that  city  as  a  hydraulic  and  mechanical 
engineer  with  the  idea  of  engaging  in  the 
manufacture  of  tangential  waterwheels, 
turbines  and  power-plant  specialties. 

J.  H.  Ehlers,  of  Libby,  Mont.,  in  charge 
of  mining  and  water-power  development 
work  at  Yakt  Falls,  contemplates  the 
building  of  an  electric  railroad  in  the 
Yakt  Basin  and  the  use  of  modern  elec- 
tric logging  and  manufacturing  appli- 
ances in  utilizing  the  immense  stands  of 
timber  in  that  locality.  It  is  expected 
to  develop  3400  hp.  at  the  falls,  which 
will  also  be  used  in  the  operation  of  the 
mines  at  Sylvanite. 


BOOKS  RECEIVED 

Power-house  Design.  By  John  F.  C. 
Snell.  Longmans,  Green  &  Co.,  New 
York.  Cloth;  448  pages,  5K'x9  in.; 
181  illustrations;  plates;  tables. 
Price,  $6. 

Modern  American  Telephony.  By  Ar- 
thur B.  Smith.  Frederick  J.  Drake  & 
Co.,  Chicago,  111.  Leather;  790 
pages;    4x7    in.;    470    illustrations 
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IT  does  not  take  an  especially  educated  or  experienced 
man  to  operate  a  small  power  plant  so  long  as 
everything  goes  right.  He  may  not  operate  it 
intelligently,  and  there  is  no  question  but  that  he  will 
be  wasteful  of  coal  and  supplies  and  that  the  equip- 
nent,  no  matter  what  condition  it  happened  to  be  in 
when  he  assumed  his  duties,  will  suffer  from  his  care- 
lessness and  ignorance.  In  many  small  plants  and 
in  some  large  ones  the  operating  engineer  may  run 
things  to  suit  himself  so  long  as  he  is  lucky  enough 
to  avoid  accidents  and  succeeds  in  giving  fairly  reli- 
able service. 

If  something  goes  wrong,  the  remedy  which  he 
applies  is  not  likely  to  be  the  correct  one.  The 
engineer  who  started  up  and  threw  a  load  on  a  newly 
installed  unit  before  the  bedplate  of  the  generator 
had  been  properly  grouted  to  the  foundation,  did 
not  realize  that  the  magnetic'  forces  were  so  imstable 
that  they  would  soon  catise  the  generator  to  move 
on  the  foundation. 

His  first  intimation  that  something  was  wrong 
was  when  his  hearing  and  his  sense  of  smell  told  him 
that  the  coils  of  the  rotor  were  rubbing  against  those 
of  the  stator.  Not  realizing  the  cause  of  the  trouble, 
he  used  a  strong  but  ill-advised  remedy:  He  shifted 
the  outboard  bearing  by  means  of  setscrews  provided 
for  purposes  of  alignment  tmtil  the  rubbing  ceased, 
but  soon  the  trouble  reappeared  and  he  shifted  the 
bearing  a  second  time.  The  main  shaft  being  forced 
out  of  alignment  by  this  procedure,  the  crank  pin 
box  and  the  eccentrics  soon  began  to  heat  anck  he 
was  forced  to  shut  down  after  the  load  had  been 
transferred  to  the  old  machines. 

Luckily,  this  man  had  not  done  any  great  harm, 
but  every  move  he  made  displayed  poor  judgment 
and  ignorance.  His  acts  were  based  on  guesses,  not 
on  good  judgment  backed  up  by  knowledge.  Such  a 
man  does  not  deserve  the  trust  of  operating  a  power 
plant. 

When  the  competent  engineer  steps  into  his 
engine  or  boiler  room,  he  is  keenly  aware  of  all  that 


is  taking  place.  He  does  not  appear  to  be  different 
from  the  ordinary  mortal,  but  his  perceptions  and 
intellect  are  trained  to  detect  irregularities;  he  is 
acquainted  with  the  weaknesses  of  his  apparatus  as 
well  as  its  strength;  he  knows  the  peculiarities  of 
the  load  variations;  he  is  able  to  bum  the  coal  and 
convert  heat  energy  into  mechanical  or  electrical 
energy  economically  because  he  knows  the  "why" 
of  the  combustion  of  coal.  In  an  emergency,  his 
judgment  is  based  not  upon  guesses  and  impulses 
but  upon  knowledge  and  experience.  This  makes  him 
both  resoiuceful  and  courageous. 

The  average  owner  of  the  small  plant  is  accus- 
tomed to  think  that  ordinary  intelligence  only  is 
required  to  operate  the  equipment.  It  is  as  simple 
as  boiling  water  in  a  kettle,  so  he  thinks.  Why,  he 
himself  could  do  all  that  is  necessary  to  get  up  steam 
and  start  the  engine  in  a  pinch!  This  idea  is  so  pre- 
valent that  owners  are  protected  from  their  own 
judgment  of  the  qualities  of  employees  by  a  state 
engineer's  and  fireman's  license  law.  These  laws 
may  only  insure  that  the  candidate  has  the  average 
qualifications  necessary  to  perform  his  duties.  The 
employer  must  be  made  to  realize  that  it  is  poor 
economy  to  hire  an  inexperienced  man,  even  though 
it  may  be  possible  to  piuchase  his  services  for  less  money. 

The  rank  and  file  of  ojierating  engineers  must 
also  come  to  realize  that  ignorance  and  incompetence 
are  not  only  personal  defects,  but  also  constitute  an 
offense  against  their  brotherhood. 

Knowledge  and  experience  open  the  road  to 
results  and  results  mean  success.  Knowledge,  then, 
should  be  the  aim  of  every  operator.  The  experienced 
man,  as  well  as  the  beginner,  should  constantly  en- 
deavor to  progress. 

The  means  of  knowledge  are  close  at  hand.  Given 
an  inquiring  mind  and  an  ambition  to  use  it,  a  few 
good  books  and  engineering  journals  will  furnish  the 
means  for  great  advancement.  Standards  will  be  raised 
and  operators  will  have  accomplished  their  own 
betterment. 
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Measurement  of  Hot  Feed  Water 


i 


In  the  power  plants  of  industrial  es- 
tablishments a  correct  steam  distribution 
is  imperative,  as  competition  is  making 
it  more  and  more  necessary  to  know  ex- 
actly and  in  detail  the  accurate  charges 
which  are  to  be  made  against  the  finished 
product.  Furthermore,  the  cost  of  pro- 
ducing steam  is  now  receiving  more  at- 
tention than  formerly.  Time  was  when 
the  total  amount  of  steam  generated  by 
a  boiler  plant  was  estimated  from  the 
quantity  of  fuel  consumed.  This  method 
would  be  perhaps  accurate  enough  if  the 
efficiencies  of  the  separate  boilers  were 
known  at  all  times  during  normal  opera- 
tions and  if  the  demand  for  steam  were 
constant.  But  in  many  industrial  plants 
the  demand  for  steam  is  not  constant. 
Moreover,  the  efficiencies  of  boilers  do 
not  remain  the  same,  owing  to  the  ac- 
cumulation of  scale  in  the  tubes,  etc.  In 
determining  the  steam  generated  the 
feed  water  entering  the  boilers  is  usually 
measured,  but  when  steam  coming  from 
one  boiler  is  used  by  several  engines 
and  for  heating  and  drying  systems,  the 
steam  itself  has  to  be  measured. 

Measurement  of  Hot  Feed  Water 

Not  every  type  of  water  meter  is  suit- 
able to  measure  hot  boiler-feed  water. 
Many  meters,  notably  those  of  the  pis- 
ton and  of  the  disk  types,  will  measure 
water  correctly  within  2  or  3  per  cent, 
as  long  as  the  temperature  is  not  over 
100   degrees   Fahrenheit. 

One  objection  to  measuring  the  water 
before  it  enters  the  boilers  is  that  not 
all  the  water  thus  measured  is  converted 
into  steam.  In  the  normal  operations  of 
a  boiler  there  is  always  a  loss  of  feed 
water  or  steam  the  exact  amount  of 
which  can  seldom  be  determined.  It 
might  be  argued  that  the  quantity  of 
water  is  always  known  before  it  enters 
the  boilers  during  boiler  trials  where  it 
is  necessary  to  eliminate  all  feed-water 
and  steam  losses  in  order  that  the  exact 
quantity  of  water  evaporated  may  be 
known;  but  it  should  be  remembered  that 
in  a  boiler  room  the  average  operating 
conditions  are  very  different  from  the 
conditions  prevailing  during  a  boiler 
trial.  The  water  and  steam  losses  are 
usually  occasioned  by  leaks  in  the  lines, 
valves  or  connections,  while  "blowing 
down"  or  by  losses  through  the  safety 
valves;  all  told,  they  may  amount  to  5 
per  cent,  or  more  of  the  steam  generated. 
These  losses  must  be  considered  in  the 
distribution  of  the  steam  generated  in 
the  plant. 

Feed-water  measuring  devices  may  be 
divided  into  velocity,  volume  and  weight 
meters.  These  different  appliances,  in 
order  to  serve  the  practical  needs  of  the 
boiler  room,  must  be  fitted  with  either 
integrating,  indicating  or  recording  mech- 
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The  various  types  of  in- 
struments for  measuring 
feed  water  are  described. 
These  include  the  venturi 
meter,  the  Pitot  tube,  vol- 
ume determinators  and 
weight  determinators. 

The  suitability  of  each 
type  for  meeting  certain 
conditions  is  also  discussed. 


anisms,  and   in  some  cases  w'ith  two  or 
three  of  these. 

Velocity  Meters 
The  venturi  meter  consists  of  the  ven- 
turi tube  proper  and  the  register  con- 
nected by  pressure  pipes,  the  general 
arrangement  being  shown  in  Fig.  1.  The 
water  to  be  measured  flows  through  the 
tube  but  not  through  the  register,  and 
since  the  tube  contains  no  mechanism 
whatever,  there  can  be  no  derangement 


iron,  though  in  very  large  sizes  they  are 
sometimes  made  of  plate  steel,  wood  or 
even  masonry.  For  metering  liquids 
which  will  corrode  iron,  the  tube  can  be 
made  entirely  of  bronze  or  other  com- 
position metal. 

When  the  water  in  the  meter  tube  and 
in  the  pipe  lines  is  at  rest,  the  pressure 
in  the  throat-pressure  chamber  is  the 
same  as  that  in  the  upstream-pressure 
chamber.  During  the  flow  of  water  the 
throat  pressure  becomes  less  than  the  up- 
stream pressure,  the  difference  between 
these  two  pressures  being  proportional  to 
the  square  of  the  velocity  of  the  water. 
The  register  is  affected  by  these  two 
pressures  and  automatically  translates 
the  results  into  gallons  which  are  indi- 
cated on  a  direct  recording  counter  dial. 

Fig.  1  shows  a  general  view  of  one 
of  the  registers  used  with  this  type  of 
meter,  and  in  Fig.  2  are  given  the  details 
of  this  device,  illustrating  the  principle 
upon  which  it  works,  the  whole  arrange- 
ment being  in  effect  a  differential  pres- 
sure gage.  The  mercury  level  in  the 
mercury  tube  raises  and  lowers  a  float 
to  which  is  secured  the  float  stem  carry- 


FiG.  I.   Venturi  Meter  and  Register 


of  the  meter  tube  proper  due  to  solid 
particles  carried  along  by  the  water.  The 
tube  is  merely  a  pipe  which  tapers  from 
each  end  toward  the  throat,  which  is 
usually  lined  with  bronze  and  has  a  diam- 
eter of  from  one-third  to  one-half  that  of 
the  ends  of  the  meter;  the  total  length 
of  the  tube  is  from  eight  to  twelve  times 
the  end  diameter.  Near  the  inlet  or  up- 
stream end  and  also  at  the  throat  are  an- 
nular pressure  chambers  encircling  the 
tube,  communicating  with  the  interior  by 
numerous  small  vent  holes.  The  cones 
of   the   tubes   are   usually   made   of  cast 


ing  on  its  upper  end  the  roller  arm  and 
the  roller,  the  latter  being  held  by  a 
spring  against  the  integrating  drum.  The 
drum  is  revolved  (usually  six  times  per 
hour)  by  means  of  the  weights  shown  in 
Fig.  1 ;  when  a  lever  in  the  power  mech- 
anism is  lifted  by  the  movement  of  a 
clock,  the  suspended  weights,  acting 
through  a  series  of  gears,  revolve  the 
integrating  drum.  If  water  flows  through 
the  meter  at  a  rate  sufficient  to  raise  the 
float  so  that  the  roller  is  brought  to  the 
level  A,  on  the  integrating  drum,  the 
roller  will  be  in  contact  with  the  raised 
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surface  and  through  a  lever  not  shown 
will  cause  a  pinion  driving  the  indicating 
drum  counter  to  be  unmeshed.  As  the 
integrating  drum  revolves  in  the  direction 
indicated  by  the  arrows  the  roller  will 
move  on  the  raised  surface  on  the  other 
side  of  the  drum  directly  opposite  the 
line  A  B;  when  it  reaches  the  point  6  on 
the  drum  it  will  be  pulled  on  the  de- 
pressed surface  by  the  spring  and  the 
pinion  will  mesh  with  the  counter  gearing 
and  move  the  counter  figures  ahead,  cor- 


r/jt  doffed  Lines  show 
the  Position  of  the  Float 
whenthe  Waferis  flcy.-- 
'g  through  the  Mefer- 


Fressu. 
This  Surface 
subjected  to 


installation  to  provide  a  special  air  cham-      cient  for  the  requirements  of  most  boiler 


ber  so  as  to  lessen  the  effect  of  the  pul- 
sations from  the  boiler-feed  pump.  Such 
an  air  chamber  is  illustrated  in  Fig.  4. 

When    the    venturi    meters    were    first 
purchased  it  was  decided  to  test  the  ac- 


plants. 

If  the  flow  of  water  is  very  irregular 
and  fluctuating  and  if  the  measurements 
cover  a  short  period  of  time  only,  the 
register  shown  in  Fig.  2  is  apt  to  be  more 


TANK  IIEASUREMENTS,  VENTURI  METER  REGISTER  AND  PITOT  TUBES 


Dl.siCHARGE   IN 

Gallons  per  HonK  thkough 
'enturi  Meter 

Error  of  Register, 

H  in  Pitot 
Tube,  Inches 

Constant  K 
for  Pitot  Tube 

Tank 

Register 

Pilot  Tubes 

Per  Cent. 

of  Water 

v  =  K\/2ali 

572 

No  record 

1.120 

0.05 

0.511 

805 

900 

1 ,590 

+  10.5 

0.1 

0.506 

1,467 

1,550 

■>  "^So 

+    5.7 

0.2 

0.651 

2,557 

2,600 

3,563 

+     1.9 

0  5 

0.715 

4,295 

4, .300 

5,840 

+    0.001 

1  .  35 

0.735 

6,0.50 

5,975 

7,720 

—    1.1 

2.375 

0.784* 

7,587 

7,400 

9,987 

—  2.4 

4.00 

0.76 

7,594 

7,450 

9,987 

—   1.7 

4.00 

0.76 

7.629 

7,400 

9,987 

—   2.8 

4.00 

0.763 

8,499 

8,350 

10,975 

—    1..55 

4.75 

0.775 

8.577 

8,400 

11,210 

—  2.0 

5.00 

0 .  765 

8,968 

8.350 

11,800 

—  7.00t 

.)    5 

0.76 

10,821 

8.350 

14,100 

— 23.00t 

s  0 

0.768 

•Discharge   rot   kept   constant.      tAbove   ma.^:in 


limit  of  register. 


curacy  of  one  of  the  registers.  For  this 
purpose  a  4-inch  meter  tube  was  con- 
nected through  a  pipe  line  to  a  tank 
fitted  with  a  float  and  with  an  accurate 
water-level  indicator.  At  the  same  time 
the  constant  K  of  the  formula 

v=  K  y   2  gh 


inaccurate  than  the  tests  indicated.  This 
is  so  because  the  working  principle  of 
the  register  is  based  upon  the  assump- 
tion that  each  10  minutes'  flow  is  con- 
stant and  of  a  magnitude  corresponding 
to  the  position  on  the  roller  on  the  in- 
tegrating drum  of  the  register  at  the  time 
of  registration.     If  measurements  of  the 


Fig.  2.    Detail  of  Register 

responding  to  a  10-minute  flow  of  water 
through  the  meter;  this  amount  of  water 
corresponds  to  the  differential  pressiire 
with  the  roller  at  A.  Needless  to  say, 
the  curve  formed  by  the  line  between 
the  raised  surface  and  the  depressed  sur- 
face has  been  carefully  calculated  to 
give   the   correct   counter  reading. 

In  Fig.  3  is  shown  a  register  for  use 
in  connection  with  venturi  meters;  this 
has  an  indicator  dial,  a  counter  dial  and 
a  recording  dial,  and  it  is  an  instrument 
admirably  adapted  for  checking  accurate- 
ly the  flow  of  the  feed  water  to  the 
boilers. 

The  writer  has  six  venturi  meters  with 
registers  of  the  type  shown  in  Fig.  1,  and 
has  found  it  necessary  in  the  case  of  one 


' 

I 

k 

Fig.  3.    Indicating,  Integrating  and 
Recording  Instrument 

was  determined  for  a  set  of  Pitot  tubes. 
iVlany  runs  .were  made  and  the  results 
were  as  given  in  the  accompanying 
table. 

From  this  it  appears  that  the  register 
and  the  meter  tube  tested  showed  an 
average  error,  within  the  proper  working 
limits  of  the  register  of  1.64  per  cent, 
of  the  total  water  measured.  This  is  an 
excellent  showing  and  is  more  than  suffi- 


An  Air  Chamber 


flow  must  be  made  covering  short  per- 
iods of  time  only,  then  the  chart  record- 
ers, as  shown  in  Fig.  3,  will  be  more 
suitable. 

The   Pitot   Tube 

This  method  of  measuring  water  would 
seem  especially  suited  for  boiler-feed 
water.  It  has  practically  the  same  ad- 
vantages as  the  venturi  meter  in  that 
solid  particles  can  neither  stop  the  work- 
ing of  the  device  nor  impair  its  accuracy; 
any  sediment  which  might  collect  in  the 
tubes  can   easily  be  blown  out. 

In  Fig.  5  are  illustrated  the  essential 
features  of  the  Pitot  tube  in  position  for 
determining  the  velocity  of  a  current  of 
water  flowing  along  its  bed  with  the  free 
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surface  at  B-  This  instrument  consists 
simply  of  a  plain  piece  of  glass  tube  bent 
90  degrees  at  the  lower  end  and  placed 
with  the  open  mouth  A  facing  the  cur- 
rent, while  the  other  end  extends  above 
the  surface  B.  When  the  water  drives 
against  the  open  end,  a  pressure  results 
from  the  impact  which  causes  the  water 
to  rise  within  the  tube  to  a  hight  H,  this 


Fig.  5.   Elementary  Pitot  Tube 

head  of  water  being  proportional  to  the 
velocity  of  flow.  Pitot  concluded  that 
this  head  was  simply  that  due  to  the 
velocity  v  of  the  current,  so  that 

V-  =  2gh, 
where  g  is  the  acceleration  due  to  gravity. 
This   formula  is  that   for  falling  bodies 
and  also  that  for  Toricelli's  theorem  for 


Fig.  6.    Indicating  Instrument  for 
Pitot  Tubes 

the   velocity   of   water   issuing    from   an 
orifice. 

An  indicating  instrument  for  pipe  lines 
under  pressure  is  illustrated  in  Fig.  6. 
The  difference  in  the  water  levels  is 
shown  by  manometer  F,  which  is  prac- 
tically a  differential-pressure  gage.  This 
value  h  is  used  in  the  formula 

v'  =  2gh 
and  knowins  the  area  of  the  nine  at  the 


points  of  insertion  of  the  Pitot  tubes 
the  quantity  of  water  passing  these  points 
is  readily  computed. 

It  should  be  noted  that  the  velocities 
of  the  water  at  different  points  of  the 
same  cross-section  of  a  pipe  are  not  the 
same.  The  average  velocity  is  found  at 
a  point  somewhere  between  0.7  and  0.75 
of  the  distance  of  the  impact  tip  from 
the  center  of  the  pipe.  It  is  impos- 
sible without  much  work  always  to  get 
the  impact  tip  at  the  point  of  average 
velocity. 

From  experiments  it  has  been  found 
that  the  shapes  of  the  Pitot  tubes  have 
considerable  influence  on  the  constant  K 
in  the  formula 

V  =  K  1-    2  gh 

One  objection  to  the  Pitot  tubes  de- 
scribed is  that  they  are  indicating  instru- 
ments only.  To  measure  constantly  the 
flow  of  water  in  boiler-feed  lines,  a  re- 
cording or  an  integrating  instrument  is 
necessary.  At  present  no  differential-re- 
cording gage  is  manufactured  which 
could  be  used  in  connection  with  Pitot 
tubes  for  measuring  the  velocity  of 
liquids.  There  is,  however,  a  differential- 
recording  gage  which  is  used  much 
abroad  and  also  to  some  extent  in  this 


time  this  instrument  is  used  for  the 
measurement  of  gaseous  fluids  only, 
but.  with  some  slight  modification  in  the 
installation  it  could,  no  doubt,  be  adapted 
for  the  measurement  of  liquids  also. 

Turbine-wheel  Meter 

Fig.   7   shows    a   turbine-wheel    meter 
which,   properly   speaking,   comes   under 


Fig.  7.   Turbine  Wheel  Meter 

the  heading  of  velocity  meters  and  is 
used  to  a  considerable  extent  for  measur- 
ing hot  boiler- feed  water.  An  excellent 
feature  is  its  simplicity.  Like  the  ven- 
turi  meter  and  the  Pitot  tube,  if  this 
turbine-wheel  meter  is  connected  into 
the    discharge    line    of    the    customary 


Di'scharge 

Fig.  8.    Hammond  Water  Meter 

country  for  the  continuous  determination  boiler-feed    pump,    there    should    be    in- 

of  the  velocity  of  gases  in  metallurgical  serted   in   the   line   a  large   air  chamber 

works,  coke  ovens  and  gas  plants;  also  to  lessen  the  pulsations  of.  the  pump.  In 

for  the  measurement  of  compressed  air  the  test  of  a  6-inch  meter  of  this  type 

and   for  determining  the  velocity  of  air  it  was   found  to  be  accurate  within  0.2 

in     vpntilntina     svKtpmc  At     tVio     nrocAnt        r\f    1     nor    fpnt 
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Volume  Determinators 
Meters  belonging  to  the  class  of  vol- 
ume determinators  suitable  for  the  meas- 
urement of  hot  water  are  in  many  cases 
of  the  piston  type.  All  piston-type  meters 
must  be  designed  for  a  certain  fixed 
range  of  feed-water  temperature.  For 
this  reason,  in  plants  where  the  feed 
water  is  sometimes  pumped  into  the 
boilers  cold  and  at  other  times  moderate- 
ly hot  or  near  the  boiling  point,  the 
piston  type  of  meter  is  not  so  well  suited. 

Hammond  Water  Meter 
The  Hammond  water  meter  for  meas- 
uring water  at  any  temperature  is  il- 
lustrated in  Fig.  8.  It  consists  of  a  re- 
ceiving tank  A  and  a  measuring  tank  B 
which  is  divided  into  two  compartments 
by  the  partition  C.  The  liquid  enters  A 
and  flows  through  a  slot  in  the  bottom  to 
the  measuring  tank  B  in  which  are  placed 
the  discharge  valves  D  and  M,  opening 
downward  from  each  compartment;  these 
discharge  valves  are  held  to  their  seats 
by  the  valve  rods  E  and  O  attached  to 
the  wristplate  F.  The  inlet  valve  G  is 
connected  to  the  wristplate  on  the  same 
shaft. 

With  the  inlet  valve  and  the  wrist- 
plate in  the  position  shown  and  the  water 
flowing  into  the  left  side  of  the  measur- 
ing tank,  the  discharge  valve  D  is  held 
to  its  seat  by  the  wristplate,  which,  in 
turn,  is  held  by  latch  H.  As  the  water 
rises  in  this  compartment  it  lifts  (he  float 


water  into  the  right  side  of  tank  B.  At 
the  same  time  the  wristplate  draws  the 
discharge  valve  M  to  its  seat  where  it  is 
held  up  by  latch  N  and  the  water  now 
flows  into  the  right  compartment.  There 
are  springs  at  J  in  the  heads  of  the  valve 


Eckhardt's  Feed-water  Meter 

The  working  of  this  meter  is  illustrated 
in  Fig.  9.  The  meter  is  placed  in  the 
feed  line  between  the  feed  pump  and  the 
boilers,  and  the  water  enters  and  leaves 
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Fig.  10.    Siemen's  Disk  Meter 


rods  which  hold  the  discharge  valves  to 
their  seats  and  keep  them  from  leaking. 
The  wristplates  and  the  latches  are  pro- 
vided  with   hook  blocks  similar  to  those 


Fig.  9.   Eckhardt's  Water  Meter 


/,  which  causes  the  latch  H  to  unhook 
and  release  the  wristplate.  The  weight 
of  water  on  the  discharge  valve  D  in- 
stantly pulls  the  valve  down  and  rotates 
the  wristplate,  thus  turning  the  inlet 
valve  G   so   as   to   deflect  the   incoming 


on  the  valve  gear  of  a  Corliss  engine, 
and  are  made  of  hardened  steel.  The 
operation  of  the  meter  is  automatic  and 
continuous,  a  record  of  the  cycles  of  op- 
eration being  tallied  on  a  revolution 
'  counter. 


through  a  four-way  valve  so  arranged 
that  there  is  always  an  unobstructed 
passage  from  the  pump  to  one  side  of  the 
piston  K  and  an  open  passage  from  the 
other  side  of  the  piston  K  to  the  boilers. 
When  the  piston  is  at  the  bottom,  as 
shown,  water  enters  under  it  through  the 
port  A  B,  lifting  the  piston  and  pushing 
the  water  above  it  through  port  D  to  the 
boilers.  The  double  rack  which  is  con- 
nected to  the  piston  rod  drives  the  gear  AT 
and  this  is  provided  with  a  small  pro- 
jecting lever  through  which  an  arm  carry- 
the  weight  G  is  lifted.  This  arm  with  the 
attached  weight  is  raised  until  it  falls 
over  on  the  other  side  by  reason  of  gravi- 
tation. During  the  turning  over  of  the 
weight  a  projection  engages  a  double 
lever  T  which  operates  the  four-way 
valve.  In  this  manner  the  discharge  and 
entrance  of  the  water  to  the  meter  are 
reversed.  The  piston  now  descends  and 
the  entire  mechanism  again  goes  through 
the  same  cycle.  Through  a  train  of  gears 
the  number  of  piston  strokes  is  recorded 
by  a  counter. 

In  a  series  of  57  tests,  during  which 
the  water  was  carefully  weighed  on  a 
scale  and  the  temperature  of  the  feed 
water  ranged  from  80  to  140  degrees, 
this  meter  showed  an  average  accuracy 
of  0.47  of  1  per  cent.  This  high  degree 
of  accuracy  is  readily  understood  when 
it  is  remembered  that  practically  no  water 
can  pass  the  piston  unmeasured. 

Siemen's   Disk   Meter 

The  Siemen's  disk  meter,  shown  in  Fig. 
10,  is  manufactured  in  Germany,  al- 
though used  extensively  in  this  country. 
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Because  of  its  relatively  small  size  it 
may  be  connected  practically  anywhere 
into  the  boiler-feed  line.  Ever>-  oscillat- 
ing motion  of  the  measuring  device  fills 
and  empties  the  measuring  chamber  at 
every  turn  similar  to  the  piston  displace- 
ment in  the  piston  type  of  meter.  One 
advantage  claimed  for  this  meter  is  its 
certainty  of  operation  because  of  the 
complete  expansion  permitted  to  all 
working  parts  in  all  directions  even  by 
quickly  changing  temperatures  of  the 
feed    water.      Another   advantage    is    the 


In  general  design  it  is  somewhat  similar 
to  that  of  the  well  known  duplex  pump; 
the  water  is  taken  into  the  meter  and 
discharged  by  two  reciprocating  plungers. 
Ports  in  the  base  of  the  meter  admit  and 
discharge  the  water.  The  chambers  at 
either  end  of  the  plungers  are  alternately 
placed  in  communication  with  the  inlet 
and  discharge  openings  through  the 
medium  of  small  D-valves,  these  valves 
being  actuated  by  the  plungers  in  their 
backward  and  forward  movements.  One 
of  the  plungers  imparts  a  reciprocating 


Fig.   II.    Revolving  Drum  Meter 


small  repair  bills  necessary  by  reason 
of  its  simple  construction,  and  no  lubri- 
cation is  necessary  because  of  the  carbon 
compositions  used  in  the  meter. 

Revolving  Drum  Meter 
In  Fig.   11  is  shown  a  drum  meter  of 
great  accuracy.     Dirty  water,  hot  water, 
oils,  etc.,  can  be  measured  in  this  device 
with   satisfaction. 

The  hollow  shaft  provided  with  a  slot 
through  which  the  water  enters  is  held 
rigidly  in  place  while  the  drum  resting 
on  rollers  revolves  around  the  shaft. 
The  compartments  of  the  drum  are  filled 
successively  in  such  a  way  that  always 
the  one  directly  underneath  the  slot  flows 
over;  not  until  the  compartment  is  over- 
flowing can  the  drum  move;  sufficient 
water  must  first  have  flowed  out  of  com- 
partment 1  into  compartment  2  before 
any  motion  can  occur.  The  overflow 
from  compartment  1  into  compartment  2 
continues  until  the  discharge  is  as  high 
as  the  water  surface  a  b.  But  mean- 
while compartment  1  has  moved  away 
from  the  slot  in  the  rigid  shaft  through 
which  the  water  enters  so  that  the  exact 
measure  in  the  compartment  is  given  at 
the  very  moment  when  the  exit  a  stands 
as  high  as  the  water  level  in  compart- 
ment 1.  When  the  meter  is  in  operation 
the  center  of  gravity  of  the  drum  lies 
so  that  the  direction  of  rotation  is  as 
indicated  by  the  arrows.  Each  rotation 
of  the  drum  is  recorded  and  the  quan- 
tity of  water  passed  through  the  machine 
is  thus  measured. 

WORTHINGTON     STANDARD    WATER    METER 

The  Worthineton  standard  water  meter 


motion  to  a  lever  near  the  top  of  the 
main  casing,  which,  in  turn,  operates  the 
counter  movement  through  a  spindle  and 
ratchet  gear. 

This  type  of  meter  is  not  suited  to 
measuring  feed  water  of  greatly  varying 
temperatures,  but  when  used  under  the 
condition  for  which  it  is  designed  and 
when  properly  adjusted  it  gives  excellent 
satisfaction. 

Weight  Determinators 

The  Worthington  recording  liquid 
weigher,  illustrated   in   Fig.    12,  consists 


either  tank.  The  weights  D  are  so  ad- 
justed that  the  tanks  will  remain  in.  a 
horizontal  position  until  they  contain  a 
certain  definite  weight  of  liquid;  then 
they  will  tilt  into  the  position  shown  by 
the  dotted  lines  and  the  liquid  will  begin 
to  flow  through  the  siphon  pipe.  After 
the  level  of  the  liquid  in  the  tank  has 
fallen  sufficiently,  the  tank  tilts  back 
again  to  its  original  position  by  the  in- 
fluence of  the  weights  and  the  siphon 
continues  in  action  until  the  tank  is 
emptied.  As  each  tank  assumes  the  posi- 
tion indicated  by  the  dotted  lines  it  tilts 
over  suddenly  the  deflector  F  so  that  the 
liquid  does  not  continue  to  flow  into  that 
tank,  but  begins  to  flow  into  the  second 
tank,  where  the  operation  is  repeated. 
As  each  tank  tips,  the  number  of  pounds 
contained  is  registered  on  a  counter  G 
which  is  actuated  by  the  deflector  F.  It 
should  be  noted  that  the  tilting  of  the 
tanks  is  accomplished  entirely  by  the  in- 
troduction into  them  of  a  definite  weight 
of  liquid,  irrespective  of  variations  in 
volume  due  to  specific  gravity  or  varia- 
tions in  temperature. 

Wilcox  Water  Weigher 

Fig.  13  shows  a  water  weigher  which 
is  used  in  many  boiler  houses  and  which 
seems  to  give  universal  satisfaction.  The 
principle  of  this  weigher  consists  in  bal- 
ancing the  charge  of  water  by  a  water 
column  of  fixed  hight  through  the 
medium  of  an  air  cushion  and  then 
dumping  the  weighed  charge  automatical- 
ly by  releasing  the  cushion.  The  weigher 
is  a  tank  divided  by  a  diaphragm  into 
an  upper  and  a  lower  compartment;  the 
former  stores  the  entering  water  while 
the  latter  dumps  the  previously  weighed 
charge.  Projecting  into  the  bottom  of 
the  lower  compartment  is  a  large  U- 
shaped    discharge    pipe,     always    water 
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Fig.  12.    Worthington  Weight  Determinator 


of  two  measuring  tanks  of  equal  size 
A  B,  each  fitted  at  one  end  with  a  siphon 
pipe  C  and  at  the  other  end  with  weights 
D.  The  tanks  are  balanced  on  the  knife 
edges  K,  which  are  located  at  less  dis- 
tance from  the  counterweights  D  than 
from  the  siphon  pipes  C.  The  liquid  to 
be  ineasured  flows  through  the  inlet  cine 


sealed,  and  its  projecting  end  is  sur- 
rounded by  a  bell  float  which  has  a  small 
up-and-down  movement. 

In  the  upper  compartment  is  a  stand- 
pipe,  open  at  the  top  and  bottom.  The 
float  and  standpipe  are  connected  by  a 
rod  so  that  they  move  together  as  one 
rigid   piece,   this  being  the   only   moving 
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the  standpipe  is  corrugated  on  its  face, 
and  when  down  its  face  rests  on  a  soft 
ring  surrounding  an  opening  in  the  dia- 
phragm. Water  entering  the  inlet  ac- 
cumulates in  the  upper  compartment 
until  it  overflows  at  the  top  of  the  stand- 
pipe.  The  water  then  spills  down  through 
the  standpipe  into  the  lower  compartment 
and  accumulates  there  until  it  lifts  the 
bell  float.  As  the  float  rises  it  lifts  the 
standpipe  from  the  opening  and  allows 
the  accumulated  water  from  the  upper 
compartment  to  flow  into  the  lower  one. 
After  the  upper  compartment  empties,  the 
inlet  water  flows  along  the  bottom  under- 
neath the  raised  standpipe  and  into  the 
lower  compartment  and  gradually  raises 
the  level  in  the  lower  compartment  until 
the  dumping  point  is  reached,  which  cor- 
responds  to   a   definite   weight   of  water. 


Fig.    13.     Wilcox    Water    Weigher 

The  weighed  charge  is  at  this  moment 
automatically  released  and  dumps 
through  the  large  discharge  pipe. 

When  the  unit  charge  has  begun  to 
accumulate  in  the  lower  compartment,  the 
air  entrapped  in  the  bell  float  and  in 
the  upper  part  of  the  discharge  pipe  is 
compressed.  It  should  be  remembered 
that  the  lower  bend  of  the  discharge  pipe 
is  always  water  sealed;  that  the  air  pres- 
sure in  the  bell  float  increases  as  the 
head  of  the  water  in  the  lower  compart- 
ment increases,  and  that  it  balances  ex- 
actly at  all  times  the  weight  of  the  ac- 
cumulated water. 

In  order  to  dump  or  trip  the  charge 
when  the  exact  weight  is  reached  it  is 
only  necessary  to  release  the  air  sudden- 
ly from  the  bell  float  at  the  right  instant 
and  to  permit  the  weighed  charge  to 
escape  through  the  discharge  pipe.  This 
dumping  is  accomplished  by  means  of  a 
trip  pipe  that  communicates  with  the 
compressed  air  in  the  discharge  pipe  just 
below  the  bottom  of  the  lower  compart- 
ment. The  trip  pipe  is  a  manometer, 
normally  water  sealed,  which  auto- 
matically unseals  itself  at  the  dumping 
point  in  order  to  release  the  weighed 
charge.     While   the   air  pressure    in   the 


bell  float  and  in  the  upper  part  of  the 
discharge  pipe  increases,  due  to  the  ac- 
cumulating charge,  the  water  in  the  left- 
hand  leg  A  of  the  manometer  is  slowly 
pushed  down  and  a  corresponding 
amount  spills  over  the  upper  end  of  the 
right-hand  leg  B  into  the  discharge  pipe, 
forming  a  part  of  the  next  unit  charge. 
This  amount  is  a  constant  and  is  taken 
into  account  in  calibrating  the  weigher. 
The  lowering  of  the  water  level  in  leg  A 
of  the  manometer  continues  until  the 
level  reaches  the  bend  of  the  manometer. 
The  water  column  in  leg  B  is  at  this  in- 
stant exactly  balanced  by  the  weight  of 
water  in  the  tank  through  the  medium  of 
the  air  cushion  C  in  the  bell  float  and 
the  discharge  pipe.  If  now  only  a  few 
additional  drops  spill  from  leg  B  of  the 
manometer  to  the  water  in  the  tank,  the 
equilibrium  is  destroyed  and  the  weighed 
charge  dumps.  The  air  in  the  bell  float 
and  in  the  upper  part  of  the  discharge 
pipe,  which  has  been  highly  compressed 
by  the  water  accumulated  above  it,  sud- 
denly blows  the  water  from  leg  B  of  the 
manometer;  then  the  air  rushes  through 
after  the  water.  The  bell  float  now 
drops,  and  the  weighed  charge  siphons 
out  of  the  lower  compartment  through 
the  discharge  pipe.  The  instant  the  bell 
float  drops,  and  it  drops  very  suddenly, 
it  seats  the  standpipe  in  the  upper  com- 
partment; by  the  downward  pull,  due  to 
the  water  pressure  above,  the  bell  float 
and  the  suction  of  the  siphon  below  hold 
the  standpipe  in  place,  thus  preventing 
entrance  of  water  from  the  upper  com- 
partment into  the  lower  compartment 
while  the  unit  charge  is  escaping. 

When  the  standpipe  seats  as  described, 
inlet  water  again  begins  to  accumulate 
in  the  upper  compartment  until  it  once 
more  overflows  and  the  cycle  of  opera- 
tion is  repeated.  A  lever-operated  me- 
chanical counter,  located  conveniently  on 
the  shell  of  the  weigher,  records  each 
weighed  charge  as  it  leaves  the  weigher. 
A  gage  glass  provided  on  the  weighing 
compartment  shows  the  cycle  of  opera- 
tion at  a  glance.  Each  weigher  is 
guaranteed  to  weigh  within  1  per  cent, 
of  absolute  accuracy  at  any  temperature 
from    freezing   to   boiling. 


Examiners  and  Licenses 

By  Joseph  King 

Looking  up  from  the  coal  and  water 
reports  I  had  been  figuring,  I  warmly 
greeted  the  young  man  who  had  formerly 
oiled  for  me,  and  who,  much  to  my  re- 
gret, had  left  me  to  locate  in  the  western 
part  of  the  state  where  he  had  figured  a 
license  could  be  more  easily  secured 
than  in  his  home  district.  I  had  failed 
to  find  a  satisfactory  answer  to  his  per- 
sistent question,  "Why  would  I  not  have 
a  better  chance  to  secure  a  license  in  a 
district  where  the  reports  showed  that 
90    per    cent,     of    the    applicants    were 


granted  licenses,  than  in  a  district  where 
only  49  per  cent,  were  successful,  and 
where  I  have  twice  been  'turned  down'?" 
"Well,  my  boy,"  I  asked,  as  he  drew 
up  a  chair,  "how  did  your  plans  work 
out?  You  had  your  'chances'  pretty  well 
figured  out,  so  I  suppose  you  walked 
right  in  and  pulled  out  a  'first'  with  the 
same  ease  that  the  boys  around  these 
parts  would  get  a  second-class  fireman's 
license?" 

Played  in  Touch  Luck 

"No,"  he  replied,  "I  played  in  tough 
luck.  I  got  a  job  all  right,  but  instead 
of  starting  right  in  and  taking  my  ex- 
amination as  soon  as  I  had  secured  a 
'residence,'  I  kept  putting  it  off,  and  the 
first  I  knew  the  examiner  I  had  taken  so 
much  trouble  to  become  friendly  with, 
was  removed  for  some  reason.  When  I 
went  before  his  successor,  I  found  him 
just  as  hard  as  the  rest  of  them.  It  is 
strange  that  1  cannot  get  a  better  li- 
cense. 

"Here  I  have  been  working  in  half 
a  dozen  plants  in  this  state,  and  I  have 
worked  in  plants  all  the  way  to  Cali- 
fornia; I  have  fired  boilers,  run  engines 
and  worked  in  large  plants,  and  I  have 
'made  good,'  or  at  least  my  employers 
have  all  tried  to  have  me  stay  with  them 
when  I  wanted  to  leave.  They  gave  me 
good  recommendations,  yet  when  I  come 
back  to  Massachusetts,  where  I  want  to 
locate,  I  can't  convince  the  examiner  that 
I  am  competent  to  hold  an  engineer's 
license." 

His  earnest  manner  of  speaking 
warned  me  that  levity  on  my  part  would 
be  unseemly,  so  instead  of  commenting 
on  the  good  opinion  he  evidently  had  of 
himself,  and  which  I  knew  from  his  ser- 
vice with  me  was  justified,  I  asked  why 
it  was  that,  with  his  experience,  and  the 
knowledge  he  had  acquired  from  engi- 
neering books  and  magazines,  and  the 
seemingly  inexhaustible  stock  of  examin- 
ation questions  for  which  he  was  always 
seeking  answers,  he  had  so  far  failed  to 
make  a  favorable  impression  with  the 
examiners? 

The  Personal  Element 

He  thought  for  a  moment  before  an- 
swering. "It  is  because  the  personal 
element  of  the  license  law  is  allowed  to 
enter  into  the  examination  room.  I  have 
been  before  several  of  the  examiners  and 
each  has  impressed  me  in  a  different  way. 
Eacn  one  seems  imbued  with  the  idea  of 
examining  a  man  to  find  out  how  much 
he  does  not  know  about  the  business, 
and,  believe  me,  they  have  a  large  field 
to  work  in.  One  examiner  may  con- 
fine his  questions  to  subjects  which  re- 
quire the  use  of  certain  formulas  in  an- 
swering. You  may  know  where  to  look 
for  the  formula  in  the  pocketbook  but 
you  are  not  allowed  to  consult  such  in- 
dispensable companions  of  the  'practical' 
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working  engineer,  so  if  you  have  not 
committed  to  memory  the  thousand  and 
one  rules  and  formulas  to  which  the  ex- 
aminer resorts,  you  must  eventually  fail 
and  be  told  to  •come  up  again.' 

"The  worst  of  all  is  the  one  who  'fires' 
his  questions  at  you  with  the  rapidity  of 
a  machine  gun  and  changes  from  one 
subject  to  another,  and  who,  when  you 
have  failed  on  some  trivial  question  that 
he  must  know  you  could  have  answered 
had  you  been  given  time  to  consider,  ex- 
hibits the  same  demoniacal  glee  as  does 
the  cheerful  idiot  at  a  party  when  he 
propounds  a  riddle  the  answer  to  which 
is  so  simple  as  to  make  you  feel  foolish 
that  you  did  not  think  of  it." 

"But,"  I  interrupted,  "you  have  a 
chance  to  appeal  if  you  feel  aggrieved 
at  the  action  of  the  examiner." 

Or.^l  versus  Written  Ex.\.minations 

'•Huh!  What  does  that  get  you?"  he 
responded.  ''You  can  go  before  three 
examiners  who  give  you  an  entirely  dif- 
ferent examination  from  the  one  you 
made  the  kick  over,  and  anything  you 
may  have  observed  detrimental  to  your 
chances  of  compelling  the  original  ex- 
aminer to  grant  the  license  can  just 
about  be  multiplied  by  three  when  you 
go  before  the  board.  Why  do  they  not 
have  the  examinations  in  writing  so  that 
the  questions  asked  and  the  answ'ers 
given  can  be  submitted  to  an  impartial 
tioard  to  determine  whether  the  examiner 
erred  in  refusing  to  grant  the  license? 
The  examinations  for  boiler  inspectors 
and  for  chief  inspector  are  given  in  writ- 
ing, and  it  seems  to  me  that  a  man  after 
a  permit  to  work  at  his  trade  is  entitled 
to  the  same  consideration  as  the  seek- 
ers of  positions  higher  up. 

"They  do  not  want  to  lose  the  despotic 
power  of  giving  and  denying  licenses  as 
they  see  fit.  that's  why.  Think  of  the 
treatment  accorded  the  late  W.  E.  Crane, 
a  man  whose  experience  and  versatilit>- 
in  answering  engineering  problems  en- 
titled him  to  be  classed  with  the  promi- 
nent operating  engineers  of  the  country-. 
When  he  applied  for  a  first,  he  was  of- 
fered a  second-class  engineer's  license, 
and  when  surprise  was  expressed,  it  is 
reponed  that  the  examiner's  reply  to 
an  inquiry  was  that  he  did  not  know  it 
was  that  W.  E.  Crane." 

V.ARI.\TION    IN    PeRCENT.\GES 

Without  waiting  for  a  response,  my 
young  friend  put  on  his  overcoat  and, 
taking  from  a  pocket  a  loose-leaf  note- 
book, he  removed  a  page  ( the  figures  for 
which  are  given  in  the  accompanying 
table)  which  he  passed  to  me.  saying: 

"Here  is  a  I'st  of  percentages  of  li- 
censes granted  by  each  inspector  as  com- 
pared to  the  whole  number  of  applicants 
examined  by  him  for  the  years  1908  to 
1910.  Look  it  over,  and  when  I  come 
in   again  I  shall   expect  you  to  explain 


why  there  should  be  such  a  variation 
as  90  per  cent,  and  22  per  cent,  in  the 
same  year,  and  why  cenain  examiners 
should  maintain  such  a  low  percentage 
of  licenses  granted  from  year  to  year  if 
there,  is  any  standard  for  conducting  ex- 
aminations. In  fact,  see  if  a  study  of 
the  list  does  not  tend  to  corroborate  my 
statement  that  the  form  and  manner  of 
conducting  license  examinations  in  .Mass- 
achusetts are  responsible  for  much  un- 
necessary injustice  to  the  applicants  for 
licenses." 

rERCENTAGE    OF    ENGINEERS' 

GRANTED   LICENSES 

Inspector  190S  1909  1910 

A                                          57  55  62 

B     ."." 50  44  61 

C     69  63  5S 

n    ; 57  50  49 

E     :": 49  48  43 

P                            62  49  60 

G    ; 37  66  44 

H    72  72  52 

f 4S  55  40 

T                           22  25  26 

K 90  71 

T        ■  ■                              58  51  55 

Vr    :'.■.' 5S  61  51 

St     58  36  29 

n 61  59  59 

p     79  73  66 

O     39  40  39 

S     44  46  48 


Use  of  Exhaust  Steam 

In  a  paper  read  by  P.  Barrett  Coulston 
before  the  Manchester  Geological  and 
.Mining  Society  on  the  use  of  exhaust 
steam,  reference  was  made  to  a  colliery 
where  noncondensing  engines  of  1200 
hp.  per  hour  were  installed.  An  exhaust- 
steam  turbine,  taking  about  36.000  lb. 
of  steam,  with  an  electric  generator  and 
condensing  plant,  was  then  installed,  with 
the   following  result: 

The  exhaust  steam  from  the  engine 
which  drives  the  turbine  plant  gives  1000 
•kw.  or,  say.  1500  i.hp.;  the  36,000  lb.  of 
steam  which  must  still  be  generated  now 
yield  2700  instead  of  the  original  1200 
i.hp.:  and  the  additional  power  obtained 
from  the  electrical  set  is  being  used  for 
different  purposes  throughout  the  colliery. 

Another  example  given  is  that  of  an 
engine  of  1000  i.hp.  which,  when  con- 
densing, takes  15,000  lb.  of  steam  per 
hour,  and  when  run  noncondensing,  gives 
900  i.hp.  for  20.000  lb.  of  steam  per 
hour.  When  the  engine  is  noncondensing 
and  the  exhaust  steam  passes  through  a 
supplementary  turbine,  an  additional  940 
i.hp.  is  obtained,  giving  a  total  output 
for  20.000  lb.  of  steam,  of  1840  i.hp. 
When  the  load  demanded  from  the  en- 
gine and  turbine  is  reduced  to  1000  i.hp.. 
as  happens  during  certain  periods,  it  is 
obtained  for  13.000  lb.  of  steam  per 
hour;  and.  moreover,  the  combination  re- 
mains more  economical  than  with  the  en- 
gine alone  running  condensing  until  the 
load   falls  to  between  400  and  500  i.hp. 

Mr.  Coulston  recalls  that  the  function 
of  the  exhaust-steam  turbine  lies  in  the 
capacity  which  it  evinces  to  make  effi- 
cient use  of  the  higher  vacuum,  for  the 
combination  of  a  steam  engine  and  the 
exhaust-steam    turbine    is    simply    that 


steam  is  passed  through  the  engine,  in 
which  it  does  a  certain  amount  of  use- 
ful work,  and  then  to  the  turbine,  in 
which  its  remaining  energy  is  used.  Three 
items  beyond  dispute  are:  1,  the  capital 
expended  in  the  installation  of  the  ex- 
haust-steam turbine  is  low.  being  only 
that  of  the  turbine  set  and  its  condenser; 
2,  the  space  is  so  small  that  the  plant 
can  almost  invariably  be  installed  in  the 
existing  engine  room;  3,  the  pipe  con- 
nections are  ver>-  simple. 

Increased  efficiency  is  the  chief  ad- 
vantage of  the  exhaust-steam  turbine, 
due  to  either  excess  power  for  the  same 
quantity  of  coal  expended,  or  the  same 
power  for  less  coal. 

In  collien'  work  especially,  the  only 
possible  way  in  which  to  utilize  the  ex- 
haust steam  is  by  means  of  a  turbine. 
By  the  introduction  of  what  is  termed  a 
"regenerative  thermo-accumulator"  it  is 
a  simple  matter  to  supply  steam  to  the 
turbine  continuously,  although  the  sup- 
ply of  steam  from  the  engine  to  the 
accumulator  is  of  an  intermittent  nature. 

The  type  of  accumulator  most  general- 
ly used,  it  is  explained,  is  that  of  a  large 
vessel  or  container  filled  with  water  or 
other  material  having  heat-storing  prop- 
erties. The  exhaust  steam  from  the  en- 
gine is  led  into  this  receptacle,  and  then 
supplied  to  the  turbine.  When  the  en- 
gine is  running  and  supplying  more  steam 
than  can  be  used  by  the  turbine  for  the 
time  being,  the  surplus  is  condensed  in 
the  accumulator  at  about  atmospheric 
pressure,  and  the  temperature  and  the 
pressure  of  the  water  rise  gradually  as 
more  steam  is  condensed.  When  the 
engine  stops,  a  drop  in  pressure  at  once 
occurs.  As  the  steam  is  being  constantly 
used  by  the  turbine,  recuperation  takes 
place,  and  sufficient  steam  is  supplied 
to  the  turbine  to  bridge  the  gap  between 
the  time  of  starting  and  stopping  the 
engine. 

It  is  pointed  out  that  where  the  stop- 
page of  operations  is  of  too  long  duration 
to  be  bridged  by  an  accumulator  of  nor- 
mal size,  it  is  only  necessary  to  fit  a 
reducing  valve,  by  which  means  live 
steam  from  the  boilers  can  be  auto- 
matically supplied  to  the  turbine  when 
the  pressure  in  the  accumulator  falls 
below  a  predetermined  figure. 

Mr.  Coulston  concludes  by  saying  that 
the  capital  cost  of  the  turbine  is  at  least 
as  low  as  that  of  any  form  of  prime 
mover,  while  from  the  point  of  view  of 
running  costs,  all  the  power  recovered 
is  pure  gain;  for,  after  passing  the 
steam  through  the  turbine,  it  becomes 
condensed,  and  may  be  again  fed  to  the 
boilers,  thus  obviously  saving  water, 
which,  in  some  cases,  at  any  rate,  is  an 
item  of  no  small  value. 


The  world's  total  coal  production  in 
1910  was  approximately  1,300.000.000 
short  tons,  of  which  the  United  States 
contributed  about  39  per  cent. 
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Fuel  Economy  and  CO,  Recorders 


Fuel  economy  is  an  important  item  of 
power-plant  economy,  but  in  most  plants 
the  only  method  of  determining  fuel 
economy  is  by  a  comparison  of  the 
amount  of  fuel  burned  in  securing  a 
unit  output  with  past  records.  This  may 
be  a  very  crude  method,  but  in  the  final 
analysis  the  number  of  cents'  worth  of 
fuel  consumed  in  turning  out  a  dollar's 
worth  of  product  is  the  real  test  of  eco- 
nomical combustion.  The  actual  cost  of 
any  fuel  is  not  that  nominal  price  found 
on  the  bill  of  the  dealer  supplying  it,  but 
includes  a  number  of  other  items,  such 
as  the  cost  of  unloading  into  the  bunker, 
of  moving  from  the  bunker  to  the  fire, 
of  removing  the  ashes  and  disposing  of 
them  and  the  interest  on  the  average 
amount  of  capital  tied  up  in  the  reserve 
supply  of  fuel.  The  number  of  pounds 
of  coal  burned  per  unit  of  product  will 
vary  with  the  thermal  value  of  the  fuel, 
the  amount  of  ash  it  contains  and  the 
economy  with  which  the  process  of  com- 
bustion is  effected.  The  temperature  and 
the  proportion  of  the  gaseous  components 
of  the  products  of  combustion  must  be 
known  in  order  to  definitely  fix  the  econ- 
omy of  the  process.  The  quantity  of 
unburned  combustible  in  the  ash  is  also 
a  step  in  fixing  the  plant  fuel  economy. 

Theoretically  perfect  combustion  is  un- 
obtainable except  under  the  most  favor- 
able laboratory  conditions,  and  even  then 
the  chances  of  success  are  slight.  In  the 
boiler  room  the  process  of  combustion 
must  be  reduced  to  commercial  values 
and  the  failure  to  maintain  the  steam 
pressure  cannot  be  atoned  for  by  reduced 
fuel  consumption.  There  are  four  im- 
portant factors  which  tell  the  story  of 
fuel  economy  as  indicated  by  the  flue 
gases,  carbon  dioxide;  carbon  monoxide, 
oxygen  and  sensible  heat.  By  itself, 
the  percentage  of  carbon  dioxide  is  only 
an  imperfect  indication  of  the  economy 
of  combustion. 

Combustion  is  a  complex  chemical 
reaction  and  in  a  boiler  furnace  and  set- 
ting there  is  often  primary  combustion 
in  the  furnace  and  secondary  combustion 
in  the  gas  passages;  the  latter  is  due  to 
a  partial  combustion  in  the  furnace  form- 
ing carbon  monoxide  which  burns  to 
carbon  dioxide  by  combining  with  oxygen 
entering  the  flue  through  leaks  in  its  wall 
or  leaks  in  the  boiler  setting.  The  com- 
position of  the  gases  of  combustion  will 
vary  considerably  at  different  .points  in 
the  combustion  chamber,  the  percentage 
of  carbon  dioxide  usually  increasing  as 
the  distance  from  the  fuel  bed  increases. 
This  is  due  to  the  fact  that  the  chemical 
reactions  occurring  require  an  appreciable 
time  and  to  secondary  combustion.  A 
low  percentage  of  carbon  dioxide  may  be 
accompanied  by  a  surplus  of  carbon 
monoxide  or  oxygen  or  a  surplus  of  both, 
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and  high  percentages  of  carbon  dioxide 
and  carbon  monoxide  may  occur  simul- 
taneously with  surplus  oxygen.  The 
chemical  union  of  carbon  and  oxygen 
generates  heat,  but  this  union  does  not 
occur  if  the  gases  are  below  the  ignition 
temperature.  Unburned  volatile  hydro- 
carbons may  be  lost  in  this  manner. 

Carbon-dioxide  recorders  are  generally 
connected  to  the  smoke  flue  immediately 
outside  of  the  boiler  setting.  The  point 
of  attachment  should  be  the  same  at  all 
flues  to  insure  the  proper  comparative 
value  for  the  diagrams  from  different 
boilers.  As  the  recorder  itself  is  a  delicate 
piece  of  apparatus,  it  must  be  placed 
where  it  can  be  watched  and  receive 
proper  attention.  Therefore  it  is  neces- 
sary to  introduce  a  pipe  connection  of 
greater  or  less  length  between  the  re- 
corder and  the  boiler  flue  from  which 
the  gases  are  to  be  drawn.  This  pipe  con- 
nection introduces  the  element  of  time 
lag  between  the  record  and  the  flue  con- 
dition it  represents,  as  an  appreciable 
time  will  be  required  for  the  gases  to 
pass  through  the  pipe  to  the  recorder. 
The  time  lag  can  be  reduced  by  the  use 
of  an  aspirator  to  keep  up  a  continuous 
flow  of  flue  gases  in  the  connection  pipe. 
One  of  the  advantages  arising  from  a 
long  pipe  connection  is  the  opportunity 
it  affords  for  the  cooling  of  the  flue 
gases. 

Carbon-dio.xide  Recorders 

Many  carbon-dioxide  recorders  are 
fragile  and  require  a  certain  amount  of 
attention  and  a  delicate  touch.  This  ap- 
paratus has  often  been  placed  under  the 
care  of  a  man  who,  while  intelligent 
enough  for  the  purpose,  had  a  hand 
trained  to  the  shovel  or  a  big  monkey 
wrench;  he  did  the  best  he  could,  but 
the  recorder  suffered.  This  kind  of  at- 
tention has  caused  a  number  of  recorder 
installations  to  go  out  of  service. 

In  method  of  taking  samples  there  are 
two  types  of  recorder,  one  in  which  the 
sample  is  taken  at  intervals  of  from  five 
to   ten   minutes   or   more;    the   other   in 


which  the  sample  is  passed  through  the 
apparatus  in  a  continuous  stream.  This 
last  method  is  inherently  more  accurate 
than  any  other  as  it  furnishes  a  sample 
which  tells  the  story  at  every  minute  the 
lecorder  is  in  operation. 

The  intermittent-sampling  method  may 
be  accurate  enough  as  to  the  analysis  of 
each  sample,  but  there  is  nothing  to  tell 
what  is  happening  in  the  inter\'al  between 
the  taking  of  samples.  This  interval  has 
to  be  sufficiently  long  to  permit  the  potas- 
sium-hydrate solution  to  absorb  the  car- 
bon dioxide,  and  as  a  fresh  solution  acts 
more  rapidly  than  one  nearly  saturated 
with  gas,  the  time  must  be  fixed  to  suit 
the  slowest-acting  solution;  otherwise 
the  accuracy  of  the  indication  will  be 
seriously  impaired. 

One  of  the  serious  disadvantages  of 
the  intermittent  method  of  sampling 
arises  from  the  fact  that  the  fireman  can 
readily  approximate  the  time  interval  and 
lag  of  the  apparatus  and  so  arrange  his 
work  that  the  admission  of  surplus  air 
to  the  furnace  occurs  during  the  periods 
when  samples  are  not  being  taken.  This 
will  result  in  a  good  card  on  the  recorder 
but  one  which  is  not  a  fair  representative 
of  the  operating  condition  under  which 
it  is  supposed  to  be  taken.  Beating  the 
recorder  in  this  manner  is  particularly 
liable  to  occur  in  plants  where  the  fire- 
men receive  a  bonus  based  on  the  re- 
corder indications. 

Continuous-sample  Recorders 

Continuous-sample  carbon-dioxide  re- 
corders are  of  two  types,  one  in  which 
the  specific  gravity  of  the  gases  flowing 
through  the  machine  is  indicated  by  a 
delicate  balance;  the  other  operating  up- 
on the  principle  of  the  flow  of  gases 
through  small  orifices  into  a  partial  vac- 
uum. The  differences  in  weight  due  to 
varying  percentages  of  carbon  dioxide 
are  extremely  slight;  therefore  the  scale 
or  balance  capable  of  detecting  and  in- 
dicating these  changes  in  the  specific 
gravity  of  the  gases  is  a  very  delicate 
one.  Apparatus  of  this  kind  must  be 
accurately  leveled  and  so  located  that  it 
will  not  be  subjected  to  vibration  or 
shocks.  The  more  sensitive  this  scale 
the  less  is  its  suitability  for  a  place  in 
the  boiler  room. 

One  of  the  weakest  points  about  the 
balance  type  of  construction  arises  from 
the  necessary  exposure  of  the  metal  parts 
of  the  apparatus  to  the  waste  gases, 
which  frequently  are  of  a  corrosive 
nature  owing  to  the  presence  of  sulphur 
dioxide.  Glass  parts  and  agate  knife 
edges  are  occasionally  used,  but  these 
last  will  gradually  lose  their  accuracy. 
This  type  of  recorder  may  be  supplied 
without  the  automatic  recording  device 
and  used  as  a  carbon-dioxide  indicator. 
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he  third  type  of  carbon-dioxide  re- 
ler  consists  of  a  chamber  into  which 
gas  Hows  through  a  small  orifice  and 
n  which  it  is  drawn  through  an  orifice 
he  same  size,  into  a  chamber  in  which 
artial  vacuum  is  maintained.     Means 

provided   by   which   the   flowing   gas 

the  orifices  through  which  it  passes 
maintained  at  a  constant  temperature. 
long  as  the  same  volume  of  gas  passes 
3Ugh  both  orifices  the  vacuum  in  the 
t  chamber  will  be  one-half  the  vac- 
n  in  the  second  chamber;  but  if  after 
;sing  the  first  orifice  one  of  the  con- 
uems  of  the  gas  is  removed,  its  vol- 
e  is  reduced  and  the  vacuum  in  the 
;t  chamber  will  be  increased.  This 
rease  in  the  vacuum  will  be  an  exact 
asure  of  the  volume  of  gas  absorbed, 
the  carbon-dioxide  recorder  operating 
on  this  principle  the  first  chamber  is 
ed  with  quartz  pebbles  which  are  kept 
list  with  a  solution  of  potassium 
droxide  flowing  over  them  from  a 
ivity  source  of  supply.  This  provides 
arge  amount  of  absorption  surface  and 
:ontinual  supply  of  fresh  solution.  The 
[Terence  between  the  vacuum  in  the 
St  and  second  chamber  is  recorded  up- 

a  chart  actuated  by  a  clock  movement. 
The  records  of  all  carbon-dioxide  re- 
rders  should  be  checked  from  time  to 
ne  by  the  use  of  the  Orsat  apparatus, 
.d,  where  possible,  this  apparatus  should 
I  used  daily.  This  is  probably  the  most 
idely  known  and  used  device  for  flue- 
is  analysis.  It  enables  a  quantitative 
;termination  of  carbon  dioxide,  carbon 
.onoxide,  oxvgen  and  nitrogen  to  be 
ade  in  about  one-half  hour,  including 
le  time  necessary  to  secure  the  sam- 
le.  This  apparatus  is  portable  and  con- 
snient.     Where  this  apparatus  js  used 

close  check  can  be  kept  upon  the  con- 
itions  of  the  boiler  settings  and  the 
mount  of  air  infiltration  as  samples  of 
le  gases  of  combustion  can  be  obtained 
rom  any  part  of  the  setting  or  the  gas 
assages. 

As  temperature  and  barometric  pres- 
ure  affect  the  volume  of  the  flue  gases 
nd  furnace  conditions,  it  is  advisable 
0  use  a  recording  thermometer  or 
hermograph  supplying  a  record  of  the 
emperature  of  the  air  and  the  flue  gases. 
\  barograph  or  recording  barometer  for 
;eeping  track  of  the  barometric  condi- 
ions  and  a  recording  draft  gage  are  also 
desirable  additions  to  the  power-plant 
aboratory.  This  latter  apparatus,  how- 
ever, can  be  dispensed  with;  in  fact, 
inost  power  plants  consider  they  have 
sone  the  limit  on  boiler-room  jewelry 
tt-hen  they  put  in  a  recording  steam  gage. 
The  boiler  room  is  the  place  where  the 
bigt'est  opportunity  for  cutting  down  op- 
erating expenses  lies  and  the  chemical 
reactions  occurring  in  the  boiler  furnace 
must  be  carefully  watched  in  order  to 
attain  practicable  efficiency. 

A  complete  set  of  records  of  this  char- 
acter covering  one  or  two  years  would 
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be  invaluable  in  settling  many  of  the 
complex  points  involved  in  power-plant 
operation  and  would  supply  an  interest- 
ing light  upon  the  subject  of  chimney 
draft.  In  this  last  case,  the  record  should 
be  accompanied  by  information  as  to  the 
number  of  boilers  in  operation  at  ail 
times  and  to  the  steam  temperatures  and 
pressures  maintained. 


Hoisting    Engine    Repair    Job 

Looking  at  the  long  lines  of  mine  steam 
pipes,  some  of  them  3500  ft.  long  and 
over,  the  problem  of  taking  care  of  the 
condensed  steam  is  apparent.  This  con. 
densate  is  taken  care  of  by  means  of 
traps  and  separators,  but  occasionally 
these  devices  fail  to  operate  and  a 
wrecked  engine  is  the  result. 

One  morning,  several  years  ago,  after 
a  32x48-in.  first-motion  hoisting  engine 
had  been  running  as  usual  for  about  an 
hour,  both  cylinders  received  a  slug  of 
water  which  resulted  in  cracking  both 
engine  frames  on  the  under  sides  of  the 
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frame  on  each  side  of  the  cylinder  and 
also  pressed  through  the  foot  at  the  head 
end  of  the  cylinder.  These  rods  were  made 
tight  by  nuts  and  the  whole  served  to  pre- 
vent the  cylinder  from  pulling  away  from 
the  frame;  both  cylinders  were  treated  in 
the  same  manner.    The  repair  is  shown  in 

Fig.  I. 

Securing  the  pillow  block  to  the  frame 
was  a  more  difficult  job,  but  it  was  ac- 


FiG.  2.    Special  Pillow  Block  Cap 
Fitted  to  Frame 

complished  by  making  a  new  cup  for  the 
bearing,  having  a  shoulder  cast  on  the 
inner  end.  A  special  casting  was  made 
to  butt  against  this  shoulder  and  to  ex- 
tend out  on  top  of  the  engine  frame,  as 
shown  in  Fig.  2.  The  two  shoulders  were 
held  together  by  five  I'S-in.  bolts;  the 
angle  casting  was  secured  to  the  engine 
bed  by  eleven  1-in.  capscrews. 

On  each  side  of  the  frame  two  angle 
irons  were  secured  by  1-in.  bolts  and  the 


Fig.  i. 


Casting  Fitted  to  Frame  of 
Engine 


throat,  next  to  the  flange  where  it  is 
bolted  to  the  cylinder.  The  engine  bed 
was  also  broken  on  one  side  at  the  pillow 
block,  either  one  of  the  fractures  being 
so  severe  as  to  render  the  engine  useless 
until  a  new  frame  could  be  obtained  or 
repairs  made. 

Chief  Machinist  Morgan,  of  the  Sus- 
quehanna Coal  Co.,  at  Nanticoke,  Penn., 
decided  upon  and  carried  out  the  re- 
pairs as  follows:  A  heavy  casting  was 
made  to  fit  on  the  outside  of  the  engine 
frame  and  was  flanged  to  the  same  size 
as  the  frame  and  the  cylinder.  Long  stud- 
bolts  were  used  instead  of  the  engine 
studs,  and  clearance  holes  were  drilled  in 
the  casting  to  match  those  in  the  engine 
frame.  Another  set  of  holes  were  drilled 
and  tapped  in  the  frame  and  correspond- 
ing holes  drilled  in  the  casting.  Cap- 
bolts  were  then  screwed  tightly  in  place. 
The  nuts  on  the  stud-bolts  were  then 
screwed  up  tight.  Ribs  were  made  on  the 
casting  to  strengthen  it.  A  IH-in.  rod 
was  screwed  into  the  base  of  the  engine 


Fig.    3.     Application    of    Casting    and 
Tie  Rods 

angle  end  of  each  was  drilled  for  a  1^- 
in.  stay-rod;  the  inner  end  of  each  was 
screwed  into  the  projecting  end  of  the 
pillow  block  of  the  crank  disk.  The  other 
end  of  each  rod  passed  through  the  hole 
in  the  angle  iron  and  was  made  tight  by 
a  nut.  as  shown. 
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To  make  the  job  more  secure,  a  small 
casting  was  made  to  fit  against  the  outer 
end  of  the  frame  and  pillow  block.  Two 
holes  were  drilled  in  it  for  two  2-in.  rods 
which  were  slotted  for  a  key  as  shown 
in  Fig.  3.  The  other  end  of  each  rod 
was  fastened,  drilled  and  secured  to  the 
engine  frame  by  a  bolt  which  extended 
through  the  engine  frame  and  both  eyes 
of  the  two  bolts,  as  shown  just  back  of 
the  crank  disk  in  Fig.  2.  The  bolts  drew 
the  frame  tight  at  the  bottom  and  pre- 
vented end-play  at  that  point. 

This  completed  the  job,  and  the  engine 
has  been  in  use  during  working  hours  for 
a  period  of  about  three  years,  which 
speaks  well  for  the  manner  in  which  the 
work   was  performed. 


Setting  Valves  on  a  Corliss 
Engine 

By    H.    P.    Porter. 

To  set  the  valves  on  a  simple  Corliss 
engine  of  any  design  is  not  always  as 
easy  as  might  be  supposed.  While  many 
have  the  principal  motions  of  the  gear 
fairly  well  in  mind,  and  others  under- 
stand it  well,  it  is  not  uncommon  to  find 
a  man  in  charge  of  large  engines  who 
cannot  tell  in  a  straightforward  way 
how  to  go  about  setting  the  valves. 

There  are  six  principal  operations  to 
perform  in  setting  the  valves,  these  are 
as  follows: — 

1.  To  set  the  wristplate. 

2.  To  adjust  the  valves. 

3.  To  equalize  the  travel. 

4.  To  put  the  engine  on  the  center. 

5.  To  set  the  eccentric. 

6.  To  adjust  the  governor  rods. 
For  example,  consider  any  sized  engine 

of  a  simple  type  having  one  cylinder. 
To  set  the  wristplate,  first  note  if  there 
is  a  manufacturer's  mark  indicating  when 
it  is  in  the  central  position  of  its  travel. 
If  there  is  no  such  mark,  in  the  case 
of  a  horizontal  engine,  use  a  straight 
edge  and  level,  as  in  Fig.  1,  bringing  the 
steam  rod  pins  level,  then  mark  the  wrist- 
plate so  that  the  mark  comes  on  both 
the  moving  part  of  the  hub  and  the  sta- 
tionary part  of  the  shaft  or  stand.  In 
order  to  do  this  it  may  be  found  neces- 
sary to  disconnect  the  steam  rods.  In 
the  case  of  a  vertical  engine  the  steam- 
rod  pins  would  be  vertical,  or  in  any  case 
they  would  be  parallel  with  the  center 
line  of  the  engine. 

To  adjust  the  valves,  after  the  wrist- 
plate is  in  its  central  position,  it  is 
first  necessary  to  know  just  how  much 
lap  the  valves  must  have.  This  informa- 
tion should  ordinarily  be  secured  from 
the  manufacturer  although  in  some  cases 
the  engineer  may  set  the  valves  by  guess- 
work and  later  adjust  them  correctly 
with  the  aid  of  an  indicator.  There  is 
quite  a  difference  in  the  amount  of  lap 
of  the  valves  for  the  same  sized  engines 


of  different  designs.  The  writer  has  in 
mind  one  manufactur'^r  who  for  a  16-in. 
diameter  cylinder  sets  the  steam  valves 
with  H  in.  lap  and  tiie  exhaust  valves 
with  il,  in.  lap,  while  another  man- 
ufacturer allows  the  steam  valve  'A 
in.  lap  for  every  10  in.  diameter  of 
cylinder  and  sets  the  exhaust  valves 
without  any  lap.  For  a  16-in.  cylinder 
this  would  give  the  steam  valves  0.2  in. 
lap.  There  are  other  manufacturers  who 
would  give  this  same  engine  about  t'V 
in.  lap  for  the  same  engine  and  •.'_.  in. 
negative  ISp  for  the  exhaust  valves.  This 
goes  to  show  that  all  gears  are  not  de- 
signed to  give  the  same  laps  of  the  valves 
for  the  same  size  of  engines.  Again, 
the  data  given  on  this  subject  by  the 
manufacturers  is  not  always  absolutely 
correct  for  every  case;  they  cannot  always 
foretell  what  conditions  the  engine  may 
work  under,  and  in  the  end,  the  valves 
should  always  be  readjusted  by  means 
of  the   steam-engine   indicator. 


Centering  Wristplate 

To  equalize  the  travel  of  the  wrist- 
plate, is  to  so  adjust  the  eccentric  and 
reach  rods  that  the  plate  moves  during 
one  complete  revolution  of  the  engine, 
the  same  distance  on  either  side  of  the 
center  as  indicated  by  the  mark  on  the 
hub.  This  is  accomplished  by  either 
revolving  the  engine  or  by  loosening  the 
eccentric  on  the  shaft  and  revolving  it 
around  the  shaft.  While  making  this 
revolution,  note  the  travel  of  the  wrist- 
plate, and  shorten  or  lengthen  the  ec- 
centric rods  as  the  case  demands  so  that 
the  plate  travel  is  equalized.  Also  while 
making  these  adjustments,  as  well  as 
all  others  of  like  nature,  it  is  well  to 
have  all  the  bearings  adjusted  so  that 
there  will  be  no  lost  motion,  and  the 
revolution  should  be  in  the  direction  the 
engine   is  to   run. 

To  put  the  engine  on  center,  turn  it 
over  until  the  crosshead  is  nearing  one 
end   of   its   stroke,  then   stop   and   mark 


the  position  of  the  crosshead  on  the 
guides,  and  before  moving  the  engine 
also  mark  some  point  on  the  rim  of  the 
flywheel  on  some  stationary  object  near 
by.  If  there  is  no  such  stationary  object, 
construct  one,  then  continue  to  turn  the 
engine  until  the  crosshead  passes  the 
center  and  returns  exactly  to  the  same 
position  as  when  marked;  then  mark  the 
rim  of  the  flywheel  from  the  same  point 
on  the  stationary  object  again.  Take  a 
pair  of  dividers  and  locate  a  point  on 
the  rim  half  way  between  these  marks. 
This  half-way  point  is  then  brought  to  the 
same  position  relative  to  the  stationary 
object  as  were  the  original  marks  when 
made,  and  the  engine  is  on  center. 

To  set  the  eccentric,  the  engine  must 
remain  on  center  while  the  eccentric  is 
revolved  around  the  shaft  in  the  direc- 
tion it  is  to  run,  at  the  same  time  noting 
when  the  steam  valve  (on  the  end  cor- 
responding to  that  at  which  the  crank  is 
set)  begins  to  open.  When  this  valve 
has  opened  the  necessary  amount  for 
the  lead,  make  the  eccentric  fast  to  the 
engine  shaft  by  tightening  the  sefscrews, 
and  also  mark  the  eccentric  for  future 
references.  For  an  engine  having  a  C- 
in.  cylinder  the  lead  might  be  jV  to  A 
in.,  depending  upon  the  speed  at  which 
the  engine  is  to  run;  the  greater  the 
speed  the  more  the  lead. 

To  equalize  the  governor  rods  and  ad- 
just the  cutoff,  block  up  the  governor  to 
the  position  in  which  it  should  run  at 
medium  full  load;  this  will  on  most  en- 
gines be  between  .'^  and  1'4-  Then 
rock  the  wristplate  and  note  that  the 
knockoff  blocks  disengage  the  hooks 
from  the  valve  arms  at  the  same  point 
each  side  of  the  center,  or  turn  the  en- 
gine to  '4  of  its  stroke  and  adjust  the 
rods  so  that  they  knock  off  the  valve  at 
this  point  for  each  stroke. 


Seneca  River  Boiler  Tube 
Blowout 

There  have  been  no  new  developments 
of  importance  regarding  the  fatal  boiler- 
tube  blowout  on  the.  dredge  "Qyde"  on 
Nov.  16,  in  which  four  men  were  killed, 
as  reported  in  Power  for  Nov.  28. 

The  "Clyde"  was  equipped  with  two 
Babcock  &  Wilcox  400-hp.  marine  boil- 
ers, the  one  which  failed  being  located 
on  the  starboard  side.  The  boilers  were 
run  continuously  night  and  day  under 
full  evaporation  at  the  time  of  the  ac- 
cident. The  burst  tube  was  one  at  the 
end  of  the  lowest  row  and  the  fracture 
occurred  on  the  underside  of  the  tube 
about  6  in.  from  the  bridge-wall.  The 
longitudinal  fracture  was  about  6  in. 
long   and   the   traverse   about   4  in.  long. 

The  boilers,  which  had  been  in  use 
for  three  years,  operated  at  175  lb.  gage. 
The  engines  were  run  condensing  and 
the  condensed  water  was  used  in  the 
boilers. 
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As  stated  in  the  issue  of  Jan.  2,  the 
failure  of  the  tube  from  an  engineering 
standpoint,  was  believed  to  be  due  either 
to  defective  material  or  to  material  weak- 
ened by  pitting  or  corrosion,  or  by  over- 
heating; there  was  nothing  to  show  the 
existence  of  excessive  pressure.  This 
opinion  was  later  borne  out  by  the  dis- 
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Thickness  of  Metal  at  Fracture 

covery  that  a  slight  trace  of  oil  was  ob- 
served at  the  water  line  and  that  it  is 
possible  that  enough  oil  got  into  the 
boiler  to  allow  the  tube  to  overheat. 
Turkish  toweling  and  straw  filters  were 
used. 

There  was  no  drawing  down  of  the 
metal  to  speak  of,  the  rent  being  as 
shown  in  the  accompanying  drawing. 


Designing  a  Bearing 

By  Prof.  R.  C.  H.   Heck 

In  commenting  upon  a  poorly  designed 
bearing  in  the  issue  of  October  10,  C.  R. 
McGahey  draws  some  inferences  which 
a  closer  study  and  a  clearer  understand- 
ing of  the  problem  show  to  be  outside  the 
limits  of  possibility.  The  arrangement 
criticized  is  reproduced  in  Fig.  1,  with 
the  addition  of  dimensions  appropriate 
to  an  engine  with  the  speed  named,  or 
running  at  240  revolutions  per  minute. 
It  was  claimed  that  the  bearing  shells, 
instead  of  having  only  a  narrow  support 
at  midlength,  ought  to  be  rigidly  held  in 
the  frame  of  the  machine;  and  to  this 
supposedly  insufficient  rigidity  of  support 
and  consequent  flexure  of  the  shaft  was 
attributed,  in  one  case,  a  vibration  or 
"wabble"  of  the  wheel  rim,  having  an 
amplitude  of  h  inch.  It  is  now  pro- 
posed to  work  out  definite  results  for 
the  conditions  represented  in  Fig.  1 ;  and 
even  though  an  acquaintance  with  the 
"mechanics  of  materials"  is  needed  for 
a  complete  understanding  of  the  methods 
used,  an  outline  of  the  calculation  may 
be  of  general  interest. 

Outline  of  Calculation 

First  of  all,  the  connecting-rod  pres- 
sure P  =  20,000  pounds  is  about  as 
heavy  a  load  as  is  likely  to  come  on  a 
6-inch  shaft;  it  would  be  produced  by  an 
effective  steam  pressure  of  130  pounds 
per  square  inch  on  a  14-inch  piston  or 
113  pounds  on  one  of  15  inches  diameter. 
If  this  load  is  resisted  by  pressures  R  R 
concentrated  at  midlength  of  the  bear- 
ings, it  would  develop  a  maximum  stress 
of  about  6000  pounds  per  square  inch 
in  the  crank  pin  or  right  under  P,  Fig. 
1.     In  briefest  outline,  without  any  ex- 
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planations,  the  calculation  of  this  stress 
is  as  follows: 

The  shaft  is  considered  a  simple  beam, 
26  inches  long,  and  with  a  load  of  20,000 
pounds  at  the  middle.  The  moment  of 
inertia  of  the  section  is 

V  d* 3.142  X  6'* 

64  64 

The  section  modulus,  with  the  radius  3 
inches  as  the  distance  to  remotest  fiber, 
is  then 

-=63.6^3  =  21.2, 

The  maximum  bending  moment  is 

M  —  1/4  PI  =  20,000  X  6.5  =   130,000 

inch-pounds 
Therefore  the  greatest  stress  is 


FiG.  1.  Dimensions  of  Shaft  and 
Bearings 

S  =  130,000  ^  21.2  —  6130  pounds  per 
square  inch 
Provided  that  the  crank  webs  are  of 
sufficient  strength,  the  crooked  form  of 
the  shaft  has  no  influence  upon  stress 
in  the  crank  pin;  but  it  does  help  to  de- 
termine the  flexure  under  load.  To  allow, 
roughly,  for  bending  in  the  crank  webs, 
let  the  actual  shaft  be  replaced  by  a 
straight  round  bar  of  the  increased  length 
(between  supports),  shown  in  Fig.  2, 
and  with  a  load  at  the  middle  sufficient 
to  produce  a  stress  of  6000  pounds.  The 
stress  along  the  bar  will  vary  from  this 
maximum  value  under  P  to  zero  at  the 
supports,  in  the  manner  represented  by 
the  shaded  diagram  A  K  B  A. 

Stress 

Stress  is  the  inner  force  which  resists 
the  tendency  of  external  forces  to  change 
the  shape  of  the  body;  but  the  develop- 
ment of  stress  is  accompanied  by  some 
change  of  shape.  The  bending  action  of 
the  forces  P,  R,  R,  in  Fig.  2,  produces 
compression  and  shortening  on  the  top 
side  of  the  bar,  and  tension  and  stretch 
along  the  bottom.  Change  of  length  is 
proportional  to  the  stress  developed,  and 
the  ratio  of  stress  per  unit  of  area  to 
elongation  (or  shortening)  per  unit  of 
length  is  called  the  modulus  of  elasticity. 


For  steel  this  ratio  is  about  30,000,000. 
As  already  noted,  in  this  example  the 
stress  varies  uniformly  from  6000  pounds 
per  square  inch  to  zero;  and  the  re- 
sultant effect  is  as  if  an  average  stress 
of  3000  pounds  were  assumed  to  exist 
along  the  whole  bar.  Dividing  3000  by 
30,000,000,  the  length  of  the  bar  will  be 
changed  by  1  in  10,000  of  its  free  length. 
Then  the  32  inches  at  -4  B  will  be  short- 
ened, by  0.0032  inch,  while  at  C  D  there 
will  be  a  stretch  of  0.0032  inch.  Now 
the  lines  C  A  and  D  B,  originally  parallel, 
will  approach  each  other  at  the  rate  of 
0.0064  inch  in  6  inches,  or  of  1  in  940. 
From  its  original  position  parallel  to 
M  A^,  either  line  will  be  deflected  at  half 
this  rate,  or  by   1   in   1880. 

Suppose  that  a  wheel  of  60  inches 
diameter  is  mounted  on  the  shaft,  as  in 
Fig.  1.  To  give  a  30-inch  radius  a  de- 
flection of  1  in  1880  would  swing  the 
outer  end  of  it 

30  ^  1880  =  0.016 
or  about  ^  inch,  from  its  mean  posi- 
tion; and  with  the  same  deflection  in 
the  opposite  direction,  the  total  range  of 
vibration  would  be  about  A  inch.  The 
load  assumed  in  Fig.  1  is  larger  than 
would  be  likely  to  come  into  play  in  the 
ordinary  working  of  the  engine;  and  if  a 
wheel  were  observed  to  vibrate  through 
-?s  of  an  inch,  it  certainly  was  not  set 
squarely  on  the  shaft. 

Proper  Support  for  Bearings 

So  much  for  the  matter  of  probable 
quantitative  values  of  stress  and  flexure. 


Fig.  2.  Diagram  Showing  Distribution 
of  Stress 

Next  comes  the  question  of  proper  sup' 
port  for  the  bearings.  The  determining 
requirement  for  cool  and  easy  running 
of  a  high-speed  bearing  is  uniformity  it 
distribution  of  pressure  between  the  jour 
nal  and  the  bearing.  If  the  bearings  it 
Fig.  1  are  held  rigidly  and  exactly  paral 
lei  to  the  axis  of  rotation,  and  if  ths 
shaft  bends  under  varying  load  (as  i 
must),  one  end  of  the  journal  will  bs 
pressed  harder  than  the  other  against  th( 
bearing.  The  fact  that  most  engines  o 
the  class  represented  have  fuU-lengtl 
seatings  for  the  boxes  in  the  frame,  anc 
yet  work  satisfactorily,  means  simpl; 
that  the  shaft  flexure  is  not  large  enougl 
to  cause  trouble.  The  use  of  flexible 
support,  which  permits  the  bearing  shel 
always  to  aline  itself  with  the  bearing 
is  universal   for  line   shafting  and  ven 
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immon  in  large  engines  and  in  steam 
rbines.  The  original  design  of  the  cen- 
r-crank  engine  most  like  Fig.  1  had 
iherical  seatings  for  the  bearings  in  the 
ame.  This  is  correct  in  principle,  but 
is  been  found  an  unnecessary  refine- 
ent  for  small  engines. 
Of  course,  if  a  heavy  wheel  is  not  set 
luarely  on  the  shaft,  the  resulting  vi- 
ation  will  strain  the  arms  severely;  but 
)  standard  high-speed  engine  on  the 
arket  has  a  shaft  light  and  flexible 
lough  to  permit  serious  vibration  of  this 
rt,  due  to  flexure  under  steam  force. 


120-lb.  hydrostatic  test  on  Oct.  25,  1911. 
The  pressure  allowed  on  the  boiler  was 
80  lb.  In  Fig.  1  is  shown  a  partial  view 
of  the  boiler  setting  and  the  steam  dome; 
Fig.  2  shows  a  view  of  the  power  plant, 
which  consisted  of  a  steam  and  gas  en- 
gine,  a  small   refrigerating  machine  and 


New  York's  Hydro-Electric 

Possibilities 

Governor  Dix,  in  his  latest  message  to 
the  New  York  Legislature,  gives  serious 
consideration  to  the  state's  hydro-electric 

possibilities  in  the  following  words: 


last-Iron  Head  Blown  Out  of 

Steam   Dome 
An  unusual   boiler  explosion  occurred 

9:45  a.m.,  Monday,  Jan.  9,  at  98  First 
re.,  New  York  City.  The  boiler  was 
!  ft.  long,  36  in.  in  diameter  and  was 
instructed  with  a  shell  H  in-  thick  and 
;th  heads  'i  in.  thick.  The  shell  metal 
id  a  tensile  strength  of  50,000  lb.  The 
liler  was  located  in  the  basement  of 
arsch  &  Co.,  and  was  used  to  supply 
sam  for  heating  and  power  purposes. 
The  boiler  was  set  under  the  sidewalk 
;th  the  top  of  the  steam  dome  about 
:  in.  from  the  arch  which  forms  the 
iling  of  the  boiler  room.     The  rupture 

the  boiler  occurred  in  the  cast-iron 
:ad  of  the  steam  dome,  the  head  being 
s  in.  thick  and  30  in.  in  diameter.  It 
actured  at  the  flange  and  was  probably 
own  into  small  pieces  as  it  cannot  be 
und.  The  top  of  the  dome  was  blown 
)  through  the  sidewalk,  slightly  injur- 
g  two  men,  the  engineer  and  a  passer- 

The  boiler  was  32  years  old,  having 
;en    built    in    1880,    and    underwent    a 


Fig.  2.  How    the   ENciNh   Room   Looked   ae 


iHc   Explosion 


other  small  units.  Aside  from  the  dam- 
age done  to  the  boiler  dome  and  some 
of  the  piping,  the  boiler  was  not  damaged. 
It  is  doubtful,  however,  if  it  will  be 
again  put  into  service,  as  a  new  boiler 
is  being  installed.  No  blame  is  attached 
to  the  engineer  in  charge  at  the  time. 


Fic.   1.  Boiler  l'.nder  Side\v.\lk.    C.\st-iro.n   Head  l  i    LK'.'.e  \\'a<  Blown   Up 

THROUGH    THE    ArCH    AND    SIDEWALK 


Xe'w  York  State  is  unique  in  its  pos- 
session of  hydraulic  energry.  Surrounded 
by  \\-ater  on  its  entire  "western,  northern 
and  southern  borders,  there  is  a  possi- 
bility of  developing  from  latent  energy, 
not  at  present  utilized,  one  and  a  half 
million  horsepower,  which  can  be  dis- 
tributed through  feeders  along  the  line 
of  the  Erie  Canal  and  the  Champlain 
Canal,  that  will  be  extending  through 
the  southern  tier  of  counties  sulHcient 
energy  to  create  in  perpetuity  the  power 
now  supplied  by  the  annual  consumption 
of  twenty  million  tons  of  coal. 

It  is  estimated  that  the  state's  industries 
purchase  from  neighboring  states  an 
equivalent  of  US  million  horsepower  in 
coal  alone;  that  in  New  York  City  oiTe 
railway  annually  consumes  500.000  tons 
of  hard  coal  and  150,000  tons  of  soft 
coal,  and  another  burns  350,000  tons; 
steam  users,  2,000,000  tons;  houses, 
hotels,  stores,  etc.,  1,500,000  tons,  and 
families,  1,000,000  tons — in  all,  says  the 
Coal  Trade  Journal,  as  nearly  as  can  be 
estimated,  there  are  19,184,846  tons  con- 
sumed  annually   in   Greater   New   York. 

These  figures  are  stanling,  and  are  a 
strong  argument  in  favor  of  the  neces- 
sity of  the  state  adopting  every  means 
of  conser\'ing  its  vast  water-power  re- 
sources. 

While  the  state  will  be  compelled  to 
make  heavy  expenditures  before  its 
hydro-electric  resources  are  made  com- 
mercially available,  their  development 
will  make  New  York  one  of  the  wealthiest 
and  most  prosperous  states  in  the 
world. 
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Electrical     Department 


Conducted  to  be  of  service  to  the  men  in 


charge  of  electrical  equipment  in  the  power  house 


Old    Reliable    Steam    to    the 
Rescue— Under  Diffi- 
culties 


By  R.  C.  Turner 
An    occurrence    which    illustrates    the 
advantage    of   having   a   steam   plant   to 
supplement   water   power    added    to   the 
experience  of  the  Georgia  Power  Co.,  at 
Atlanta,  recently.  This  company  operates 
two  hydro-electric  stations  on  the  Chat- 
tahoochee  River,  one  at   Morgans   Falls, 
18  miles  from  Atlanta,  and  the  other  at 
Gainesville,  Ga.,  55  miles  north  of  the 
same  city.     At  the  Morgans  Falls  plant, 
the     equipment    consists    of    six    three- 
phase  machines  with  a  suitable  equipment 
of    water-cooled    transformers    for   rais- 
ing the  voltage  to  22,000  and  the  delivery 
of    15,000    hp.    at    the    station    switch- 
board.   The  wholfe  output  of  this  station 
is  transmitted  to  Atlanta  and  sold  to  the 
Georgia  Rv.  &  Electric  Co.     After  going 
through  the  substation  at  the  city  limits 
the   current   is  delivered   to   the   railway 
company  at  6600  volts.     The  purchaser 
operates  all  the  traction  cars  in  the  city 
and   also   furnishes  the   street  lights  as 
well    as    a   heavy    residential    and    com- 
mercial load.     The  Gainesville  plant  has 
a  rated  capacitv  of  12.000  hp.  and  fur- 
nishes the   cities  of  Gainesville,   Buford 
and    Norcross    with    electric    lights    and 
power. 

The  current  coming  into  Atlanta  from 
the  Gainesville  plant  is  transformed  at 
the  citv  limits  from  50.000  to  11.000 
volts,  and  is  distributed  in  the  city  at 
this  voltage,  the  service  being  used  most- 
ly by  manufacturers. 
'  Early  in  September  the  management 
of  the  Georgia  Power  Co.  realized  that 
if  it  did  not  rain  in  a  few  days  the  river 
would  be  so  low  at  the  Gainesville  and 
Morgans  Falls  plants  that  it  would  be 
impossible  to  operate  more  than  a  few 
hours  during  the  day.  The  Georgia  Ry. 
&  Electric  Co.,  however,  offered  to  render 
all  the  assistance  possible  with  its  steam 
plants,  the  Georgia  Power  Co.  to  furnish 
all  the  transformers  and  other  apparatus 
needed. 

The  Georgia  Power  Co.  sent  six  600- 
kw.  11,000-  to  2300- volt  transformers  to 
the  Davis  St.  plant  of  the  Georgia  Ry. 
&  Electric  Co.,  and  the  2300-volt  feed 
line  coming  from  the  Georgia  Ry.  steam 
plant  was  connected  to  the  corresponding 
terminals  of  the  transformers,  the  11.000- 
volt  terminals  being  connected  to  a  tem- 
porary   line    from    the    Davis    St.    plant 


to  a  substation  located  near-by.  At  the 
substation  a  spare  transmission  line 
from  the  Morgans  Falls  plant  was  hooked 
on  giving  an  U.OOO-volt  line  out  to  the 
city  limit's.  At  the  outer  district  tem- 
porary lines  were  run  and  single-pole 
knife  switches  installed  and  connected 
to  the  transmission  line  from  the  Gaines- 
ville plant,  50  miles  away.  Two  miles 
from  the  temporary  jumpers  and  switches, 
the  line  enters  the  North  Boulevard  sub- 
station for  the  final  step-up  from  11,- 
000  to  50,000  volts,  this  being  the  volt- 
age used  between  the  North  Boulevard 
station  and  the  generating  plant  at 
Gainesville. 

When  everything  was  completed,  the 
steam  plant  was  notified  to  cut  in  at  10 
p.m.  and  carr>-  the  load  of  the  Gaines- 
ville plant  from  this  hour  until  2  p.m. 
the  following  day.  At  the  Gainesville 
plant  the  head  gates  were  to  be  closed  at 
10  p.m.  and  water  stored  up  in  order 
to  be  able  to  take  up  the  load  at  2  p.m. 
every  day  until  it  rained  enough  to  re- 
lieve the  situation. 

Following  out  the  order,  engineers  at 
the  Davis  St.  plant  at   10  p.m.    threw  in 
the  switches,  paralleled  with  the  Gaines- 
ville plant  and  picked  up  the  load,  the 
Gainesville    plant    cutting    out    at    10:05. 
For  ten  minutes  everything  worked  nice- 
ly; then  three  of  the  600-kw.  transform- 
ers at  the  Davis  St.  station  went  up  in 
smoke   before   the   attendants   could   cut 
them  out  of  the  circuit;  the  other  trans- 
formers  were   cut   out   and   the   Gaines- 
ville plant  had  to  pick  up  the  load  again. 
On  the  following  day.  upon  examining 
the    remaining    600-kw.    transformers,    it 
was  decided  that  the  accident  was  caused 
by    moisture,    as    the    transformers    had 
been   out   of   service    for   several   years. 
.After  making  this  decision,  the  second- 
ary   terminals    were    short-circuited    and 
220  volts  sent  into  the  primary  windings 
to  heat  them  up  and  expel  the  moisture. 
Steam-pipe  coils  were  also  employed  to 
hurry   up   the   job   of   drying   them   out. 
After  a  few  days  the  transformers  were 
subjected  to  a  severe  insulation  test  and 
put  back  on  the  line;  at  10  o'clock  that 
night  the  Davis  St.  plant  again  took  up 
the  load  of  the  Gainesville  plant.  Every- 
thing worked  perfectly  for  a  few  days; 
then   the   transformers   which   had   been 
subjected  to  the  drj'ing-out  process  fol- 
lowed   the    fate    of   the    first   three    and 
went  up  in  smoke. 

After  the  failure  of  the  second  bank 
of  transformers,  three  spare  1500-kw. 
transformers  at  the  Morgans  Falls  sub- 


station were  connected  up  and  worked 
perfectly  for  several  nights,  when  one 
of  them,  carrj'ing  less  than  three- fourths 
of  its  rated  load,  followed  the  fate  of  tJie 
first  ones  and  went  out  of  commission. 
When  this  happened,  the  engineers  of 
the  company  decided  that  they  were  about 
at  the  end  of  the  rope,  as  the  drying-out 
process  on  the  remaining  600-kw.  trans- 
formers was  not  completed  and  they 
were  unwilling  to  run  the  risk  of  any 
more  burnouts.  However,  on  the  date 
of  the  last  burnout,  word  was  received 
from  the  Gainesville  plant  that  a  heavy 
rain  had  fallen  in  that  vicinity  for  the 
past  24  hours,  breaking  the  60-day  dry 
spell,  and  that  they  would  be  able  to  op- 
erate the  plant  24  hours  per  day  until 
further  notice. 


LETTERS 

How    to    Color    Lamp    Bulbs 

In    the   Jan.   2   issue,   Harry   L.   Seifts 
asks  for  a  process  to  color  lamp  bulbs. 
There   are   several   different  methods;   a 
simple    and    inexpensive    one    is    as    fol- 
lows:   Take  some  white  shellac  and  thin 
it   down    with    wood    alcohol,   using  con- 
siderable  of   the   alcohol   to   get   a  very 
thin    mixture.      Dissolve    some    ordinary 
powder  dye,  of  the  color  desired,  in  some 
alcohol  and  mix  it  with  the  thinned  shel- 
lac.     Place   the    mixture    in    a   vessel    at 
least   6   in.   deep,   and   immerse   the  bulb 
in   it,   taking  care   not   to   dip   the   lamp 
deep  enough  to  get  the  base  in.     After 
dipping,  the  lamp   should  be  hung  ver- 
tically in  a  socket  and  the  current  turned 
on   to   dry   it.     .\ny   depth   of  color  de- 
sired can  be  secured  by  properly  propor- 
tioning  the   quantity   of  the   dye   in  the 
shellac.     If  necessary,  the  coloring  car 
be  removed  from  the  bulb  with  alcohol 
A   good   coloring    liquid    can   be   bough 
especially  made   for  bulb  coloring  fron 
dealers   in   electric   goods. 

James    E.    Noble. 
Toronto.  Ont. 


Answering  Mr.  Seifts'  question  as  t 
treating  lamp  bulbs.  1  offer  the  follow 
ing   suggestions: 

Take  a  little  white  shellac  and  cut  i 
with  alcohol;  dip  the  bulb  in  this  mixtur 
and  let  dn-.  when  it  will  be  a  good  imita 
tion  of  frosted  or  ground  glass.  Fc 
coloring,  take  a  little  egg  dye  of  the  cole 
desired  and  dissolve  it  in  a  little  alcoh( 
and  color  the  shellac  with  it.  Whe 
desired  the  color  can  be  cleaned  off  wil 
alcohol. 
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Another  method  is  to  dip  the  bulb  in 
a  solution  of  collodion,  Jn  which  an 
aniline  dye  of  the  desired  color  has  been 
dissolved.  These  dyes  can  be  obtained 
at  any  drug  store,  and  are  about  the 
same  as  the  egg  dyes.  When  dipping, 
care  should  be  taken  not  to  wet  the  base 
of  the   lamp. 

Edward  L.  Johnson. 

Brooklyn.  N.  Y. 


Polarity    of   the    Cooper 
Hewitt  Lamp 

In  the  Catechism  of  Electricity  on 
page  15,  Jan.  2  issue,  the  reference  to 
the  polarity  of  the  Cooper  Hewitt  tube 
is  evidently  reversed.  The  letter  A  should 
be  at  the  right-hand  end  and  the  letter  C 
at  the  left-hand  end  of  the  tube  in  Fig. 
393. 

E.    G.    HoppE. 

Cairo,   111. 

[Mr.  Hoppe  is  right.  The  letters  A 
and  C  should  have  been  transposed.  The 
fourth  line  of  text  beneath  the  picture 
should  have  read:  "large  bulb  A  at  the 
right-hand  end  of  the  tube"  and  the 
seventh  line  below  the  picture:  "cup  C 
at  the  left-hand  end  of  the  tube." — 
Editor.] 


The  Cash  Value  of  Electrical 
Knowledge 

The  worth  of  electrical  knowledge  does 
not  appear  to  be  very  large,  to  judge  by 
the  growls  in  the  press  on  the  matter  of 
engineers'  wages.  On  this  side  of  the 
Atlantic,  at  any  rate,  we  know  how  to 
fix  the  pay  sheets.  The  following  ad- 
vertisement is  from  the  Manchester 
Guardian  of  Nov.  21 : 

WANTED,  in  Mains,  etc..  Department  of 
Electricity  Supply  Station,  near  Manciiester. 
man  to  install,  maintain  and  repair  motors 
and  make  himself  generally  useful  in  the  De- 
partment :  one  able  to  fix  and  read  meters : 
wage  to  commence  £1  ($4.87)  per  week  of  .50 
hours,  with  prospect  of  increase  for  satisfac- 
tory man.     Address   R   (>2,  M/c  Guardian. 

It  is  gratifying  to  note  that  a  satis- 
factory man  will  have  a  "prospect  of 
increase."  It  is,  however,  to  be  hoped 
that  the  prospect  will  not  be  so  dazzling 
as  to  cause  any  hurt  to  the  eyes  of  the 
prospector. 

There  are  not  many  better-paid  jobs 
than  the  electrician's,  are  there?  What? 
Oh,  yes!  I'm  so  sorry;  I  forgot  the  art 
of  road-sweeping.  Members  of  this  pro- 
fession have  attained,  I  believe,  to  the 
munificent  salary  of  25  shillings  per 
week  of  48  hours.  Really,  I  must  find 
an  experienced  road-sweeper  and  appren- 
tice my  young  hopeful  to  him  without 
delay.  I  hope  that  he  will  not  demand 
an  exorbitant  premium. 

John  S.  Leese. 

Manchester,  Eng. 


Unbalanced   Airgaps    and 
Bearing  Wear 

Under  the  above  heading  on  page  922 
of  the  Dec.  19  issue,  is  an  article  by  Mr. 
J.  B.  Clapper  which  leaves  room  for 
much  comment.  The  author  writes  of  the 
possible  decrease  in  service  or  shutdown 
of  a  power  plant  for  a  trifling  cause.  I 
fail  to  see  how  his  theory  can  hold  good 
for  so  long  as  three  weeks. 

In  most  cases  of  unbalanced  airgaps 
the  magnetic  pull  has  such  a  slight  dif- 
ference between  the  opposite  polepieces 
that  the  readjustment  is  generally  made 
to  prevent  the  armature  from  striking  the 
poles  on  the  bottom.  If  the  magnetic 
pull  on  the  bottom  pole  were  3000  lb.  it 
would  be  balanced  by  the  pull  of  the  op- 
posite or  top  pole,  which  has  an  equal 
amount  of  magnetic  pull  at  the  same  in- 
stant, thus  neutralizing  the  effect  of  the 
bottom  pole  pulling  downward  on  the 
armature.*  The  weight  of  the  armature, 
shaft,  flywheel  and  eccentrics  is  prac- 
tically the  only  downward  pressure  im- 
posed on  the  bearings 

It  is  not  mentioned  in  the  article 
whether  the  machine  had  a  revolving 
armature  or  a  revolving  field  magnet,  or 
if  driven  by  a  horizontal  engine  or  a 
vertical  one.  In  all  cases  it  is  the  object 
of  the  makers  to  use  as  small  an  airgap 
as  gives  safe  clearance  of  the  armature 
core.  This  varies  but  little  between  large 
and  small  machines  and  seldom  exceeds 
yi  in.  even  in  large  machines,  while 
motors  of  5  to  10  hp.  have  an  airgap  of 
uT  to  A  in.  If  a  vertical  cross-compound 
or  triple-expansion  engine  were  used  and 
two  adjacent  polepieces  on  the  top  side 
of  the  frame  had  to  have  jumpers  put  on 
to  cut  out  the  burnt  coils  without  cutting 
out  the  opposite  poles  on  the  bottom, 
there  would  be  more  pull  on  the  bottom 
than  at  the  top  of  the  armature. 

This,  in  addition  to  the  weight  of  the 
connecting-rods,  crossheads  and  pistons, 
might  produce  the  effect  described.  But 
I  fail  to  see  how  properly  designed  boxes 
with  good,  babbitt  or  bronze  liners  could 
wear  down  in  three  weeks.  With  such 
rapid  wear  there  would  be  such  exces- 
sive heating  of  the  bearings  as  to  melt 
the  babbitt  before  a  day's  run  had  been 
completed.  On  large  machines  adjusting 
screws  are  usually  provided  in  the  feet 
to  raise  or  lower  the  field  frame  so  as  to 
keep  the  armature  in  the  center  of  the 
pole-face  circle. 

The  location  of  the  field  coils  cut  out  of 
service  would  have  much  to  do  with  the 
stability  of  the  machine,  but  cutting  out 
the  bottom  or  top  coils  would  not  tend 
to  cause  unsteady  operation.     It  further 


•Mr.  Cultra  overlooks  the  fact  that 
with  unbalanced  airgaps  the  magnetic 
fiux  is  not  the  same  under  all  pole  faces. 
The  flux  density  is  very  much  higher 
under  the  pole  nearest  to  the  armature 
than  under  the  opposite  pole  and  the 
difference  in  magnetic  pull  is  even  great- 
er, because  the  pull  is  roughly  propor- 
tional to  the  square  of  the  density. — 
Editor. 


appears  that  the  machine  must  have  been 
operating  alone  on  the  circuit,  or  with 
the  coils  cut  out  it  could  not  have  been 
put  in  parallel  without  cutting  out  op- 
posite coils  in  the  same  series,  thus  re- 
ducing the  capacity  of  the  machine  about 
one-fourth  or  to  24  poles.  If  the  oppo- 
site poles  of  a  revolving-field  machine 
were  not  jumped  or  cut  out,  the  vibration 
might  be  serious  and  possibly  cause  the 
destruction  of  the  machine. 

I  can  account  for  such  wearing  of  the 
boxes  only  by  assuming  that  the  engine 
was  a  vertical  one  with  very  poorly  ad- 
justed valve-gear  on  the  crank  ends.  It 
has  been  known  that  even  horizontal  en- 
gines with  valve-gear  out  of  adjustment 
have  caused  pillow-block  bearings  to 
heat,  and  I  dare  say  this  condition  had 
more  to  do  with  the  rapid  wear  of  bear- 
ings described  by  Mr.  Clapper  than  the 
unbalanced  airgaps.  Many  machines  are 
in  daily  use  with  unbalanced  airgaps. 
R.  A.  Cultra. 

Cambridge,  Mass. 


A  Quick  Repair  of  a  Rheostat 

Our  lights  went  out  one  cloudy  day, 
and  an  examination  proved  the  trouble 
to  be  a  burned-out  section  in  the  rheostat 
of  the  dynamo. 

I  could  not  get  at  the  wire  without  re- 
moving the  rheostat  from  the  switch- 
board, which  would  have  taken  too  long, 
as  we  needed  the  lights  badly. 

I  tried  cutting  out  the  resistance  until 


Contact  Plates  Temporarily  Bridged 

the  contact  finger  on  the  revolving  ann 
was  beyond  the  daiTiaged  coil,  but  this 
let  the  voltage  run  too  high  for  safety 
to  the  lamps,  so  I  doubled  a  piece  of 
lO-ampere  fuse  wire  and  drove  it  be- 
tween the  segments  A  and  B  (see  accom- 
panying sketch),  to  which  the  broken 
section  was  connected. 

This  temporary  repair  answered  the 
purpose  nicely  until  I  could  get  a  chance 
to  take  the  rheostat  down  and  make  a 
new  coil. 

Earl  Pacett. 

Coffeyville,  Kan. 
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Gas   Power   Department 

Worth-while  gas-engine  and  producer  information  treated  in  a  way  that  can  be  of  practical  use 


A  Successful  Peat  Gas  Power 
Plant  in  Ireland 

According  to  our  British  contemporary, 
Engineering,  a  peat-gas  plant  has  been 
working  in  Ireland  since  September  last, 
with  results  which  are  reported  to  be 
quite  satisfactory.  The  plant  is  in  the 
textile  factory  of  H.  Robb,  at  Portadown, 
and  has  replaced  a  Mond-gas  plant  by 
which  power  was  formerly  provided.  The 
producer  gasifies  peat  which  is  simply 
air-dried,  cut  from  bog  lands  at  Maghery, 
and  stacked  for  the  summer.  As  cut, 
the  peat  contains  about  85  per  cent,  of 
moisture,  and  during  an  average  season 
this  can  be  reduced  by  air-drying  to  26 
per  cent.  In  exceptional  years,  such  as 
that  experienced  this  last  summer,  peat 
can  be  dried  in  this  district  to  about  19 
per  cent,  moisture. 

The  plant  is  guaranteed  to  work  with 
peat  containing  up  to  45  per  cent,  mois- 
ture. It  consists  of  two  producers  of  200 
brake  horsepower  capacity  each,  with 
a  coke-fiUed  wet  scrubber,  a  tar  ex- 
tractor, a  sawdust  scrubber,  an  exhauster 
and  an  expansion  box.  The  air-dried 
peat  is  fed  in  block  form,  as  cut,  into  a 
hopper  above  the  generator,  whence  it 
falls  into  the  generator  itself  as  combus- 
tion proceeds.  The  gas  is  drawn  off 
through  the  wet  scrubber  and  washer  to 
the  tar  extractor,  where  the  tar  is  taken 
out  by  centrifugal  action.  It  then  passes 
on  to  the  sawdust  scrubber  and  is  de- 
livered to  a  gas  holder  by  the  fan  which 
draws  it  through  the  producer.    The  gas 


produced  has  a  value  of  about  140  B.t.u. 
per  cubic  foot. 

As  originally  designed,  the  coke-filled 
scrubber  became  clogged  with  tar,  and 
it  was  therefore  modified  so  that  the 
greater  part  of  the  coke  was  removed, 
and  a  water  shower  introduced,  against 
which  the  gas  passes  upward. 

The  cost  of  the  peat  delivered  at  the 
works  is  6s.  per  ton,  and  with  an  aver- 
age load  of  275  brake  horsepower  on  the 
plant  the  consumption  is  found  to  be 
slightly  under  20  tons,  costing  practically 
£6.  There  is  a  ready  market  for  the  tar 
at  35s.  per  ton,  and  about  5  per  cent,  of 
this  byproduct  is  recovered  from  the 
plant,  or  about  1  ton  per  week.  The  net 
expense  for  fuel  is  £4  5s.  per  week.  On 
the  other  hand,  the  anthracite  used  by 
the  Mond-gas  plant  (8;2  tons  per  week) 
cost  £13  16s.  3d.  The  plant  has  not 
been  running  sufficiently  long  to  ascer- 
tain definitely  whether  or  not  a  slight 
increase  in  labor  may  be  necessary;  but 
allowing  £40  per  annum  for  such  a  con- 
tingency under  these  conditions  at  a  fac- 
tory of  500  looms,  employing  from  500 
to  600  hands,  a  saving  in  the  fuel  bill 
of  about  £438  would  result. 

The  operation  of  the  plant  is  reported 
to  be  very  simple,  and  after  overcoming 
in  the  early  stages  one  or  two  rather  un- 
expected difficulties,  of  which  one  was 
due  to  sand  becoming  mixed  with  the 
peat  during  a  long,  dry  summer,  no  fur- 
ther trouble  has  been  experienced.  The 
plant  was  designed  and  constructed  by 
Crossley    Brothers,   gas-engine   builders. 


The  Junkers  Oil  Engine 
By  f.  E.  Junge 

Of  the  various  internal-combustion  en- 
gines which  are  competing  with  the  steam 
turbine  for  preeminence  in  the  field  of 
large-scale  economic  power  production 
and  ship  propulsion,  the  Diesel  engine  so 
far  has  been  the  only  one  to  deserve 
serious  consideration.  Of  late  a  new  type 
of  large  oil  engine  is  attracting  attention 
in  Germany;  this  is  a  two-stroke  engine, 
built  to  the  design  of  Prof.  Junkers, 
of  the  Technische  Hochschule  of  Aix- 
la-Chapelle.  A  freight  vessel  to  be 
equipped  with  this  type  of  engine  has 
been  ordered  from  the  Weser  Co.,  of 
Bremen,  by  the  Hamburg-American  Line. 
The  power  developed  by  the  two  engines 
is  to  be  1600  shaft  horsepower.  A  200- 
hp.  experimental  engine  gave  the  data 
for  the  construction  of  a  1000-hp.  en- 
gine which  is  now  undergoing  tests  at 
Aix-Ia-Chapelle;  Fig.  1  is  a  picture  of 
this  latter  engine.  The  general  arrange- 
ment of  the  parts  of  this  tandem  hori- 
zontal engine  is  shown  in  Fig.  2.  Two 
pistons  work  in  each  of  the  tandem 
cylinders;  the  extreme  forward  and  rear 
pistons  act  on  the  middle  crank  and  the 
two  intermediate  pistons  act  on  the  out- 
side cranks,  which  are  set  at  180  de- 
grees from  the  middle  crank.  The  con- 
nection of  the  pistons  which  move  to- 
gether with  each  other  and  with  the  cross- 
heads  is  made  by  transverse  yokes  and 
side  rods,  as  will  appear  from  the  longi- 


FiG.  1.  Junkers  High-compression  Oil  Engine  of  1000  Horsepower 
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udinal    section    and     the     elevation     and 
'roni  the  schematic  drawing,  Fig.  3. 

The  engine  works  on  the  two-stroke 
:ycle.  While  the  pistons  in  one  cylinder 
nove  outward  on  the  working  stroke,  the 
jistons  of  the  other  cylinder  travel  in- 
vard,  on  the  compression  stroke.  When 
he  two  pistons  in  one  cylinder  have 
•eached  the  state  of  nearest  approach, 
'uel  injection  commences;  the  two  pis- 
ons  in  the  other  cylinder  have  then 
cached  the  position  of  greatest  separa- 


nected   at   the   head   ends.     The   use   of 
stuffing-boxes  is  thereby  avoided. 

The  cycle  of  the  Junkers  engine  may 
be  more  clearly  understood  -by  aid  of 
Fig.  3,  in  which,  for  the  sake  of  sim- 
plicity, only  one  cylinder  is  shown.  At 
the  innermost  position  A  of  the  pistons, 
the  combustion  space,  after  a  preceding 
compression  stroke,  is  filled  with  highly 
compressed  and  correspondingly  heated 
air;  at  this  moment  injection  of  fuel  is 
begun.     The    fuel    is    forced    in   by   com- 


point  C  on  the  diagram,  the  front  piston 
V  begins  to  uncover  the  ports  in  the 
cylinder  wall  through  which  the  burnt 
gases  escape.  In  the  position  shown  at 
D,  corresponding  to  D  on  the  diagram, 
equilization  of  the  cylinder  pressure  with 
that  of  the  atmosphere  has  approximately 
taken  place.  In  this  position  the  rear 
piston  H  uncovers  the  rear  ports  and 
admits  fresh  air  at  low  pressure,  which 
drives  the  rest  of  the  spent  gases,  out  of 
the  cylinder  through  the  exhaust  ports  at 


Fig.  2.  Sectional,  Side  and  Plan  Views   of  Junkers  Engine 


tion,  and  the  expulsion  of  the  expanded 
gases  takes  place,  followed  by  an  inward 
flow  of  scavenging  air  through  ports  at 
the  other  end  of  the  cylinder  from  the  ex- 
haust ports.  The  ports  are  covered  and 
uncovered  by  the  pistons,  eliminating  all 
valves.  The  ends  of  the  cylinders  are 
open,  each  cylinder  being  the  equivalent 
of  two  single-acting  cylinders  with  their 
heads  removed   and    their    barrels    con- 


pressed  air  and  is  in  a  finely  divided 
condition;  it  ignites  and  burns  under 
almost  constant  pressure  during  the  first 
part  of  the  outward  stroke,  from  ,4  to  B 
on  the  indicator  diagram.  During  the  en- 
suing part  of  the  outward  stroke,  the  ex- 
pansion of  the  products  of  combustion 
takes  place,  from  B  to  C. 

When    the   pistons    have    reached    the 
position  shown  at  C,  corresponding  to  the 


the  front  end.  This  process  takes  place 
while  the  pistons  travel  to  the  dead-center 
positions  of  the  cranks  and  back  to  the 
position  F,  in  which  the  pistons  have 
closed  their  respective  ports.  At  the 
point  F  the  cylinder  is  filled  with  air 
alone  and  the  compression  of  this  begins; 
the  inward  travel  of  the  pistons  to  the 
inner  dead-center  position  completes  the 
compression,  giving  the  curve  FA  of  the 
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iagram.  The  compressed  air  becomes 
eated  to  such  an  extent  that  the  fuel 
'hich  is  injected  at  or  shortly  before 
oint  A  ignites,  as  in  the  Diesel  engine, 
'hereupon  the  working  process  just  de- 
cribed  is  repeated. 

The  air  pumps  and  compressors  (in 
lis  case  four-stage)  which  are  neces- 
ary  for  the  supply  of  the  scavenging  and 
uel-spray  air  are  arranged  parallel  to  the 
■ork  cylinders  and  their  pistons  are  actu- 
ted  from  the  yoke  of  the  intermediate 
air  of  power  pistons.  In  large  diame- 
;rs  each  cylinder  is  provided  with  two 
iel  sprays  and  one  compressed-air  start- 
ig  valve.  The  fuel-injection  nozzle  is 
3  designed  as  to  give  the  fuel  oil  a  close 
sntact  over  a  large  surface  with  the  com- 
ustion  air. 

Action  of  Forces  and  Balancing 

With  regard  to  the  action  of  forces  and 
le   balancing   of  the   moving  parts,  the 


neglecting  the  error  due  to  the  obliquity 
of  the  connecting-rod;  while  the  main 
bearings,  due  to  the  opposition  of  the 
forces  in  the  driving  elements,  are  re- 
lieved from  thrust  loads. 

Owing    to    the    division    of    the    total 
stroke  between  two   pistons,   a   relatively 


The  general  form  of  the  Junkers  en- 
gine for  marine  service  is  shown  in  Fig. 
4.  The  cylinders,  side-rods,  etc.,  are  ar- 
ranged in  exactly  the  same  relative  posi- 
tions as  in  the  horizontal  engine,  the 
only  important  changes  being  in  the  form 
of  the  main  frame  supporting  the  crank- 


Fig.  3.  Junkers  Cycle 


•',  J  [   L|         ,^  POWER, 

Fig.  4.  Vertical  Form  for  Marine    Service 


inkers  engine  has  a  decided  advantage  small  individual  piston  speed  is  attained  shaft   and  the   method   of  mounting  the 

'er  engines  of  the  usual  type,  inasmuch  at  a  high  rate  of  revolution  and  a  high  cylinders.       It    is    this    type    which    will 

i  the   free    forces   are   completely   bal-  effective   piston   speed,    the    latter   being  be    installed    in    the    Hamburg-American 

iced  in  the  center  line  of  the  engine,  twice  the  actual  speed  of  each  piston.  freight  vessel. 
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Refrigeration  Department 

Principles  and  operation  of  ice-making  and  refrigerating  plant  and  machinery 


Charging  and  Starting  an  Ab- 
sorption  Plant 
By   Walter   C.    Edge 

In  operating  a  plant  of  this  kind  many 
ihings,  such  as  the  detection  and  stop- 
ping of  leaks,  the  withdrawal  of  perma- 
nent gases,  etc.,  are  done  in  the  same 
manner  as  with  the  compression  machine. 
Installation  and  testing  of  the  apparatus 
are  done  by  the  manufacturer  and  will 
not  be  enlarged   upon   here. 

For  the  sake  of  convenience  the  test 
is  hydraulic,  since  this  form  of  pressure 
can  be  easily  applied  with  the  ammonia 
pump.  Having  tested  the  apparatus  to 
300  lb.  pressure,  it  is  necessary  to  expel 
the  air  as  in  the  case  of  the  compression 
machine. 

This  may  be  done  by  the  process  of 
steaming  out  or  the  raising  of  steam  in 
the  generator,  while  the  connecting  valves 
as  well  as  a  valve  to  the  atmosphere 
are  open.  Steam  passes  through  the 
system  and  displaces  the  air  which  is 
expelled  at  the  open  valve.  When  the 
steam  pressure  is  greater  than  that  of 
the  atmosphere  and  the  air  has  been 
expelled,  the  valve  is  closed  and  the 
system  allowed  to  cool,  thus  condensing 
the  steam  and  creating  a  vacuum  in  the 
apparatus.  If  the  pump  is  run  while 
the  system  is  under  steam,  hot  water 
will  be  circulated  to  the  different  parts 
of  the  apparatus  and  will  have  a  cleansing 
effect.  When  this  is  done,  a  valve  is 
kept  open  to  allow  the  dirty  water  and 
steam   to  escape   to   the  atmosphere. 

One  objection  to  this  method  of  getting 
a  vacuum  is  the  fact  that  the  heat  of  the 
steam  softens  the  rubber  packing  of  the 
ammonia  joints  so  that  they  may  leak 
and    must    be    tightened. 

It  is  better  to  use  the  boiler-feed  pump 
or  the  ammonia  pump,  by  which  means 
a  vacuum  of  about  25  in.  can  be  created. 
After  pumping  out  the  air  to  this  ex- 
tent, a  drum  of  aqua  ammonia  is  con- 
nected to  the  suction  line  near  its  con- 
nection to  the  ammonia  pump.  The  vac- 
uum will  cause  the  ammonia  to  flow  into 
the  system,  but  care  should  be  taken  to 
close  the  stop  valve  as  soon  as  the 
liquid  has  been  drawn  out;  otherwise, 
air  will  be  drawn  into  the  system.  As 
many  drums  as  possible  are  charged  in 
this  way,  but  as  soon  as  the  vacuum  is 
gone  the  stop  valve  on  the  suction  line 
must  be  closed  and  the  ammonia  pump 
started  to  force  as  much  additional  am- 
monia liquor  into  the  system  as  is  neces- 
sary. 


Steam  is  now  turned  on  the  coils  in 
the  generator,  and  the  ammonia  is  slow- 
ly heated  until  the  gage  shows  about  100 
lb.,  at  which  time  the  purge  valve  is 
opened  and  the  discharge  led  into  a  pail 
of  cold  water  until  air  bubbles  cease  to 
appear.  Cooling  water  is  now  turned  on 
the  condenser  and  absorber,  and,  after 
the  distributing  valve  to  the  freezing 
tank  is  opened  and  the  weak  liquor  turned 
into  the  absorber,  the  ammonia  pump 
may  be  started  to  pump  the  rich  liquor 
through  the  equalizer  to  the  analyzer. 

When  the  air  is  out  of  the  system 
and  the  expansion  coils  have  become 
coated  with  frost,  the  machine  is  shut 
down  and  the  freezing  tank  is  filled  with 
brine.  If  necessary,  more  ammonia  may 
be  put  into  the  system  by  connecting 
the  drum  of  anhydrous  ammonia  direct 
to  the  cooling  coils  and  allowing  the 
ammonia  to  expand  direct  to  the  system. 
It  should  be  remembered  that  ammonia 
expands  when  heated,  so  that  if  a  full 
charge  is  put  into  the  system  while 
cold,  there  will  be  an  overcharge  when 
everything  is  warmed  up  under  working 
conditions. 

When  the  cycle  of  operation  is  well 
under  way,  liquid  ammonia  should  ap- 
pear in  the  receiver,  and  any  deficiency 
in  this  regard  should  be  made  up  by 
supplying  anhydrous  ammonia  to  the 
system,  or  by  adding  strong  aqua  am- 
monia and  withdrawing  a  corresponding 
amount  of  the  weak  liquor. 

In  addition  to  the  inevitable  leakage 
of  air  into  the  system,  permanent  gases 
may  be  produced  by  the  decomposition 
of  ammonia  and  from  other  causes.  To 
prevent  pitting  of  the  steam  coils  in 
the  generator,  they  should  be  covered 
with  from  4  to  6  in.  of  ammonia*  liquor. 

The  capacity  of  an  absorption  machine 
is  determined  by  the  pressure  in  the 
steam  coils  of  the  generator  and  the 
amount  of  liquor  circulated  from  the 
generator  to  the  absorber.  Pressure  in 
the  steam  coils  fixes  the  temperature, 
and  this  in  turn  determines  the  amount 
of  ammonia  distilled.  With  the  hori- 
zontal machine  and  a  condensing  pres- 
sure of  150  lb.  the  steam  pressure  is 
about  50  lb.  With  the  vertical  type  of 
machine  the  pressure  is  determined  by 
the  operator  in  such  a  way  as  to  prevent 
boiling  over.  Leaks  and  the  processes 
of  boiling  and  siphoning  over  are  the 
principal  causes  of  trouble  in  absorption 
machines. 

Poor  work  is  detected  by  noting  the 
thermometers    and    pressure    gages,   and 


the  remedy  suitable  to  the  trouble  must 
be  applied  for  each  particular  case. 
Here,  as  in  every  other  line  of  work,  an 
ounce  of  prevention  is  worth  a  pound  of 
cure,  and  the  engineer  who  is  on  the 
alert  to  detect  any  unusual  indications 
of  his  gages  is  the  engineer  who  will 
have  no  troubles  to  overcome. 


Properties  of   A.inmonia 

By  F.  B.  W.  Barker 

Ammonia  is  chiefly  obtained  as  a  by- 
product in  the  distillation  of  coal  for 
gas  or  coke.  It  is  also  obtained  in  the  de- 
structive distillation  of  organic  matter  con- 
taining nitrogen,  such  as  animal  matter 
and  residues  from  the  manufacture  of  beet 
sugar  and  the  fermentation  of  molasses 
for  alcohol.  Bituminous  shales  and  waste 
gases  from  blast  furnaces  are  also 
sources  from  which  ammonia  may  be 
extracted.  Ammonia  can  be  made  from 
the  nitrogen  in  the  air,  but  the  process 
is  not  economical  and  is  therefore  com- 
mercially unimportant. 

The  gas  liquor  from  the  hydraulic 
mains  and  scrubbers  of  illuminating  gas 
plants  furnishes  the  bulk  of  the  ammonia 
used  in  refrigeration.  The  destructive 
distillation  of  coal  causes  the  main  por- 
tion of  its  nitrogen  content  to  be  con- 
verted into  ammonia  and  cyanogen  com- 
pounds. The  chief  ammonium  salts 
which  are  volatile  with  steam  are  the 
carbonate,  sulphide  and  sulphydrate.  The 
other  salts  which  are  not  volatile  with 
steam  are  the  sulphate,  thiosulphate, 
sulphite,  sulphocyanide  and  ferrocyanide. 
These  salts  with  free  ammonia  are  found 
in    gas    liquor. 

The  tar  in  the  gas  liquor  is  allowed  to 
settle,  and  the  volatile  ammonia  salts 
are  driven  off  by  heating  in  a  still  with 
steam,  and  the  liquor  is  treated  with 
milk  of  lime  in  another  still  and  heated 
again  until  the  ammonia  is  driven  off 
the  fixed  salts. 

The  common  ammonia  of  commerce 
is  a  solution  of  ammonia  gas  in  water 
and  its  usual  strength  is  about  26  deg. 
Baume.  Anhydrous  ammonia  is  dry  am- 
monia ga^  compressed  to  a  liquid,  and 
is  manufactured  by  the  distillation  of 
the  26-deg.  ammonia  of  commerce.  The 
apparatus  consists  of  a  still,  condenser, 
separators  and  a  drier.  The  still  is  heated 
to  212  deg.  by  a  steam  coil,  when  the 
ammonia  gas,  with  some  of  the  water, 
is  driven  off  and  passes  into  the  first 
separator,    which    usually    forms   an    up- 
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d  extension  of  the  still.  A  greater 
ion  of  the  entrained  water  is  sep- 
ed  from  the  gas  in  this  separator  by 
iing  the  gas  through  a  series  of 
■orated  plates  and  the  water  is  re- 
led  to  the  still.  The  partly  dried  gas 
assed  through  a  condenser,  and  then 
ugh  two  other  separators  to  the 
r,  which  has  perforated  plates,  sim- 

to  the  first  separator.  Upon  these 
es  are  placed  lumps  of  unslaked  lime. 

lime  absorbs  any  moisture  which 
•  still  remain  in  the  gas.  which  is 
1   pumped    into   the   shipping   drums. 

pressure  of  about  30  lb.  per  square 
I  is  maintained  on  the  still,  so  that 

temperature  may  be  raised  a  little 
ler  than  212  deg.  without  causing  the 
sr  to  boil.  In  this  way  almost  the 
re  amount  of  ammonia  gas  is  lib- 
ed  with  the  least  amount  of  moisture, 
ommercial  26  deg.  Baume  ammonia 
tains  38.5  per  cent,  of  anhydrous 
nonia.  The  latter  has  a  molecular 
jht  of  17  and  a  density  of  8.5.  It 
s  at  40  deg.  F.  below  zero  at  the 
jsure  of  the  atmosphere. 
;aseous  ammonia  can  be  liquefied  at 
ressure   of   128   lb.  per  square   inch 

a  temperature  of  70  deg.  F.  At  a 
perature  of  77  deg.  F.  the  pressure 
;t  be  raised  to  150  lb.  It  is  thus  ap- 
ent  that  'the  pressure  required  to 
efy  ammonia  rises  rapidly  with  the 
perature. 

mmonia  gas  can  be  liquefied  at  a 
perature  of  —85.5  deg.  F.  At  32 
.  F.  one  volume  of  water  will  absorb 
3  volumes  of  gas  and  at  60  deg.  F. 

volumes  are  absorbed. 

mmonia  gas  has  an  injurious  action 

copper  and  copper  alloys,  so  that 
;e  metals  are  not  used  in  the  con- 
iction  of  any  part  of  an  ammonia 
em.  Owing  to  the  searching  nature 
ammonia  gas,  it  is  very  troublesome 
3eal  with,  even  at  low  pressure,  and 
.    trouble    is    greatly    exaggerated    at 

comparatively  high  pressures  main- 
ed  in  the  compression  system.  The 
lility  of  leakage  at  the  stuffing-boxes 

other  parts  of  the  system,  is  one  of 

objections  to  the  use  of  ammonia  gas 
a  refrigerating  agent,  particularly  for 
fine  service.  It  is  thus  by  no  means 
safe  refrigerating  agent,  and,  where 
d,  more  than  ordinary  precautions 
uld  be  taken  to  prevent  accidents. 
;s  a  colorless,  irrespirable  gas.  The 
tant  and  pungent  odor  makes  the  re- 
rs  of  a  part  of  the  system  confined 
a  room  or  location  wbere  the  ventila- 
1  is  imperfect  a  difficult  operation. 
Imets  of  leather  or  other  material, 
lewhat  like  a  diver's  helmet,  attached 
1  portable  tank  containing  air  under  a 
ssure  of  from  60  to  100  lb.,  and  car- 
i  by  a  strap  slung  over  the  shoulder 

the  operator,  are  provided  in  well 
ulated  plants,  to  be  used  in  an  emer- 
icy.      As    the    weight    of   the    gas    is 


only  half  that  of  the  air,  it  will  tend 
to  rise  when  escaping  from  a  leak,  so 
that  a  person  who  happened  to  be  near 
at  the  time  of  the  accident  should  keep 
as  near  to  the  floor  as  possible  when  es- 
caping from  the  premises.  A  person 
rendered  unconscious  by  an  overdose  of 
ammonia  gas  should  be  revived  by  means 
of  artificial  respiration,  similar  to  cases 
of  drowning.  Liberal  quantities  of  vine- 
gar or  lemon  juice  in  water  should  also 
be  given  to  the  patient. 

The  chief  advantages  of  anhydrous 
ammonia  as  a  refrigerating  agent  are 
that  it  liquefies  at  a  comparatively  low 
temperature  and  that  it  has  the  greatest 
heat-absorbing  power  of  any  of  the  other 
agents. 

Ammonia  is  combustible.  When  mixed 
with  the  proper  proportion  of  air  it  will 
burn  feebly,  with  a  greenish  yellow  flame. 
If  mixed  with  about  2.5  times  its  vol- 
ume of  air  it  is  capable  of  exploding 
with  considerable  violence.  It  is  abso- 
lutely dangerous  to  insert  an  open  flame 
into  any  part  of  the  system  after  open- 
ing for  repairs  or  inspection.  Sufficient 
time  should  always  be  permitted  to  elapse 
to  permit  the  ammonia  to  become  dis- 
sipated. 

The  presence  of  permanent  gases  (bad 
gases)  in  the  system  reduces  the  effi- 
ciency of  the  plant,  by  decreasing  the 
capacity  of  the  condenser  coil,  requiring 
either  more  cooling  water  or  a  greater 
pressure  in  the  condenser.  Air  drawn 
into  the  system  through  leaks,  when 
pumping  a  vacuum,  in  the  low-pressure 
end  of  the  system  gives  the  most  trouble. 
Nitrogen  and  hydrogen  are  also  formed, 
due  to  the  decomposition  of  ammonia  by 
excessive  heating  during  compression. 
These  gases  are  removed  by  opening  the 
purge  valve  located  at  the  condenser 
or  the  highest  point  of  the  system.  A 
hose  should  be  attached  to  the  outlet 
of  the  valve  and  the  end  immersed  in 
cold  water.  The  valve  should  be  kept 
open  as  long  as  air  bubbles  escape  to 
the  surface  of  the  water.  A  crackling 
noise  in  the  water  indicates  that  am- 
monia is  escaping  and  the  valve  should 
then  be»closed. 


dened  with  aqua  and  oil.  Thus  the  dis- 
tance of  freezing  back  on  the  suction 
side  of  a  machine  is  greater  for  the 
former  than  for  the  latter.  Some  ma- 
chine builders  advocate  a'  hot  discharge 
and  others  think  that  it  should  be  luke- 
warm. For  my  part,  I  think  that  the 
temperature  should  not  be  above  170  to 
180  deg.,  and  even  this  is  a  little  high 
for  the  good  of  the  charge. 

In  one  plant  in  which  I  was  assistant, 
the  hot  side  was  run  luke-warm,  and  we 
got  40  tons  from  a  30-ton  tank.  In  the 
plant  in  which  I  am  now  employed  there 
is  a  20-ton  tank,  single-pipe  condensers 
and  the  temperature  of  the  circulating 
water  is  90  deg.  We  get  26  tons  per 
day  for  as  much  as  seven  days,  and  then 
24  tons  for  a  few  days  more.  The  point 
that  I  wish  to  bring  out  is  that,  with  a 
good  live  charge,  by  running  the  dis- 
charge pipe  just  hot  enough  so  that  I 
cannot  hold  my  hand  on  it  for  over  two 
seconds,  even  if  the  frost  is  crawling 
over  the  heads  a  little,  I  can  get  by  far 
the  best  results  and  can  hold  the  tank 
temperature  better. 

In  the  first  plant  mentioned  the  frost 
line  had  to  be  held  back  to  the  edge  of 
the  valves.  I  also  found  that  I  got  a 
great  deal  of  aqua  or  "dead  juice"  from 
this  system.  Could  this  have  been  caused 
from  overheating?  I  would  like  to  hear 
from  readers  of  Power  on  this  point  and 
would  also  like  to  know  at  what  tempera- 
ture does  ammonia  precipitate. 

Bennett  Story. 

Kingfisher,  Okla. 


LETTERS 

Temperature  of  Ammonia 
Discharge  Pipe 

I  noticed  in  the  Dec.  12  issue  an  arti- 
cle by  D.  E.  Aden  on  the  above  subject. 
I  agree  with  him  that  it  depends  on 
whether  a  dry-  or  wet-gas  machine  is 
used. 

In  a  wet-gas  machine  the  tempera- 
ture of  the  discharge  pipe  depends  on 
the  amount  and  strength  of  the  charge 
and  the  distance  that  the  engineer  wishes 
to  freeze  back.  A  live  charge  will  gather 
more  heat  from  the  tank  per  pound  of 
liquid   admitted   than  an   old   charge   la- 


Fire  Precautions  for  Steel 
Stacks 

In  its  statistics  of  fires  in  electric- 
light  and  power  stations  the  National 
Fire  Protection  Association  reports  that 
six  out  of  eighteen  fires  were  caused  by 
the  wooden-roof  construction  igniting 
from  the  lack  of  protection  from  the 
heated  steel  stacks. 

It  is  advocated  that  free  air  space 
should  be  provided  entirely  around  a 
steel  stack  and  that  the  stack  should 
be  protected  by  a  steel-plate  umbrella 
attached  to  it  some  distance  above  the 
roof  opening  and  spreading  out  so  as  to 
protect  it  without  touching  the  roof.  A 
cylindrical  sheet-steel  ring  projecting 
above  and  underneath  the  roof  should 
be  placed  around  the  opening  for  the 
chimney. 

A  well  known  fire-insurance  concern 
in  Boston,  which  has  been  carrying  on 
investigations  into  the  causes  of  fire  in 
boiler  plants  has  suggested  that  fires  may 
occur  from  rapid  corrosion  of  the  stacks 
due  to  condensation  of  the  acid  products 
of  combustion  near  the  roof  line.  This 
inside  corrosion  will  in  time  provide 
small  holes  for  the  sparks  which  are 
usually  the  beginnings  of  fire  on  boiler- 
house  roofs. 
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Old  Boilers  Are  Dangerous 

The  two  boiler  explosions  which  have 
occurred  recently  in  New  Yorlc  City, 
while  resulting  in  no  loss  of  life  and 
with  but  slight  property  loss,  when  com- 
pared with  what  might  have  been,  point 
out  the  lesson  that  old  boilers  should 
be  discarded  before  they  become  un- 
safe. 

Both  of  these  boilers  were  old,  and 
they  were  carrying  as  high  a  steam  pres- 
sure as  would  have  been  considered  safe 
several  years  ago. 

The  deteriorating  action,  due  to  long 
usage,  gases  and  contraction  and  ex- 
pansion, may  have  been  considered  to 
some  slight  extent  when  the  boilers  were 
inspected,  but  good  judgment  is  neces- 
sary in  ascertaining  just  how  much  a 
boiler  has  deteriorated  and  how  far  the 
deterioration  should  be  allowed  to  con- 
tinue before  the  boiler  is  condemned. 

A  boiler  may  become  unfit  for  use  in 
a  few  years  if  it  has  been  abused;  a 
similar  boiler  may  be  in  apparently  good 
condition  at  the  end  of  twenty  years. 
There  comes  a  time,  however,  when  a 
boiler,  like  an  old  and  faithful  horse, 
should  be  retired  upon  general  prin-Mples. 
Just  when  that  time  comes  is  f:  ques- 
tion, but  surely,  a  boiler  which  has  been 
in  constant  use  for  thirty-two  years  has 
passed  the  age  of  safe  operation,  es- 
pecially when  cast  iron  enters  into  its 
construction. 

Cast  iron  is  a  treacherous  metal  and 
utterly  unfit  for  boiler  construction,  and 
boilers  in  which  this  metal  is  used  should 
be  debarred  from  high-pressure  service. 

There  are  doubtless  many  boilers  of 
questionable  age  in  operation  in  every 
large  city  which  should  be  condemned. 

It  is  poor  practice  to  pass  a  law  com- 
pelling engineers  to  pay  for  a  license  to 
operate  steam  boilers  in  order  that  the 
public  shall  be  protected  against  acci- 
dents and  then  to  permit  old,  decrepit 
boilers  to  be  operated  after  they  have 
reached  a  ripe  old  age. 

The  best  engineer  in  existence  cannot 
make  a  boiler  thirty-two  years  old  safe, 


but  a  boiler-inspection  department  can 
•  make  the  owners  put  in  a  new  and  much 
safer  boiler.     Will  they  do  it? 


Accessibility  in  Modern  Power 
Plant  Design 

In  comparing  a  typical,  uptodate  power 
plant'  with  that  built  twenty  or  twenty- 
five  years  ago,  one  is  impressed  (next 
to  the  increased  capacities  of  individual 
units)  with  the  attention  given  to  gen- 
eral accessibility,  light  and  ventilation. 
Formerly,  these  requirements  were  con- 
sidered as  of  very  secondary  import- 
ance, and  the  building  was  usually  made 
only  large  enough  to  house  the  necessary 
apparatus.  Now,  however,  they  are  con- 
sidered among  the  prime  considerations 
of  good  design. 

While  the  concentration  of  large  power 
into  comparatively  small-sized  units  and 
the  generally  recognized  necessity  of 
providing  for  future  extension  may  have 
had  some  influence,  still  they  would  have 
been  offset  to  some  extent  by  the  in- 
creased value  of  property.  Therefore, 
one  must  look  further  to  account  for 
this  tendency  in  present  practice.  Un- 
doubtedly, it  is  due  to  a  recognition  that 
better  operating  results  are  thereby  at- 
tained. 

In  the  first  place,  accessibility  and 
light  permit  better  work  being  done  when 
making  repairs.  How  many  engineers 
can  recall  the  discomfort  and  hindrance 
encountered  in  packing  a  valve  placed 
on  top  of  a  boiler,  where  there  was 
scarcely  any  headroom  and  practically 
no  light,  not  to  mention  the  total  ab- 
sence of  any  ventilation;  or,  again,  in 
making  repairs  to  a  pump  poked  away  in 
some  inconvenient  corner  or  close  to  a 
wall? 

Under  such  circumstances,  it  is  impos- 
sible  to  expect  good  workmanship  and 
the  effect  upon  the  operating  force  is  not 
conducive  to  good  results.  Moreover, 
an  excuse  will  often  thus  be  furnished 
for  letting  apparatus  run  without  the 
necessary  attention  and  minor  repairs 
until  a  breakdown  occurs. 
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lin,  a  light  plant  furnishes  none  of 

dark  corners  which  are  so  apt  to 

as  a  convenient  place  for  the  ac- 

lation  of  rubbish.    But  perhaps  one 

2  greatest  advantages  of  having  all 

I  and  apparatus  easily  accessible  is 

in  cases   of  emergency  the   proper 

s,  etc.,  may  be  got  at  with  greatest 

and   usually   with   least   danger. 


The  Card  Abstract 

exceedingly    useful    and    valuable 

which  may  be  acquired  both  by 
eginner  and  by  the  experienced  en- 
r  as  well,  is  the  making  of  short 
acts  not  only  of  the  articles  appear- 
n  the  leading  engineering  journals 
Iso  of  the  material  to  be  found  in 
eering  books.  Such  a  habit  is  the 
ance  to  the  reader  that  his  reading 
It  superficial.  We  read  our  engi- 
ng  journals  in  order  that  we  may 
up  to  date;  but  too  often  our  read- 
s  a  mere  skimming,  a  habit  which 
have  unfortunately  contracted  in 
ng  our  Sunday  newspapers, 
ere  is  scarcely  a  person  interested 
ny  way  in  mechanical  engineering 
does  not  have  his  hobbies.  These 
be  related  to  the  work  which  he  is 
;  every  day  or  they  may  be  a  side 
.  For  instance,  many  steam  engi- 
!,  while  endeavoring  to  keep  in  touch 
subjects  related  to  steam  engineer- 
are  also  very  much  interested  in 
sngineering.  The  short  abstract  of- 
such  a  man  a  method  of  collecting 

different  sources  information  along 
:  various  lines  and  compiling  it  into 
jre  or  less  harmonious  whole. 
le  short  abstract  has  the  advantage 

the  filing  of  clippings  in  several 
;cts.     In  the  first  place  the  journal 

which  the  abstract  is  taken  is  not 
lated.  In  the  second  place,  inasmuch 
clipping  may  be  filed  without  more 

merely  reading  the  heading,  the 
ract,  since  it  requires  a  careful  and 
Tiilative  reading,  is  in  most  cases 
li  more  likely  to  make  a  lasting  and 
able  impression.     In  the  third  place 

not  necessary  when  consulting  the 
ract  to  read  through  the  whole  mass 
he  article  in  question  as  only  the 
ntial  points  are  recorded, 
le  card  abstract  is  mentioned  because 
s  are  a  very  convenient  and  effective 
ns  of  collecting  and  filing  such  in- 


formation. They  are  inexpensive,  sev- 
eral hundred  cards  costing  only  a  few 
cents.  The  filing  box  of  cardboard  may 
be  purchased  for  a  very  small  sum 
while,  of  course,  more  elaborate  ones 
may  be  had.  The  card  collection  is  very 
flexible  and  cards  may  be  added  or  re- 
moved practically  without  limit.  The 
cards  are  portable  and  enough  cards  for 
several  hours'  work  may  easily  be  car- 
ried in  an  envelope.  The  loose-leaf  note- 
book possesses  many  of  the  same  ad- 
vantages which  the  card  collection  has. 
However,  it  is  usually  a  little  more  ex- 
pensive and  is  not  quite  so  flexible  in 
that  it  is  limited  as  to  size. 

The  first  step  in  abstracting  a  paper 
is  to  note  down  the  title  and  the  loca- 
tion of  the  article  so  that  reference  may 
be  had  to  the  original  if  it  should  become 
desirable  or  necessary.  The  author's 
name,  the  date,  the  page  and  the  name 
of  the  journal  should  all  be  carefully 
noted.  Especial  care  should  be  taken  in 
abstracting  an  article  to  be  concise  and 
yet  thorough.  The  purpose  of  the  ab- 
stract should  be  kept  clearly  in  view 
from  the  beginning.  An  abstract  is 
usually  made  so  that  the  information 
which  the  original  article  contained  may 
be  put  into  a  more  convenient  and  usable 
form. 

In  abstracting  most  mathematical 
studies  it  will  not  be  found  necessary 
to  abstract  the  whole  of  the  argument. 
Care  should  be  taken  that  the  mathe- 
matical discussion  is  thoroughly  under- 
stood and  that  the  conditions  of  the  ap- 
plication are  quite  clear;  then  only  the 
results  need  be  recorded. 

An  abstract  is  not  necessarily  a  copy. 
Most  technical  articles  as  written  con- 
tain a  large  amount  of  descriptive  and 
explanatory  matter  which  may  be  dis- 
pensed with  after  the  first  reading.  The 
meat  of  a  whole  paragraph  may  often 
be  expressed  in  a  very  few  words.  In 
order  that  this  may  be  done  intelligently, 
it  is  apparent  that  a  complete  and  exact 
understanding  of  the  subject  matter  is 
essential.  It  does  not  require  much  in- 
telligence to  copy,  but  an  abstract  can- 
not well  be  made  without  a  process  of 
careful  thinking.  When  experimental  re- 
sults or  empirical  data  of  any  form  are 
given  the  only  way  to  record  them  in 
the  abstract  is  to  copy  them,  but  in  no 
other  case  is  copying   justified. 

A  series  of  these  abstracts  upon  re- 
lated subjects  will  be  a  valuable  personal 


possession.  Not  only  are  the  abstracts 
themselves  useful  but  the  vision  ac- 
quired in  making  them  is  a  valuable  and 
lasting  asset. 


Running  a    Steam   Turbine 

In  the  Dec.  26  issue  of  Power  there 
was  offered  a  prize  of  fifty  dollars  in 
gold  to  the  man  who,  before  Mar.  1,  sub- 
mits the  best  practical  article  treating  of 
the    above    subject. 

Most  of  the  available  literature  on  the 
steam  turbine  deals  with  principles,  type 
differences,  efficiencies,  etc.  What  is 
needed  by  the  stationary  engineer  is  a 
working  knowledge  of  the  functions  of  a 
steam  turbine,  how  to  make  it  run  and 
how  to  keep  it  running. 

That  the  turbine  is  in  the  field  to  stay 
is  evidenced  by  the  fact  that  three  manu- 
facturers in  this  country  have  put  out 
some  five  million  kilowatts,  the  bulk  of 
this  in  the  past  six  years.  In  England 
alone,  6J/2  million  horsepower  has  been 
made,  nearly  two  million  of  which  be- 
longed to  the  period  1910-11,  according 
to  the  recent  statement  of  a  well  known 
English  concern. 

Responses  to  our  invitation  have  begun 
to  come  in,  but  we  want  more  of  them. 

It  requires  no  literary  training,  no  com- 
mand of  classic  style  or  wide  vocabulary 
to  place  on  paper  a  clear,  brief  story  of 
how  a  practical  engineer  should  run  a 
steam  turbine.  Just  get  the  ideas  into 
it  and  we  will  furnish  the  style. 

Do  not  be  deterred  either  from  il- 
lustrating your  article  because  of  the 
difficulty  of  malking  the  drawings;  a 
rough  sketch — such  as  you  would  draw 
if  you  were  describing  the  apparatus  or 
process  to  another  engineer — will  suffice; 
anything  that  our  artist  can  interpret. 

The  article  must  be  in  our  office  before 
Mar.  1,  and  for  equal  merit  priority  in 
time  will  count. 


Is  New  York  City  about  to  undergo  an 
epidemic  of  boiler  explosions?  Two  re- 
cent explosions  have  occurred  in  which 
the  boilers  were  old  enough  to  have 
been   retired. 


There  will  be  some  humidity  in  the 
atmosphere  around  the  Delray  station  of 
the  Detroit  Edison  Company  if  a  tube 
splits  in  one  of  those  2365-horsepower 
boilers. 


If  for  no  other  purpose  than  to  indicate 
when  to  dean  fires,  draft  gages  are  good 
things  to  have  attached  to  the  boilers. 
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Readers  with  Something  to  Say 

A  letter  good  enough  to  print  will  be  paid  for.     Ideas,  not  mere  words,  wanted 


Stuffing  Box  Repair 

We  have  a  duplex,  outside-packed  feed 
pump  with  a  cavity  in  the  stuffing- 
box  shell  r  -  =hnwn.  What  this  is  for 
I  do  not  know,  but  I  ^o  know  that  it 
is  difficult  to  get  the  packing  in  past  it. 
and  impossible  to  keep  it  there  any 
great  length  of  time.  The  stuffing-box  is 
very  short  and  in  order  to  improve  it  I 
sawed  out  a  mold  and  poured  babbitt 
metal,  making  a  ring  with  a  projection 


B     ^ 

Section    A-E 

How  Stuffing  Box  Was  Repaired 

as  shown  in  the  two  views  on  the  left. 
I  put  this  ring  in  for  an  extension 
of  the  stuffing-box,  the  projection  on  the 
ring  filling  the  cavity  in  the  stuffing- 
box.  I  have  no  more  trouble  putting  or 
keeping  the  packing  in. 

I  made  the  rings  in  two  pieces  so  I 
could  put  them  in  without  taking  out 
the  plungers. 

F.  W.  Bair. 

Hancock,   Mich. 


Clearing  a  Fouled  Feed  Line 

I  was  hurriedly  called  out  one  night 
by  the  night  engineer  in  our  plant;  as 
he  could  not  get  any  water  into  the 
boiler.  The  feed  pump  seemed  to  be 
working  all  right  but  it  was  injecting 
no  water.  Our  feed  water  is  just  as  hot 
as  the  pump  will  handle  it.  I  tried  the 
injector,  but  it  would  not  work,  and  as 
it  fed  through  the  same  pipe  as  the 
pump,  I  concluded  tliat  there  was  some 
obstruction  in  the  feed  pipe  between  the 
pump  and  the  boiler.  On  taking  off  the 
head  of  the  water  end  of  the  pump  I 
found  that  the  packing  was  all  gone.  I 
then  knew  what  was  in  the  heater  and 
feed   pipes. 

The  night  engineer  started  to  put  in 
new  packing  and  I  began  to  think  out 
some  way  in  which  to  get  the  old  packing 
out.  I  first  broke  a  joint  in  the  pipe 
next  to  the  pump.  Then  I  went  on  top  of  the 
boiler  and  shut  the  stop  valve  on  the  feed 
line,  hoping  it   would   be   tight.      Next   I 


took  the  cap  of  the  check  valve  off,  took 
out  the  valve,  put  the  cap  on  again  and 
then  opened  the  stop  valve.  Luck  was 
with  me,  for  nearly  a  peck  of  chewed-up 
packing  was  blown  out  of  the  pipe. 

I  put  the  check  back,  made  up  the 
joint  that  had  been  broken,  and  by  that 
time  the  pump  was  repacked.  When  it 
vas  started  it  worked  all  right.  It  took 
us  jus;  ^0  minutes  to  get  running  again. 
Since  then  i  lyve  put  in  packing  that 
cannot  be  harmed  by  iiot  'rater. 

An  ice  plant  not  far  from  ours  had 
the  same  trouble,  and  they  were  two  days 
cleaning  out  the  pipes  and  heater. 

Frank   H.   Cordner. 

Bradford,  R.  I. 


supply  of  oil  the  guide  was  soon  cooled 
and  no  damage  was  done  to  the  shoe;  I 
did  not  even  stop  the  engine.  If  this 
had  been  a  babbitt  shoe  it  would  have 
been  ruined. 

C.   L.  Johnson. 
Newark,   N.  J. 


Engine    Load   Not   Equalized 

The  accompanying  diagrams  were 
taken  from  a  14  and  28  by  36-in.  engine 
which  has  just  had  the  valve  seats  bored 
out  and  new  valves  supplied.  The  en- 
gine is   noncondensing. 


Pressure  1301b. 
R.p.m         100 
Scale  80 

Cylinder  l4-xi6 


Illustrating  Need  of  License 
and  Inspection   Laws 

There  is  an  old  saying  that  a  special 
Providence  watches  over  greenhorn  sailors 
and  drunken  men.  To  this  I  should  like 
to  add,  "and  men  in  charge  of  steam 
boilers."  Occasionally  we  hear  of  a 
boiler  bursting  with  disastrous  effects 
on  men  and  property,  but  this  I  do  not 
suppose  is  due  to  any  lack  of  vigilance 
on  the  part  of  the  aforesaid  Providence 
so  much  as  to  the  extreme  limit  of  endur- 
ance to  which  He  must  be  put  most  of 
the  time. 

The  above  remarks  are  made  not 
through  any  malice,  but  because  contact 

Receiver  Press 
Scale      16 
R.p.m.  100 
Cylinder  28x36 


Diagrams  Showing   Unequal  Load 


I  cannot  get  the  cylinders  to  take 
the  load  equally.  I  would  like  to  have 
Power  readers  tell  me  what  changes  are 
to  be  made  in  the  valve  setting,  and  what 
causes  the  hook  on  the  low-pressure  dia- 
gram. 

Harry  H.  Gordon. 

Amsterdam,  N.  Y. 


Copper  Crosshead  Shoes 

Engineers  often  find  that  the  cross- 
head  shoes  wear  very  fast  under  some 
conditions.  For  the  benefit  of  any  who 
have  that  trouble  and  who  seek  a 
remedy,  I  would  adv'se  using  a  copper 
shoe  in  place  of  the  babbitt. 

The  first  time  I  saw  a  copper  shoe 
was  when  I  took  charge  of  a  new  plant 
of  several  engines,  all  of  which  were 
fitted  with  copper  shoes.  I  expected  to 
have  trouble  with  them,  but  I  found  they 
prevented  trouble.  After  the  plant  was 
running  about  six  months,  I  installed 
another  engine,  alongside  one  that  was 
running,  and  in  putting  in  the  concrete 
foundation  some  of  the  concrete  got  on- 
to the  guide,  and  fire  was  flying  in  all 
directions,    but    by    putting   on    a    liberal 


with  the  outlandish  conditions  met  with 
in  plants  in  some  sections  of  the  country 
while  acting  in  the  capacity  of  boiler  in- 
spector clearly  indicates  the  necessity  of 
regulation  by  law.  This  necessity  is 
made  apparent  by  the  following,  which 
describes  rather  extreme  conditions  I 
will  admit,  but  which  goes  to  show  to 
some  extent  the  possibilities  that  exist. 

1  visited  the  city  pumping  plant  of  a 
small  municipality  not  long  since,  being 
interested  in  such  plants.  Here  I  found 
an  old  negro  in  the  capacity  of  chief 
engineer.  His  boiler  plant  consisted  of 
two  locomotive-type  boilers.  A  3-inch 
header  connected  the  domes  of  both  with 
one  lever  safety  valve.  There  was  a 
stop  valve  between  each  dome  and  the 
safety  valve.  For  some  reason  or  other, 
probably  because  of  the  leaky  condition 
of  the  safety  valve,  a  piece  of  2x4-inch 
pine  was  tightly  wedged  between  the 
end  of  the  lever  and  a  rafter,  thereby 
putting  the  valve  out  of  business. 

No  gage  cock  or  water  glass  was  in 
evidence.  The  only  information  as  to 
the  hight  of  the  water  was  furnished  by 
two  leaky  brace  rivets  in  the  head  which 
were  blowing  constantly.     When  I  asked 
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low  much  steam  he  carried,  the  darky 
eplied  with  the  enthusiastic  manner  of 
he    average    colored    "chief    engineer:" 

"When  de  clock  han'  gits  straight  up 
ind  down,  why  den  I  opens  de  doo',  an' 
;f  hit  sots  dar  too  long,  boss,  I  keeps 
lis  heah  barrel  of  watah  close  by  so 
lat  hit  will  be  handy,  an'  I  puts  some 
in  de  fiah." 

If  such  conditions  do  not  call  for  regu- 
ation  by  law  and  competent  supervision, 

am  willing  to  quit. 

H.  Clark. 

Punxsutawney,  Penn. 

A  Nonleaking  BlowofiF 

To  prevent  a  leaking  blowoff  I  put  a 
;lobe  valve  next  to  the  boiler  and  then 
I  gate  valve.  When  not  in  use,  both 
re  closed. 

When  blowing  down  the  water  in  the 
loiler,  the  gate  valve  is  opened  wide; 
hen  the  globe  valve  slowly;  the  gate 
alve  is  then  slowly  closed,  after  which 
he  globe  valve  is  closed.  Then  the  gate 
alve  is  opened  to  let  out  what  scale 
,nd  water  remains  between  them.  The 
;ate  valve  is  then  shut  tight. 

By  this  method  there  never  is  any 
mall  scale  caught  under  the  disk  of 
he  globe  valve,  and  a  leaky  blowoff  is 
inknown. 

O.  B.  Hale. 

Warren,  Ohio. 


Oil  Pump  and  Lubricator 

Filler 

In  the  accompanying  sketch  is  shown 
method  of  using  a  common  cylinder- 

jbricating  pump   either  as  a  lubricator 

ller  or  a  cylinder-oil  pump. 


Pump  and  Lubricator 

The  pump  is  mounted  on  a  tee  with 
he  side  outlet  piped  to  the  filling  hole 
n  the  lubricator,  while  the  run  leads  to 
he  cylinder.  When  it  is  desired  to  fill 
he  lubricator  the  valves  A  and  B  are 
ipened   and   the   oil   is  pumped  directly 


to  it,y  the  water  in  the  body  and  con- 
densing chamber  being  let  out  through 
the  drain  cock,  while  by  closing  B  and 
opening  C,  oil  may  be  pumped  directly 
to  the  cylinder. 

Martin  McGerry. 
Holley,  N.  Y. 


Quick  Check  Valve  Repair 

In  one  of  the  plants  under  my  care  a 
little  trouble  with  a  check  valve  on  a 
line  of  water  pipe  made  quick  action 
necessary. 

The  cap  which  acted  as  the  stop  for 
the   valve   itself   was   not  tight,   and   in 


Valve  and  Clamp 

endeavoring  to  make  it  so  the  thread  was 
stripped.  There  was  no  time  just  then 
to  put  in  a  new  valve,  so  it  was  fixed  up 
very  simply,  and  at  the  same  time  ef- 
fectively, as  shown  in  the  sketches.  A 
clamp,  which  was  made  of  5^x^-inch 
iron,  with  a  v^-inch  setscrew,  was  put 
around  the  valve.  With  a  gasket  un- 
der the  cap  the  pressure  from  the  screw 
held  the  joint  tight  until  the  valve  was 
replaced  about  .a  year  later. 

H.  W.  Hankin. 
Troy,  N.  Y. 


Reduced  Angular  Advance 

The  accompanying  indicator  diagram 
was  taken  from  a  14x36-inch  engine, 
running  120  revolutions  per  minute.  This 
engine  had  a  pound  that  occurred  when 
the  crankpin  was  about  13  degrees  below 
the  head-end  center,  which  I  was  un- 
able to  get  rid  of  by  taking  up  on  the 


Fro.m  a  Quietly  Running  Engine 

bearings  and  boxes,  so,  just  as  an  ex- 
periment, I  decreased  the  angle  of  ad- 
vance and  the  knock  disappeared  as  if 
by  magic.  If  I  increase  the  lead  or  the 
compression  the  pound  will  appear,  so 
I  have  practically  cut  out  the  compres- 


sion; it  will  be  seen  that  the  admission 
line  leans  inward  a  little. 

The  engine  runs  quietly  at  all  loads, 
and  will  carry  a  heavier  load  than  before, 
because  the  decreased  angle  of  advance 
makes  a  later  cutoff  possible.  This  is  a 
good  thing,  as  the  engine  carries  a  very 
heavy  load  all  of  the  time. 

George  Dreyer. 

Gibsonburg,  Ohio. 


Rope  Drive  Safety  Alarm 

In  a  plant  I  recently  visited  there  were 
three  rope  drives,  one  from  the  engine  to 
a  jackshaft  and  one  from  the  jack  to 
either  side  to  two  line  shafts.  The  drives 
were  of  the  American  type  and  had  been 
in  continuous  operation  for  seven  years 
without  a  break. 

The  one  man  in  the  plant  had  to  be 
in  the  boiler  room  most  of  the  time. 
The  engine  and  boiler  rooms  were  about 
30  ft.  apart  with  a  room  between  them, 
and  through  fear  of  the  ropes  breaking 
while  he  was  away,  the  engineer  rigged 
up  an  alarm  device.  The  arrangement  is 
shown  in  the  accompanying  sketch. 


Details    of    the  Alarm 

A  wooden  piece  B  is  put  on  the  axis  C 
and  the  brass  piece  A  forced  over  this 
wooden  piece,  making  A  insulated.  The 
piece  A  has  a  piece  of  wood  E  inserted 
in  the  circumference;  and  A  is  put  on 
the  axis  in  such  a  way  that  the  spring  D 
comes  in  contact  with  £  when  the  arm  Y 
is  in  its  normal  position.  This  keeps  the 
circuit  open.  One  wire  of  the  circuit. 
No.  1,  is  attached  to  the  spring  D,  and 
the  other.  No.  2,  is  attached  to  the  in- 
sulated strip  A.  The  arm  Y  is  counter- 
balanced by  the  weight  W,  making  it 
easy  to  throw  back.  The  current  is  sup- 
plied by  four  dry  batteries,  and  two  6- 
in.  gongs,  one  in  the  engine  and  one 
in  the  boiler  room,  are  inserted  in  the 
circuit  for  the  alarm. 

When  the  rope  breaks,  the  loose  strand 
S  hits  the  arm  Y,  throwing  it  back  and 
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closing  the  circuit,  by  turning  A  around 
so  tliat  the  spring  D  comes  in  contact 
with  it  and  rings  the  bell. 

Earl  L.  Lyon. 
Oakland,  Calif. 


Reducing  Wheel    Cord 
Fastener 
In  some  of  the  older  types  of  indicator- 
reducing    wheels    an    improvement    may 
be  made  in  the  cord  fastening  by  the  use 
of  a  thin  piece  of  sheet  brass  secured  to 


Cord-fastening    Arrangement 


the  spring  barrel  by  the  regular  cord- 
fastening  screws,  as  shown  in  the  sketch. 
In  use  the  free  end  of  the  drum  cord  is 
passed  between  the  strip  and  the  barrel, 
close  to  one  of  the  screws,  which  is 
tightened  when  the  cord  length  is  ad- 
justed,  the   friction   holding   it  securely. 

This  provides  a  quick  and  accurate 
method  of  getting  the  right  drum-cord 
length  and  is  especially  convenient  when 
very  long  diagrams  are  wanted,  as  the 
drum  travel  can  be  readily  equalized  be- 
tween the  stops. 

A.  H.  Bullard. 

Syracuse,  N.  Y. 


Improved    Drawing   Triangle 

Draftsmen's  triangles,  as  usually  con- 
structed, have  a  center  hole  or  opening 
with  edges  that  are  parallel  to  the  out- 
side working  edges,  as  shown  in  the 
sketch  by  the  dotted  lines  ahc.  This 
center  opening  is  of  no  practical  use 
other  than  perhaps  to  facilitate  picking 
up  the  triangle  from  the  drawing  board. 

Several  years  ago  I  had  occasion  to 
draw  a  number  of  sections  of  I-beams 
and  channels  and  conceived  the  idea  of 
making  the  inner  opening  of  the  triangle 
with  edges  having  a  slope  of  2  inches 
per  foot  with  respect  to  the  outside  edges 


so  that  use  could  be  made  of  the  inner 
edges  when  drawing  the  "shapes"  just 
referred  to. 

Any  draftsman,  by  using  a  little  care, 
can  cut  his  triangle  to  conform  with  the 
shape  as  shown.  The  time  so  spent  will 
be  repaid  many  times  in  the  course  of 
a  year's  work. 
G 


E  F 

Triangle  for  Drawing  Structural 
Shapes 

Mention  might  also  be  made  of  the 
usefulness  of  a  line,  as  EH,  cut  into  one 
side  of  the  transparent  celluloid  triangle. 

Such  a  line  will  be  found  useful  and 
convenient  in  drawing  lines  at  right 
angles  to  each  other  in  sketch  work  when 
no  tee-square  is  used. 

James  Dow. 

Syracuse,  N.  Y. 


bearing  with  a  hole  punched  in  the  bot- 
tom and  a  stream  of  water  running  on 
the  bearing,  oil  all  over  the  floor,  dirt 
all  over  the  engine,  and  both  all  over  the 
engineer.  As  a  rule,  it  is  this  class  of 
engineer  who  always  kicks  about  the 
boiler  inspector  being  too  strict. 

J.  R.  Morton. 
Detroit,  Mich. 


Removing  Pump  Valve   Seats 

Two  months  ago  I  was  given  the  job 
of  taking  the  bearing  on  the  suction  and 
delivery  valves  off  a  feed  pump.  The 
bearing  surfaces  on  the  valves  were  so 
poor  that  it  was  necessary  to  remove  the 
seats  and  true  them  up  on  the  lathe. 

It  was  a  difficult  thing  to  remove  the 
seats,  as  will  be  seen  from  the  accom- 
panying sketch.  I  used  the  device  shown. 
I  had  a  horse  made  like  that  shown  at 
A;  placed  it  on  the  farther  side  of  the 
valve  box  and  across  it  placed  a  plate  P 
with  a  hole  in  the  center,  as  shown  in 


Wanted:  Engineer  of  Pleasant 
Disposition 

The  following  ad  appeared  in  a  "Want" 
column  of  a  Detroit  evening  paper: 

"A  competent  engineer  who  is  also  a 
good  fireman  and  of  pleasant  disposi- 
tion.    Address,  O,  box  5,  News." 

If  one  reads  between  the  lines,  he  will 
find  something  like  this:  "Wanted,  a 
handy  man  with  an  engineer's  license 
who  has  not  backbone  or  brains  enough 
to  stand  up  for  his  rights,  but  will  smil- 
ingly trot  along  and  do  any  old  job  the 
boss  asks  of  him,  and  then  run  back 
and  ask  for  more." 

I  have  no  doubt  but  that  someone 
will  go  and  take  this  job,  for  there  is 
plenty  of  this  type  of  engineer;  it  is  this 
type  that  is  keeping  the  engineers  where 
they  are  in  the  eyes  of  the  majority  of 
employers.  They  do  not  know  their  busi- 
ness as  engineers;  consequently  they  can- 
not explain  their  duties  to  their  em- 
ployer and  their  responsibility  in  the  en- 
gine room,  and  what  a  slight  neglect  on 
their  part  might  cause.  They  do  not  get 
time  to  sit  down  and  figure  out  ways 
and  means  of  reducing  the  cost  of  power, 
or  even  to  examine  the  equipment  in  their 
charge  and  keep  it  in  decent  working 
order. 

It  is  in  the  plants  of  such  men  that  one 
will  find  a  tin  pail  hanging  over  the  main 


Details  and  Application  of  Device  for 
Removing  Valve  Seats 

the  plan  at  the  left  of  the  sketch,  and 
through  the  center  of  the  valve  seat  V 
and  the  plate  passed  a  bolt  B  and  tight- 
ened it  on  the  other  side,  as  shown  in  the 
lower  part  of  the  left  side  of  the  sketch. 
By  this  means  the  seats  were  easily  re- 
moved. The  method  used  in  fixing  the 
seats  is  also  shown  in  the  sketch.  The 
left  top  shows  the  way  of  fixing  the  top 
seats  and  the  right  bottom  shows  the 
way  of  fixing  the  lower  ones. 

G.  B.  JosHi. 
Poona  City,  India. 


The  high,  level  cable  railway  used  at 
the  Long  Island  City,  N.  Y.,  power  sta- 
tion coal-handling  plant  runs  from  the 
hoisting  tower  on  the  dock,  through  the 
top  of  the  boiler  house,  over  the  coal 
pocket,  at  an  elevation  of  170  ft.  above 
the  dock  level.  It  has  a  capacity  for 
400  long  tons  of  run-of-mine  bituminous 
coal  in  five  working  hours. 
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Questions  Before  the  House 

Comment,  criticism,  suggestions  and  debate  upon  various  articles, 
letters  and   editorials   which   have  appeared  in  previous  issues 


Transmitting  Capacities  of 
Pulleys 

I  have  read  with  interest  Lawrence 
Whitcomb's  letter  on  "Transmitting  Ca- 
pacities of  Pulleys,"  in  the  Dec.  5  issue. 
I  do  not  concede  the  point  that  the  com- 
parative results  of  the  tests  under  discus- 
sion are  novel  and  contradictory  to  the 
experience  of  other  investigators  or 
operators.  Quite  to  the  contrary,  they 
confirm  previous  tests  made  at  Cornell 
University  in  so  far  as  comparisons  were 
made  on  like  pulleys.  They  also  conform 
to  the  conclusions  drawn  by  at  least  one 
extensive  mill  operator  and  by  another 
:oncern  which  purchases  pulleys  in  large 
numbers,  as  to  the  relative  merits  of  cork 
inserts.  In  fact,  it  was  brought  eut  in 
the  discussion  of  the  paper  before  the 
National  Association  of  Cotton  Manu- 
facturers that  in  comparative  tests  made 
for  Mr.  Whitcomb,  a  fiber  pulley  gave 
results  which  point  to  the  same  general 
:onclusions,  but  the  results  of  this  par- 
ticular test  were  not  included  in  his  pub- 
lished  report. 

In  the  very  nature  of  the  case,  it  is 
;asy  for  a  casual  observer  to  be  deceived 
:n  the  relative  merits  of  pulleys,  since,  as 
ivas  pointed  out  in  the  original  paper, 
DuUeys  having  cork  inserts  have  a  large 
:arrying  capacity,  although  this  is  at- 
tended with  a  large  amount  of  slip.  A 
arge  slip  means,  of  course,  low  efficiency, 
Dut  this  is  not  the  worst  feature  because 
it  also  means  an  unsteady  speed  with 
i'ariations  in  load. 

With  respect  to  the  length  of  the  cork 
projection  above  the  face  of  the  pulley, 
t  seems  absurd  to  lay  any  considerable 
stress  upon  this  point,  since  in  all  cases 
the  lengths  were  reasonable  and  two 
lengths  of  cork  projection  were  tried  for 
;ach  pulley.  The  first  test  was  with  the 
t;orks  as  they  came  from  the  factory, 
and  the  second  with  the  corks  sand- 
papered down  to  as  near  ^in.  as  could 
je  judged.  Considerable  care  was  taken 
in  each  case  to  get  the  exact  projection, 
ind  this  was  recorded  for  the  information 
of  those  desiring  to  study  the  effect  of 
different  cork  lengths.  If  it  were  true 
that  slight  changes  in  the  cork  projec- 
tion materially  affected  the  transmitting 
:;apacity  of  the  pulley,  this  would  be  a 
strong  argument  against  the  use  of  corks. 

The  initial  tension  of  approximately 
170  (actually  168.8)  lb.  per  square  inch 
of  cross-section  was  chosen  as  a  basis  for 


comparison  of  the  different  pulleys  be- 
cause it  is  believed  to  approximate  aver- 
age practice.  In  the  experiments  of  F. 
W.  Taylor,  reported  in  the  Transactions 
(1894)  of  the  American  Society  of  Me- 
chanical Engineers,  the  initial  tensions 
in  all  oak-tanned  leather  belts  was  from 
192  to  229  lb.  per  square  inch.  In  view 
of  the  fact  that  Mr.  Taylor  is  one  of  the 
strongest  advocates  of  low  belt  tensions, 
the  contention  that  170  lb.  is  excessive 
does  not  seem  reasonable. 

If  Mr.  Whitcomb  will  refer  to  the  com- 
plete report  covering  the  entire  set  of 
tests,  which  is  in  the  hands  of  the  secre- 
tary of  the  National  Association  of  Cot- 


conditions,  and  therefore  it  does  not  ap- 
pear that  any  injustice  could  be  done 
any  pulley.  It  is  not  to  be  presumed  that 
it  is  necessary  to  make  tests  of  all  the  dif- 
ferent pulleys  under  all  the  different  con- 
ditions of  installation  in  order  to  de- 
termine which  pulley  to  use  with  a  given 
length  of  belt,  given  arc  of  contact,  given 
diameter  of  pulley  and  a  given  speed. 

It  is  not  apparent  just  what  "maximum 
figures"  Mr.  Whitcomb  has  in  mind  in 
speaking  of  Table  I.  Referring  to  the 
figure  on  page  582  of  the  Oct.  17  issue, 
and  bearing  in  mind  that  the  vertical  axis 
is  horsepower  transmitted  per  inch  of 
belt  width  instead  of  coefficient  of  fric- 
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ton  Manufacturers,  he  will  find  that  a 
comparison  based  on  37.5  lb.  per  square 
inch  initial  tension  will  be  even  less 
favorable  to  cork-insert  pulleys  than 
when  based  on   170  lb.  per  square  inch. 

It  is  to  be  regretted  that  the  figure  used 
in  the  abstract  of  the  original  paper, 
which  appeared  in  the  Oct.  17  issue  of 
Power,  page  582,  is  a  set  of  curves  for 
comparing  the  power  transmitted  per  inch 
width  of  belt  with  the  several  pulleys,  in- 
stead of  a  comparison  of  the  coefficient 
of  friction  as  denominated. 

The  figure  which  should  have  been 
used  is  shown  herewith. 

It  will  be  noted  that  these  figures  are 
very  similar,  so  that  the  cuts  were  easily 
interchanged.  The  vertical  axis  of  the 
figure  on  page  582  should  be  "horse- 
power transmitted  per  inch  of  belt  width," 
instead  of  "coefficient  of  friction." 

The  tests  were  all  made  under  the  same 


tion,  it  will  be  seen  that  at  2  per  cent, 
slip  the  paper  pulleys  carried  5'/i  hp. 
per  inch  width  of  belt,  that  the  paper 
pulleys  with  corks  projecting  0.015  in. 
above  the  surface  carried  Sjj  hp.  per 
inch  width  at  2.7  per  cent,  slip,  while 
none  of  the  other  pulleys  carried  this 
load  until  the  slip  had  reached  4'i  per 
cent,  or  more.  In  view  of  this  fact,  it  is 
not  clear  what  "maximum  figures"  Mr. 
Whitcomb  would  like  shown. 

The  criticism  of  Table  2  seems  to  be 
due  to  a  lack  of  comprehension  of  its  pur- 
pose. In  order  to  make  a  fair  compari- 
son, it  is  necessary  to  reduce  the  things 
being  compared  to  like  conditions.  It 
was  pointed  out  by  the  author  that  a  com- 
parison such  as  made  in  Table  1  is  not 
fair  in  that  the  stresses  in  the  belt  and 
the  arcs  of  contact  are  not  all  the  same. 
This  is  due  to  the  very  fact  that  the  loads 
carried  by  the  different  pulleys  at  a  given 
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slip  are  not  the  same.  For  example,  re- 
ferring again  to  page  582,  it  will  be  seen 
from  Table  1  that  at  2  per  cent,  slip  the 
paper  pulleys  were  carrying  a  load  of 
5.46  hp.  per  inch  of  belt  width,  while 
the  cast-iron  pulleys  were  carrying 
but  2.16  hp.  per  inch  width.  This 
means  that  the  stress  in  the  belt  in 
the  case  of  the  paper  pulleys  is  large  in 
comparison  with  that  for  the  cast-iron 
pulleys  for  this  particular  slip.  For  the 
same  reason,  the  arcs  of  contact  are  dif- 
ferent. 

In  Table  2,  the  results  were  computed 
for  the  several  pulleys  reduced  to  identi- 
cal conditions  of  belt  stress  and  arc  of 
contact  and  at  the  same  time  using  all  the 
other  factors  as  they  were  obtained  from 
the  data  of  the  tests. 

The  belt  stress  of  250  lb.  per  square 
inch  was  chosen  because  it  is,  in  round 
numbers,  the  average  stress  actually  ob- 
tained with  the  cast-iron  pulleys  from 
minimum  to  maximum  loads.  This  may 
have  been  confounded  with  initial  ten- 
sion by  Mr.  Whitcomb.  In  any  event, 
reference  to  any  of  the  standard  hand- 
books, as,  for  instance,  Kent's,  will  show 
that  it  is  not  excessive.  Furthermore,  an 
inspection  of  the  formula  used  (Nagle's) 
will  show  that  the  results  in  a  compara- 
tive way  would  not  be  affected  whatever 
by  the  value  used  for  belt  stress. 

W.   M.   Sawdon. 

Ithaca,  N.  Y. 


Sand  for  Hot  Boxes 

I  have  been  following  the  discussion  on 
"Sand  for  Hot  Boxes"  with  much  in- 
terest, and  waiting  for  someone  to  tell 
readers  of  Power  the  why  of  it  all. 

The  term,  sand,  can  be  understood  to 
mean  any  degree  of  coarseness.  No 
doubt  some  of  the  writers  have  taken  up 
the  discussion  on  the  assumption  that 
the  coarser  grades  of  sand  were  meant, 
which,  in  my  mind,  is  all  wrong.  The 
grade  to  use,  if  any  is  used  at  all,  is  the 
grade  that  would  be  given  off  by  a  grind- 
stone or  finer  still  if  obtainable. 

Every  engineer  knows  that  sand  or 
any  other  gritty  material  will  not  cool  a 
hot  bearing  but  will  make  it  hotter. 

When  sand  cures  a  hot  bearing  it  only 
takes  away  the  cause  of  the  heating, 
which  may  be  either  a  poorly  aligned 
bearing  or  one  that  is  high  in  spots. 
Sand  or  any  other  fine,  gritty  substance 
will  grind  away  the  high  places  and  al- 
low the  shaft  to  bear  on  the  total  area; 
the  load  being  distributed  evenly,  the  fric- 
tion per  square  inch  is  reduced  and  the 
heat  diminishes. 

I  once  had  an  experience  with  sand 
in  a  troublesome  main  bearing  of  a 
pumping  engine.  Sand  in  this  case  was 
not  intentional.  One  night  the  oilei  in- 
formed me  that  the  bearing  was  giving 
him  trouble.  After  an  examination,  I 
concluded  the  bearing  was  not  too  hot 
for  the  water  cure,  and  so  I  ordered  the 


hose  connected  to  the  discharge  pipe  of 
the  main  pump,  and  a  slight  stream  run 
in  the  bearing.  To  my  surprise  the  bear- 
ing got  hotter  and  hotter.  I  took  the 
water  off  and  put  my  hand  down  through 
a  hole  in  the  cap  and  on  the  shaft.  I 
found  the  shaft  to  be  covered  with  grit 
or  sand  which  had  been  entrained  in  the 
water. 

The  bearing  was  washed  out  with  oil, 
and,  after  all  the  sand  had  been  re- 
moved,  the   bearing   became   cool. 

This  was  my  first  experience  with 
grinding;  although  unintentional,  it  was 
nevertheless  an  impressive  lesson.  I 
recommend  the  judicious  use  of  fine  grit 
for  chronic   hot   bearings. 

H.  R.  Blessing. 

Philadelphia,   Penn. 


Believe  me,  there  is  some  class  to 
Brother  Freer,  especially  when  he  uses 
sand  to  reduce  a  hot  bearing.  If  he  ever 
used  sand  for  this  purpose  on  my  ship 
I  would  make  him  "walk  the  plank." 

What  he  saw  used  was  brick-dust,  not 
sand.  Brick-dust  is  a  clay  and  will  form 
an  enamel  over  a  shaft  or  pin,  while  sand 
will  score  the  pin  and  brasses. 

Robert  F.  Petrasek. 

New  York  City. 


I  laughed  when  I  read  the  recent  arti- 
cle by  Mr.  Sprague  about  using  sand  or 
grindstone  dust  in  bearings. 

From  experience  I  find  that  lard  or 
sperm  oil  is  the  best  lubricant  for  a  hot 
box  or  bearing.  If  possible,  clean  the 
box  before  using  the  oil.  I  prefer  the 
pure  lard  oil.  A  little  graphite  may  be 
used,  but  not  much  as  it  gums,  cakes 
and  fills  the  oil  holes  and  grooves.  I 
remember  on  two  occasions,  with  one 
large  and  one  small  gas  engine,  the 
crankpin  would  heat  when  the  load  was 
applied.  I  emptied  out  the  red  engine 
oil  we  had  been  using  and  put  in  the 
pure  lard  oil,  and  found  that  I  used  no 
more  than  the  other  oil,  and  had  no  more 
trouble. 

Should  the  bearings  or  boxes  be 
scratched  or  cut,  never  allow  grit  to  get 
in,  because  the  grit  will  embed  itself  in 
the  softer  metal,  whether  it  be  the  box 
or  shaft,  usually  the  box,  and  heat  the 
other  and  wear  it  out.  If  the  box  is  not 
too  badly  cut,  or  pinches  the  pin  or  shaft, 
use  a  fine  file  and  scraper. 

George  R.  Rittenhouse. 

Baltimore,  Md. 


In  a  case  within  my  experience  sand 
was  put  into  a  bearing  to  cause  a  hot 
box  rather  than  to  cure  one.  A  gen- 
erous handful  was  put  in  through  the 
handhole  in  the  pillow  (top)  block  some 
time  in  the  night  while  the  engine  was 
stopped. 

I  discovered  the  sand,  however,  be- 
fore the  engine  was  started.  I  took  the 
cap  and  top  shell  off  and  wiped  out  as 


much  sand  as  possible.  Then,  I  turned 
the  engine  very  slowly  and  put  lots  of 
oil  on  the  shaft  and  kept  wiping  it  off. 
I  then  put  on  the  top  shell  and  cap, 
started  the  engine  slowly,  and  had  a 
man  pour  oil  into  the  bearing  as  fast  as 
he  could.  I  then  brought  the  engine 
slowly  up  to  speed,  all  the  time  keep- 
ing the  bearing  flooded  with  oil.  I  ran 
it  this  way  for  about  half  an  hour  and 
then  I  cut  the  oil  down  to  about  twice 
the  regular  feed.  Finally,  in  a  couple 
of  hours  the  oil  was  reduced  to  the 
regular  feed,  and  I  had  no  trouble  with 
the   bearing. 

I  would  have  used  a  hose  to  flush  the 
bearing  out  if  I  had  had  a  water  con- 
nection handy,  but  I  did  not. 

I  cannot  see  why  it  is  any  worse  to 
put  very  fine  sand  into  a  bearing  than 
it  is  to  use  lots  of  the  other  things  that 
are  employed  to  grind  a  bearing  in,  but 
one  must  be  sure  to  wash  it  all  out  after 
it  has  ground  off  the  high  places. 

Samuel  H.  Winterbottom. 

Woonsocket,  R.  I. 


The  administration  of  sand  to  a  tight 
bearing  may  be  likened,  in  some  re- 
spects, to  the  administration  of  drugs 
to  the  human  being.  Either  is  only  like- 
ly to  produce  satisfactory  results  when 
the  practitioner  handling  the  case  is  an 
embodiment  of  the  late  Prof.  Huxley's 
definition  of  science:  it  is  "applied  com- 
mon  sense." 

Just  as  all  drugs  exercise  a  destruc- 
tive effect  on  some  state  of  the  animal 
makeup,  so  do  all  abrasiv.s  exercise 
destructive  effects,  when  forcibly  applied, 
to  the  surfaces  of  metals  in  motion.  But 
destructive  disintegration  of  a  ''art  is 
often  necessary  in  order  to  enhanc:  ■!? 
value  of  the  remainder.  This  is  pai 
ticularly  the  case  in  the  preparation  of 
the  different  parts  which  go  to  compose 
a  mechanism.  The  operations  of  chip- 
ping, planing,  turning,  grinding,  lapping 
and  polishing  are  all  more  or  less  de- 
structive, but  when  successively  per- 
formed by  a  skilled  mechanic,  they  result 
in  the  conversion  of  a  few  rough  forg- 
ings  and  castings  into  something  which 
is  a  triumph  of  the  metal  worker's  art. 
But  had  any  of  those  pieces  of  metal 
been  put  into  the  hands  of  a  novice,  at 
any  one  of  these  different  stages,  the 
result  would  have  been  crude  indeed. 

So  it  is  with  the  application  of  sand 
for  the  purpose  of  curing  a  tight  bear- 
ing— the  final  result  is  dependent  on 
the  human  equation.  Sand,  in  the  hands 
of  an  "applied-common-sense"  engineer, 
can  be  made  to  perform  good  service  in 
treating  a  tight  bearing.  Try  the  follow- 
ing: Use  a  grade  of  sand  which  com- 
mon sense  will  dictate  as  being  suited 
to  the  metals  in  contact,  and  be  careful 
to  run  at  a  slow  speed.  When  the  bear- 
ing is  sufficiently  run  down,  wash  away 
all  traces  of  sand  and  polish  up  the 
journal    with    "oil    and    tripoli    powder," 
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reasing  the  speed  slightly.  Then  wash 
ay  all  traces  of  the  "tripoli,"  dry  out, 
1  a  little  flake  graphite  to  the  first 
56  of  lubricant,  run  steadily  for  half 

hour,  then  "let  her  go." 
[  have  tried  the  foregoing  with  good 
mlts,  and  have  also  experienced  the 
uble  caused  by  the  unauthorized  ad- 
ssion  of  grit  to  a  healthy  bearing. 
Sand  in  the  engine  room  may  be 
ened  in  its  effects  to  whiskey  in  the 
me.  A  medicinal  dose  of  the  latter 
dad  to  grandpa's  gruel  will  loosen  up 
;  old  gentleman's  tight  bearings  and 
se  hii  load,  while  the  same  dose  im- 
bed by  grandson,  in  whose  veins  the 
ood  is  "racing"  with  the  energy  of 
luth,  will  give  him  such  a  bad  attack 
•    "hot    box"    that    the    result    will    be 

-1. 

Roy   Reddie. 

New  Market,  Tenn. 

^ook  Gases  from  the  Uptalce 


Mr.  Breckenridge,  whose  letter  under 
le  above  title  appeared  in  the  Dec.  12 
;sue,  is  laboring  under  a  delusion  if  he 
elieves  that  he  can  secure  greater  econ- 
my  by  taking  gases  from  the  flue  and 
eturning  them  to  the  ashpit  in  order  to 
ecover  heat  that  would  ordinarily  go. 
p  the  stack.  The  reason  is  well  known 
D  most  men  interested  in  boiler  work, 
lut  an  explanation  of  the  principles  of 
ombustion  in  this  case  might  be  profit- 
ible  to  some  people. 

The  active  agent  in  air  is  oxygen.  Air 
:ontains   a   little   over   20  per   cent,   by 
volume  of  this  gas.  When  coal  is  burned, 
he   carbon   of   the   coal    combines   with 
:he    oxygen    of   the    air   and   makes   an 
equivalent  volume  of  a  gas  called  car- 
bon  dioxide,   commonly    represented   by 
the    formula    CO:.      This    gas    will    not 
burn,  neither  will  it  support  combustion. 
In  fact,  if  poured  on  a  fire,  it  will  ex- 
tinguish it  just  like  so  much  water.    The 
remaining  80  per  cent,  of  the  air  is  a 
gas  called  nitrogen,  which  is  similar  to 
CO.  in  that  it  neither  burns  nor  supports 
combustion.     Now,  in  practice  it  is  im- 
possible  to    use    up    all    the    oxygen    in 
the  air,  as  if  an  attempt  is  made  to  do  so 
there   will   be   such   a  large   amount   of 
combustible  gases  go  up  the  stack  that 
the   losses    of    fuel    will    be    enormous. 
When  gases  are  returned  to  the  furnace 
the    result    would    be    the    same    as    at- 
tempting to  use   all  the  oxygen   at  one 
burning.     Large     amounts     of     carbon 
monoxide  would  be  produced  and,  in  ad- 
dition,  the    oxygen    content   of  the    gas 
would  soon  get  so  low  that  the  fire  would 
be  smothered. 

The  only  way  to  recover  waste  heat 
from  the  flue  gases  is  to  install  some 
form  of  economizer,  of  which  there  are 
several  designs  on  the  market.  If  it  is 
desired  to  preheat  the  air  before  using 
in  the  boiler,  the  best  way  would  be 
in   install   an  air  heater  of  some   form. 
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In  the  sketch  shown,  if  the  stove  pipe 
be  extended  through  the  flue  to  the  air 
and  kept  tight  inside  the  flue  so  that 
nothing  but  pure  air  can  get  to  the  fire, 
then  some  economy  might  be  effected. 
However,  the  economy  effected  by  heat- 
ing the  air  might  be  offset  by  troubles 
with  clinkers  or  by  the  grates  burning 
out;  this  idea  of  preheating  the  air  was 
dropped  long  ago  for  these  and  similar 
reasons. 

The   reason   why   an    increase   in   the 
evaporation  resulted  was,  in  my  opinion, 
because  the  ashpit  was  closed  up,  thus 
choking  off  the  air  supply   and  thereby 
getting   nearer  the   right   amount  of  air 
into  the  furnace.    The  steam  blower  also 
makes  a  kind  of  forced  draft.     In  fact, 
on    examining    the    sketch    carefully,    it 
seems  to  me  that  very  little  gas  would 
be  sucked  down  from  the  uptake,  as  the 
draft   is   strongest   at   this   point    and   it 
would   be   much   easier   to   suck    in   air 
through   the   annular   space   around   the 
blower.     It  would  be  interesting  to  know 
whether  the  hot  gases  in  the  stove  pipe 
were    actually    coming    down    from    the 
stack  or  whether  they  were  coming  up 
from   the    ashpit.      If  the   chimney   was 
very  tall,  the  draft  in  the  chimney  would 
overcome  the  suction  of  the  steam  blower 
as  arranged  in  the  sketch.  To  get  positive 
suction  from  the  blower,  it  should  be  set 
tight  in  the  brickwork   so   that   the   en- 
tire suction  would  be  inside  the  pipe  or 

furnace. 

James  E.  Steely. 

Covington.  Va. 
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was  a  vacuum  in  the  boiler,  air  would 
leak  in  around  the  gasket  until  the  pres- 
sures were  equalized. 

It  would  also  appear  that  Mr.  Moore's 
figures  on  the  difference  in  pressures  on 
each  side  of  the  plate  are  not  quite  right 
as  there  evidently  was  water  on  the  in- 
side of  the  boiler  or  our  friend  would 
not  have  got  wet.  The  pressure  due  to 
its  head  would  have  to  be  taken  into  ac- 
count when  figuring  the  pressures  on  the 
inside.  Taking  an  area  of  99  sq.in.  and 
assuming  2  ft.  of  water  above  the  man- 
hole would  give  a  pressure  against  the 
vacuum  inside  of 

99  X  2  X  0.43  =  85.14  lb. 
Mr.  Moore  also  forgot  to  put  his  blow- 
off-pipe  outlet  under  water  as  he  does 
his  barometer,  for  he  states  that  they 
saw  the  water  trickling  out  of  it.  If  he 
did  not,  I  do  not  see  how  he  could  get  a 
vacuum  in  the  boiler  because  the  air 
would  run  up  the  pipe  and  the  water 
would  run  down  in  gulps  in  much  the 
same  way  as  water  would  run  out  of  an 
inverted  bottle  which  is  full. 

Taking  it  all  into  consideration,  it  ap- 
pears to  me  that  the  way  in  which  the 
engineer  got  wet  was  his  use  of  enough 
strength  to  force  the  manhole  cover  in 
against  the  pressure  due  to  the  water  be- 
hind it  and  his  inability  to  get  away 
quickly  enough.  Apparently  the  air  pres- 
sure played  no  part  in  the  matter. 

O.  J.  Richmond. 
Bridgeport,  Conn. 


Effect  of  Air  Pressure 

I  was  interested  in  reading  Mr.  Moore's 
story  under  the  above  title  in  the  Dec. 
5  issue,  but  on  thinking  it  over  it  ap- 
pears that  the  events  were  not  described 
quite  as  they  would  actually  have  hap- 
pened.   Mr.  Moore  states  that  as  the  en- 
gineer opened  the  blowoff  valve  the  pump 
"kicked."     I  cannot  see  any  relation  be- 
tween the  blowoff  valve  and  the  pump 
that  would  cause  it  to  "kick";  probably 
what  was  meant  was  that  when  the  pump 
was   relieved   of   the   pressure   which   it 
had  built  up  in  the  boiler  by  the  opening 
of  the  blowoff,  it  started  up.     It  should 
not  have  kicked  on  being  relieved  of  its 
pressure.    Then,  again,  he  states  that,  as 
usual  in  this  type  of  boiler,  there  were 
two   manholes,   one   in   each   flue    sheet. 
This  is  the  first  that  I  have  heard  that 
this  is  usual  in  present-day  practice. 

As  regards  our  friend  who  got  the 
water  in  the  neck:  If  there  were  172  lb. 
pressure  on  the  plate,  as  Mr.  Moore 
claims,  it  looks  strange  to  me  that  it 
had  to  be  rapped  with  a  wrench  to  start 
it,  as  the  new  gasket  which  he  had  put 
in  certainly  did  not  stick  tight  enough 
to  hold  the  cover  plate  against  172  lb. 
pressure  when  it  was  cold.  It  would  ap- 
pear to  me  that  with  a  new  gasket  the 
minute  he  slacked  off  on  the  nut,  if  there 


On  Quoting  Prices 

Much  has  been  said  recently  about  the 
publishing  of  prices,  and  I  wish  to  give 
some  of  my  experiences  in  that  line. 
I  recently  wrote  to  one  of  the  ad- 
vertisers in  Power  for  a  description  and 
prices  of  grease  cups  manufactured  by 
them.  They  replied,  stating  that  they 
would  send  descriptive  matter  and  that 
my  inquiry  was  sent  to  their  nearest 
branch  office.  The  descriptive  matter  did 
not  show  up,  but  in  a  few  days  I  received 
a  letter  from  their  branch  office,  stating 
that  if  I  would  give  the  size  of  grease 
cup  I  wanted  they  would  be  pleased  to 
quote  prices. 

At  another  time  I  wrote  a  prominent 
company  for  a  price  on  a  hydraulic 
wheel  press.  I  had  their  catalog  and  se- 
lected the  one  best  suited  to  our  needs, 
and  sent  in  the  description  given.  They 
replied,  stating  they  were  sending  a  cata- 
log, and,  referring  me  to  a  certain  page, 
asked  me  to  inform  them  whether  the 
press  described  thereon  would  be  sat- 
isfactory. This  press  was  the  one  on 
which  I  had  asked  the  quotation. 

In  both  of  these  instances  there  was 
unnecessary'    delay    and    correspondence, 
which  do  not  tend  to  promote  sales. 
C.  E.  Henry. 
Bessemer,  Mich. 
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Leather  Piston  Packing 

I  noticed  in  the  Nov.  28  issue  the 
plan  of  packing  a  pump  piston  with 
leather  washers,  six  all  told,  as  shown  in 
the  sketch.  This  idea  is  one  of  the  old- 
est known   for  cold   water. 


Brass  Plate 


f  Shoulder  and  Rod 


Piston  with   Leather  Cups 


The  accompanying  sketch  shows  a  pis- 
ton packing  which  will  be  used  more  in 
pumps  if  engineers  will  specify  it  for 
cold  water. 

William  Nottberg. 

Kansas  City,  Mo. 


The  Wage   Question 

I  have  read  the  editorial  on  "The  Wage 
Question"  in  the  issue  of  Nov.  28.  I 
believe  that  one  of  the  reasons  why  en- 
gineers are  not  better  paid  is  that,  though 
their  hourly  rate  is  lower  than  in  many 
other  callings,  the  greater  number  of 
hours  bring  the  pay  envelope  up  to  about 
what  the  employer  thinks  the  engineer 
must  have  to  live  on.  In  other  words, 
with  fewer  hours  the  engineer's  rate  per 
hour  would  be  greater. 

There  are  fascination  and  interest 
about  an  engineer's  work  that  are  absent 
from  bricklaying  or  barbering,  and  this 
makes  men  with  engineering  talent  pre- 
fer the  work,  even  if  the  pay  is  not  so 
high.  It  takes  brains  and  knowledge  to 
be  an  engineer,  but  many  a  man  is  draw- 
ing his  60c.  an  hour  laying  brick  who 
cannot  square  up  the  lines  for  a  pigpen 
or  write  his  name.  I  think  unionism  has 
much  to  do  with  this  and  that  this  class 
of  tradesmen  is  usually  employed  by 
contractors,  who  pass  the  cost  of  high 
wages  on  to  the  owner  of  the  building. 

Carpenters  in  this  section  get  37^c. 
per  hour  on  outside  work,  but  in  mill 
work,  where  they  are  employed  the  year 
around,  they  can  be  hired  for  much  less. 

Engineers  are  not  alone;  the  machin- 
ists, who  must  have  knowledge  and  skill, 
usually  receive  not  more  than  three-fifths 
as  much  wages  as  the  bricklayer.  The 
amount  earned  per  year  probably  has 
much  to  do  with  the  matter  and  on  this 
point  the  engineer  has  the  advantage 
over  the  building  tradesman.  A  brick- 
layer friend  of  mine  claims  that  very 
few  brick  masons  make  $600  a  year. 

J.  O.  BURCH. 

Woodhaven,  N.  Y. 


The  issue  of  Nov.  28  contains  another 
contribution  of  the  above  subject,  which 
is  one  of  which  we  should  never  lose 
sight. 

Engineers  do  not  lack  education  or 
wage-earning  capacity  nearly  as  much 
as  they  lack  proper  organization.  With 
the  existing  organizations  it  is  impossible 
to  establish  a  standard  wage  scale  be- 
cause of  the  variation  in  requirements 
of  the  different  plants  and  the  too  fre- 
quent willingness  of  some  members  of 
the  same  organization  to  "knife"  each 
other  just  because  the  other  fellow's  job 
looks  good.  The  ever  prevailing  jealousy 
among  engineers  must  be  got  rid  of  and 
we  must  pull  together  rather  than  "scrap" 
all  the  time. 

Thomas  M.  Sterling. 

Middlebranch,  Ohio. 


This  procedure  will  leave  us  who  are 
not  kicking  a  larger  field  to  work  in. 
L.  Johnson. 
Exeter,  N.  H. 


I  am  interested  in  the  discussion  in 
Power,  as  to  engineers'  wages,  and  I 
think  some  good  suggestions  have  been 
offered  for  their  betterment.  Some  have 
contrasted  engineering  with  other  trades 
and  callings,  that  are  more  successful 
as  to  wages,  and  hours  of  duty.  They 
are  so  because  they  are  better  or- 
ganized. Where  would  many  of  the  pro- 
fessions be  if  they  did  not  prohibit  those 
of  moderate  education,  influence,  etc., 
from   entering  their  ranks? 

The  engineers  should  unite  in  having 
laws  enacted  prohibiting  inexperienced 
and  incompetent  persons  from  taking 
charge  of  power  plants  where  lives  and 
property  are  jeopardized.  Then  there 
would  be  more  remuneration  for  the 
capable,  and  more  incentive  to  forge 
ahead  and  attain  some  of  the  honors  that 
are  higher  up.  I  read  Prof.  Adams' 
letter  in  the  Dec.  12  number  with  some 
chagrin.  He  says:  "When  a  man  at  home 
gets  a  'grouch'  and  thinks  the  boss  is 
not  treating  him  right,  just  let  him  think 
of  the  workmen  out  here  and  forget  the 
'grouch.' " 

I,  for  one,  am  not  inclined  to  take  his 
advice  and  I  hope  it  will  be  many  years 
before  other  operating  engineers  do.  I 
hope  the  engineers  will  redouble  their 
energies  to  improve  their  condition. 

Charles   Mars. 

Richmond,  Va. 


I  have  been  greatly  interested  in  the 
numerous  contributions  on  this  topic,  but 
I  do  not  agree  with  much  of  what  has 
been  written  so  far.  I  have  been  striv- 
ing to  devise  some  remedy  and  I  now  be- 
lieve I  have  one. 

Let  the  young  engineers  who  think 
there  is  more  in  it  for  them  as  masons, 
carpenters  or  plumbers  drop  their  engi- 
neering work  and  learn  one  of  these 
better-paying  trades.  Also,  let  those 
first-class  engineers  who  know  more 
about  plumbing  than  the  plumbers  them- 
selves switch  right  over  into  that  trade 
and  tjiereby  get  better  wages. 


Engineers'   Wages  in  China 

Prof.  Adams'  letter  in  the  issue  of 
Dec.  12  gives  us  Americans  a  glimpse 
of  oriental  efficiency  which  is  quite  in- 
teresting. By  way  of  comparison,  I  would 
like  to  present  the  wage  cost  per  kilo- 
watt of  a  New  England  plant  with  which 
I  was  associated;  it  was  a  small  plant, 
but  somewhat  more  difficult  to  handle 
than  Mr.  Adams'  plant,  though  it  was 
practically  in  the  same  class. 

The  equipment  consisted  of  two  boil- 
ers, a  125-hp.  engine,  supplying  motive 
power  to  the  shops,  a  20-kw.  generator 
and  an  arc-light  machine.  One  engineer 
devoted  his  whole  time  to  the  plant,  and 
a  machinist  gave  about  half  of  his  time, 
never  'any  more,  and  most  of  the  time 
much  less.  The  duties  of  these  two  men 
consisted  of  taking  full  care  of  all  power- 
plant  work,  with  no  other  assistance. 

The  engine  and  dynamo  room  was 
always  in  excellent  order.  The  work 
included  firing,  cleaning  and  taking  care 
of  the  boilers,  pumps,  engine,  generators 
and  motors  about  the  plant;  and  care  of 
two  50-ton  electric  cranes  as  well  as  the 
installation  and  care  of  all  lighting  and 
repairs  to  the  steam  plant.  Thus,  it  is 
evident  that  the  auxiliary  work  besides 
power  generation  was  fully  as  great  in 
this  plant  as  in  that  mentioned  by  Prof. 
Adams. 

The  maximum  pay  for  these  men  was 
$15  per  week  each,  but  at  the  time  of 
which  I  write,  neither  was  getting  this 
pay.  The  power-plant  cost  was  $22.50 
per  week,  or  $1170  per  year,  of  52 
weeks,  for  the  distribution  of  90  kw.  or 
$13  per  kilowatt  per  year.  Mr.  Adams' 
wage  at  $43.80  per  month  is  $525.60  per 
year,  or  $17  per  kilowatt  per  year.  In 
addition,  he  must  supply  means  for  five 
men  to  work  in  the  way  of  tools,  etc., 
and  consider  that  the  cost  is  raised  in 
distributing  work  among  five  men  over 
that  necessary  for  such  a  factor  between 
two  men.  Again,  a  certain  portion  of  his 
own  salary  must  be  charged  to  power 
production,  which  was  not  the  case  in  the 
plant  mentioned,  as  the  superintendent 
left  the  work  entirely  in  the  hands  of 
the   engineer. 

These  figures  speak  for  themselves  as 
to  the  value  of  intelligence.  The  engi- 
neer came  to  the  shop  about  5:30  a.m. 
and  left  about  6:15;  on  Sunday  he 
spent  an  average  of  about  five  hours  at 
the  plant,  while  during  the  day  on  many 
occasions  he  had  no  actual  work  to  do, 
being  required  simply  to  be  in  or  about 
the  engine  room.  The  machinist  worked 
60  hours  per  week. 

James  A.  Pratt. 

Williamson  School,  Penn. 
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A  Pumping  Problem 

In  regard  to  the  centrifugal-pump  prob- 
lem presented  by  R.  B.  Crockett  in  the 
Dec.  19  issue,  I  would  say  that  if  there 
were  no  increase  in  friction  head  or  ed- 
dies created  in  the  pump,  the  volume 
pumped  for  the  same  number  of  revolu- 
tions would  vary  inversely  as  the  square 
of  the  head;  it  is  rather  near  that  figure 
as  it  is. 

Suppose  there  is  an  8-ft.  head  and  the 
pump  is  handling  10,000  gal.  per  minute. 
If  the  head  were  cut  to  4  ft.,  the  pump 
would  handle  40,000  gal.  per  minute, 
or  the  equivalent  of  20,000  gal.  against 
an  8-ft.  head.  Hence  the  pump  would 
do  twice  as  much  work  as  before,  so 
if  the  engine  is  running  with  a  fi.xed 
cutoff,  is  would  slow  down  until  it  could 
do  the  work  that  the  cutoff  will  allow. 
Edward  H.  Lane. 

Kansas   City,   Mo. 


The  greater  the  volume  of  water  a 
centrifugal  pump  moves,  the  more  power 
it  takes.  If  the  pump  has  to  lift  the 
water  or  pump  it  against  a  pressure,  there 
is  a  certain  amount  of  slippage  of  the 
impeller,  and  this  slippage  increases  with 
the  increase  of  the  height  of  lift  or  the 
pressure. 

A  centrifugal  pump  requires  less 
power  to  run  it  with  the  discharge  pipe 
closed  and  the  impeller  churning  the 
water  than  it  does  to  pump  through  a 
free  opening. 

In  Mr.  Crockett's  case,  the  rising  of 
the  river  shortens  the  distance  between 
the  suction  and  the  discharge,  the  slip- 
page is  less  and  the  pumps  move  a 
larger  volume  of  water  and  consequently 
require  more  power  to  run  them.  • 
L.   M.  Johnson. 

Glenfield,   Penn. 


Many  impellers,  generally  of  old  de- 
sign, will  overload  the  power  end  of 
the  unit  when  the  static  head  is  reduced, 
because  the  capacity  increases  with  con- 
sequent increase  of  velocity  of  water 
through  the  impeller  and  passages,  and 
the  friction  caused  by  this  increased 
velocity  of  water  plus  the  increased 
velocity  head,  combined  with  the  greater 
capacity,  produces  as  great  or  greater  a 
load  than  normal  conditions  of  capacity 
with  somewhat  higher  static  head  will 
produce.  The  governor  being  discon- 
nected causes  the  engine  to  slow  down 
as  it  is  getting  no  more  steam  than  be- 
fore. There  are  also  losses  in  the  pump 
passages,  due  to  high  water  velocity, 
which  take  power  from  the  engine  but 
which  are  not  credited  to  the  pump. 

Impellers  are  being  designed  now  which 
will  not  overload  with  a  reduced  static 
head.  This  condition  is  a  necessity  in 
the  centrifugal  fire  pumps  where  a  break 
in  the  pressure  main  might  overload 
and  seriously  damage  the  driving  motor. 
W.  C.   DowD. 

Camden,  N.  J. 


When  the  river  rises,  the  head  conse- 
quently becomes  less,  and  more  water  is 
taken  into  the  pump  in  a  given  time. 
With  the  lesser  head,  the  product  of  the 
weight  of  water  taken  into  the  pump 
and  the  head  is  greater  than  the  product 
of  the  weight  of  water  taken  into  the 
pump  and  the  head  for  the  river  at  a 
medium  stage.  In  other  words,  more 
work  is  done  when  the  head  is  small 
because  a  greater  quantity  of  water  is 
handled  by  the  pump.  It  is  true  that  the 
water  is  lifted  through  a  smaller  dis- 
tance, but  the  increase  in  quantity  is 
more  than  enough  to  offset  the  difference 
in  the  head.  As  the  runner  of  the  pump 
is  required  to  handle  a  greater  volume 
of  water,  the  engine  driving  the  pump 
is  required  to  do  more  work,  and,  since 
the  governor  of  the  engine  is  discon- 
nected and  the  cutoff  is  fixed,  the  engine 
slows  down  under  the  increased  load. 

In  order  to  make  this  clear,  take  the 
case  of  a  centrifugal  pump  in  which  the 
head  is  so  great  that  no  water  is  being 
discharged.  The  runner  of  the  pump 
will  then  merely  churn  the  water  in  the 
pump  and  very  little  power  will  be  re- 
quired to  run  it.  Now,  suppose  that 
the  head  is  gradually  decreased.  The 
quantity  of  water  discharged  will  be 
gradually  increased,  but  the  quantity  of 
water  handled  by  the  pump  will  increase 
faster  than  the  head  will  decrease,  so 
that  the  work  done  by  the  pump  will 
gradually  increase.  This  may  not  be 
true  for  all  speeds,  as  the  speed  of  the 
runner  to  get  best  results  should  be 
changed  to  suit  the  head.  Theoretically, 
the  speed  of  the  periphery  of  the  run- 
ner should  be  the  same  as  the  speed 
attained  by  a  body  falling  through  a 
distance  equal  to  that  of  the  head. 

T.    W.    HOLLOWAY. 

Scranton,    Penn. 


When  the  head  drops,  the  weight  of 
water  pumped  per  minute  increases  so 
that  the  load  is  increased.  Thus,  if  the 
48-in.  pumps  are  throwing  100  cu.ft. 
per  second  at  normal  speed  and  8ij  ft. 
head,  the  engines  would  be  delivering 
about  97  hp.  If  the  head  fell  to  7;:.  ft., 
the  pump  would  throw  about  120  cu.ft. 
per  second,  if  the  pump  remained  at 
constant  speed.  This  would  require  about 
102  hp.  With  a  constant  cutoff,  the  en- 
gine will,  of  course,  slow  down  until 
the  weight  of  water  pumped  drops  off 
so  that  the  engine  can  carry  the  load. 
Further,  the  efficiency  of  the  pump  may 
be  less  at  7' 2  ft.  head,  and  this  would 
further  increase  the  load  on  the  engine. 

I  would  hate  to  be  around  .that  plant 
if  the  suction  or  delivery  pipe  were  to 
get  stopped  up  and  there  were  no  safety 
cutoff  on  the  engines.  It  makes  me 
nervous  to  see  an  engine  running  with 
the  governor  disconnected. 

George  L.  Sullivan. 

Bozeman,  Mont. 


The  reason  why  Mr.  Crockett's  pumps 
slow  down  when  the  river  rises  is  be- 
cause the  load  increases  when  the  head 
decreases  on  a  centrifugal  pump.  For  a 
given  speed  there  is  a  head  against  which 
a  centrifugal  pump  will  discharge  no 
water.  Thus,  if  a  pipe  is  extended  above 
this  point  no  water  will  be  pumped  and 
no  power  will  be  used  except  that  re- 
quired to  turn  the   runner  in  the  pump. 

If  the  discharge  pipe  be  cut  off,  say, 
1  ft.  below  the  point  where  the  pump 
maintains  the  water,  considerable  water 
will  be  discharged  and  the  load  will 
jump  up  in  proportion  to  the  amount 
pumped.  If  the  pipe  be  shortened  still 
more,  the  amount  of  water  will  increase 
rapidly  and  the  load  will  get  so  heavy 
that  in  some  cases  it  will  stall  the  driv- 
ing unit. 

Centrifugal  pumps  are  subject  to 
much  abuse.  For  a  given  head, 
there  is  an  economical  capacity,  and 
if  this  be  exceeded  greatly,  usually  the 
efficiency  falls  off  rapidly.  It  is  easy 
to  get  an  increase  in  capacity  by  speed- 
ing up  the  pump  slightly,  but  in  many 
cases  this  is  a  continual  expense,  due 
to  decreased  efficiency,  which  would  more 
than  buy  an  extra  unit.  Before  making 
any  changes  in  the  speed,  if  it  is  not 
possible  to  make  a  test  one's  self,  it  is 
better  to  get  advice  from  the  builders 
as  to  the  economy  of  the  pump  at  the 
new  speed. 

James  E.  Steely. 

Covington,  Va. 

[Other  explanations  similar  to  the 
foregoing  were  received  from  Myron  D. 
Place,  F.  P.  Read,  Phil  Lighte,  A.  Coffee, 
J.  K.  Blake  and  M.  R.  Frost.— Editor.] 


What  Means  the  Dome? 

The  logging  engine  referred  to  in  the 
Dec.  26  issue  interested  me  as  I  formerly 
was  in  the  timber  business  myself,  and 
perhaps  can  throw  some  light  on  the 
dome. 

Some  years  ago,  before  sawmill  men 
learned  to  do  things  as  systematically  as 
they  do  now,  the  men  who  laid  the  log- 
ging roads  did  not  take  the  time  to  grade 
the  hills,  make  fills  and  trim  the  track 
as  at  present.  It  looks  to  me  as  if  the 
engine  under  discussion  was  designed 
for  use  in  a  hilly  country  and  the  dome 
was  put  on  to  insure  steam  without  too 
much  water  mixed  with  it  in  going  up  or 
down  hills.  It  was  often  necessary  to 
carry  the  boiler  full  or  nearly  full  of 
water  to  prevent  the  ends  of  the  tubes 
and  the  top  of  the  crown  sheet  from 
getting  bare  and  burning  when  climbing 
or  descending  hills. 

The  engine  may  have  been  moved  from 
some  Northern  woods  to  its  present  lo- 
cation after  the  fields  for  which  it  was 
built  were  cleaned  off. 

A.  A.  Blanchard. 

Oeala,  Fla. 
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Inquiries  of  General  Interest 

Questions  are  not  answered  unless  accompanied  by  the  name  and 
address  of  the  inquirer.     This  page  is  for  you  when  stuck — use  it 


Purchasing  Coal  on  B.t.u.  Basis 

How  is  coal  purchased  on  the  B.t.u. 
basis,  and  how  are  the  B.t.u.  computed? 
C.  W.   B. 

British  thermal  units  may  be  deter- 
mined by  using  Dulong's  formula,  by 
burning  coal  in  the  presence  of  oxygen 
in  a  bomb  calorimeter  or  by  mixing  coal 
with  a  chemical  compound  whose  oxygen 
content  is  readily  liberated  and  burning 
in  a  suitable  receptable.  In  the  latter 
two  methods  the  B.t.u.  are  determined  by 
the  rise  in  temperature  of  a  predeter- 
mined quantity  of  water  surrounding  the 
bomb  or  receptacle  in  which  the  coal  is 
burned.  Contracts  are  usually  based  on 
a  specific  number  of  B.t.u.  per  pound  of 
coal.  If,  on  analysis,  the  sample  falls 
below  the  specified  amount,  the  coal 
dealer  is  penalized;  if  above,  the  coal 
dealer  receives  a  bonus.  The  percent- 
age of  moisture,  ash  and  sulphur,  in 
conjunction  with  the  B.t.u.,  as  a  rule,  de- 
termines  the   cost. 

The  following  rule  is  based  on  the 
total  heat  of  combustion  of  any  com- 
pound of  carbon,  hydrogen  and  oxygen: 

Divide  the  percentage  of  oxygen  in  the 
coal  by  8  and  subtract  the  quotient  from 
the  percentage  of  hydrogen,  multiply  the 
difference  by  4.28  and  add  to  the  product 
the  percentage  of  carbon;  then  multiply 
by  145,  and  the  product  ivill  be  the  num- 
ber of  B.t.u.  in  a  pound  of  fuel. 

While  burning  a  sample  with  oxygen 
under  pressure  in  a  bomb  calorimeter 
is  the  standard  method,  a  fairly  accurate 
one  is  as  follows: 

Place  1  gram  of  finely  powdered  coal 
with  60  grams  of  litharge  (lead  oxide, 
PbO)  and  10  grams  of  ground  glass  in 
a  clay  crucible;  cover  with  a  layer  of 
salt.  Next  cover  the  crucible  and  heat 
to  redness  for  20  min.  Then  cool  and 
break  crucible  and  clean  and  weigh  lead 
button.  The  number  of  grams  of  lead 
obtained  from  1  gram  of  coal  multiplied 
by  483  gives  the  B.t.u.  in  1  lb.  of  coal. 
This  is  a  modification  of  Berthier's  meth- 
od as  described  by  Prof.  A.  H.  Gill  in 
his  work  on  flue  and  gas  analysis.  An 
article  on  coal  purchased  on  the  B.t.u. 
basis  will  appear  in  an  early  issue. 


eter  of  the  cylinder  and  the  length  of 
stroke  in  inches  and  0.145  for  high-speed 
engines  or  0.11   for  low-speed  engines. 

Assume  an  engine  20x48  in.,  substitut- 
ing figures  for  the  rule  it  would  be  ex- 
pressed thus, 

l/  2o  X  48  =  1     960  =  ,^0.98 

diameter  of  rod  equals 

30.98   X   0.11    =3.4  in. 


Size  of  Piston  Rods 
What  is  the  rule  for  finding  the  size 
of  steam-engine   piston   rods? 

J.  L.  B. 
The  average  practice  is  the  product  of 
the  square  root  of  the  product  of  diam- 


Bumped  and  Concave  Heads 

What  is  the  rule   for  the  pressure  al- 
lowed on  bumped  and  concave  heads? 
L.  C. 

For  bumped  heads  multiply  the  thick- 
ness of  the  plate  by  'i  of  the  tensile 
strength  and  divide  by  0.6  of  the  radius 
to  which  the  head  is  bumped.  The  pres- 
sure allowed  for  concave  heads  is  0.6 
the  pressure  allowed  for  convex 
(bumped)    heads. 


Load  Factor  and  Power  Factor 

What  is  the  difference  between  load 
factor  and  power   factor? 

H.  A. 

The  load  factor  of  an  electric  plant  is 
the  ratio  of  the  average  to  the  maximum 
output.  The  ratio  of  the  real  watts  to 
the  apparent  watts  is  the  power  factor. 
The  power  factor  is  that  quantity  by 
which  the  apparent  watts  expended  in 
the  system  must  be  multiplied  in  order 
to  give  the  true  watts;  it  is  numerically 
equal  to  the  cosine  of  the  angle  the 
amperes  lag  behind  the  voltage. 

Suppose  it  is  desired  to  transmit  100 
kw.  over  a  line,  and  the  current  lags 
behind  the  voltage  by  an  angle  of  25 
deg.  The  cosine  is  then  equal  to  0.90, 
and  the  power  factor  will  be  0.90.  The 
true  watts  will  equal  the  apparent  watts 
X  0.90  or  volts  X  amperes  x  0.90.  If 
the  voltage  used  in  transmission  is  1000, 
100,000  -^  1000  X  0.90  =  ni.l  amperes. 
If  the  power  factor  had  been  unity,  only 
100  amperes  would  have  been  required. 


Power  for  Chain  Block 

If  a  chain  block  is  operated  by  a  motor 
having  a  speed  of  2500  r.p.m.,  what  power 
would  be  required  to  lift  1000  lb?  If 
it  took  1  hp.  to  raise  this  weight  30  ft. 
and  the  weight  was  suddenly  released, 
what  power  would  it  develop  in  descend- 
ing? 

J.  F.  M.  I. 


To  lift  1000  lb.  at  the  rate  of  30  ft.  i 
minute  would   take 

30  X   1000  =  30,000  ft.-lb.  per  min. 
A  horsepower  is  33,000  ft.-lb.  per  min. 
therefore  it  would  take 


=  --;,/.. 


33.000 
30,000 

applied  to  the  weight.  The  power  ap- 
plied to  the  shaft  of  a  hoist  would  de- 
pend upon  the  efficiency  of  that  mechan- 
ism. If  the  efficiency,  for  instance,  were 
80  per  cent.,  the  power  required  would 
be 

The  weight  in  descending  would  develop 

30  X  1000  =  30,000  ft.-lb. 
of  energy.  The  amount  of  power  de- 
veloped would  depend  upon  the  velocity 
of  its  descent.  If  it  took  it  a  minute 
to  fall,  the  average  horsepower  developed 
by  the  weight  would  be 

30,000 

33.000  ■ 
If  in  a  second. 


FT  H- 


30,000 
550 


=  54-5  hp. 


The  time  required  by  a  body  to  fall  freely 

through  a  given  height  is,  square  root  of 

the  height  -^  4.01.  The  square  root  of  30 

=   5.48,  and  5.48   -1-4.01    =    1.37  sec. 

The  average  power  developed  upon  itself 

in    falling    freely   will    be 

30,000  „  ,  , 

— i-^ =  39.8  hp. 

This  increase  of  horsepower  does  not 
represent  a  gain;  it  is  simply  a  more 
rapid  use  of  the  available  30,000  ft.-lb. 
of  energy,  which  cannot  be  increased  by 
any  mechanical  device,  nor  in  any  other 
way  than  by  the  conversion  of  other  en- 
ergy. 


Gahanrzed  Iron  Ammonia 
Pipes 

What  is  the  objection  to  using  gal- 
vanized pipes  in  double-pipe  ammonia 
condensers? 

W.  J.  C. 

The  only  objection  is  that  the  am- 
monia is  disintegrated  by  the  material 
used  in  galvanizing  the  pipe  and 
some  scale  and  noncondensible  gases 
are  formed.  For  this  reason  galvanized 
pipe  is  used  only  when  the  condensing 
water  is  so  bad  that  there  is  a  distinct 
advantage  in  its  use.  The  inner  pipes  of 
double-pipe  condensers  are  for  this  rea- 
son   quite    frequently   galvanized. 
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Equitable  Life's  Fire 

Severe  criticism  has  been  directed 
against  Arthur  C.  Davis,  chief  engineer 
of  the  Equitable  Life  Assurance  Society's 
home-office    building    at    120    Broadway, 


and    even    to   utilize    the   standpipes   on 
the  fifth  and  sixth  floors. 

Several  of  the  ofRce-plant  engineers 
remained  on  watch  over  28  hours  for 
the  purpose  of  keeping  the  fire  pumps 
running.    Chief  Engineer  Trolsen,  of  the 


Pumping   Water   under   Difficulties; 


New  York  City,  for  having  attempted, 
with  his  men  and  apparatus,  to  quench 
the  fire  which  later  destroyed  that  build- 
ing on  the  morning  of  Jan.  8,  instead  of 
sending  in  an  alarm  when  the  fire  was 
first  discovered. 

Mr.  Davis  declared  the  next  day  that 
he  did  not  know  who  turned  in  the 
alarm;  that  his  first  thought  was  for 
the  seven  125-hp.  boilers  in  the  base- 
ment carrying  a  pressure  of  85  lb.,  and 
that  if  the  fires  were  not  drawn  there 
would  be  an  explosion  which  would  cause 
great  loss  of  life. 

He  also  explained  that  he  worked 
"from  5:30  a.m.  until  noon  drawing  the 
fires  from  the  seven  boilers,"  and  "then 
only  escaped  by  prying  open  a  frozen 
door  with  a  crowbar."  How  the  chief 
engineer  of  a  big  plant  like  the  Equitable, 
the  successor  of  James  Wilson,  happened 
to  be  in  the  building  at  that  early  hour 
unless  he  had  an  intimation  of  trouble 
is  yet  to  be  explained. 

Much  credit  is  given  by  the  daily  press 
to  the  engineers  of  the  adjacent  office 
buildings  for  their  valuable  assistance  to 
the  fire  department.  It  was  necessary, 
owing  to  the  lack  of  pressure  and  the 
sixty-mile  gale  that  scattered  the  streams 
of  water,  to  couple  15  or  20  lines  of 
hose  to  the  standpipes  of  these  buildings. 


Hanover  Bank  Building,  was  on  duty 
throughout  the  fire  directing  his  force 
and  the  working  of  the  pumps  pressed 
into   service   by   the  fire   department. 

The  accompanying  illustration  is  typical 
of   the    appearance    of   the    fire    engines 


This  conflagration  illustrates  the  gen- 
eral neglect  on  the  part  of  employees 
to  promptly  obey  the  injunction  of  every 
fire  department:  "Send  in  an  alarm  first!" 
If  this  had  been  done,  this  fire  might 
have  ended  in  a  petty  blaze  instead  of 
becoming  a  conflagration  which  caused  a 
shocking  loss  of  life  and  property. 

The  lesson  is  plain  that  wherever  oil 
and  waste,  exposed  heaps  of  rubbish  or 
other  combustible  material  are  allowed 
to  collect,  the  fire  hazard  is  enormously 
increased.  And  cleanliness  and  care  are 
as  necessary  to  safeguarding  life  and 
property  in  a  power  plant  as  elsewhere. 


Absolute  Pressure  Gage 

In  large  plants  where  the  units  are  op- 
erated condensing,  it  is  of  great  import- 
ance to  be  able  to  ascertain  with  ac- 
curacy the  absolute  pressure  in  the  con- 
denser, as  with  a  big  unit  even  a  fraction 
of  an  inch  of  mercury  difference  in  the 
vacuum  means  a  large  gain  or  loss  in 
the  steam  required  to  develop  a  given 
output. 

The  ordinary  vacuum  gage  is  influenced 
by  the  changes  in  atmospheric  pressure 
as  well  as  the  changes  in  vacuum  in 
the  condenser.  In  other  words,  it  is 
merely  a  differential  gage,  showing  the 
difference  in  pressure  that  exists  between 
the  inside  and  the  outside  of  the  con- 
denser. 

The  gage  herewith  illustrated  indicates 
the  absolute  pressure  that  exists  within 
the  condenser  irrespective  of  the  at- 
mospheric pressure  without.  It  is  de- 
scribed in  the  London  Engineer  as.  fol- 
lows: 

The  gage  consists  essentially  of  two 
Bourdon  tubes  coupled  in  such  a  manner 
as  to  oppose  each  other  in  their  action. 
The  inside  of  one  tube  communicates 
with  the  inside  of  the  condenser  while 


Design  of  Absolute  Pressure  Gage 


and  the  conditions  under  which  the  fire 
department's  engineers  had  to  labor.  It 
is  hard  to  believe  that  this  ice-encased 
engine  is  pumping  its  quota  of  water 
while  ice-locked  to  a  street  which  is 
ordinarily  one  of  the  busiest  and  most 
crowded  thoroughfares  in  the  world. 


the  outside  is  open  to  the  atmosphere. 
This  tube  therefore  is  actuated  by  the 
difference  between  the  atmospheric  pres- 
sure and  the  absolute  pressure  in  the 
condenser.  The  other  tube  is  evacuated 
and  sealed  and  therefore  is  actuated  only 
by  the  changes  of  atmospheric  pressure. 
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Thus,  if  the  absolute  pressure  in  the 
condenser  increases  from,  say,  2  to  4 
in.  while  the  atmospheric  pressure  re- 
mains the  same,  the  finger  of  the  dial 
will  be  advanced  accordingly  and  4  in. 
absolute  pressure  will  be  indicated.  If, 
on  the  other  hand,  the  absolute  pres- 
sure in  the  condenser  increases  from, 
say,  2  to  4  in.  while  the  atmospheric  pres- 
sure falls  1  in.,  the  increase  of  pressure 
inside  the  tube  would  be  2  in.  and  the 
pressure  outside  the  tube  would  decrease 
1  in.,  and  the  resultant  motion  imparted 
to  the  pointer  of  the  ordinary  gage  would 
indicate  a  change  of  3  in. 

In  the  absolute  pressure  gage,  here 
described,  the  atmospheric  pressure  acts 
also  on  the  outside  of  the  evacuated  tube 
and  the  fall  in  pressure  will  permit  this 
tube  to  expand  and  thus  oppose  the  ac- 
tion of  the  other  tube  to  the  extent  of 
1  in.,  the  resultant  motion  transmitted  to 
the  pointer  will  be  equal  to  2  in.  and 
an  indication  of  4  in.  absolute  pressure 
will   be   indicated   by   the   pointer. 

In  the  accompanying  figure  it  will  be 
seen  that  the  two  tubes  are  not  coupled 
direct  to  the  quadrant;  their  motion  is 
transmitted  by  a  compensating  link  mo- 
tion which  removes  the  difficulty  of  the 
operating  tube  having  to  overcome  the 
effect  of  the  elasticity  of  the  other  tube 
and  avoids  at  the  same  time  the  friction 
which  would  be  produced  by  the  two 
tubes  acting  on  one  pinion  in  opposite 
directions. 


herewith  illustrated  is  the  "Duro"  blow- 
off  valve,  manufactured  by  the  Lunken- 
heimer    Co.,    of   Cincinnati,    Ohio;    it    is 


case  it  becomes  worn.  There  is  a  plug 
B,  at  the  back,  which  may  be  taken  out 
whenever  it  is  desired  to  clean  the  valve. 


An  Improved  Blowoff  Valve 

A  great  fault  with  some  types  of  blow- 
off  valve  is  that  the  seat  is  so  located 
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The  "Duro"  Blowoff  Valve 

that  as  the  disk  approaches  it  the  condi- 
tions are  favorable  for  the  accumula- 
tion of  scale  and  sediment.  Often  the 
effect  of  such  accumulation  is  to  cut 
the  bearing  surfaces  to  such  an  extent 
as  to  cause  the  valve  to  leak.    The  valve 


Fig.  1.  Rotor  End  of  the  Water  Cooler 


designed  to  overcome  the  difficulty  just 
specified. 

The  plug  C  carries  the  reversible 
double-faced  disk  D.  The  bronze  seat 
ring  E  is  screwed  into  a  second  ring  P, 
which  is  of  brass.  The  object  of  this  is 
to  make  the   renewal  of  ring  E  easy  in 


Power  Water  Cooler 

This  machine  has  been  designed  for 
the  purpose  of  cooling  the  circulating 
water  for  internal-combustion  engines, 
air  compressors,  ammonia  condensers, 
etc.  The  machine  consists  of  a  horizontal 


Fig.  2.  Fan  End  of  the  Water  Cooler 
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casing,  through  which  air  is  passed,  a 
rotor  within  the  chamber  which  forms 
a  revolving  cooling  surface,  a  fan  for 
circulating  the  air  and  a  pump  for  cir- 
culating the  water  to  be  cooled. 

The  casing  is  made  of  sheet  iron,  case 
iron  or  concrete,  according  to  size,  the 
lower  part  of  the  casing  forming  a  trough 
in  which  the  water  circulates.  The  rotor 
fills  the  casing  and  is  made  up  of  thin 
annular  plates  which  are  supported  from 


"Climax"  Belt  Hook 

One  would  scarcely  suspect  that  the 
design  of  such  an  apparently  simple 
thing  as  a  belt  fastener  or  hook  would 
tie  the  subject  of  any  ver>'  great  study. 
But  that  such  is  actually  the  case  is  indi- 
cated by  the  number  and  variety  of  these 
devices  on  the  market.  One  of  the  new- 
est is  the  "Climax"  belt  hook,  illustrated 
herewith. 


Fig.  3.    W.\TER  Cooler  and   Pipe   Connection  to  a  Gas  Engine 


a  central  shaft,  as  shown  in  Fig.  1.  The 
fan  is  mounted  at  the  end  of  the  casing 
and  blows  air  between  the  plates. 

Air  and  water  are  passed  through  the 
machine  in  opposite  directions,  thus 
forming  countercurrents.  As  the  plates 
of  the  rotor  slowly  revolve  they  pass 
through  the  water  in  the  trough  and 
through  the  air  in  the  upper  portion  of 
the  chamber. 

This  brings  the  wet  surface  of  the  rotor 
into  contact  with   the  current   of  air  at 


ready 


The  "Climax"  hook  is  so  made  that  it 
enters  the  belt  parallel  to  the  warp,  or 
longitudinal  strands,  and  hence  does  not 
cut  any  of  them.  An  advantage  of  this  form 
of  hook  is  that  while  the  grip  of  the  hook 
is  in  no  way  impaired,  practically  the  full 
strength  of  the  fabric  of  the  belt  itself  is 
retained.  With  the  "Climax"  hook  either 
side  of  the  belt  may  be  run  to  the  pul- 
ley with  satisfaction.  Thus  the  use  of 
idlers  is  permitted  with  belts  that  are 
joined  with  these  hooks. 


"Climax"  Belt  Hooks 


each  revolution.  The  thin  film  of  water 
on  their  surfaces  is  partially  evaporated 
by  the  air  which  causes  the  heat  given 
off  by  the  water  to  be  rendered  latent; 
heat  is  also  extracted  from  the  water  by 
a  conductor. 

The  cooler  operates  noiselessly  and, 
being  compact,  occupies  but  little  space. 
It  can  be  set  on  the  floor  or  placed  on 
brackets  on  the  wall,  as  shown  in  Fig.  3. 

This  machine  is  manufactured  by  the 
Power  Specialty  Company,  1 1 1  Broad- 
way, New  York  City. 


The  "Climax"  belt  hooks  are  manu- 
factured by  the  Hudson  Belt  Fastener 
Company,  136  Liberty  street,  New  York 
City. 


Induced    Draft  ^"entilator 

For  all  ordinar>'  ventilating  purposes, 
the  standard  natural-draft  t\T3e  of  venti- 
lator is  entirely  sufficient;  for  some  spe- 
cial purposes  it  is  not,  as,  for  instance, 
that  of  ventilating  a  blacksmith  shop,  a 
laundry  or  any  other  structure  in  which 


excessive  gases,  vapors,  fumes,  etc.,  are 
liberated. 

The  Burt  Manufacturing  Company,  232 
Main  street,  Cleveland,  Ohio,  has  just  de- 
vised and  put  on  the  market  an  addition  to 
its  already  large  family  of  ventilators  in 
the  form  of  an  induced-draft  ventilator 
which  is  designed  for  such  special  pur- 
poses as  those  just  mentioned.  This  new 
type  of  ventilator  is  made  in  two  sizes, 
36-inch    and    48-inch.     The    fan,    which 


^^ 
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The  Burt  Fan  Indicator 

makes  from  250  to  300  revolutions  per 
minute,  may  be  driven  by  a  belt  or  a 
direct-connected  motor;  the  power  re- 
quired for  each  size  is  about  M  horse- 
power. If  desired,  the  fan  may  be  re- 
versed so  as  to  force  fresh  air  into  the 
building  instead  of  drawing  off  the  foul 
air  from  within. 

The  chains  by  means  of  which  the 
damper  in  the  top  of  the  ventilator  is 
adjusted  have  fusible  links  which  will 
melt  out  in  case  of  fire  and  allow  the 
damper  to  close  of  its  own  weight  and 
automatically  cut  off  the  draft. 

It  is  said  that  this  type  of  ventilator 
will  remove  about  ten  times  more  air 
within  a  given  length  of  time  than  the 
ordinary  stationary'  type. 


New  Wilcan  Corliss  \'^alve 
Gear 

When  the  Vulcan  Iron  Works  began 
Ihe  manufacture  of  mine-hoisting  ap- 
paratus in  1849,  a  small  steam  engine 
was  sufficient  to  provide  all  of  the  power 
that  was  necessary  to  operate  the  works. 
Later,  as  the  business  increased  and  vari- 
ous kinds  of  colliery  apparatus  was  man- 
ufactured, a  larger  power  plant  was  in- 
stalled which  included  two  14xl8-in. 
side-crank  automatic  engines,  both  of 
which  ran  at  a  speed  of  200  r.p.m.  and 
were  each  belt  connected  to  an  Edison 
bipolar,  220-voIt,  direct-current  generator. 

The  latest  additions  to  the  power  plant 
is  shown  in  Fig.  1.  These  are  two  200- 
kw.  engines,  each  direct  coupled  to  a 
Westinghouse  250-volt,  direct-current 
generator  and  run  at  a  speed  of  120 
revolutions  per  minute. 
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The  engines  are  installed  in  a  brick 
addition  to  the  old  power  plant.  The 
engine  room  is  exceedingly  light,  owing 
to  the  large  windows  on  three  sides  of 
the  building.     The  floor  is  of  hard-wood 


knock-off  cam  as  the  knock-off  collar  is 
made  with  a  suitable  knock-off  projec- 
tion, which  has  easy  lines  and  is  so  ar- 
ranged that  the  cutoff  occurs  the  same 
as  if  a  knock-off  cam  were  employed. 


Fig.   1.    New  Engine   Room  of  the  Vulcan  Iron  Works,  Wilkes  Barre,Penn. 


finish,  with  rubber  floor  matting  around 
each  engine. 

The  most  interesting  feature  about 
these  engines  is  the  new  valve-gear  with 
which  the  right-hand  engine,  shown  in 
Fig.  1,  is  equipped.  This  valve-gear  is 
built  by  the  Vulcan  Iron  Works,  as  are 
both  of  the  engines. 

The  main  object  in  designing  this 
valve-gear  was  to  reduce  the  parts  to  a 
minimum,  to  obtain  noiseless  operation, 
to  bring  the  pull  on  the  valve  stem  as 
close  to  the  engine  cylinder  as  is  prac- 
ticable, and  to  obtain  a  valve-gear  suit- 
able for  high-speed  Corliss  engines.  The 
valve  stem  is  fitted  with  an  arm  which 


The  other  member  of  the  gear  swings 
on  the  valve-stem  bonnet  and  is  actuated 
by  a  carrier  arm,  which  connects  with  a 
rocker-arm  that  is  operated  by  the  steam 
eccentric.  A  stud  is  fitted  in  at  the  bottom 
of  the  actuating  arm  and  supports  a  Y- 
member,  to  which  is  secured  a  steel 
catch-block.  A  thumb-screw  passes 
through  the  straight  arm  of  the  Y-mem- 
ber  and  screws  into  a  stud  that  is  fitted 
into  the  actuating  arm.  The  amount  of 
tension  on  the  knock-off  arm  against  the 
knock-off  collar  is  regulated  by  a  spring, 
as  shown  in  Fig.  2. 

The  Y-member,  at  the  "pick-up"  posi- 
tion, tends  to  fall  by  gravity  into  engage- 


collar.  This  feature,  together  with  the 
slight  spring  tension,  renders  the  valve- 
gear  practically  noiseless,  and  its  design 
makes  it  capable  of  running  at  speeds  up 
to   300  revolutions  per  minute. 

In  Fig.  3  is  shown  the  valve-gear 
hooked  in  ready  to  open  the  valve;  Fig. 
4  shows  the  valve  unhooked  and  the 
reach  rod  about  to  travel  toward  the 
left. 

The  design  of  the  gear  is  such  that 
the  force  exerted  in  opening  the  valve  is 
practically  in  a  straight  line  with  the 
reach  rod.  The  valve  is  pushed  open 
by  the  reach  rod  moving  the  Y-member 
toward  the  center  of  the  cylinder,  and 
as  soon  as  it  is  disengaged  the  valve  is 
closed  by  the  dashpot. 

This  power  plant  is  in  charge  of  Chief 
Engineer  Edward  D.  Whitebread,  who 
takes  much  pride  in  his  work,  and  the 
condition  of  the  plant  shows  that  he  is 
fully  capable  of  filling  the  position  he 
holds. 


Bureau    of    Mines' 
Publication,s 


New 


The  Bureau  of  Mines  has  copies  of 
the  following  publications  for  free  dis- 
tribution, one  copy  to  each  person. 

Bulletin  6,  "Coals  Available  for  the 
Manufacture  of  Illuminating  Gas,"  by 
A.  H.  White  and  Perr^-  Barker.  No.  16, 
"The  Uses  of  Peat  for  Fuel  and  Other 
Purposes,"  by  Charles  A.  Davis.  No.  19, 
"Physical  and  Chemical  Properties  of  the 
Petroleums  of  the  San  Joaquin  Valley, 
Calif.,"  by  I.e.  Allen  and  W.  A.  Jacobs; 
with  a  chapter  on  analyses  of  natural 
gas  from  the  southern  California  oil 
fields,  by  G.   A.   Burrell. 

Reprints — Bulletin  21,  "The  Signifi- 
cance of  Drafts  in  Steam-boiler  Practice," 
by  W.  T.  Ray  and  Henry  Kreisinger.  Re- 
print of  Bulletin  367.  No.  26,  "Notes  on 
Explosive   Mine   Gases   and    Dusts,"   by 


Fig.  2.   Showing  Knockoff  Collar 
AND  Ca.m 


Fig.  3.    Valve  Gear  Engaged  Ready  to 
Open  Valve 


Fig.  4.    Valve  Gear  Disengaged  and 

Valve  Closed 


supports   a   steel    latchplate.     The   dash-  ment,   this   tendency    being    assisted    by  R.   T.   Chamberlin.     Reprint   of   Bulletin 

pot   rod    is    connected    to    the    latchplate  centrifugal  force.     The  spring  is  used  to  383.     No.  29,  "The  Effect  of  Oxygen   in 

arm   and  the  valve  is  closed   as  soon  as  overcome    the    inertia    of    the    latch    and  Coal,"  by  David  White.     Reprint  of  Bul- 

the  latch  blocks  are  released.  cushion  its  return  at  disengagement.  letin    382.      No.    30,    "Briquetting    Tests 

On     the     knock-off     collar     there     is  The  Y-member  is  fitted  with  a  strip  of  at   the   Fuel-testing   Plant,   Norfolk.  Va., 

mounted    a    safety    cam.      There    is    no  leather    which    bears    on    the    knock-off  1907-8,"  by  C.  L.  Wright. 
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Locomotive   Explosion  at 
Los  Angeles 

A  locomotive-boiler  explosion  in  the 
roundhouse  of  the  Southern  Pacific  R.R. 
on  Lamar  St.,  Los  Angeles,  Calif.,  on  the 
night  of  Jan.  5,  caused  the  death  of  two 
men  and  the  injury  of  three  others. 

The  engine  had  been  employed  in  local 
freight  service  and   at   the  time   of  the 
explosion  was  occupying  the  first  stall  at 
the  extreme  end  of  the  48-stall   round- 
house.   The  explosion  was  caused  by  low 
water,    followed  by   the   collapse   of  the 
crown  sheet  to  such  an  extent,  it  is  stated, 
that  it  dropped  into  the  firebox.    The  re- 
port of  the  local  fire  department  that  the 
boiler  was  being  filled  with  cold  water  at 
the  time  of  the  disaster  is  denied. 
•    The  boiler  disengaged  itself  from  the 
locomotive    proper,    leaving    the    engine 
trucks,  wheels  and  tender  standing  de- 
n^olished  over  the  repair  pit  of  the  round- 
house.    The   boiler  was   blown   through 
the  roof  of  the  building  and  landed  at  a 
point  in  the  shop  yards  about  100  ft.  dis- 
tant     Another  engine  in  the  roundhouse 
was  partially  damaged  through  the  force 
of   the   explosion,    and    burning   timbers 
from  the  roundhouse  roof  caused  a  slight 
fire  in  an  adjoining  shop  building. 

The  board  of  inquiry  appointed  to  in- 
vestigate the  cause  of  the  accident  has 
reported  as  follows:  "We  are  of  the 
unanimous  opinion  that  the  cause  of  the 
explosion  was  due  to  lack  of  sufficient 
water  on  the  crown  sheet,  and  that  the 
lack  of  water  on  the  crown  sheet  was  en- 
tirely in  the  hands  of  Engine  Watchman 
W.  A.  Weaver,  who  was  solely  responsi- 
ble and  lost  his  life  in  the  explosion." 

Boiler  Explosion  at  Colliery 

A  boiler  explosion  on  Jan.  13,  at 
Pittston.  Penn.,  in  the  Clarence  col- 
liery of  the  Hillside  Coal  &  Iron  Co. 
is  reported  in  the  daily  press.  It 
appears  that  the  wrecked  boiler  was 
one  of  a  battery  of  five  and,  although 
there  was  considerable  property  damage, 
the  explosion  did  not  result  in  loss  of 
life  or  even  injury  to  the  employees. 

Westinghouse  Company  Elects 
Chairman 

Guy  E.  Tripp,  of  Boston,  formerly 
chairman  of  the  reorganization  committee 
of  the  Metropolitan  St.  Ry.  Co.,  was 
elected  chairman  of  the  Westinghouse 
Electric  &  Manufacturing  Co.  on  Jan.  10. 
The  office  has  been  vacant  since  the 
death  of  Robert  Mather,  and  the  directors 
considered  a  large  list  of  men  of  experi- 
ence in  electrical  and  railway  matters 
before  coming  to  a  decision. 

Mr.  Tripp,  in  order  to  conduct  the  op- 
erations of  the  Westinghouse  company, 
with  its  numerous  branches  in  England, 
France,  Germany,  Canada  and  Russia, 
withdrew  recently  from  the  firm  of  Stone 
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&  Webster.  He  has  been  connected  with 
local  traction  matters  for  a  number  of 
years. ^^^^ 


Power  Merger 
There  was  formally  presented  to  the 
Public  Service  Commission,  Second  Dis- 
trict, on  Jan.  10,  a  plan  to  reorganize  the 
various  power  companies  along  the  upper 
Hudson  River  into  a  new  corporation,  to 
be  known  as  the  Adirondack  Electric 
Power  Corporation. 

The  properties  proposed  to  be  consoli- 
dated are  the  Hudson  River  Water  Power 
Co  the  Hudson  River  Electric  Co.,  the 
Hudson  River  Electric  Power  Co.,  the 
Hudson  River  Power  Transmission  Co., 
the  Saratoga  Gas,  Electric  Light  &  Power 
Co.,  the  Ballston.  Spa  Light  &  Power 
Co.,  the  Madison*  County  Gas  &  Electric 
Co.  and  the  Empire  State  Power  Co. 

OBITUARY 

James  McBrier,  president  of  the  Ball 
Engine  Co.,  a  brief  notice  of  whose  death 
was  published  in  the  issue  of  Jan.  16, 
was  born  in  Allegheny,  Penn.,  in  183o. 
the  son  of  William  and  Mary  (McMas- 
ters)   McBrier. 

Mr.  McBrier  came  to  Erie  in  1872  and 


James  McBrier 

engaged  in  the  lumber  business  with  sev- 
eral others,  the  concern  turning  to  Erie 
a  considerable  part  of  the  lumber  out- 
put of  Michigan  and  other  lake  states,  in 
which  the  elder  McBrier  was  extensively 
interested. 

In  1887,  he  located  permanently  in 
Erie,  and  in  that  year  he  became  inter- 
ested in  the  Ball  Engine  Co.,  which  was 
then  a  newly  formed  coirofa*'""-  His 
business  acumen,  judicious  management 
and  progressive  methods  as  president  of 
the  company  quickly  paved  the  way  for 
the  success  which  it  has  since  enjoyed. 
Mr.  McBrier's  business  interests  also 
included  the  lake  carrying  trade,  and  he 
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was  a  most  important  factor  in  obtaining 
some  of  the  national  appropriations  which 
deepened  channels,  enlarged  locks  and 
improved  the  lake  waterways,  which 
have  made  possible  the  safe  navigation 
of  the  12,000-ton  carriers  of  today.  He 
had  held  the  office  of  vice-president  of 
the  Lake  Carriers'  Association  and  was 
interested  in  the  Erie  Steamship  Co. 

His  unaffected  and  strong  personality 
gained  for  him  the  greatest  respect,  and 
his  active  interest  in  municipal  affairs 
soon  identified  him  with  many  of  the 
foremost  financial  and  industrial  interests 
of  Pennsylvania. 

Mr.  McBrier  was  married  in  1855  to 
Mary  E.  White,  who  survives  him.  Their 
children  are  David  N.,  vice-president  of 
the  Ball  Engine  Co.;  Frederick,  secretary; 
Harvey  L.,  Mary  L.  McBrier,  and  Mrs. 
Alexander  Jarecki. 

Franklin  Parrel,  president  of  the  Par- 
rel Foundry  &  Machine  Co.  since  1857, 
died  at  his  home  in  Ansonia,  Conn.,  on 
Jan.  10.  Mr.  Parrel's  capacity  for  hard 
work  often  led  him  to  toil  for  hours  in 
the  foundry,  begrimed  as  were  his  hun- 
dreds of  employees.  His  son,  Franklin 
Parrel,  Jr.,  after  his  graduation  from 
Yale  nine  years  ago,  entered  his  father's 
foundry  and  is  today  one  of  the  heads 
of  the  concern.  Mr.  Parrel's  wealth  is 
estimated  to  be  between  $10,000,000  and 
$  1 5,000,000. 

PERSONAL 

F.  L.  Morse,  treasurer  and  manager  of 
the  Morse  Chain  Co.,  Ithaca,  N.  Y.,  is 
now  convalescing  from  a  successful  op- 
eration for  appendicitis. 

H.  M.  Glazier,  instructor  in  architec- 
tural engineering,  Pennsylvania  State 
College,  has  resigned  to  accept  an  offer 
in  the  architectural  field  with  a  large  com- 
pany in  Cleveland,  Ohio. 

John  K.  Bulger  has  been  appointed 
supervising  inspector  of  the  United  States 
steamboat  inspection  service  of  the  first 
district.  Pacific  Coast,  at  San  Francisco, 
Calif.  The  position  carries  a  salary  of 
$3000  per  annum,  and  includes  jurisdic- 
tion over  both  boilers  and  hulls.  Mr. 
Bulger  was  formerly  chief  assistant,  as 
inspector  of  boilers,  to  the  late  Capt.  John 
Bermingham. 

Joseph  P.  Dolan.  assistant  inspector  o: 
bo'ilers  at  San  Francisco  for  the  servicf 
during  the  past  10  years,  has  been  ap 
pointed  inspector  of  boilers,  filling  thi 
vacancy  caused  by  the  promotion  of  Mi 
Bulger.  The  position  pays  S2250  per  an 
num.  Mr.  Dolan  will  collaborate  witi 
O.  F.  Bolles,  inspector  of  hulls,  in  th 
examination  of  applicants  for  mariners 
licenses,  in  the  investigations  of  accident 
and  violations  of  the  boiler  and  naviga 
tion   laws. 
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THIS  is  not  a  fairy  tale.      It  is  a  truthful 
picture  of  what  took  place  a  few  days 
ago  and  the  conditions  mentioned  here- 
n  actually  obtained. 

The  writer  visited  a  modern  power  plant 
which  was  a  work  of  engineering  art.  Many 
lollars  had  been  spent  in  devices  which 
mproved  the  appearance  of  the  plant  and 
vere  for  the  accommodation  of  the  employees 
ather  than  for  safety  and  economy. 

The  engine  and  boiler  rooms  were  large 
md  light  and  the  machinery  was  arranged 
vith  an  eye  to  symmetry.  Tihere  was  a  wash- 
oom  equipped  with  a  shower  bath;  also 
I  tub  and  hot  and  cold  water  for  the  engi- 
leers  and  firemen. 

There  is  some  difference  between  this  and 
he  old  way  of  washing  up  in  a  pail  of  hot 
vater  out  in  the  boiler  room,  where  the  soap 
vas  full  of  cinders  and  the  towel  often  trailed 
n  the  dirt  while  hanging  from  a  hip  pocket. 

The  owners  of  this 
)roud  of  their  installa- 
ion,  and  justly  so.  Of 
course,  it  was  expected 
hat  the  chief  engineer 
vould  be  in  keeping 
vith  his  surroundings, 
)ut  when  the  introduc- 
ion  came  it  was  no- 
iced  that  his  hands  were 
lirty;  his  vest  showed 
;igns  of  soup  droppings 
md  the  lapel  and  collar 
)f  his  coat  were  greasy 
—in  short,  he  was 
iloppy. 

But  how  differently 
ippeared  his  subordi- 
lates! 


power    plant    were 


Out  in  the  boiler  room  the  firemen  were 
found  to  be  a  clean-looking  set  of  men,  and 
the  chief  engineer's  appearance  was  not 
improved  by  the  comparison. 

When  we  were  alone  the  owner  apologized 
for  his  engineer's  appearance.  He  could  not 
understand  why  so  skilled  a  mechanic  could 
be  content  to  remain  so  unkempt.  He  ex- 
pressed the  hope  that  some  time  his  engi- 
neer would  clean  up  and  put  himself  in 
keeping  with  the  rest  of  the  plant. 

Think  of  it,  the  owner  making  apologies 
for  the  dirty  appearance  of  his  engineer ! 

Getting  down  to  rock  bottom,  what  does 
the  owner  of  your  plant  think  of  you?  Is  he 
obliged  to  make  apologies  for  your  appearance? 
Is  he  ashamed  of  your  looks  when  visitors  are 
about  ? 

Are  the  firemen  and  oilers  neater  than  their 
chief  ? 

Small  boys  and  dogs  are  usually  dirty.  It 
is  expected  of  them; 
the  boy  is  so  birsy 
playing  that  he  has  no 
time  for  soap  and 
water.  The  dog 
doesn't  know  any  bet- 
ter. But  men  having 
a  bathtub  and  hot  and 
cold  water  at  their  dis- 
posal— conveniences 
which  our  grandfathers 
never  heard  of — have 
no  excuse  for  being 
unclean    and   slovenly. 

Line  up  with  your 
plant  and  then  there  v/ill 
be  no  need  of  apologies 
by  the  plant  owner. 
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British   Practice  in  Superheatin 


The  addition  of  a  moderate  amount  of 
superiieat  effects  a  saving  of  steam  even 
in  well  arranged  modern  power  plants, 
and  where  the  engines  are  separated 
from  the  boilers  by  long  lengths  of  steam 
piping,  the  advantages  of  superheating 
are  marked.  In  a  reciprocating  engine 
the  benefit  is  evidenced  in  the  raising 
of  the  expansion  curve  of  the  indicator 
diagram,  and  the  effect  of  reevapora- 
tion  toward  the  end  of  the  stroke  is  not 
so  marked.  Apart  from  the  losses  in 
the  steam  piping,  with  the  necessity  for 
an  elaborate  and  wasteful  system  of 
traps,  and  the  lost  work  due  to  initial 
condensation  in  the  cylinder,  saturated 
steam  escapes  more  freely  past  the  pis- 
tons and  valves. 

In  Fig.  1  are  shown  the  results  of  tests 
with  superheated  steam  carried  out  by 
Belliss  &  Morcom,  Ltd.,  of  Birmingham, 
on  one  of  their  high-speed  triple-expan- 
sion engines,  which  is  self-explanatory.  It 


By  Victor  White 


25      50       75       100      125      150      175      200 
Superheat  .Degrees  Fahrenheit       Po.^t.t 

Fic.   1.    Steam  Consumption   with   Va- 
rious   Decrees    of    Superheat 

has  also  been  amply  demonstrated  by  op- 
erating results  that  the  use  of  super- 
heated steam  is  of  great  value  in  tur- 
bine practice,  and  here,  due  to  the  ab- 
sence of  lubrication  in  the  steam  spaces, 
superheating  can  be  carried  so  high  that 
the  steam  possesses  practically  the  prop- 
erties of  a  perfect  gas. 

Having  regard  to  these  points,  it  is 
therefore  interesting  to  note  some  of 
the  latest  designs  which  now  find  a  place 
in  British  superheater  practice.  Given 
a  proper  heat-transmission  efficiency  from 
the  gases  to  the  steam  to  be  superheated, 
the  determining  factors  as  to  the  ex- 
cellence of  design  are  mechanical 
strength,  accessibility  and  reliability  of 
operation.  Controllability  is  also  very 
important,  particularly  in  independently 
fired  superheaters,  where  the  steam  de- 
mands vary,  for  if  a  very  small  quantity 
.of  steam  passes  through  the  superheater 
while  a  full  blast  of  heat  is  upon  the 
tubes,  the  degree  of  superheat  would  be 


The  advantages  of  using 
a  moderate  degree  of  super- 
heat are  discussed  and  a 
number  of  types  of  super- 
heaters used  extensively  in 
England,  are  described. 


much  greater  than  when  a  heavy  load 
and  a  scanty  heat  supply  were  prevalent. 
A  superheater  must  always  be  designed 
to  give  full  (or  even  a  small  excess) 
superheat  under  the  worst  conditions  of 
load;  therefore  it  should  have  means 
for  controlling  during  light  loads.  More- 
over, if  there  were  no  such  control  the 
probability  is  that  under  the  first  of  these 
conditions  the  tubes  would  become  over- 
heated and   would  be  liable  to  burn. 

Where  several  large  boilers  are  used, 
it  has  often  been  found  less  expensive 
and  better  in  operation  to  have  one  large 
independently  fired  superheater  serving 
the  whole  range  of  boilers  instead  of  in- 
eluding  a  small  superheater  in  each 
steam  unit. 

Watkinson  Superheater 

A  type  of  superheater,  designed  by 
Professor  Watkinson,  of  the  Liverpool 
University,  and  made  by  Mechan  &  Sons, 
Ltd.,  of  Glasgow,  is  shown  in  Fig.  2.  As 
applied  to  a  Lancashire  boiler,  the  super- 
heater is  placed  in  a  separate  compart- 
ment behind  the  rear  chamber  of  the 
boiler,  being  separated  therefrom  by  a 
perforated  firebrick  wall,  underneath 
which  a  damper  is  placed.  When  the 
damper  is  in  the  vertical  position 
the  products  of  combustion  do  not  flow 
over  the  superheater  tubes,  but  pass 
direct  to  the  bottom  flue  of  the  boiler. 
When  the  damper  is  in  the  horizontal 
position,  all  the  gases  flow  over  the 
superheater  tubes  and,  by  varying  the 
position  of  the  damper  between  these 
limits,  the  degree  to  which  the  steam 
is  superheated  may  be  regulated.  This 
control  gear  is  operated  from  the  front 
of  the  boiler,  as  shown,  and  the  hot 
gases  can  be  shut  off  from  the  super- 
heater during  the  time  steam  is  being 
raised  or  when  the  engine  is  not  run- 
ning. In  some  types  the  tubes  become 
red  hot  whenever  the  engine  is  stopped, 
and  provision  has  to  be  made  for  "flood- 
ing" the  superheater;  that  is,  filling  it 
with  water  so  that  the  apparatus  may  not 
be  damaged.  This  is  often  considered 
objectionable  as  it  may  cause  rapid  de- 
terioration of  the  tubes  and  lead  to 
dangerous  water-hammer.  The  damper, 
being  protected    from  the  high-tempera- 


ture gases,  does  not  suffer  undue  de 
terioration,  and  the  firebrick  wall  betweei 
the  boiler  and  the  superheater  acts  as 
heat  reservoir,  maintaining  the  tempera 
ture  of  the  gases  when  the  furnace  door 
are  open.  The  brickwork  also  absorb 
heat  during  periods  of  most  rapid  com 
bustion,  and  thus  acts  as  a  regulator  o 
the  temperature  of  the  gases  supplied  t 
the  superheater.  With  the  Watkinso 
superheater,  the  heat  utilized  per  poun 
of  coal  burned,  when  the  rate  of  evap 
oration  remains  the  same,  is  increase 
by  about  5  per  cent.,  owing  to  the  ad 
ditional  heat-absorbing  surface  of  th 
superheater.  The  amount  of  heat  re 
quired  to  superheat  the  steam  150  dt 
grees  Fahrenheit  is  about  7  per  cent,  c 
that  required  to  generate  the  steam 
therefore,  the  additional  coal  required  t 
superheat  the  steam  is  only  2  per  cen 
The   superheater  is   constructed   entirel 


Fig.  2.    Watkinson  Superheater 

of  mild  steel  and  the  solid-drawn  tube 
are  expanded  into  the  header.  All  th 
joints  and  headers  are  removed  from  th 
direct  path  of  the  gases  and  provisio 
is  made  for  free  expansion  of  the  tube: 

McPhail  &  Simpson  Superheater 

A  McPhail  &  Simpson  superheats 
placed  in  the  downtake  of  a  boiler 
shown  in  Fig.  3.  Tubes  can  be  remove 
if  necessary  from  the  boiler  top  withoi 
disturbing  the  working  of  the  steai 
plant,  by  a  slight  modification  of  tl 
headers.  No  damper  is  employed  ar 
the  superheater,  which  is  constructs 
entirely  of  solid-drawn  wrought  stee 
does  not  interfere  with  the  accessibilil 
of  the  boiler  itself.  The  headers  ai 
strongly  supported  on  the  boiler  settin; 
and  a  safety  valve  and  thermomet* 
pockets  are  provided. 
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Another  type  of  superheater  used  ex- 
tensively in  England  is  the  Foster.  This 
is  so  well  known  in  America,  however, 
that  a  description  would  be  unnecessary 
for  the  readers  of  Power. 

Gordon   Superheater 

A  superheater  of  distinctive  design 
which  has  been  used  extensively  in  Eng- 


the  boiler.  In  its  lower  position  the  fur- 
nace gases  are  projected  past  the  super- 
heater tubes,  and  when  it  is  raised  they 
choose  a  shorter  path  in  the  downtake, 
missing  the  tubes.  This  type  of  damper 
has  been  adopted  with  a  view  to  over- 
com.ing  some  of  the  difficulties  which  are 
met  with  in  ordinary  swivel  dampers, 
such    as    the    damper    spindles    warping 


Fig.  3.    McPhail  &  Simpson  Superheater 


land,  is  the  sectional  superheater  made 
by  James  Gordon  &  Co.,  of  London.  The 
construction  will  be  understood  by  refer- 
ence to  Fig.  4,  which  represents  a  col- 
lection of  the  component  parts  of  the 
'superheater.  All  the  parts  are  of  wrought 
steel  and  the  sectional  design  is  to  pre- 
vent that  more  or  less  lengthy  stop- 
page which  is  necessary  in  some  super- 
heaters when  a  tube  'has  to  be  removed 
or  reexpanded.  If  a  tube  requires  at- 
tention or  a  joint  remaking,  it  is  neces- 
sary only  to  remove  that  section  of  tubes, 
replace  it  with  a  spare  section,  drop  in 
fresh  joint  rings  or  put  on  blank  flanges, 
which  are  provided  for  the  purpose;  all 
this  can  be  done  with  the  boiler  under 
steam.  There  is  no  large  joint  to  break 
and  remake,  involving  the  removal  of  a 
large  number  of  bolts,  disturbing  pipe 
joints  and  finishing  with  the  trouble- 
some task  of  remaking  the  joint  again, 
and  there  is  no  wasting  of  heating  sur- 
face by  the  "stoppering"  of  defective 
tubes.  All  the  joints  are  so  situated  as  to 
be  out  of  the  path  of  the  flue  gases,  and 
can  be  examined  while  the  plant  is  work- 
ing. Owing  to  the  sectional  design,  no 
lifting  tackle  is  required  for  erection, 
the  headers  being  first  placed  in  position 
and  then  the  tubes  put  in  and  assembled 
section  fcy  section. 

It  is  sometimes  an  advantage  to  com- 
bine with  the  superheater  a  damper 
arrangement  to  partially  or  entirely  by- 
pass the  flue  gas  during  periods  of  in- 
spection or  when  raising  steam,  or  if  re- 
quired for  reducing  the  amount  of  super- 
heat. The  type  of  damper  used  by  James 
Gordon  &  Co.  is  in  the  nature  of  a  hori- 
zontal baffle  capable  of  being  moved 
vertically  and  suspended  on  rods  which 
are  raised  or  lowered  from  the   front  of 


and  jamming,  or  distortion  of  the  swivel 
damper  itself,  owing  to  the  high  tempera- 
tures. 

Galloway's   Superheater 

It  would  be  difficult  to  present  within 
reasonable  compass  a  description  of  all 
the  types  of  superheaters  of  modern  con- 


ments  in  design  which  each  has  as 
noteworthy  features.  The  first  is  the 
new  type  of  superheater  which  has  been 
introduced  by  Galloways,  Ltd.,  of  Man- 
chester. 

The  new  type  of  superheater  intro- 
duced last  year  by  this  firm  is  a  dis- 
tinct improvement  upon  the  older  type, 
and  is  shown  in  Fig.  5.  It  consists  of 
two  separate  wrought-steel  headers  of 
circular  form.  Hanged  at  one  end  and 
closed  at  the  other.  Each  is  bored  for 
the  tubes,  and  is  further  provided  with  a 
special  opening  opposite  each  nest  of 
five  tubes,  these  openings  being  fitted 
with  special  internal  and  external  caps 
so  arranged  that  each  internal  cap  can 
be  inserted  into  or  removed  from  the 
superheater  through  its  own  or  any  other 
of  the  handhole  openings.  The  tubes  are 
U-shaped,  I'j  inches  bore,  1  l.i  inches 
outside  diameter,  are  of  solid-drawn  steel, 
and  are  expanded  into  the  headers.  The 
flanges  are  suitable  for  the  attachment 
of  7-inch  inlet  and  outlet  pipes.  The 
headers  are  rigidly  stayed  to  each  other 
by  strong  clips,  and  the  superheater  rests 
in  a  cast-iron  tray  or  box  of  special  sec- 
tion, suitably  arranged  for  lining  with 
insulated  material,  this  tray  being  pro- 
vided with  a  loose  lid  or  hood,  not  shown, 
thus  entirely  inclosing  the  superheater. 
A  I'j-inch  open-type  spring  safety  valve 
with  easing  gear  is  fitted  in  a  suitable 
position,  and  a  cast-iron  plate  is  pro- 
vided  to  carry  the  brickwork  for  the 
downtake,  these  plates  being  of  tee  sec- 


Superheater     Header  prepared  for  taking    Tube  Sections 


Tube    Plate 


Blank  Flange 
Fig.  4.    Parts  of  Gordon  Superheater 


struction  which  have  been  adopted  in 
the  power  plants  of  Great  Britain,  inas- 
much as  developments  in  design  are  con- 
stantly proceeding  in  order  to  meet  the 
requirements  outlined  in  the  opening 
paragraphs  and  also  special  difficulties 
as  they  arise.  This  portion  of  the  sub- 
ject must  therefore  be  concluded  'by 
reference  to  three  of  the  latest  develop- 


tion.  The  header  boxes  are  well  away 
from  the  direct  path  of  the  gases,  and 
are  raised  above  the  brickwork  with  the 
special  object  of  obtaining  complete  ac- 
cessibility and   good   drainage. 

Herbert  Superheater 

The  second  type  which  may  be  men- 
tioned   in    this    connection    is    that    de- 
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signed  by  Charles  Herbert  and  made 
by  Tinker,  Shenton  &  Co.,  Ltd.,  of  Man- 
chester. The  distinguishing  feature  of 
this  superheater,  which  is  shown  in  ele- 
vation in  Fig.  6,  is  accessibility.  The 
circular  form  of  the  headers  is  the  best 
form  for  withstanding  steam  pressure; 
also,  the  tubes,  being  expanded  radially 


degrees,  Fahrenheit,  a  moderate  degree 
of  superheat  which  has  now  become  the 
common  practice,  for  large  steam  plants 
throughout  Great  Britain.  The  great 
advantages  of  the  pendent  form  of  tubes 
are:  First,  they  are  free  to  expand  or 
contract  with  the  varying  temperatures, 
being  held  at  one  end  only;  second,  the 


Fig.  5.    Galloway  Superheater 


to  the  headers,  provide  the  desired  facil- 
ity of  access  to  each  individual  tube  for 
cleaning,  inspection  or  replacement.  The 
steam  entering  the  internal  header  passes 
down  the  inner  tubes  and  returns  up 
the  tubes  with  closed  ends  to  the  annular 
space  contained  in  the  outer  header,  and 
thus  to   the   outlet   branch.     As  there  is 


steam  is  split  up  into  a  thin  film  be- 
tween the  inner  and  the  outer  tubes  and 
so  passes  the  heating  surfaces  in  the 
form  most  easily  heated. 


Simplex  Superheater 
The  remaining  type  of  superheater  dif- 
fers essentially  from  those  previously 
described  in  that  the  steam  is  dried  by 
means  of  channels  formed  of  steel  boiler 
plating  instead  of  tubes.  This  super- 
heater, shown  in  Fig.  7,  is  made  by  the 
Simplex  Superheater  Co.,  Ltd.,  of  Lon- 
don, and  consists  of  a  box-like  receiver 
in  which  there  are  a  number  of  dia- 
phragm plates  dividing  the  superheater 
into  a  series  of  compartments,  spaces 
being  left  alternately  at  the  top  and  the 
bottom  of  the  diaphragms  so  that  the 
steam  shall  take  a  zig-zag  course  and  be 
well  mixed  during  its  passage  through 
the  superheater;  by  this  means  it  is 
caused  to  flow  for  a  considerable  time 
over  the  hot  plates.  In  the  larger  sizes 
the  diaphragms  consist  of  steel  channels 
which  are  riveted  to  the  side  plates, 
these  channels  also  acting  as  stays, 
whereas  in  the  smaller  sizes  the  dia- 
phragms consist  of  steel  plates  carrying 
stout  ferrules  through  which  are  passed 
the  screwed  and  riveted  stays  bind- 
ing the  side  plates  together.  Ample  pro- 
vision is  made  for  examination  and 
cleaning,  there  being  an  inspection  hole 
at  the  top  of  every  compartment  except- 
ing the  end  ones,  which  are  provided  with 
mud  holes.  As  will  be  seen  by  refer- 
ence to  the  illustration,  the  Siraplex 
superheater  (Lancashire  boiler  type)  en- 
tirely dispenses  with  the  flue-dividing 
wall,  which  is  otherwise  indispensable. 
Ordinarily  without  the  dividing  wall  the 


Fig.  6.    Herbert  Superheater 

much  greater  sectional  area  through  the 
superheating  tubes  than  through  the 
main  steam  pipe,  the  steam  passes 
slowly  through  the  tubes  and  a  uniform 
degree  of  superheat  is  obtained.  The 
heating  surface  is  proportioned  to  raise 
the  temperature  of  the  steam  about  150 


Fic.  7.    Simplex  Superheater 
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hot   gases   would    pass   direct    from    the 
furnace  into  the  main  flue. 

So  far,  the  superheaters  described  have 
been  discussed  principally  in  relation  to 
their  place  in  the  Lancashire  boiler  set- 
ting. The  majority  of  them  are  equally 
adaptable  to  the  water-tube  type  of 
boilers  used  in  land  practice,  and,  briefly. 


superheater  tubes  is  returned  to  the  boiler 
drum  through  the  collecting  pipes  which, 
under  normal  conditions,  convey  satu- 
rated steam  to  the  upper  manifold.  Be- 
fore opening  the  superheater  stop  valves 
and  using  saturated  steam,  the  water  is 
drained  away  from  the  manifolds  by  the 
flooding   pipe    and    the    smaller   cock,   a 


IN^^P^NDENTLY    FiRED     SliPERHEATER 


this  aspect  of  the  subject  may  be  con- 
sidered. In  the  Babcock  &  Wilcox  boiler, 
for  example,  the  type  of  superheater 
installed  is  so  well  known  that  it  hardly 
needs  any  special  description.  It  con- 
sists of  a  series  of  wrought-steel  tubes 
bent  to  a  U-shape  and  connected  at  both 
ends  with  manifolds,  one  of  which  re- 
ceives the  saturated  steam  from  the 
boiler,  the  other  collecting  the  steam 
after  it  has  traversed  the  superheated 
tubes  and  delivering  it  to  the  valve  placed 
above  the  boiler.  The  superheater  is 
placed  at  the  rear  of  the  boiler  above  the 
boiler-heating  tubes,  where  there  is  prac- 
tically no  deteriorating  effect  of  the  fur- 
nace gases  and  where  the  temperature 
is  sufficiently  high  to  raise  the  steam 
through  100  or  150  degrees  Fahrenheit 
of  superheat,  or  more  if  desired.  On  the 
Continent  a  superheat  of  250  to  260  de- 
grees Fahrenheit  is  often  employed  in 
connection  with  these  boilers,  by  in- 
creasing the  size  of  the  superheater. 
Prevention  against  overheating  during 
periods  of  steam  raising  is  obtained  by 
flooding  the  tubes  with  boiler  water, 
using  the  superheater  as  part  of  the 
boiler-heating  surface.  The  flooding  ar- 
rangement consists  of  a  connection  with 
the  water  space  of  the  boiler  drum  and 
two  cocks.  By  the  larger  of  these  the 
water  is  allowed  to  enter  the  lower  man- 
ifold, filling  the  superheater  to  the  boiler- 
water  level.      Any   steam    formed   in   the 


sight-glass  being  attached  to  the  drain 
outlet  in  order  to  see  when  all  the  water 
has  been  drawn  out  of  the  superheater. 


connection  with  the  chemical  industries, 
glycerin  making,  asphalt  reduction,  wood 
preservation,  and  evaporating,  drying  and 
heating  installations  of  all  descriptions, 
with  a  marked  degree  of  success.  Some 
interesting  installations  of  independently 
fired  superheaters  are  to  be  found  in 
Great  Britain  in  connection  with  large 
steel  works.  At  the  works  of  David 
Colville  &  Sons,  Ltd.,  of  Motherwell,  Scot- 
land, three  sets  of  independently  fired 
Watkinson  superheaters,  each  dealing 
with  130,000  pounds  of  steam  per  hour, 
are  used  in  connection  with  the  steam 
supply  to  the  rolling-mill  engines.  It  has 
been  found  that  when  working  with 
superheated  steam  the  engines  for  roll- 
ing heavy  plates  get  away  much  quicker, 
and  a  plate  which  with  saturated  steam 
occupied  4;:-  minutes  could  he  rolled  in 
2;-j  minutes  with  superheated  steam. 

The  ordinary  design  of  independently 
fired  superheater  is  very  simple,  ithe 
tubes  being  placed  over  a  grate;  and  in- 
terposed between  the  grate  and  the  tubes 
proper  are  brick  baffles  and  cooling  de- 
vices to  keep  the  temperature  of  com- 
bustion at  the  lowest  possible  point. 

Stirling  Superheater 
In  the  Stirling  independently  fired  sup- 
erheater, shown  in  Fig.  8,  a  boiler  ele- 
ment is  introduced  between  the  grate  and 
the  superheater  proper.  The  temperature 
of  the  gases  is  lowered  to  about  1300 
deg.  F.  before  leaving  the  boiler  section, 
so  that  overheating  of  the  superheater 
tubes  is  thus  avoided. 

Babcock  &  Wilcox  Superheater 
Although,    in   the   adoption    of   super- 
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Fic.  9.    Babcock  &  Wilcox  Independently   Fired  Superheater 


Independently   Fired  Superheaters 

It  now  remains  to  deal  with  the  use  of 
independently  fired  superheaters.  These 
may  be  employed  with  any  form  of  fuel, 
either  coal,  oil  or  gas.  In  addition  to  the 
uses  in  the  power  house,  steam  super- 
heated  in   this  way  has  been   utilized   in 


heating,  the  Babcock  &  Wilcox  Co.  pre- 
fers to  make  the  superheater  a  part  of 
the  boiler,  there  are  certain  cases  in 
which  it  is  necessary  to  use  a  separately 
fired  superheater,  such  as  where  the  ar- 
rangement of  the  boiler  setting  and  steam 
pipes  is  such   as  will  not  admit  of  con- 
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structing  superheaters  to  form  part  of 
the  boiler  proper  without  stopping  the 
works,  or  making  costly  alterations  in 
the  steam  pipes,  where  it  is  desired  for 
some  particular  purpose  to  superheat 
steam  passed  through  an  engine  that 
has  been  exhausting  at  a  pressure  of  50 
to  60  pounds,  such  as,   for  instance,  in 


impingement  of  the  flames  on  the 
tubes,  it  is  practically  constructed  as 
a  gas  furnace.  The  gases  enter  a 
mufRing  chamber  through  a  perforated 
wall,  by  which  means  an  equal  tem- 
perature can  be  obtained,  whence  they 
pass  into  the  superheater  chamber  proper. 
After  having  passed   through   the  super- 


FiG.   10.    Watkinson  Independently   Fired  Superheater 


sugar  refineries,  and  also  for  testing  en- 
gines, etc.  The  Babcock  &  Wilcox  pat- 
ent independently  fired  superheater  has 
a  heating  surface  consisting  entirely  of 
extra-heavy  vertical  seamless  tubes  of 
I'j-inch  outside  diameter.  The  super- 
heater has  no  screwed  connections,  all 
the  tubes  being  expanded  and  bell- 
mouthed  into  holes  drilled  in  the  wrought- 
steel  collectors.  The  steam  enters  the 
main  connecting  pipe  and  thence  is  dis- 
tributed   into    the    horizontal    manifolds 


heater-tube  chamber,  around  the  brick 
flame  baffles,  the  gases  pass  through  the 
damper  ( which  also  regulates  the  com- 
bustion of  the  fuel  I  into  the  main  flu'e. 
The  superheater  is  fitted  with  a  safety 
valve,  a  pressure  gage,  a  dial  thermom- 
eter and  a  drain  valve  to  run  off  any 
condensed  water  that  may  have  col- 
lected during  the  stoppage  of  the  super- 
heater. Fig.  9  shows  one  of  these  super- 
heaters recently  supplied  to  a  large 
British  power  plant. 


Fig.  11.    Modified  form  of  Watkinson  Superheater 


which  connect  with  it.  These  manifolds 
are  interconnected  by  double  U-tubes, 
and  with  each  other,  in  such  a  manner 
that  a  thorough  circulation  of  the  steam 
is  obtained,  the  steam  being  eventually 
collected  again  in  the  collecting  pipe. 
The  furnace  contains  an  ordinary  grate 
and,     in     order     to     avoid     the     direct 


Watkinson  Superheaters 
One  arrangement  of  the  Watkinson  in- 
dependently fired  type  of  superheater  is 
shown  in  Fig.  10,  the  degree  of  super- 
heat being  regulated  by  the  damper  at 
the  rear.  A  bypass  damper  and  flue  are 
also  provided,  so  that  during  steam  rais- 
ing  the   products    from    the   superheater 


furnace  do  not  pass  over  the  tubes  of 
the  superheater.  The  perforated  fire- 
brick walls  through  which  the- gases  pass 
act  as  heat  reservoirs  and  maintain  the 
temperature  of  the  gases  when  the  fur- 
nace doors  are  open,  while  the  brick- 
work takes  in  heat  during  the  periods  of 
most  rapid  combustion  and  thus  acts  as 
a  regulator  of  the  temperature  of  the 
gases  supplied  to  the  superheater. 

Another  successful  arrangement  of  the 
same  superheater  is  illustrated  in  Fig. 
11.  This  type  has  the  advantage' in  that 
it  requires  much  less  floor  space  than 
most  other  types.  The  furnace  is  placed 
below  the  superheater,  the  products  of 
combustion  rising  through  a  perforated 
firebrick  arch  which  acts  as  a  gas  dis- 
tributor and  heat  regulator.  In  the  case 
of  these  separately  fired  superheaters, 
the  temperature  of  the  products  of  com- 
bustion leaving  the  superheater  is  from 
120  to  150  degrees  Fahrenheit  above  the 
temperature  of  the  steam  entering  the 
superheater,  when  the  weight  of  the  pro- 
ducts of  combustion  is  24  pounds  per 
pound  of  coal.  The  thermal  efficiency  of 
the  superheater  varies  from  65  to  75 
per  cent. 

A  most  important  feature  of  this  super- 
heater is  that  all  the  tubes  can  be  com- 
pletely drained,  and,  owing  to  the  tubes 
being  almost  vertical,  there  is  not  the 
same  accumulation  of  soot  and  ash  upon 
them  as  in  the  case  of  horizontal  tubes. 


Saving    Fuel    with    Low 
Pressure  Turbines 

An  example  of  operating  advantages 
and  actual  saving  in  fuel  consumption 
effected  by  the  passing  of  steam  from 
Corliss  engines  through  low-pressure 
turbines  is  reported  from  a  large  East- 
ern chemical  factory.  The  owners  of 
this  plant,  which  was  being  operated 
partly  by  shafting  and  belting  from  an 
old  engine  and  partly  by  motors  on  cur- 
rent from  two  engine-driven  electric 
units  of  500  kw.  capacity  each,  pro- 
vided for  an  increase  in  capacity  by 
installing  two  low-pressure  turbines  and 
direct-coupled  generators  also  rated  at 
500   kw.   each. 

As  the  first  result,  the  old  engine  was 
disconnected  and  the  entire  plant  given 
over  to  motor  drive.  At  present  the  two 
cross-compound  engines  and  one  low- 
pressure  turbine  are  being  operated  on 
the  day  run  and  one  engine  and  turbine 
on  the  night  run. 

Writing  to  an  engineer  who  had  as- 
sisted in  laying  out  the  enlarged  plant, 
the  owners  stated  that  during  the  four 
days  previous  they  had  saved  55  tons 
of  coal  compared  with  the  former  con- 
sumption per  unit  of  power.  They  had 
also  begun  the  systematic  keeping  of  a 
power  log  and  felt  that  when  they  be- 
came better  acquainted  with  the  turbines 
they  would  be  able  to  show  still  greater 
economy 
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Wire    Rope    Splicing 

By  F.  L.  Johnson 

Wire  rope  is  susceptible  of  almost  per- 
ct  splicing  and  the  operation  is  so  sim- 
e  that   it  may   be  learned   in   an   hour 


and  increasing  to  30  feet  for  the  larger 
sizes. 

Where  the  splicing  must  be  done  in 
position,  rope  blocks  are  used  to  draw 
the  wire  rope  taut,  as  in  Fig.  1,  care  be- 
ing taken  to  make  fast  far  enough   from 


iron  wire,  throw  it  off  the  sheaves  and 
make  the  splice  on  the  floor  or  staging,  as 
may   be   most   convenient. 

The  strands  of  both  ends  are  unlaid, 
back  to  the  points  wound  with  wire,  the 
hemp  core  cut  off  and  the  ends  brought 


/   any  mechanic   who  is  at  all  skillful  the   ends   to   leave   plenty   of   room    for  together  with  the  strands  interlaced.  Fig. 

I   the   use   of   ordinary   tools.     For   all  the   splice   and    the   men    who    make   it.  2.      Any    strand,    as    a,    is    unlaid    and 

:nds    of    transmission    rope    the    long  If  possible,  it  is  better  to  hold  the  rope  closely    followed    by    the    corresponding 

jlice    is   used    and    should    not   be   less  taut,  mark  the  splice  on  both  ends,  by  strand    1    of  the  other  end   of  the   rope 

lan   16  feet  in  length  for  ;<-inch  rope  securely  winding  with  No.  20  annealed-  which  is  pressed  closely  into  the  groove 
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left  by  the  unlaid  strand.  The  unwinding 
of  one  strand  and  the  inwinding  of  the 
other  are  continued  until  all  but  about 
12  inches  of  strand  1  is  inlaid,  when  a 
is  cut  off  at  the  same  length  with  a 
sharp  chisel.  See  Fig.  3.  Strands  4 
and  d  are  next  treated  in  the  same  way 
and  the  process  is  repeated  with  each 
pair  of  strands  until  all  are  laid  and  cut 
as  in  Fig.  4. 

Around  each  point  where  the  free 
strands  cross,  a  few  turns  of  stout  twine 
are  made  and  the  length  of  the  splice  is 
bent  and  worked  in  all  directions  until 
the  tension  in  all  the  strands  is  equal 
and  the  rope  as  flexible  there  as  else- 
where. If  this  is  not  done  and  there  is 
more  tension  in  some  of  the  strands 
than  in  others  when  a  stress  is  put  on 
the  rope,  these  strands  will  pull  into  the 
rope,  making  a  bad-looking  and  weak 
splice. 

Next,  the  open  or  free  ends  of  the  12 
strands  are  carefully  trimmed  and  served 
or  wound  with  fine  wire,  and  two  rope 
and  stick  clamps.  Fig.  5,  are  secured  to 
the  rope,  one  on  each  side  of  an  end 
crossing,  as  in  Fig.  8.  for  the  purpose  of 
aiding  in  tucking  the  strand  ends  into 
the  middle  of  the  rope. 

There  are  two  ways  of  tucking  in 
these  ends.  They  are  first  straightened 
with  a  mallet.  The  long  ends  of  the 
rope-clamp  handles  are  twisted  in  op- 
posite directions,  separating  the  strands 
and  exposing  the  hemp  core,  which  is 
cut  off  and  pulled  out  between  the  points 
to  where  the  tucked-in  strands  will  reach 
and  the  ends  forced  into  the  place 
formerly   occupied   by   the   core. 

This  is  most  easily  done  with  the  aid  of 
a  marine  spike,  which  is  passed  over  the 
strand  which  is  to  be  tucked  and  under 
two  strands  of  the  rope.  Fig.  6,  and 
moved  along  the  rope  spirally  follow- 
ing the  lay  and  forcing  the  free  end 
into  the  core  space,  Fig.  7. 

In  the  other  method  the  strands  are 
more  widely  separated  by  untwisting  the 
rope  with  the  clamps.  Fig.  9,  slipping  the 
free  end  in  between  the  strands  and  cor- 
recting slight  kinks  by  the  use  of  a  mallet. 
The  order  in  which  the  ends  are  tucked 
in  is  immaterial.  Some  operators  prefer 
to  tuck  all  the  ends  pointing  in  one  di- 
rection before  any  of  those  pointing  the 
opposite  way,  while  others  finish  each 
pair  of  ends  in  series. 

If  the  foregoing  directions  are  intel- 
ligently followed  the  splice  will  be  uni- 
form with  the  rest  of  the  rope,  of  nearly 
equal  strength  throughout,  and  after  a 
few  hours'  use  it  will  be  almost  im- 
possible   to    detect    the    splice. 
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Connecting  Rod  Ends 
By  J.  A.  Levy 

It  is  interesting  and  instructive  to 
notice  the  type  of  connecting-rod  ends, 
used  by  the  different  engine  builders,  and 
the  materials  used  in  their  construction. 

Referring  to  Fig.  1,  it  will  be  seen  that 
one  wedge  is  between  the  pins  and  the 
other  on  the  outside. 

With  this  design,  taking  up  the  wear 
on  one  end  lengthens  the  rod,  while  tak- 
ing up  on  the  other  shortens  it,  and  it 
will  keep  the  rod  of  constant  length,  if 
the  wear  on  the  boxes  is  equal,  but  for 
the  reason  that  the  wear  is  greater  on 
the  crank  end,  allowance  must  be  made. 
When  the  end  box  on  the  crosshead  end 
is  semicircular  in  form  it  is  usually  held 
a    setscrew    in    the    end    of 


in   place   by 
the  rod. 
In    Fig.    2 


the    wear    is    taken    up    by 


Any  operator  who  is  satisfied  with 
what  he  is  doing,  says  Coal  Age,  has 
reached  his  culminating  point — he  will 
progress  no  more.  Too  often  we  mis- 
take movement  for  improvement.  The 
measure  of  progress  is  not  the  ground 
passed  over,  but  the  gain  in  passing. 


drawing  the  wedge  up  from  the  bottom, 
the  exact  opposite  of  Fig.  1.  In  Fig.  3 
the  wear  is  taken  up  by  drawing  the 
wedges  in  from  the  side. 

The  rod  ends  thus  far  considered  have 
been  designed  with  a  view  to  keeping 
the  rod  of  practically  constant  length, 
but  the  rod  shown  in  Fig.  4  introduces  a 
new  feature.  Both  wedges  are  between 
the  pins,  and  taking  up  the  wear  by 
drawing  the  wedges  up  has  a  tendency 
on   both   ends  to  lengthen   the  rod. 

The  rods  shown  in  Figs.  5  and  6  are  both 
for  center-crank  engines,  the  crank  end 
consisting  of  two  halves  bolted  together, 
with  shims  between  the  parts  to  allow 
for  making  adjustments  and  taking  up 
the  wear,  until,  when  the  limit  of  the 
shims  is  reached,  it  becomes  necessar\' 
to    rebabbitt   the   parts   and    replace   the 


January  30,   1912 

shims.  The  crosshead  end  of  one  of  these 
rods  is  of  the  solid-end  type  with  wedge 
adjustment,  while  that  on  the  other  en- 
gine is  of  the  open-end  type,  with  strap 
and  key  adjustment. 

The  rod  shown  in  Fig.  7  is  of  the  open- 
end,   strap    and   key   type,   consisting   of 
two  steel  straps  bolted  together,  the  bolts 
passing  through   the   rod.     The  ends  of 
the  straps  are  held  together  by  another 
bolt  with  a  steel  distance  block  between. 
Setscrews  aid  in  holding  the  keys  rigid. 
The  rod  shown  in   Fig.  8  presents  some 
very   interesting   features.      It  is   of  the 
open-end    type,   with    strap,    gib-and-key 
adjustment.    The  strap  is  prevented  from 
spreading  by  a  bolt  which  passes  through 
the  rod.     The  bolt  is  a  snug  fit  at  both 
ends  where  it  passes  through  the  strap, 
but  the  hole  through  the  rod  is  enlarged, 
as  shown  by  the  dotted   lines,  thus  al- 
lowing   for    making    adjustments.      The 
strap  is  also  tied  near  the  ends  by  the 
V-shaped  impressions  in  the  ends  of  the 
gib,  which  engage  the  corresponding  pro- 
jections on  the  strap.     The  gib  and  key 
are  only  about  one-half  the  thickness  of 
the  strap,  which  is  slotted  out  to  receive 
both.     The  portion  of  the  gib  inside  the 
strap  has  no  bearing  on  the  rod,  and  the 
straight   side   of  the  key   does  not  bear 
on  the  strap   (see  dotted  lines),  so  that 
when    driving    the    key    the    bearing    is 
from  the  end  of  the  rod  against  the  butt 
box,  on  the  one  side,  to  the  gib  bearing 
on  the  V-shaped  projection  on  the  strap 
at   the    other   side,    the    result    being   to 
pull  the   rod  and  butt  box  back  toward 
the  pin,  and  draw  the  strap  on  over  the 
rod,  thus  drawing  up  the  end  box.    This 
applies  to   both   ends  of  the   rod.     Set- 
screws  hold  the  keys   from  moving  up, 
and  thus  working  loose. 

It  will  be  well  to  get  thoroughly  fa- 
miliar with  the  peculiarities  of  this  type, 
because  the  location  of  shims  in  this 
rod  end  is  a  pet  question  with  several 
of  the  examiners.  Referring  to  Fig.  4, 
it  was  said  that  taking  up  the  wear 
lengthened  the  rod,  because  both  wedges 
were  between  the  pins,  but  in  Fig.  8,  in 
spite  of  the  fact  that  both  keys  are  be- 
tween the  pins,  the  center-to-center  dis- 
tance between  the  pins  is  shortened  by 
driving  the  keys,  as  will  readily  be  seen 
by  a  study  of  the  figure  and  accompany- 
ing explanations.  Some  builders  use  this 
same  type  of  rod  end  on  the  crosshead 
end  of  some  of  their  engines,  taking  ad- 
vantage of  this  form  of  construction  to 
produce  a  rod  designed  for  constant 
length,  compensating  by  using  on  the 
crank  end  a  solid-end  rod  with  a  wedge 
adjustment  inside  the  pin,  which  tends, 
when  taking  up  the  wear,  to  lengthen  the 
rod. 

There  is  little  to  be  said  regarding  the 
comparative  merits  of  the  various  types, 
as  each  represents  a  great  number  in 
use,  giving  satisfaction,  and  each  has  its 
advocates  who  are  able  to  advance  argu- 
ments in  its  favor. 


January  30,   1912 


POWER 


145 


Initial   Cylinder   Condensation 


At  a  recent  meeting  of  the  Institution 
Df  Engineers  and  Shipbuilders  in  Scot- 
land, considerable  interest  and  much  dis- 
:ussion  were  occasioned  over  a  paper 
by  Prof.  Mellanby  upon  the  initial  con- 
densation in  steam-engine  cylinders, 
rhe  difference  between  the  actual  steam 
:onsumption  and  that  indicated  by  an 
Indicator  diagram  was  popularly  termed 
the  "missing  quantity." 

Prof.  Mellanby's  contention  was  that 
the  initial  condensation  in  a  steam  cyl- 
inder at  admission  and  the  reevapora- 
tion  during  expansion  are  not  as  great 
as  is  generally  supposed.  Admitting, 
however,  that  some  does  occur,  he  ex- 
plained that  the  amount  must  depend  al- 
together upon  the  temperature  of  the 
metal   itself. 

Assuming  that  the  temperature 
:hanges  in  the  steam  engine  cylinder  fol- 
low approximately  the  simple  harmonic 
;aw,  the  following  formula  was  applied: 

Heat    absorbed    per    square    foot    per 

2T 

:ycle  =  — ^  B.t.u. 

I     N 
where 

T  =  Temperature    range    in    degrees 

Fahrenheit; 
N  =  Cycles  per  minute. 
Citing  some  results  obtained  by 
PAessrs.  Callendar  and  Nicolson  in  tem- 
perature measurements  upon  an  engine 
running  at  73  r.p.m.  in  which  the  fol- 
lowing were  obtained, 

•Max.       Mill-     Mt*an     Uun^e 

Pemperature  of 
steam,  degrees 
Fahrenheit 324         212  245        112 

remperature  of 
cylinder  metal, 
degrees  Fahren- 
heit     304  4     297  6      301  6.8 

Prof.  Mellanby  pointed  out  that  the 
temperature  range  in  the  metal  of  6.8 
deg.  applied  to  the  foregoing  formula 
would  account  for  a  very  small  amount 
of   initially    condensed    steam. 

Another  formula  for  the  heat  absorbed 
by  the  cylinder  walls  (based  upon 
Messrs.  Callendar  and  Nicolson's  work) 
was  given. 

In  this  the  heat  given  out  by  the  steam 
per  square  foot  per  second  is  taken  as 
0.74  (T  —  e)  B.t.u. 

where 

T  =  Temperature    of    steam; 

6  —  Temperature  of  metal. 
The  belief  was  expressed  that  a  ther- 
mometer inserted  in  a  hole  in  trie  cyl- 
inder would  give  the  average  tempera- 
ture of  the  metal  and  that  the  indicator 
diagram  would  show  the  steam  tem- 
perature, thus  giving  the  quantities  neces- 
sary for  the  solution  of  the  formula. 
The  following  experimental  data  were 
given  from  measurements  on  the  high- 
pressure  cylinder  of  a  compound  engine. 


Abstract  of  paper  read  be- 
fore the  Institute  of  Engi- 
neers and  Shipbuilders  in 
Scotland  by  Prof.  Mallanby, 
and  the  discussion  follow- 
ing its  presentation. 


Jackets   oted 

1.  Steam  used  per  hour,   lb..    21S4        IfiSO 

2.  Indicated    weight   at   cut- 

off,  lb.    per    hour 1431        1470 

3.  Indicated     weight     at     re- 

lease,  lb.    per   hour 1781        1700 

4.  Difference    between  actual 

and    indicated    weiglits. 

at  cutoff,  lb.  per  hour..      753  510 

5.  Difierence    between  actual 

and    indicated    weights. 

at   release,   lb.   per   iiour      403  220 

6.  Increase        of        indicated 

weight     between    cutoff 

and  release,  lb.  per  hour      ^ZH  2a0 

7.  Mean      temperature      of 

clearance    surface,    deg". 

F 335  342 

b.   Mean        temperature        of 

steam,    deg.    P 2.S4  2S2 

These  trials  are  to  some  extent  il- 
lustrated by  the  accompanying  diagram 
in  which  temperatures  have  been  sub- 
stituted for  the  usual  pressure  ordinates, 
these  temperatures  being  plotted  on  the 


Tempera+ures  in  H.P.  Cylinder 


Diagram     Sho\x'ing     Temperature     of 
Metal  at  Differf^it  Parts  of  Stroke 

assumption  that  the  steam  is  always  at 
saturation  temperature  during  the  stroke. 
On  the  same  scale  the  average  tempera- 
ture of  the  metal  along  the  cylinder  is 
shown.  The  temperatures  were  obtained 
by  thermometers  inserted  in  the  metal  at 
the  points  marked  by  the  circles.  As 
would  be  expected,  the  jacketing  has 
raised  the  temperature  of  the  metal  very 
considerably. 

Line  4  in  the  ftoregoing  tabulation 
shows  that  in  the  engine  without  jackets 
there  was  an  apparent  initial  condensa- 
tion of  753  lb.  per  hour,  and  that  the 
application  of  the  jackets  reduced  this 
to  510  lb.  per  hour.  The  apparent  re- 
evaporation  between  cutoff  and  release  is 
shown  in  line  6  to  be  350  lb.  per  hour  for 
the  unjacketed,  and  only  290  lb.  per  hour 
for  the  jacketed  cylinder.  That  is  to  say, 
the  hotter  the  walls  the  less  readily  will 
the  water  on  them  be  evaporated.  It 
is  obvious  that  these  figures  cannot  be 


explained  on  the  initial  condensation 
theory.  The  actual  amounts  of  initial 
condensation,  as  estimated  from  the  for- 
mula given  previously,  are,  for  the 
jacketed  engine  114  lb.  per  hour,  and  for 
the  unjacketed  80  lb.  per  hour.  The 
remaining  part  of  the  difference  be- 
tween indicated  and  actual  weights  is 
to  be  attributed  to  valve  leakage. 

Also  in  the  unjacketed  trial  the  maxi- 
mum temperature  of  the  steam  was  356.5 
deg.  F.,  and  the  mean  temperature  of 
the  metal  335  deg.  P.  The  greatest  pos- 
sible range  of  temperature  in  the  metal 
could  not  be,  therefore,  more  than 
2   (356.5  —  335)  =43  deg.  F. 

Assuming  this  range,  and  using  the 
formula  for  the  heat  absorbed  during 
periodic  temperature  changes,  it  is  found 
that  under  these  conditions  the  steam 
initially  condensed  per  hour  would  be 
557  lb.  The  actual  weight  of  steam  to 
be  accounted  for  was  753  lb.  per  hour, 
so  that  even  if  the  smallness  of  the 
actual  temperature  range  were  not  known 
from  Callendar  and  Nicolson's  work,  and 
the  excessive  range  given  be  assumed, 
the  initial  condensation  theory  apparently 
breaks  down. 

Discussion 

Prof.  Mellanby's  paper  provoked  much 
adverse  criticism,  some  of  which  is  here- 
with given: 

R.  M.  Neilson  was  of  the  opinion  that 
little  reliance  could  be  placed  upon  the 
first  formula  cited  by  Prof.  Mellanby 
as  it  did  not  take  into  consideration  either 
the  velocity  or  the  density  of  the  steam. 

Referring  to  the  deductions  from  ap- 
plying the  second  formula,  Mr.  Neilson 
pointed  out  that  it  would  be  necessary 
to  measure  accurately  the  temperature 
range  in  the  metal.  He  criticized  Prof. 
Mellanby's  method  of  measuring  the 
temperatures  of  the  metal  by  inserting 
thermometers  at  the  places  indicated, 
and  showed  that  this  would  register  a 
mean  temperature  between  that  at  the 
top  of  the  hole  and  that  at  the  bottom, 
instead  of  the  temperature  of  the  metal 
surface  with  which  the  steam  comes  in 
contact.  To  emphasize  this  point  Mr. 
Neilson  submitted  some  calculations 
showing  that  for  any  depth  greater  than 
0.1  in.  below  the  surface  the  temperature 
range  is  very  small. 

Commenting  upon  Prof.  Mellanby's 
assertion  (with  reference  to  the  experi- 
mental data  given)  that  "the  reevapora- 
tion  in  the  case  of  the  unjacketed  cylinder 
is  greater  than  in  the  case  of  the  jacketed 
cylinder,  which  could  not  be  the  case  if 
the  missing  quantity  were  accounted  for 
by  initial  condensation,"  Mr.  Neilson 
took    just    the    opposite    viev/,    pointing 
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out  that  there  is  less  steam  initially  con- 
densed when  the  cylinder  is  jacketed  be- 
cause the  cylinder  walls  are  hot,  hence 
there  is  very  little  condensation  on  the 
cylinder  walls.  Consequently  the  re- 
evaporation  is  less  because  the  condensa- 
tion on  the  cylinder  walls,  being  small, 
evaporates  soon  after  cutoff  and  ,the 
evaporating  surface  is  then  limited  to  the 
surfaces  of  the  piston  and  the  steam 
ports. 

Following  Mr.  Neilson,  Mr.  James  An- 
drews took  up  the  discussion.  He  asked 
where  the  thermometers  were  placed  in 
Prof.  Mellanby's  engine.  If  the  cylinders 
were  horizontal  and  the  thermometers 
were  placed  at  the  top  of  the  cylinder, 
then  he  considered  they  would  not  indi- 
cate the  temperature  at  the  bottom  of 
the  cylinder.  This  was  owing  to  the  ten- 
dency of  water  to  lie  at  the  bottom  of 
the  cylinder.  Referring  to  some  tests 
made  by  himself  as  to  the  missing  quan- 
tity in  different  engines,  in  which  a  tan- 
dem engine  was  compared  with  a  cross- 
compound  engine,  he  found  that  the 
missing  quantity  with  the  tandem  engine 
was  49  per  cent,  in  the  high-pressure 
cylinder  and  28  per  cent,  in  the  low- 
pressure  cylinder,  while  with  the  cross- 
compound  engine  the  missing  quantit\' 
was  25  per  cent,  in  the  case  of  each 
cylinder.  The  steam  when  admitted  to  the 
high-pressure  cylinder  was  dry  in  both 
cases.  Mr.  Andrews  further  contended 
that  the  time  element  had  an  im- 
portant influence  on  the  missing  quantity. 
In  one  test  which  he  carried  out  he  found 
that,  after  the  engine  had  been  running 
eight  hours,  the  missing  quantity  was  8 
per  cent,  less  in  the  high-pressure  cylin- 
der and  7  per  cent,  less  in  the  low- 
pressure  cylinder  than  was  the  case  after 
the  engine  had  been  running  only  two 
hours.  He  also  found  that  the  speed  at 
which  the  engine  ran  affected  the  miss- 
ing quantity. 

Mr.  Andrews  compared  the  results  ob- 
tained by  different  experimenters  as  to 
valve  leakage  and  remarked  on  the  greai 
disagreement  between  them.  Referring 
to  the  wear  on  slide  valves,  he  recalled 
a  case  in  which  J^  in.  was  worn  oft  a 
locomotive  slide  valve  in  four  months 
With  the  valve  pressed  so  hard  againsi 
the  face  of  the  cylinder  as  to  produce  this 
wear  he  doubted  if  a  film  of  water  could 
exist  between  the  valve  and  the  cylinder, 
as  is  said  to  be  the  case  by  those  who 
advance  the  valve-leakage  theory. 

Mr.  C.  A.  Matthey  confined  his  re- 
marks to  an  inciden-tal  remark  of  Prof. 
Mellanby  to  the  effect  tnat  during  com- 
pression the  steam  was  everywhere  su- 
perheated, slightly  in  the  main  body, 
more  near  the  walls,  and  most  of  all  in 
a  small  pocket. 

As  pointed  out  by  Mr.  Matthey,  steam 
remaining  in  the  cylinder  when  the  ex- 
haust port  closes  is  compressed  to  initial 


pressure  either  by  the  piston  or  partly 
by  the  piston  and  partly  by  the  incom- 
ing steam.  In  many  noncondensing  en- 
gines such  compression  is  effected  en- 
tirely by  the  piston;  and  if,  as  Prof.  Mel- 
lanby had  stated,  the  steam  and  "cylinder 
were  dry  at  the  commencement  of  com- 
pression, the  steam  was  necessarily  su- 
perheated during  the  whole  of  compres- 
sion, and  finally  attained  a  temperature 
far  higher  than  that  of  the  initial  satur- 
ated  steam. 

If  dry  saturated  steam  were  expanded 
adiabatically,  it  would  follow  the  law 

P  1  ■  '"  rr:  C 

part  of  it  being  condensed.  If  this 
steam  and  water  were  compressed,  it 
would  follow  the  same  law,  and  retrace 
the  original  expansion  curve,  till  on  ar- 
riving at  the  original  pressure,  its  origi- 
nal volume  and  original  temperature 
would  be  also  established. 

But  if,  after  the  steam  was  expanded 
to  the  lower  limit  of  pressure,  the  water 
formed  were  removed,  either  by  evapora- 
tion or  by  being  swept  out  by  some 
means,  then  upon  compression  the  dry 
steam  remaining  would  follow  a  differ- 
ent law.  namely. 


Mr.  Matthey  cited  an  ordinary  exam- 
ple from  which,  applying  the  formula,  7 
was  found  to  be  over  600  deg.  F.  Hf 
then  questioned  if  anyone  of  the  "leak 
age"  school  had  ever  seen  such  tempera- 
tures recorded  at  the  end  of  compressior 
under  these  circumstances.  Or,  since  i 
would  nor  be  reasonable  to  expect  the 
full  temperature,  because,  owing  to  tht 
conductivity  of  the  metal,  the  compres 
sion  was  not  purely  adiabatic,  had  thej 
ever  seen  500  degrees? 

If  they  had  not,  it  pointed  to  the  pres 
ence  of  water,  whose  power  of  cooling 
when  evaporating  and  absorbing  lateni 
heat  was  very  great:  but  if  they  had 
then  through  the  greater  part  of  compres 
sion  the  steam  was  hotter  than  the  metal 
and  was  giving  up  heat  to  it;  conse- 
quently the  steam  next  to  the  walls  would 
be  cooler  than  that  more  remote,  and  tht 
steam  in  a  small  pocket  would  be  coolesi 
of  all. 


Light  Engine  Frame  Fractured 

The  early  types  of  hoisting  engines 
were  made  extremely  light,  both  in  the 
bed  and  in  crank-disk  construction.  The 
first  frequently  resulted  in  a  fractured 
bed  and   the  second   in   a  cracked  crank- 


Reinforcing  Plates  on  Cracked  Engine  Frame 


and  the  temperature  would  rise  much 
more  rapidly  than  in  the  other  case;  the 
relation  between  pressure  and  tempera 
ture  being 


:-(D" 


where  T  and  /  represent  ihe  upper  and 
the  lower  absolute  temperatures,  and  P 
and  p  the  upper  and  lower  absolute  pres- 
sures. 


disk.  The  latter  was  strengthened  b> 
shrinking  a  wrought-iron,  or  steel  band 
on  the  rim  of  the  disk.  It  is  the  regulai 
practice  of  some  companies,  to  thus 
guard  against  a  possible  fracture  of  the 
disk  and  its  probable  destructive  results 
In  one  instance,  the  frame  cracked 
just  inside  of  the  pillow  block  and  at  the 
outside  corner.  The  illustration  shows 
how  the  bed  was  strengthened.     On  the 


January  cSU,    UHJ 

inside  of  the  main  pillow  block  a  piece 
of  1-in.  iron  plate,  7  in.  wide  was  bolted 
against  the  base  of  the  bearing  and  se- 
cured to  the  frame  by  ten  1-in.  bolts. 
A  similar  plate  was  bolted  in  like  manner 
to  the  frame  on  the  other  side  of  the 
bearing. 

The  cracked  corner  was  reinforced  by 
a  piece  of  H  in.  iron  bolted  in  place,  as 
shown.  To  act  as  a  safeguard  against 
further  cracking  of  the  bed  a  reinforc- 
ing piece  was  bolted  to  the  inside  of 
the  frame  directly  over  the  crack. 

Across  each  end  of  the  frame  cross- 
rods  were  placed  through  which  1  l-i  in. 
through-rods  were  run  and  the  nuts 
screwed  up  tight.  This  engine  has  been 
used   on   slope   work    for  years. 


Heat  Transmission 

At  the  recent  meeting  of  the  American 
Society  of  Mechanical  Engineers,  George 
A.  Orrok  contributed  to  the  work  of  the 
research  committee  the  following  resume 
of  present  knowledge  of  the  laws  gov- 
erning heat  transmission,  including  the 
results  of  his  own  researches: 

The  present  state  of  knowledge  of  the 
laws  governing  the  transmission  of  heat 
through  metallic  tubes  from  gases  and 
liquids  to  gases  and  liquids  is  that  it 
takes  place  in  at  least  three  separate 
operations — the  transfer  from  the  warmer 
fluid  to  an  initial  surface  of  the  tube; 
the  heat  passage  through  the  tube  wall 
from  the  warmer  surface  to  the  cooler 
surface  of  the  tube,  and  the  transfer 
from  the  secondary  tube  wall  to  the 
cooler  fluid.  This  has  been  expressed 
by  the  general  equation  of  Peclet: 


+  _  +  . 


where  k  is  the  coefficient  of  heat  trans- 
mission. 

The  quantity  q  depends  on  the  thermal 
conductivity    of   the    tube    which    is   now 
known  quite  accurately: 
K, 


9  = 


D 


D  =  Thickness  of  tube; 
Ki  =  k  constant   depending   on   the 
material. 

dwVio 

r  (following  Osborne  Reynolds)   =  -  „ 
or,  following  Josse, 

r  =  5  lo  v    Vw 
where 

dw=  Density  of  the  cooling  fluid; 
Kio  =  Velocity  of  cooling  fluid; 
B  =  A  constant. 
c    (following   Pickworth  and   Nicholson) 

=   1.2  V,  +  29,400  d.  ^  303 
an   empirical    formula   where    V     is   the 
velocity   of   the   hotter  fluid   and   d:    its 
density. 

The  quantity  q  is  always  very  large 
as  compared  to  c  or  r;  so  much  so  that 
it    can   be   neglected    in   practical   prob- 


r  vj  w  c  n 

lems;  in  other  words,  the  heat-transfer- 
ring capacity  of  metallic  tubes  is  always 
largely  in  excess  of  the  heat  which  can 
be  brought  in  contact  with  the  tube  sur- 
face. For  this  reason  it  is  much  more 
convenient  to  use  a  simpler  expression, 
such  as 

A'  =  C  1    T^- 
Fourier  stated   the  law  as   follows: 
dH  =  K  S  d:  ir  —  /) 
where 

S  =  Surface; 

^  =  Time; 

T  and  t  =  Temperature. 

When  S  and  c  are  unity,  this  expres- 
sion  becomes: 

H   =   K   (I  —  n 
and    (7"  —  i)   corresponds  to  B»i   in  our 
modern  expression.  H  equals  N,  the  total 
heat  transferred,  and 

N  =  Ke 

N=zC  ^  Tve 

which  is  the  form  commonly  used  to- 
day. 

Determination  of  Heat  Transfer 

There  are  many  practical  problems 
connected  with  the  determination  of  the 
laws  of  heat  transfer.  Some  of  the 
more   important   being: 

The  transfer  from  flue  gas  to  water 
under  the  conditions  existing  in  econo- 
mizers. Here  the  transfer  is  of  the 
order  of  2  B.t.u.  per  square  foot  per 
hour  per  degree  difference  of  tempera- 
ture; 

The  transfer  from  flue  gas  to  boiling 
water  under  boiler  conditions  (feed 
water  heated  to  steam  temperature). 
Here  the  transfer  is  of  the  order  of  10 
B.t.u.  per  square  foot  per  hour  per  de- 
gree   difference    of    temperature; 

The  transfer  from  flue  gases  to  steam 
or  air  under  superheater  or  air-heater 
conditions.  This  transfer  is  of  the  order 
of  4  B.t.u.  per  square  foot  per  hour  per 
degree  difference  of  temperature; 

The  transfer  from  hot  air  to  colder 
water  under  air-cooler  conditions.  This 
is  of  the  order  of  4  B.t.u.  per  square 
foot  per  hour  per  degree  difference  of 
temperature,  and 

The  transfer  from  condensing  steam 
to  water  under  surface-condensing  con- 
ditions. This  is  of  the  order  of  1500 
B.t.u.  per  square  foot  per  hour  per  de- 
gree difference  of  temperature,  when  no 
air  is  present  but  falls  off  to  from  500 
to  600  B.t.u.  when  an  ordinary  amount 
of  air  is  present. 

There  seems  to  be  an  essential  differ- 
ence in  the  action  when  a  condensible 
ras  or  vapor  is  the  high-temperature 
fluid.  Here  the  vapor  gives  up  its  latent 
heat  to  the  colder  tube  and  contracts 
enormously  in  condensing,  causing  an 
exceedingly  rapid  flow  normal  to  the 
tube.  It  may  be  that  an  analogous  ac- 
tion takes  place  when  the  colder  tube 
is    exposed    to    the    "bombardment"    of 


radiant  heat  as  in  the  case  of  boiler 
tubes  exposed  to  the  rays  from  white- 
hot  surfaces  of  fuel  or  brickwork. 

Prof.  Bone,  in  his  lecture  before  the 
Royal  Society  last  year,  stated  that  he 
had  obtained  in  an  experimental  boiler 
an  evaporation  as  high  as  41  lb.  of  water 
per  square  foot  of  surface  which  corre- 
sponds to  approximately  25  B.t.u.  per 
square  foot  per  hour  per  degree  differ- 
ence. This  was  due  to  the  radiant  heat 
condition. 

Probably  the  best  exposition  of  the 
problem  where  a  permanent  gas  is  the 
hotter  fluid  is  given  in  Prof.  Dalby's 
report  to  the  Institution  of  Mechanical 
Engineers  (Oct.  29.  1909),  and  his  con- 
clusions (summed  up  on  pages  25  to 
28)  show  the  exceedingly  difficult  nature 
of  the  problem  and  the  necessarily  cost- 
ly means  which  must  be  used  for  its 
complete  solution.  The  main  factor  is 
the  determination  of  the  temperature 
gradients  in  all  parts  of  the  boiler.  That 
this  is  also  true  of  condenser  conditions 
may  be  seen  from  the  work  of  Smith 
and  Josse  and  the  author's  paper  before 
this  society  last  year. 

"Mass  Flow"  Theory 

The  "mass  flow"  theory  of  Osborne 
Reynolds  and  Jordan  seems  to  be  an- 
other form  of  stating  the  fact  that  where 
more  heat  is  present  more  is  transmitted 
and  this  is  known  to  be  true  up  to  the 
limit  of  heat  transfer.  Kreisinger  and 
Ray  have  investigated  this  problem  with 
an  experimental  boiler  using  air  heated 
electrically  as  the  hotter  fluid,  and  their 
results  have  been  widely  quoted.  The 
work  of  Perry,  developed  by  Brecken- 
ridge  in  Bulletin  325  of  the  Geological 
Survey,  is  also  of  great  value  in  this 
connection. 

Su.mmary 

Summarizing,  the  lines  of  work  which 
will  be  most  fruitful  are  as  follows: 

1.  A  final  determination  of  the  radi- 
ant-heat law  (Stefan's  law)  with  a  sep- 
aration from  conduction  and  convection 
problems.  It  is  probable  that  Stefan's 
law  is  nearly  correct,  but  does  the  black- 
body  condition  exist,  and  between  what 
ranges  of  terriperature?  Bone's  experi- 
ments seem  to  show  that  it  may  exist 
at  temperatures  below  red  heat.  (See 
Bulletin  No.  8,  Department  of  Mines.) 

It  is  known  that  in  boiler  conditions 
radiation  is  much  more  efficient  than 
either  conduction  or  convection.  How 
much  of  the  heat  supply  can  be  de- 
veloped as  radiant  energy?  Both  Nichol- 
son and  Bone  claim  that  the  boiler  of 
the  future  will  depend  largely  on  radia- 
tion  rather  than  conduction. 

2.  More  study  of  the  phenomena  of 
heat  transfer  in  the  absence  of  radiant 
energy,  if  this  is  possible.  What  is  the 
effect  of  dust  and  soot  in  the  gases? 
Do  the  dust  particles  act  as  black  bodies 
and    give    out    radiant   energy?      It   has 
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been  stated  that  98  per  cent,  of  the  tem- 
perature drop  took  place  in  the  passage 
of  the  heat  from  the  gas  to  the  tube 
surface.  Is  this  statement  correct  and, 
if  so,  can  the  "gas  film"  be  removed 
or  made  a  better  conductor? 

3.  Determination  of  the  temperature 
gradient  under  a  variety  of  practical 
conditions,  and  with  full-size  apparatus. 
Does  the  "gas  film"  give  more  trouble 
when  inside  a  fire  tube  with  axial  flow 
of  gases  or  when  outside  a  water  tube 
with   a   flow   across  the  surface? 

4.  A  determination  of  the  'aw  of  tem- 
perature rise  in  the  water  flowing  in  a 
condenser  tube.  The  tube  should  be 
long    and    the    thermometers    numerous. 

5.  A  repetition  of  Smith's  experiments 
with  the  addition  of  known  amounts  of 
air  and  with  the  use  of  very  sensitive 
thermometers.  This  series  should  in- 
clude all  commercial  vacuums,  and  the 
lower  end  of  the  steam  table  should  be 
recalculated  with  much  smaller  intervals 
for  use  in  interpreting  the  results. 

6.  The  author  has  used  the  expres- 
sions "radiant  heat,"  "latent  heat,"  etc. 
Sensible  heat  is  defined  as  molecular 
motion,  radiant  heat  has  been  defined  as 
"ether  waves."  When  latent  heat  is  set 
free  as  in  a  condenser,  is  it  molecular 
or  ethereal  in  its  constitution?  In  chem- 
istry, there  is  a  state  known  as  the 
nascent  state  existing  when  an  element  is 
set  free  from  combination.  Does  an 
analogous  action  take  place  when  heat 
is  set  free  from  the  latent  state? 

Some  of  these  questions  should  be  per- 
haps answered  by  the  physicist  rather 
than  the  engineer,  but  in  the  author's 
opinion  they  are  true  engineering  prob- 
lems and  must  be  studied  through  their 
applications  if  a  complete,  reasonable 
and   satisfying  theory   is   to  be   obtained. 


Boiler  Explosions   in  England 

By  William  H.  Booth 

The  treatment  of  boiler  explosions  in 
England  has  often  been  described  as 
locking  the  stable  door  after  the  steed 
has  left  it.  To  inquire  into  a  boiler  ex- 
plosion after  the  event  is,  on  the  face 
of  it,  inferior  to  the  German  govern- 
mental attempt  to  prevent  explosions. 
Moreover,  to  hold  a  solemn  inquiry  into 
such  happenings  as  the  fusing  of  a 
fusible  plug — which  it  is  said  has  been 
at  least  once  classed  as  an  explosion — 
savors  of  the  ridiculous.  In  England 
there  'is  no  governmental  or  municipal 
control  of  steam  boilers.  There  is  a 
law  that  every  boiler  must  be  periodically 
inspected  by  a  competent  person,  but 
there  is  no  definition  of  the  term,  com- 
petent person. 

In  Germany  the  government  does  di- 
rectly interfere  to  prevent  explosions. 
In  England  a  boiler  owner  may  employ 
anyone  he  likes  to  do  his  inspecting, 
though  he  usually  places  his  boilers  in 


the  hands  of  the  boiler-insurance  com- 
panies and  leaves  to  them  the  selec- 
tion of  their  own  inspectors.  Even  then 
steam  users  are  apt  to  regard  the  re- 
port as  a  certificate  of  safety  and  totally 
to  neglect  for  years  its  recommenda- 
tions. 

Now  what  happens  in  this  very 
English  "muddling  through"?  First,  our 
boilers  are  considerably  safer  than  Ger- 
man boilers,  a  fact  curious  perhaps  but 
true.  And  the  inquiry  after  the  fact  has 
undoubtedly  much  to  do  with  it. 

Inquiry  after  the  Fact 

Suppose  an  explosion  takes  place: 
There  is  an  inquiry.  Wigged  barristers 
are  then  asking  questions  and  bullying 
witnesses,  as  is  the  barrister's  silly  habit. 
Hundreds  of  silly  questions  are  put  to 
witnesses.  The  last  inquiry  I  attended 
was  concerning  an  explosion  at  Green- 
wich. I  remember  that  a  witness  who 
was  obviously  speaking  the  truth,  an- 
swered a  question  in  a  way  all  engineers 
present  understood.  The  barrister,  who 
perhaps  had  never  seen  a  boiler  in  his 
life,  was  extremely  rude  to  him,  for  he 
could  not  understand  the  answer  and 
treated  the  witness  as  a  rogue. 

Somehow,  a  certain  amount  of  truth  is 
brought  out — perhaps  about  a  fourth  as 
much  as  an  engineer  would  get  in  a 
tenth  of  the  time.  Then  comes  the  find- 
ing of  the  court.  In  the  course  of  events 
I  have  seen  a  competent  person  charged 
or  fined  because  he  had  no  status  to  act 
as  a  competent  person  in  boiler  inspec- 
tion. Possibly  he  was  only  a  boiler- 
setting  man  or  brick  mason.  I  have 
seen  an  owner  fined  for  employing  the 
wrong  sort  of  "competent  person."  Or 
he  has  been  fined  for  neglecting  to  fol- 
low the  recommendations  of  the  boiler- 
insurance  company;  and  again  a  boiler- 
insurance  company  has  been  censured 
and  fined  for  continuing  to  insure  boil- 
ers in  face  of  the  owners'  continued  neg- 
lect of  its  recommendations.  The  court 
sees  the  recommendation.  If  the  recom- 
mendation is  right  and  proper,  it  ought 
to  have  been  insisted  upon,  they  rightly 
argue.  Chief  engineers  who  have  been 
electrical  experts  have  got  into  trouble 
for  assuming  responsibility  and  there- 
fore, by  inference,  knowledge  of  boilers 
they  could  not  substantiate  when  called 
as    witnesses. 

Beneficial   Effect  of   Inquiries 

Costly  as  are  these  inquiries  into  ex- 
plosions, they  undoubtedly  have  a  salu- 
tary effect  on  everybody  concerned  with 
boilers,  for  they  lead  to  men  putting  onto 
paper  their  opinions  as  to  the  danger  of 
a  given  boiler  and  thus  bring  to  a 
focus  on  the  proprietor  the  fact  that  it 
was  his  duty  to  remedy  the  danger.  In 
a  case  under  my  own  knowledge  an  en- 
gineer knew  that  the  owner  would  say, 
"I  trusted  to  my  engineer."  Yet  that 
owner  would  not  follow  advice  which,  in 


daily  contact,  was  passed  verbally.  So 
the  engineer  wrote  a  letter,  copied  it 
and  sent  it  by  registered  post  to  the 
owner  and  thus  effectively  put  the  onus 
of  a  possible  accident  where  it  belonged. 
The  Board  of  Trade  merely  appoints  a 
commission  of  inquiry,  and  if  England's 
immunity  from  boiler  explosions  is 
greater  than  that  of  other  countries, 
some  of  that  immunity  is  possibly  due 
to  the  greater  freedom  enjoyed  by  the 
owner  to  do  as  he  likes,  subject  to  an 
inquiry  as  to  whether  in  the  exercise  of 
that  freedom  he  has  encroached  on  the 
freedom  of  others  who  are  entitled  to 
walk  past  a  steam  boiler  in  safety.  It  is, 
of  course,  open  to  the  commission  of  in- 
quiry to  find  that  some  person  is  guilty 
of  manslaughter  and  in  such  an  event 
the  punishment  after  further  trial  might 
be    severe. 

Risk   of  Trial   for  Manslaughter 

The  risk  of  a  trial  for  manslaughter 
must  be  faced  by  every  boiler  owner  who 
neglects  a  serious  report  by  a  competent 
person.  If  the  neglect  continues  long 
enough  the  onus  may  be  shifted  to  the 
competent  person,  if  such  be  an  insur- 
ance company,  for  its  neglect  to  treat  the 
owner's  neglect  seriously;  it  may  be 
urged  by  the  owner  in  palliation  of  his 
own  neglect,  for  he  could  well  say,  "If 
so  serious,  why  did  the  company  not 
refuse  longer  to  insure  the  boiler?"  If 
an  owner  employs  an  engineer  who  is 
fully  empowered  to  do  the  right  thing, 
yet  neglects  to  do  so,  the  owner  would 
be  absolved  from  blame. 

The  customary  mode  of  fining  consists 
in  ordering  a  man  to  pay  a  certain  sum 
toward  the  cost  of  the  inquiry.  It  is  not 
necessary  that  anyone  should  be  either 
killed  or  injured;  that  an  explosion  has 
taken  place  is  sufficient  for  a  notification 
to  be  made.  Little  affairs  are  reported 
in  a  small  way;  more  serious  affairs  are 
given   a    full-powered    inquiry. 

The  only  satisfactory,  rational  excuse 
for  our  method  is  on  the  principle  of  the 
proof  of  the  pudding  being  in  the  eating 
thereof,  for  England  does  stand  an  easy 
first  in  the  matter  of  boiler  safety  and 
minimum  loss  of  life. 


Used  Gunpowder  to  Clean 
Flues 

As  the  result  of  attempting  to  use  a 
pint  of  gunpowder  to  clean  the  flues  of 
a  boiler  connected  to  the  hoisting  engine 
used  by  the  iron  workers  on  the  new 
Petroleum  bridge  at  Oil  City,  Penn.,  the 
engineer  is  in  the  city  hospital  with  his 
face  and  neck  covered  with  burns  and 
the  possibility  that  the  sight  of  one  eye 
has  been  destroyed.  He  threw  the  gun- 
powder over  the  fire,  expecting  that  the 
soot  in  the  flues  would  be  "exploded" 
out.  The  result  immediately  following 
such  a  rash  experiment  may  be  readily 
imagined. 
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Conducted  to  be  of  service  to  the  men  in  charge  of  electrical  equipment  in  the  power  house 


Rewinding   an    Induction 
Motor  Stator* 

Bv  R.  H.  Fenkhausen 
Number  of  Coil  Elements 

Most  induction  motors  contain  coils  of 
two  or  even  three  "elements,"  and  as  the 
form  described  in  the  preceding  article  is 
only  adapted  to  single-element  coils,  it 
will  be   necessary   to   wind   the   elements 


Fig.   11.    Transferri.nc  to  a  Reel 

separately.  Forms  can  be  made  on  which 
two-  and  three-element  coils  may  be 
wound,  but  they  are  too  intricate  for  in- 
dustrial repair  service,  and  have  no  ad- 
vantage where  the  elements  are  con- 
nected in  multiple.  Where  the  elements 
are  connected  in  series,  the  use  of  a  two- 
element  form  obviates  the  use  of  internal 
soldered  joints  in  the  coil.  This  is  only  a 
slight  advantage,  as  trouble  from  internal 
joints  is  practically  unknown  where  they 
are  properly  located  and  well  made. 

As  the  designations  "right"  and  "left" 
as  applied  to  coils  are  purely  arbitrary 
ones,  the  following  rule  will  be  useful: 
Place  the  coil  so  that  the  terminals  are 
toward  the  obserer.  If  the  "high"  side  of 
the  coil  is  on  the  right,  the  coil  is  "right- 
handed."  By  this  rule,  the  coils  shown  in 
Fig.  14  are  left-hand  coils,  because  the 
high  side  of  the  coil  is  at  the  left. 

It  has  become  the  standard  practice  of 
most  motor  builders  to  bring  all  the  coil 
terminals  out  at  one  side  of  the  motor, 
"right-hand"  coils  alone  being  commonly 
used.  This  allows  a  standard  motor 
winding  to  be  reconnected  for  several 
voltages,  both  two-phase  and  three-phase, 
and  even  for  different  speeds,  upon  re- 
moving only  one  end  bell,  without  the 
rotor  being  disturbed.  Changing  the  num- 
ber of  poles,  of  course,  changes  the  ratio 
of  coil  pitch   to   full   pitch,  but,   as  ex- 


plained in  discussing  fractional  pitch, 
considerable  latitude  exists  in  this  re- 
spect. 

When  a  two-phase  motor  with  stand- 
ardized coils  is  to  be  wholly  or  even 
half  rewound,  the  new  coils  may  be 
wound  so  that  the  connections  of  the  two 
phases  are  brought  out  at  opposite  ends 
of  the  motor,  which  greatly  facilitates  the 
tracing  of  connections  when  trouble  must 
be  located  quickly. 

Preparing  the  Magnet  Wire 

As  the  magnet  wire  necessary  to  make 
a  set  of  coils  is  usually  only  a  small  part 
of  a  standard  reel,  this  wire  will  be  re- 
ceived from  the  supply  house  in  the  shape 
of  an  open  bundle  or  so  called  "coil,"  in 
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Fig.  12.    Support  for  Coil  Form 

which  shape  it  is  utterly  useless  for  coil- 
winding  purposes,  qwing  to  the  liability 
of  kinks  and  tangles  forming  while  it  is 
being  used.  A  lineman's  wire  barrow 
with  adjustable  "stakes,"  or  some  equiva- 
lent device,  may  be  used  to  hold  the  bun- 
dle of  wire,  but  it  will  not  give  satis- 
faction because  the  tension  required  to 
turn  the  reel  will  pull  the  outer  wires 
down  between  the  inner  layers  of  the 
bundle,  from  which  they  will  pull  out  by 
jerks  during  the  winding  process.  As 
every  jerk  puts  a  kink  in  the  wire  which 
must  subsequently  be  straightened  out,  it 
is  evident  that  a  considerable  loss  of  time 
will  result. 

Fig.  11   illustrates  one  method  of  dis- 
posing of  this   annoyance.     The  bundle 


of  wire  is  placed  on  a  wire  barrow  and 
the  free  end  attached  to  an  empty  mag- 
net-wire reel  onto  which  the  wire  is 
transferred  by  turning  the  reel.  The 
half-round  groove  in  one  flange  of  the 
reel  is  to  accommodate  a  small  leather 
brake  strap  fastened  to  the  reel  stand  at 
one  end  and  passing  over  the  grooved 
flange.  By  attaching  the  proper  weight 
to  the  free  end,  any  winding  tension  de- 
sired may  be  obtained. 

Supporting  the  Coil  Form 

Even  if  a  lathe  be  available,  the  wis- 
dom of  using  it  to  rotate  the  form  is 
questionable,  unless  the  winder's  hands 
be  left  free  by  the  application  of  some 
method  of  foot  control.  It  usually  takes 
a  beginner  much  longer  to  shape  the 
twisted  ends  of  the  coil  than  it  does  to 
shape  the  straight  sides,  so  that  even  if  a 
foot  control  is  improvised,  the  uniform 
speed  of  the  lathe  will  necessitate  wind- 
ing the  whole  coil  at  the  slow  speed  re- 
quired for  the  end  connections,  and  the 


Fig.    13.     Winding    an    Element 

varied  character  of  industrial  repair 
work  seldom  gives  the  winder  an  oppor- 
tunity to  become  skilled  in  any  one 
operation. 

Fig.  12  shows  a  simple  bent  rod  used 
as  a  mandrel  by  clamping  the  vertical 
portion  in  a  vise  at  a  height  sufficient  to 
clear  the  corners  of  the  form  during 
rotation.  The  form  must  be  rotated  by 
a  boy,  and  it  will  be  found  that  by  watch- 
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ing  the  winder  the  boy  can  accommodate 
the  position  of  the  form  to  the  wire  very 
easily.  The  time  usually  lost  in  clamp- 
ing and  unclamping  the  form  in  the  lathe 
is  saved  and  with  a  few  hours'  practice  a 
set    of    144    coil    elements    should    be 


Fig.    H.     Ready    for   Removal 

wound  by  a  man  and  helper  in  two  eight- 
hour  days. 

Winding   the   Coil 

A  piece  of  soft  flannel  should  be 
wrapped  around  the  magnet  wire  to  pro- 
tect the  winder's  hands  and  the  wire 
firmly  gripped  by  the  fiber  clamp,  care 
being  used  that  an  end  is  left  beyond  the 
clamp  long  enough  to  form  the  coil  ter- 
minal. The  form  must  then  be  rotated 
away  from  the  winder  by  the  helper 
until  the  required  number  of  turns  is  in 
place,  after  which  it  should  be  slipped  off 
the  mandrel  and  the  coil  gently  ham- 
mered into  shape.  While  the  coil  is  being 
shaped  by  the  winder,  the  helper  should 
prepare  four  little  "hairpins"  of  No.  22 
annealed  copper  wire  which  are  to  be 
slipped  over  the  coil  by  way  of  the  saw 
slots  in  the  form  and  twisted  up.  These 
copper  wire  ties  serve  to  hold  the  coil  in 
shape  after  it  is  taken  from  the  form,  and 
care  must  be  used  not  to  twist  them  up 
tightly  enough  to  damage  the  cotton 
covering  on  the  wire.  Fig.  13  shows  the 
operation  of  winding  and  illustrates  the 
formation  of  the  "twist"  by  the  winder's 
thumb.  After  the  tie  wires  are  in  place 
the  fiber  clamp  may  be  released,  the  form 
taken  apart  and  the  coil  removed.  Fig. 
14  shows  an  open  form  with  a  coil  ready 
to   he   removed.     The   tie   wires   are   also 


tiple,  all  four  coil  terminals  will  be  car- 
ried outside  the  taping,  but  if  a  series 
connection  is  required  an  internal  sol- 
dered joint  should  be  made.  It  is  pos- 
sible to  make  the  series  connections  out- 
side the  coil,  but  owing  to  space  limita- 
tions it  is  not  usually  advisable,  because 
it  doubles  the  number  of  stub-end  con- 
nections in  the  winding. 

The  choice  between  series  and  par- 
allel coil  elements  often  rests  with  the 
winder,  as  in  the  case  of  motor  windings 
with  interchangeable  connections  for  200 
and  400  volts,  as  described  in  a  previous 
article  (see  also  the  accompanying  table 
of  winding  data).  Take,  for  example,  a 
motor  having  coils  wound  with  two  coil 
elements  in  series  and  the  pole  groups 
paralleled  for  200-volt  operation.  If  the 
winder  so  desires,  the  elements  of  each 
coil   may   be    paralleled    and    the    pole 


SEPiRAT.OBS 

""' 

"£f 

W'4J  ^ 

POV-E 

^LEEV 

rjG- 

Fig.    15.    Nesting   Two-element    Coils 

clearly  shown,  and  to  the  right  a  similar 
coil    with    the    terminals  .shaped. 

Connections  Between  Layers 

After  the  full  set  of  coil  elements  and 
a  few  spares  are  completed,  the  next 
operation  is  the  grouping  of  the  elements 
into  complete  coils.  Two  stages  of  this 
operation  are  illustrated  in  Fig.  15.  If 
the  elements  are  to  be  connected  in  mul- 


FiG.   16.    Result  of  Wrong  Element 
Connection 

groups  reconnected  in  series.  This 
niethod  will  save  considerable  work  and 
will  do  away  with  soldered  joints  inside 
the  taping  of  the  coil,  but  it  should  never 
be  employed  where  there  is  any  proba- 
bility that  the  motor  will  be  required  to 
operate  on  the  higher  voltage.  Before 
nesting  the  elements,  thin  fishpaper  sepa- 
rators, long  enough  to  extend  well  around 
the  bends  in  the  coil,  should  be  inserted 
between  the  two  parts  of  the  coil,  as  indi- 
cated in  Fig.  15.  These  give  additional 
stiffness  to  the  coil,  preventing  its 
collapse  during  the  taping  operation. 
The  copper  ties  must  be  replaced  with 
new  ones  encircling  both  elements  and 
the  coil  terminals  carefully  bent  into 
place.  If  series  connections  are  to  be 
employed,  one  terminal  of  each  element 
must  be  cut  off  and  the  two  connected.  Be- 
fore soldering  the  joint  the  outside  ter- 
minals of  the  coil  should  be  tried  in  series 
with  a  test  lamp  to  insure  that  the  series 
connections  have  been  properly  made.  It 
is  very  easy  to  mistake  the  ends  of  the 
two  elements,   resulting   in   the   condition 


represented  in  Fig.  16,  and  if  the  test 
lamp  lights,  indicating  a  closed  circuit 
while  the  connection  between  elements  is 
still  open,  the  connections  are  wrong  and 
only  one  element  will  be  in  circuit,  the 
other  being  short-circuited. 

If  the  coil  tests  all  right,  a  short  piece 
of  sleeving  should  be  slipped  over  one 
end  of  the  joint  and  pushed  back  out 
of  the  way  temporarily.  Both  terminals 
of  the  coil,  as  well  as  both  ends  of  the 
series  connection,  should  be  carefully 
tinned  with  a  nonacid  flux,  and  a  sleeve 
connector  made  of  thin  leaf  copper  sol- 
dered onto  the  joint.  The  short  piece  of 
sleeving  may  then  be  pulled  snugly  over 
the  soldered  joint  and  the  coil  laid  aside 
for  dipping,  as  shown  at  the  right  in 
Fig.  15. 

The  reason  for  beginning  the  coil  on  a 
certain  side  of  the  form  can  now  be  ex- 
plained by  aid  of  Fig.  17.  The  four  pos- 
sible locations  of  the  joint  are  shown  at 
a,  b,  c  and  d\  a  and  d  are  both  bad  be- 
cause the  sleeve  connector  will  come  be- 
tween the  upper  and  lower  groups  of  end 
connections,  where  it  is  liable  to  be  forced 
through  the  taping  by  accidental  blows, 
which  tend  to  drive  the  end  connections 
together.  Location  at  c  is  bad  because 
the  sleeve  connector  causes  a  slight 
lump  under  the  taping  of  the  coil,  which 
is  very  apt  to  be  abraded  while  the  rotor 
is  being  inserted.  Location  at  b  will 
bring  all  the  connectors  on  the  outside  of 
the  winding  where  they  are  out  of  harm's 
way,  but  will  be  plainly  visible  in  case 
of  trouble  at  the  joint.  A  few  experi- 
ments will  show  that  in  order  to  bring  the 
joint  at  b.  and  still  have  a  coil  of  the  un- 
symmetrical  type  properly  fitted  in  the 
slots,  it  will  be  necessary  to  place  the 
starting  clamp  on  the  form  exactly  as  de- 
scribed before. 

Dipping  the  Coils 

As  soon  as  all  the  coil  elements  are 
nested  they  should  be  dipped  in  some 
form  of  insulating  varnish,  which  will  im- 
prove the  insulation  and  cement  the  turns 
of  the  coil  together.  A  baking  varnish 
should  be  used  if  an  oven  is  available. 

Correct  Location 
of  Joint        '; 
b; 


Fig.   17. 


Location    of   Joint    between 
Coil  Elements 


but  an  air-drying  varnish  will  give  ex- 
cellent results  if  the  oven  cannot  be  pro- 
cured. The  varnish  selected  must  be  non- 
soluble  in  oil,  nonhydroscopic,  and  prcr 
ferably  light  in  color,  to  facilitate  the  de- 
tection of  partly  charred  insulation. 
Shellac  forms  an  excellent  dip.  aside 
from  its  tendency  to  become  brittle  when 
thoroughly  dry.  A  varnish  which  will  re- 
main  semi-flexible    is,   of  course,   to   be 


January  30,   1912 


POWER 


151 


preferred,  other  things  being  equal,  but 
whatever  varnish  is  selected,  it  should  be 
thinned  down  so  that  it  will  readily  pene- 
trate between  the  various  turns  of  the 
coil. 

After  the  coils  are  removed  from  the 
dipping  tank  they  should  be  hung  up  by 
one  end  and  allowed  to  drain  for  a  few 
minutes,  after  which  they  should  be  re- 


FiG.    19.     Reverse    Taping 

■Excessive  Lop 

Fig.  20.    Effect  of  Too  Much  Lap 

versed,  the  bottom  of  the  suspended  coil 
becoming  the  top.  This  procedure  insures 
a  more  even  distribution  of  the  varnish 
and  allows  the  surplus  which  naturally 
flows  to  the  bottom  of  the  coil  to  flow 
back  over  the  thin  upper  places  in  the 
coating.  Besides  the  additional  stiffness 
and  improved  insulation  resulting  from 
dipping  the  coils,  it  will  also  be  found 
that  dipped  coils  will  run  cooler  than 
coils  not  so  treated.  This  is  probably  due 
to  the  better  heat  conductivity  of  the 
varnish,  which  fills  up  all  the  spaces  be- 
tween the  turns  of  the  coil  and  allows 
the  heat  to  be  readily  conducted  to  the 
surface  and   radiated. 

Taping 

After  the  coils  are  thoroughly  dry  they 
should  be  taped.  The  thickness  and  num- 
ber of  layers  of  tape  used  will,  of  course, 
depend  on  the  operating  voltage  of  the 
machine,  the  space  available  in  the  slot 
and  the  amount  of  slot  insulation  to  be 
used.  Enough  insulation  must  be  used 
on  the  coil  to  make  it  drive  lightly  into 
the  slot,  not  tightly  enough,  however,  to 
cause  the  coil  to  bend  when  it  is  removed 
by  lifting  both  ends  of  the  straight  por- 
tion. If  the  coil  is  too  tight  it  will  be 
damaged  by  driving  it  into  place;  if  too 
loose,  it  will  vibrate  when  the  motor  is 
in  service,  and  the  insulation  is  apt  to  be 
destroyed.  If  two  layers  of  taping  leave 
the  coil  too  loose  and  the  layers  make  it 
too  tight,  the  proper  fit  may  be  secured 
by  the  insertion  of  a  thin  paper  filler  be- 
tween the  fishpaper  and  treated  cloth  cells 
in  the  slots. 

If  the  end  connections  are  shaped  so 
that  there   is  a   small   air  space  between 


them  when  in  place  on  the  stator,  one 
layer  of  cotton  tape  lapped  one-half  will 
give  sufficient  mechanical  protection  and 
the  air  space  between  the  coils  renders 
additional  insulation  unnecessary.  If  the 
shape  of  the  end  connections  is  such  that 
adjacent  coils  fit  snugly  together,  extra 
insulation  will  be  required  on  the  end  coil 
of  each  group  where  the  voltage  exceeds 
250.  The  voltage  between  adjacent  coils 
of  a  group  is  only  a  small  fraction  of  the 
motor  voltage,  but  the  end  coils  of  each 
group  are  in  contact  with  coils  connected 
to  the  opposite  phase  and  are  subjected 
to  the  full  differences  of  potential  be- 
tween phases.  The  additional  insulation 
on  these  end  coils  is  most  readily  ap- 
plied in  the  shape  of  a  layer  of  treated 
cloth  tape,  bound  around  the  part  of  the 
coil  lying  outside  of  the  slots,  under- 
neath the  outside  taping.  For  voltages 
exceeding  1100,  the  potential  difference 
between  coils  is  great  enough  to  make 
double    taping    advisable    on    all    coils. 

The  tape  commonly  used  for  the  outer 
covering  of  coils  is  from  !'2  to  '4  in-  wide 
and  is  composed  of  muslin  webbing.  The 
tape  should  be  of  open  weave  to  allow  the 
insulating  varnish  to  penetrate  readily 
into  the  interior  of  the  coil,  and  should 
be  cut  on  the  bias  for  use  on  the  twists 
and  corners  of  the  end  connections,  and 
cut  straight  for  use  on  the  straight  por- 
tions (sides)  of  the  coil.  One  kind  of 
tape  may  be  used  for  the'  entire  coil  when 
the  size  of  the  coil  is  small,  but  the  re- 
sults will  not  be  as  satisfactory.  If 
straight-cut  tape  is  used,  it  will  be  found 
that  it  is  practically  impossible  to  make  a 
neat  job  of  the  end  connections,  and  if 
bias-cut  tape  is  used  altogether,  it  will 
either  lap  over  on  the  corners  of  the  coil 
or  stand  open  on  the  sides,  due  to  the 
stretching  of  the  weave,  as  shown  in 
Fig.  18. 

There  are  two  ways  of  winding  the  re- 
quired number  of  layers  of  tape  on  the 
coil.  The  first  is  to  wind  each  layer  sepa- 
rately and  without  lap,  reversing  the  di- 
rection at  the  end  of  each  layer,  as  shown 
in  Fig.  19.  The  other  method  is  to  lap 
each  layer  the  required  amount;  for  in- 
stance, a  one-half  lap  gives  two  layers, 
and  a  two-thirds  lap,  three  layers. 

Great  care  must  be  used  when  lapping 
the  tape,  that  the  required  lap  is  not  ex- 
ceeded, because  the  thickest  part  of  the 
coil  determines  the  fit  in  the  slot,  and 
even  a  '--in.  lap  over  the  necessary 
amount  will  give  to  the  coil  the  effective 
thickness  of  an  additional  layer  of  tape, 
as  shown  exaggeratedly  in  Fig.  20. 

Shaping  the  Coils 

After  the  coils  are  all  taped,  the  end 
connections  must  be  bent  to  conform  to 
the  curve  of  the  stator  bore,  as  shown  in 
Fig.  21.  The  coils  are  wound  with  the 
sides  parallel  and  as  the  slots  are  all 
radial,  they  must  be  bent  at  the  proper 
angle  to  lie  in  the  slots.  It  will  be  found 
that  the  proper  angle  between  the  straight 


parts  of  the  coil  will  result  naturally 
from  the  curving  of  the  end  connections 
shown  in  Fig.  17,  which  may  be  given  to 
the  coil  by  bending  over  the  thumbs  of 
the  two  hands,  except  with  very  large 
coils,  which  require  a  press.  After  the 
coils  are  shaped  they  should  again  be 
dipped  in  insulating  varnish,  and  when 
thoroughly  dry  the  straight  sides,  which 
will  lie  on  the  slots,  must  be  pressed  be- 
tween a  pair  of  fiber  blocks,  clamped  to 
the  jaws  of  a  vise.  These  blocks  should 
be  grooved  to  receive  the  coil,  as  sfiown 
in  Fig.  22,  the  grooves  being  each  one- 
half  as  deep  as  the  width  of  the  slot  with 
all  the  insulating  cells  in  place.  Con- 
siderable pressure  may  be  applied  to  the 
coil  without  causing  any  damage,  because 
the  fishpaper  separators  placed  between 
the  layers  of  the  coil  prevent  the  turns 
of  one  layer  from  being  forced  between 
the  turns  of  the  other  layer,  and  coils 
having  absolutely  uniform  thickness  will 
result  and  materially  aid  their  insertion 
into  the  slots. 

Making  the   Cells 

Most  of  the  slot  insulation  ordinarily 
employed  is  for  mechanical  strength, 
and  a  comparatively  small  amount  would 
suffice  were  it  not  for  the  liability  of  dam- 
age due  to  high  laminations,  etc.  Most  of 
the  space  available  for  insulation  is  there- 
fore occupied  by  a  cell  of  very  tough 
fibrous  paper  about  10  mils  thick,  known 
to  the  trade  as  leatheroid  or  fishpaper, 
and  having  a  breakdown  resistance  suffi- 
cient to  withstand  almost  2000  volts.  The 
cells  of  this  material  should  extend  about 
'4  in.  beyond  the  iron  and  should  be  a 
trifle  below  the  top  of  the  teeth  when  in 
place. 

An  additional  factor  of  safety  is  usu- 
ally given  to  the  insulation  by  inserting  a 
cell  of  varnished  cloth  or  treated  cam- 
bric between  the   leatheroid  cell   and  the 


Fig.  21.    A  Shaped  Group  of  Coils 

coil.  This  material  has  a  breakdown  volt- 
age of  1000  volts  per  mil,  and  when  used 
in  places  -protected  from  mechanical 
injury,  such  as  inside  cells,  render.?  a 
motor  practically  immune  from  break- 
downs due  to   faulty  insulation. 

The  varnished  cloth  cell  should  be  cut 
the  same  width  as  the  fishpaper  cell,  but 
must  be  left  long  enough  to  guide  the 
coil  into  the  slot  and  protect  it  from  in- 
jurious  contact   with    the    corners    and 
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edges  of  the  slot.  Fig.  23  shows  a  stator 
with  part  of  the  cells  in  place  and  illus- 
trates the  method  of  inserting  the  cloth 
inner  cells. 

A  cell-cutter  similar  to  the  one  de- 
scribed in  the  article  on  rotor  repairs 
should  be  used  to  cut  the  cells,  and  as 
the  treated  cloth  is  quite  expensive,  it 
will  pay  to  devote  a  little  time  to  finding 
out  how  to  cut  the  cells  with  the  least 
waste  of  material. 

Inserting  the  Coils 

The  leatheroid  cells  should  be  placed 


Hard  Fiber  ^  .  - 

Fic.  22.  Vise  Attachments 

in  the  slots  before  the  insertion  of  the 
winding  is  started,  but  the  cloth  cells  may 
be  inserted  one  at  a  time,  as  the  coils  are 
put  in.  Both  the  cell  and  the  coil  should 
be  dipped  in  powdered  soapstone  and  the 
cell  doubled  around  the  part  of  the  coil 
which  is  to  go  in  the  bottom  of  the  slot. 
The  upper  halves  of  the  first  few  coils, 


Fic.  23.    Slot  Troughs  in  Place 

equalling  the  pitch  or  number,  may  be 
left  out  of  the  slots  until  the  completion 
of  the  winding,  as  the  lower  halves  of  the 
last  coils  must  lie  beneath  them.  These 
coils  are  called  the  throw  coils,  and  after 
they  are  in  place  all  the  following  coil 
sides  may  be  permanently  inserted  in  the 
tops  of  the  slots. 

The  lower  half  of  each  coil  will  force 
the  treated  cloth  cell  to  the  bottom  of 
the  slot,  and  will  prevent  the  cell  from 
doubling  up  under  the  coil  as  it  would  be 
apt  to  do  if  inserted  before  the  coil.'  Be- 
fore inserting  the  top  halves  of  the  coils, 
an  insulating  separating  strip  of  heavy 
treated  cloth  or  leatheroid  must  be  placed 
on  top  of  the  coil  in  the  bottom  of  the 


slot.  The  projecting  ends  of  the  cloth 
cells  must  be  held  taut  while  the  upper 
half  of  the  coils  is  being  inserted,  or  the 
cells  will  be  pulled  down  and  doubled  up 
under  the  coils.  When  using  right  and 
left  coils,  great  care  must  be  used  that 
the  proper  number  of  right  and  left  coils 
are  used  for  alternate  groups. 

Testing  the  Winding 

When  the  entire  winding  is  in  place, 
the  coil  terminals  must  all  be  cut  off  to 
a  uniform  length,  and  all  the  coils  of 
each  phase  should  be  temporarily  con- 
nected together  with  No.  22  bare  annealed 
copper  wire.  The  series  of  tests  for 
grounds,  crossed  phases,  etc.,  described 
in  the  article  on  location  of  trouble  must 
then  be  made  and  any  defective  coils 
displaced  before  proceeding  any  further. 

Securing  the  Coils  in  Place 

After  the  tests  are  all  made,  the  cloth 
cells  should  \x  cut  off  close  enough  to 
the  core  to  allow  the  ends  to  be  lapped 
over  inside  the  slots  and  under  the  retain- 
ing wedges.  If  the  coils  do  not  fill  the 
slots  to  a  sufficient  height  to  be  firmly 
held  in  place  by  the  wedges,  a  layer  of 
leatheroid   must   be   used   to   fill    up   the 


Fig.   24.     Wedgh-driving   Tool 

space.  If  new  wedges  are  required,  they 
must  be  made  of  the  same  dimensions 
and  out  of  similar  material  to  the  original 
wedges.  It  is  quite  a  difficult  job  to 
drive  a  long  wedge  without  breaking  it 
into  pieces,  and  the  tool  shown  in  Fig.  24 
will  greatly  facilitate  this  work.  A  piece 
of  steel  is  cut  slightly  larger  than  one  of 
the  wedges  and  coated  with  a  heavy  oil. 
A  piece  of  brass  tubing  a  little  longer 
than  the  wedge  and  large  enough  to  admit 
the  steel  strip  is  procured,  and  the  space 
between  the  strip  and  tube  filled  with 
solder.  The  solder  will  not  adhere  to  the 
oiled  strip,  which  may  be  withdrawn, 
leaving  a  slot  large  enough  to  admit  the 
wedge.  If  the  wedge  is  inserted  in  this 
tool  and  placed  against  one  of  the  stator 
slots,  it  may  be  driven  into  place  with  the 
steel  strip  and  a  light  hammer,  without 
being  bent  or  sprung. 

If  lacing  rings  are  used,  they  must  be 
of  such  diameter  that  the  completed  ring, 
with  all  the  insulation  in  place,  will  be 
of  an  inside  diameter  about  h  in.  larger 
than  the  diameter  of  the  circle  made  by 
the  coils.  If  the  ring  is  too  large,  it  will 
double  up  when  drawn  up  to  the  coils, 
and  if  too  small,  it  will  prevent  the  coils 
from  resting  on  the  bottoms  of  the  slots. 

If  the   ring   is   intended   merely   as  an 


additional  support  for  the  end  connec- 
tions, its  exact  size  is  not  so  important, 
as  the  coils  are  held  by  the  wedges,  but 
if  no  wedges  are  used,  the  coils  are  liable 
to  work  outward  and  come  in  contact  with 
the  rotor  unless  properly  secured. 

Two  men  are  required  to  lace  a  set  of 
coils  that  are  not  held  with  wedges,  one 
to  pull  the  lacing  taut  and  the  other  to 
drive  the  coil  being  laced  to  the  bottom  of 
the  slot.  The  lacing  should  consist  of 
three  strands  of  ordinary  wrapping  twine 
in  parallel,  a  needle  made  of  soft  copper 
wire  being  used  to  thread  the  lacing  be- 


FiG.    25 


Methods   of   Connection 


tween  the  coils.  The  lacing  rings  should 
be  given  two  wrappings  of  varnished 
cambric  tape  followed  by  a  finishing 
layer  of  white  linen  tape  and  then  well 
shellacked. 

Connecting  Up  the  Coils 

The  connections  between  coils  must  be 
made  in  the  same  manner  as  those  of  the 
original  coils,  a  record  of  which  should 
have  been  made  before  the  old  winding 
was  disturbed.  If  for  any  reason  this 
information  is  not  available,  the  full-load 
current  and  speed  of  the  motor  given  on 
the  nameplate  will  aid  in  its  determina- 
tion. The  number  of  poles  per  phase  will 
be  equal  to  120  times  the  frequency  in 
cycles  per  second,  divided  by  the  synchro- 


stud  ends 


Fig.   26.    Cross    Connections 

nous  speed  of  the  motor.  If  the  synchro- 
nous speed  is  not  given,  adding  about  6 
per  cent,  to  the  full-load  speed  will  give 
it  In  order  to  determine  whether  series 
or  parallel  grouping  of  the  poles  is  cor- 
rect, find  the  number  of  circular  mils  in 
the  wire,  and  divide  this  by  the  full-load 
current  of  the  motor.  If  the  figure  ob- 
tained is  below  400,  the  poles  must  be 
paralleled  (see  also  table  of  winding 
data). 

If  the  terminals  of  the  coils  have  been 
properly  brought  out,  the  beginning  and 
ending  of  adjacent  coils  will  lie  close  to- 
gether and  may  be  neatly  bent  into 
pairs  and  soldered.     Fig.  25  shows  three 
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methods  of  making  the  connections  be- 
tween coils.  The  method  shown  at  A 
should  never  be  used,  as  the  connections 
are  sure  to  break  off  the  first  time  it  is 
necessary  to  untwist  the  joint  for  test- 
ing. Method  B  is  the  best  and  consists 
of  applying  tinned  copper  sleeves  which 
may  be  readily  removed  and  can  he  used 
several  times.  Method  C  is  a  good  sub- 
stitute for  rush  work  and  small  coils,  but 
the  connectors  can  be  used  but  once. 

The  cross-connections  between  groups 
are  made  of  magnet  wire  with  several 
layers  of  tape  well  shellacked  in  place. 
When  two-element  coils  are  parallel-con- 
nected, the  cross-connections  must  be 
made  of  magnet  wire  three  sizes  larger 
than  that  used  in  winding  the  coils  or  else 
two  parallel  wires  used,  if  only  one  size 
is  available.  The  cross-connections  must 
he  cut  to  length  and  bent  down  parallel 
to  the  coil  terminals  so  that  the  stub  ends 
will    all   be   uniform    in    appearance.      In 


LETTERS 

Perpetual  Motion  Again 

A  few  days  ago  a  perpetual-motion 
"crank"  came  into  my  engine  room  and 
began  to  talk  perpetual  motion  to  me. 
I  told  him  that  perpetunl  motion  was 
against  the  laws  of  liiechaiiics  ai,d  he 
said  he  knew  it  but  v/as  going  to  try 
it  any  way.  What  he  proposes  to  do  is 
to  set  up  a  dynamo,  a  motor  and  a  gaso- 
line engine,  each  of  the  same  horsepower, 
and  connect  the  dynamo  and  motor  shafts 
together,  like  a  motor-generator  set,  with 
the  addition  of  a  clutch  pulley  for  belt 
drive  from  the  gasoline  engine.  He 
proposes  to  start  the  motor-generator  set 
by  means  of  the  engine,  to  get  the 
dynamo  to  generating;  then  turn  the  cur- 
rent from  the  dynamo  into  the  motor, 
throw  out  the  clutch  that  was  used  in 
getting  the  machine  started,  and  let  the 
thing  run  until  it  is  worn  entirelv  out! 


shortage,  of  course,  would  prevent  the 
machine  from  even  driving  its  own  shaft, 
to  say  nothing  of  delivering  current  for 
lights   and    motors. — Editor.] 


Thawing  Frozen  Water  Pipes 

A  couple  of  winters  ago,  I  had  about 
150  ft.  of  3'4-in.  pipe  to  thaw  out  and  the 
only  current  available  was  that  of  a  rail- 
way system  supplied  from  rotary  con- 
verters at  650  volts.  The  substation  was 
14  miles  from  the  main  power  house, 
hut  by  shutting  down  the  converters  and 
taking  a  time  when  everything  was  off 
the  line  we  got  about  500  volts.  After 
rigging  up  a  barrel  as  a  water  rheostat 
I  attached  one  lead  to  a  faucet  at  the 
extreme  end  of  the  M-in.  pipe  line  and 
the  other  to  a  valve  on  the  water  main 
and  lowered  the  upper  terminal  into  the 
barrel  until  the  ammeter  showed  200 
amperes;    the    voltage   dropped   to   about 


REWINDING   DATA  FOR  TYPE  ' 

C,"  TWO-PHASE,  60-CYCLE  INDUCTION  MOTORS 

Turns 

Full 

Ele- 

Jl!^^ 

Coils 

Size  Ot 

Full 

Mils 

Pole 

Horsp- 

Load 

ments 

Ele- 

Elements 

Turns 

per 

Wire 

toad 

powPr 

Speed 

Voltage 

No.  Coils 

per  Coil 

ment 

Connected 

per  Coil 

Group 

B.  &  S. 

Current 

Ampere 

Co.mected 

Remarks 

2 

1700 
1700 

110 
220 

72 

2 

S 
8 

Par 
Par 

8 
8 

9 
9 

19 

19 

104 

500 
500 

Par 

Groups  2  in  ser.,  2  in  par. 

2 
2 

1700 
1700 

220 
440 

72 

2 

8 

8 

Ser 
Ser 

16 
16 

9 
9 

19 
19 

52 
26 

500 
500 

'   Par 

Groups  2  in  ser.,  2  in  par. 

6 
5 

1120 
1120 

110 
220 

72 

2 

7 
7 

Par 
Par 

7 

6 

6 

14 
14 

26 
13 

630 
630 

Par 

Ser 

Groups  3  in  ser.,  2  in  par. 

? 

1120 
1120 

220 
440 

I" 

o 

7 

Ser 
8er 

14 
14 

6 
6 

14 
14 

13 

6  5 

630 
630 

Par 

Groups  3  in  ser.,  2  in  par. 

10 
10 
10 

850 
850 
850 

110 
220 
440 

96 
96 
96 

2 

7 

Par 
Par 
Par 

I 

6 
6 
6 

14 
14 
14 

52 
26 
13 

630' 
630 
630 

Par 
Par 

Groups  2  in  ser. ,  4  in  par. 
Groups  4  in  ser.,  2  in  par. 

10 

850 

880 

96 

2 

7 

Ser 

14 

6 

14 

6  5 

630 

10 
10 

1120 
1120 

110 
220 

72 

'i 

4 
4 

Par 
Par 

4 
4 

6 
6 

12 

12 

26 

500 
500 

Par 

Groups  3  in  ser.,  2  in  par. 

10 
10 

1120 
1120 

220 
440 

72 

2 
2 

4 
4 

Ser 
Ser 

8 
8 

6 
6 

12 
12 

26 
13 

500 
500 

Par 

Groups  3  in  ser.,  2  in  par. 

20 
20 

1120 
1120 

110 
220 

72 

1 

4 
4 

Par 
Par 

4 
4 

6 
6 

9 
9 

96 

48 

540 
540 

Par 

Ser 

Groups  3  in  ser.,  2  in  par. 

20 
20 

1120 
1120 

220 

440 

72 

2 

4 

Ser. 

8 

8 

6 
6 

9 
9 

48 
24 

540 
540 

Par 

Groups  3  in  ser.,  2  in  par. 

.50 
50 
50 

850 
850 
850 

110 
220 
440 

96 
96 
96 

2 
2 
2 

3 
3 

Par. 
Par. 

3 
3 

3 

6 
6 
6 

9 
9 
9 

220 
110 

56 

475 
476 
475 

Par. 
Par. 

Group  2  in  ser.,  4  in  par.s 
Groups  4  in  ser.,  2  in  par. 

50 

850 

880 

96 

2 

3 

Ser. 

6 

6 

9 

28 

475 

Ser. 

order  to  facilitate  testing,  enough  slack 
should  be  left  in  the  cross-connections 
to  allow  them  to  be  raised  clear  of  the 
winding.  This  slack  may  be  bent  back 
out  of  the  way,  as  shown  in  Fig.  26,  and 
the  entire  winding  given  a  finishing  coat 
of  varnish,  after  which  the  motor  will  be 
ready  for  service. 

The  accompanying  table  gives  rewind- 
ing data  for  several  sizes  of  Westing- 
house  "Type  C"  motors,  which  will  serve 
as  a  guide  in  recovering  lost  connection 
data. 


From  a  long  series  of  experiments 
upon  the  transmission  of  heat  through 
and  from  painted  surfaces  made  by  Prof. 
C.  L.  Norton  some  years  ago,  it  was  de- 
cided that  the  color  of  the  pipe  has  lit- 
tle or  no  effect  upon  the  radiation  of 
heat.  This  view,  so  generally  believed, 
has  doubtless  been  confused  with  re- 
spect to  the  condition  of  the  surface  as 
regards  glossiness  or  dullness.  A  dull 
surface  has  a  radiation  power  of  120, 
while  a  glossy  surface  has  about   101. 


According  to  his  idea,  the  dynamo  will 
supply  the  current  to  drive  the  motor 
which  will  in  turn  drive  the  dynamo; 
simple,   isn't  it? 

What  is  still  worse,  he  thinks  he  will 
get  excess  current  from  the  dynamo  with 
which  he  can  light  up  the  town  and  drive 
all   the  machinery. 

H.    B.    Adcock. 

Newman,  Ga. 

[This  fallacy  has  been  explained  away 
a  good  many  times  during  the  past  thirty 
years.  The  arrangement  would  not  con- 
tinue running,  after  the  clutch  was  pulled 
out,  longer  than  the  brief  period  neces- 
sary for  the  friction  of  the  bearings 
and  brushes  to  exhaust  the  momentum 
of  the  armatures.  Because  of  the  me- 
chanical friction  of  bearings  and  brushes 
and  the  losses  within  the  cores  and  wind- 
ings of  the  two  machines,  the  motor 
could  not  deliver  to  the  dynamo  as  much 
power  mechanically  as  it  received  from 
the  dynamo  electrically  and  the  dynamo 
could  not  deliver  to  the  motor  as  much 
electrical  power  as  it  received  from  the 
motor  in  mechanical  power.     This  double 


200.      It   took    about    1 '  _.    hours   to   thaw 
out  the   pipe. 

At  another  time  the  supply  pipe  to  my 
house  froze,  up;  it  was  about  50  ft.  long 
and  .'j-in.  pipe.  I  had  a  one- wire  feed 
to  the  house  from  the  trolley  circuit  and 
burned  five  lamps  in  series,  grounding 
the  return  on  the  water  pipe  in  the 
house. 

I  do  not  know  how  the  current  got 
back  to  the  station;  the  water  mains 
were  all  of  wood.  The  trolley  voltage 
was  650,  but  with  the  five  lamps  burn- 
ing I  got  only  600  volts,  showing  a 
drop  of  50  volts.  On  the  night  my  pipe 
froze  up,  I  connected  the  feed  wire  di- 
rectly to  the  faucet  of  the  water  pipe 
and  left  it  on  all  night,  leaving  the  faucet 
partly    open. 

When  I  got  up  in  the  morning  the 
water  was  running.  I  do  not  know  how 
much  current  it  took,  but  it  could  not 
have  been  very  much  because  it  was  not 
enough  to  even  warm  up  a  No.  14  copper 
wire. 

J.  E.  Bates. 

Spokane,  Wash. 
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Heating  and  Ventilation 

Considered  as  power-plant  problems.     Layout  and  operation  of  systems  and  apparatus 


The  Single    Pipe  System  of 
Heating 

By   William   Kavanagh 

With  the  single-pipe  system  of  heat- 
ing only  one  pipe  to  each  radiator  is 
necessary  for  the  satisfactory  circulation 


extended  and  fitted  with  an  air  valve. 
The  radiators  are  so  constructed  as  to 
have  the  end  at  which  the  steam  enters 
■'4  in.  lower  than  the  other.  The  incline 
given  to  each  radiator  makes  it  possible 
for  the  water  of  condensation  to  flow 
back  by  gravity  toward  the  boiler. 

If  a  receiving  tank  is  used,  it  must  be 
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Layout  of  a  Single-pipe  System' 


of  steam.  For  buildings  up  to  12  stories 
in  height  it  will  be  found  that  1'4-in- 
radiator  pipe  will  give  good  results,  and 
the  diameter  of  the  risers  varies  as  a 
rule  from  2'<  to  3  in.  In  high  buildings 
the  risers  will  range  in  diameter  from 
3  to  5  in.,  while  the  radiators  are  usually 
tapped  for  !'<-  or  2-in.  pipe. 

With  the  single-pipe  system  as  now  in- 
stalled, the  returned  condensation  is  dis- 
charged into  a  tank  that  is  usually  situ- 
ated at  a  height  corresponding  to  the 
water  level  of  the  boilers  so  that  the  hot 
water  will  flow  by  gravity  to  the  boiler- 
feed  pump.  Of  course,  this  method  is 
advantageous,  but  it  will  be  shown  that 
the  use  of  the  tank  and  pump  is  not 
at  all  necessary  in  returning  the  water 
of  condensation  to  the  boilers. 

At  first  sight  it  would  appear  that 
circulation  of  steam  cannot  be  attained 
with  the  single-pipe  system,  but  on  fur- 
ther consideration  it  will  be  found  that 
the  circulation  is  almost  perfect.  This  is 
especially  true  when  the  radiators  are 
properly  erected  and  fitted  with  auto- 
matic air  valves.  The  circulation  of  steam 
through  the  entire  system  is  facilitated 
when    the   termination    of   each    riser   is 


fitted  with  a  gage-glass  to  show  the 
water  level,  and  a  float  is  placed  in  the 
tank  to  control  the  steam  or  electric  pump 


pressure  from  that  of  the  atmosphere 
upward  passes  out  to  the  different  risers 
through  the  main  D,  the  condensation  be- 
ing returned  to  the  tank  E,  equipped 
with  float  control.  The  tank  E  and  pump 
P  can  be  dispensed  with  if  the  drips  are 
all  connected  to  a  common  return  which 
may  be  connected  to  the  blowoff  or  the 
lowest  part  of  the  boiler. 

In  raising  steam  for  this  system,  all 
valves  should  first  be  opened  so  as  to 
avoid  snapping  and  cracking  in  the  pipes 
and  radiators.  The  entire  heating  system 
will  then  become  a  part  of  the  boiler  and 
a  noiseless  circulation  will  result.  If, 
however,  steam  is  first  raised  and  then 
allowed  to  flow  through  the  piping,  there 
will  be  plenty  of  noise. 

One  method  of  running  the  risers  and 
attaching  the  radiators  is  shown  in  Fig. 
2,  and  Fig.  3  shows  another  method  which 
is  excellent,  as  it  allows  each  riser  to  be 
independently  dripped  and  piped  back  to 
the  tank  or  return  pipe,  thus  insuring 
complete  drainage  of  the  system. 

Fig.  4  shows  how  radiators  may  be 
connected  to  the  riser  when  it  is  located 
in  a  corner,  and  Fig.  5  illustrates  a 
method  of  connection  when  more  than 
one  radiator  is  required  on  the  same  pipe. 
The  riser  is  shown  at  R.  A  Y-fitting  is 
connected  in  the  "run,"  as  shown  at  P,  to 
admit  steam  to  the  second  radiator,  which 
should  be  slightly  elevated  and  pitched 
toward  the  riser.  Fig.  6  shows  another 
method  of  connection,  and  Fig.  7  shows 


Fig.   2.    One   Method  of   Piping 


which  discharges  the  water  of  condensa- 
tion into  the  boilers.  Such  a  system  is 
shown  in   Fig.   1.     The  steam  varying  in 


a  radiator  attached  to  a  riser  terminating 
on  the  highest  floor.  The  riser  extends 
above  the  radiator  and  has  a  valve  at  A 
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to  relieve  the  system  of  air  and  improve 
the  circulation.  In  some  buildings,  the 
extended  leg  of  the  riser  reaches  almost 
to  the  ceiling. 

An   important   addition   to   the   single- 
pipe   system   of  heating   is   to   have   the 
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for  about  three-fourths  of  the  depth.  !f 
it  is  good  practice  to  have  the  cold  water 
discharged  into  the  lower  part  of  the 
tank,  why  not  do  it  in  the  best  and 
easiest  way  by  making  the  connection  at 
the  lowest  possible  point;  that  is,  directly 
into  the  bottom  head,  or  through  a  cross 
one  branch  of  which  leads  to  the  heater 
and    the    other    to    the    draw-off    valve? 


F\g.4 


radiators  connected  to  an  air  line  lead- 
ing to  a  vacuum  pump.  This  facilitates 
the  removal  of  the  entrapped  air,  im- 
proves the  circulation  and  permits  a 
lower  steam  pressure  on  the  boilers.  With 
the  air  line  installed,  a  steam  pressure 
varying  from    1   to  3  lb.  will  produce  an 


Surely  no  one  will  claim  any  advantage 
for  the  present  method  of  jacketing  the 
cold-water  inlet  pipe,  and  it  has  the  dis- 
advantages of  taking  heat  from  the  sur- 
rounding hot  water,  so  that  the  water 
drawn  is  continuously  reduced  in  tem- 
perature. 


F!G.  6.    Connection  of  Radiator  to 
Riser 

excellent  circulation  throughout  the  en- 
tire system.  In  a  certain  14-story  build- 
ing, good  circulation  is  obtained  in  the 
radiators  on  the  highest  floor  when  the 
gage  registers  'j  lb.  pressure,  and  dur- 
ing the  coldest  weather  the  pressure  does 
not  exceed  3  lb. 


LETTERS 

Piping  a  Water  Heater 

The  illustration  of  "Proper  Connectior.s 
for  Good  Circulation"  accompanying  Mr. 
Jones'  letter  in  the  Jan.  2  issue  does 
not  agree  with  my  idea  of  proper  con- 
nections, even  though  it  does  represent 
a  common  practice.  I  object  to  the  lo- 
cation of  both  the  hot-  and  cold-watur 
inlets  as  shown,  and  think  I  can  poiiit 
out  a  more  logical  arrangement. 

In  Mr.  Jones'  sketch,  the  cold-water 
connection  is  at  the  top,  but  the  pipe 
is  continued  down  the  inside  of  the  tank 


Fic.  7.   Connection  of  Radiator  on  Top 
Floor 

Where  the  cold-water  inlet  connection 
is  made  at  the  top  of  the  tank,  a  con- 
tinuation of  the  pipe  down  the  inside 
of  the  tank  is  a  necessity,  as  otherwise 
the  cold  water  would  shunt  across  to 
the  hot-water  outlet  whenever  water  is 
drawn,  but  the  amount  of  hot  water 
which  may  be  drawn  is  limited  to  the 
depth  that  the  cold-water  inlet  pipe  is 
submerged.  If  the  cold-water  connection 
is  in  the  bottom  head,  the  entire  tank 
may  be  filled  with  hot  water,  instead  of 
perhaps  three-fourths  of  it,  and  all  of 
this  supply  may  be  drawn  off  at  prac- 
tically constant  temperature. 

In  regard  to  the  hot-water  return  from 
the  heater,  it  is  certainly  logical  to  say 
that  if  circulation  is  promoted  by  having 
this  connection  on  the  tank  higher  than 
the  cold-water  outlet  from  the  tank  to 
the  heater,  then  instead  of  making  this 
connection  on  the  side  of  the  tank  at 
about  half  the  depth,  the  best  arrange- 
ment  is   to  make   it   at  the   top;   in    fact, 


at  the  point  now  used  for  the  cold-water 
inlet.  Some  may  object  to  this  arrange- 
ment on  the  ground  that  when  hot  water 
was  drawn  off  the  cold-water  supply 
would  not  only  enter  the  bottom  of  the 
tank  but  would   force  itself  through  the 


Fig.    1.    Mr.    Jones'  -Connections    for 
Good  Circulation 

heater  coil  and  discharge  into  the  top 
of  the  tank  on  top  of  whatever  hot  water 
was  still  there.  The  fallacy  in  such  an 
objection  is  that  the  cold  water  cannot 
rise  any  faster  in  the  pipe  leading  out 
of  the  heater  than  it  rises  in  the  tank, 
while  on  account  of  the  extra  pipe  fric- 
tion, it  will  not  actually  rise  quite  as 
fast.  This  action  will  be  readily  ap- 
parent to  everyone  if  it  be  imagined 
that  as  the  hot  water  Is  drawn,  some 
much  heavier  liquid,  such  as  mercury, 
comes  in  through  the  cold-water  con- 
nection. 

Circulation  is  entirely  a  matter  of  dif- 
ference in  weight  between  equal  volumes 

*'■■'  Hoi /tafer  Inlef 


Fig.  2.    A   Better  Arrangement 

of  hot  and  cold  water.  Starting  with  the 
system  filled  with  cold  water,  if  the  hot- 
water  return  is  on  the  side  of  the  tank 
and  only  a  single  horizontal  coil  passes 
through  the  heater,  there  is  for  some 
time  an  uncertainty  as  to  the  water  in 
direction  of  motion.  Consequently,  both 
hot  and  cold  water  are  passing  each  other 
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in  both  connections  between  the  tank 
and  the  heater.  This  results  in  over- 
heating the  coil  in  the  heater,  if  it  is  in 
the  firebox,  and  retards  the  circulation 
until  there  is  an  appreciable  temperature 
difference  in  the  water  above  and  below 
the  side  opening.  This  defect  is  remedied 
by  connecting  the  hot-water  inlet  to  the 
top  of  the  tank. 

I  do  not  object  to  Mr.  Jones'  sketch  on 
the  ground  that  such  an  arrangement  will 
not  furnish  hot  water,  but  I  do  main- 
tain that  the  suggested  arrangement  will 
provide  better  circulation,  a  greater  sup- 
ply of  hot  water,  a  more  uniform  tem- 
perature and  will  be  less  expensive  to 
install. 

A.   S.    Merrill. 

Easton,  Penn. 


In  the  Jan.  2  issue,  Mr.  Jones  shows 
his  lack  of  practical  experience  with 
hot-water  heating.  I  expect  that  the 
water  can  be  used  as  heated  if  desired, 
as  this  is  one  reason  why  so  many  range 
boilers  are  being  thus  connected;  there 
is  hot  water  as  soon  as  the  heat  strikes 
the  circulating  pipe  and  it  is  not  nec- 
essary to  wait  until*  part  of  the  reservoir 
is  hot. 

The  manufacturers  may  put  the  cold- 
water  inlet  on  top  of  the  range  boilers, 
but  mainly  because  they  have  always 
done  so,  and  it  is  easier  for  the  plumber 
to  make  the  connection.  Of  course,  there 
are  exceptions. 

I  can  assure  Mr.  Jones  that  the  sav- 
ing effected  was  "not  on  paper"  but  in 
good  paper  money.  Although  the  exhaust- 
pipe  area  was  reduced,  the  heating  coil 
acted  as  a  condenser,  and  instead  of 
causing  a  back  pressure  on  the  engine 
it  would  have  a  tendency  to  reduce  the 
back  pressure.  The  elbows  and  tees  on 
the  exhaust  are  outside  of  the  question 
as  they  were  in  place  at  the  beginning. 

The  vibration  from  the  exhaust  is 
taken  up  by  the  long  upright  pipes  and 
affects  the  tank  but  little.  There  has 
been   absolutely   no   water-hammer. 

There  is  a  gage  on  the  exhaust  pipe 
and  it  has  never  shown  a  back  pressure 
greater  since  the  coil  was  installed  than 
it  did  before. 

James  E.  Noble. 

Toronto,  Can. 


shut  tight  when  the  float  was  raised  and 
the  supply  of  exhaust  steam  was  found 
to  be  sufficient  to  heat  the  building.  The 
live-steam  pipe  to  the  radiator  system 
was  closed  and  less  coal  was  burned  as 


Leaky  Valve  Wastes  Heat 

The  illustration  shows  one  of  the  open 
types  of  exhaust  heater  used  in  connec- 
tion with  a  vacuum  system.  The  water 
bill  was  found  to  be  high,  and  upon  in- 
vestigation the  valve  X,  which  is  operated 
by  a  float  on  the  interior  of  the  heater, 
was  found  badly  cut,  and  consequently  it 
leaked  considerably.  The  cold  water  from 
the  city  main  was  flowing  into  the  heater 
and  condensing  the  steam  which  should 
have  been  used  to  heat  the  building. 
The  return  water  from  the  radiators  was 
also  wasted   to  the  sewer. 

The  valve  was  repaired  so  that  it  would 


^^^^^^^^^^^^^  U,  To  Stwer 

Connections  to  Heater 

the  feed  water  was  going  to  the  boiler 
at  160  deg.  There  are,  no  doubt,  other 
cases  of  this  kind. 

C.  R.  McGahey. 
Baltimore,  Md. 


Radiator  Troubles 
How     the     steam     connections     were 
made     to     two     radiators     situated     in 
a     lobby     outside     of     a     dining    room 
is  shown  in  Fig.  1. 

The  steam  piping  ran  underneath  the 
lobby  and  was  connected  vertically  to 
the  radiator  by  two  1-in.  pipes  4  ft.  6  in. 
long.  It  was  about  15  ft.  from  the  steam 
main  to  the  first  radiator  and  about  35 
ft.  to  the  second.  The  pipes  were  well 
lagged   and  on  the  return  side  of  each 
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FiG.    1.    Original   Method  of   Piping 
Radiator 

radiator  was  a  steam  trap  discharging  to 
a  drain. 

The  radiators  were  first  coupled  up  as 
in  Fig.  1,  but  they  did  not  give  satisfac- 
tion. Unless  the  valves  were  opened 
fully,  the  radiators  would  not  get  hot  and 
when  they  were  opened  wide  there  was  a 
good  deal  of  water-hammer,  which 
eventually  split  several  segments.  To 
remedy  the  trouble  several  experts  were 


called,  and  the  first  expert  put  a  check 
in  the  running  thread.  Fig.  1,  in  the 
steam-inlet  pipe.  This  consisted  of  a 
lead  disk  with  a  small  hole  about  h  in. 
in  diameter,  the  idea  being  to  prevent  a 


Fig.  2.    Throttling  Steam  Supply 

sudden  rush  of  steam  and  water  from 
getting  into  the  radiator  when  the  valve 
was  opened  fully.  This  plan  did  not 
answer  very   well. 


Fig.  3.    Shunt  Connection   Adopted 

Another  firm  was  called  in  and  on  tak- 
ing the  check  out  of  the  steam  pipe  the 
A-in.  hole  was  found  to  be  at  the  top 
of  the  disk,  shown  at  A  in  Fig.  2.  This 
allowed  the  condensation  to  fill  the  pipe 
to  the  level  of  the  hole  A.  It  was  in- 
tended, of  course,  to  have  the  hole  at 
the  bottom  of  the  pipe,  as  at  B,  so  as  to 

Coupling.        Xl^"^''  '^"^ 


Fig.  4.   Throttling  Disk  with  Hole  in 
Center 

allow  the  condensation  to  run  through  as 
fast  as  formed. 

The  connections  to  the  radiators  were 
now  altered  and  connected  up  as  in  Fig. 
3.  With  the  shunt  connection  shown,  the 
condensation  had  a  straight  run  to  the 
trap  and  it  was  not  necessary  to  pass 
it  through  the  radiator  as  in  Fig.  1. 

A  brass  check  was  substituted  for  the_ 
lead  one  and  a  rir-in.  hole  was  made  in 
the  middle  of  the  disk,  so  that  at  the 
worst  the  pipe  could  only  fill  up  to  about 
one-third  its  diameter  before  the  water 
would  flow  through  the  hole  in  the  check. 

On  opening  the  valves  the  radiator 
was  found  to  warm  up  equally  from  both 
ends  and  got  thoroughly  hot.  No  more 
trouble  was  experienced  from  water- 
hammer. 

O.  G.  A.  Pettersson. 

St.    James,    Manitoba,    Can. 
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A  Few    Factors   in    Economi- 
cal Operation 

No  fixed  rule  can  be  given  and  no 
particular  type  of  equipment  recom- 
mended which  will  always  insure  maxi- 
mum efficiency  of  operation  in  any  and 
all  power  plants,  but  some  of  the  fac- 
tors in  economical  service  which  are 
working  out  well  in  a  few  stations  recent- 
ly visited  may  profitably  be  mentioned. 
Leading  engineers  are  attacking  the  cost 
question  from  more  than  one  angle,  in 
the  first  place;  that  means  a  good  deal 
in  itself,  for  one  gets  more  side  lights 
on  the  behavior  and  possibilities  of  his 
equipment  if  he  investigates  its  service 
along  several  different  lines.  For  ex- 
ample, the  problem  of  cutting  down  the 
losses  occurring  in  stand-by  periods  re- 
quires one  point  of  view,  the  more  com- 
plete measurement  of  the  raw  material 
of  power,  so  to  speak,  on  the  steam  side 
of  the  house  is  another  matter  bearing 
upon  costs  in  a  different  way;  thirdly, 
as  the  old-fashioned  country  minister 
used  to  say  when  he  had  just  got  warmed 
up  in  his  sermon,  there  is  a  great  deal 
_to  be  done  along  the  line  of  carrying  the 
load  to  advantage  when  several  different 
sizes  and  types  of  prime  movers  are 
concerned. 

One  plant  is  getting  some  results  from 
the  use  of  supplementary  dampers  on  in- 
dividual boilers,  so  that  the  draft  on 
every  banked  fire  goes  away  down  to 
the  bottom  of  the  gage  when  the  ser- 
vice of  the  unit  is  not  required.  In  this 
case  each  stand-by  damper  is  set  in 
the  boiler  uptake  and  the  dampers  of 
every  -battery  are  controlled  by  chains 
leading  to  adjusting  hooks  on  a  draft- 
control  board  at  the  side  of  the  setting 
near  the  floor  level.  As  this  is  a  Western 
station  located  in  a  field  where  the  cost 
of  coal  is  prohibitive,  it  burns  fuel  oil, 
which  means  additional  control  of  the 
heat  units  blown  into  the  furnace  through 
appropriate    valves    and    bypass    piping. 

The  owners  of  this  station  thought 
it  a  good  investment  to  spend  a  few  hun- 
dred dollars  in  steam  and  water  meters, 


recording  thermometers  and  curve-draw- 
ing instruments,  which  will  show  the 
chief  engineer  and  his  superiors,  the  as- 
sistant operators  in  the  turbine  room  and 
the  firemen  as  well,  the  conditions  which 
existed  at  any  hour  of  the  twenty-four 
in  the  steam  end  of  the  plant,  as  regards 
all  the  important  heat-carrying  fluids 
and  gases.  It  is  not  going  to  take  two 
or  three  college  professors  and  a  score 
of  willing  but  perhaps  somewhat  inex- 
perienced student  assistants  to  find  out 
when  this  station  departs  from  its  normal 
economy  by  a  percentage  which  calls  for 
prompt  action. 

In  another  case  the  plant  owner  has 
put  individual  motor-driven  fans  in  the 
boiler  uptakes,  each  boiler  having  its 
own  short  stack.  The  motors  are  equipped 
with  variable-field  speed  control,  which 
is  the  real  point  of  the  situation,  and 
they  are  designed  to  operate  at  diver-se 
speeds  within  a  range  of  three  to  onj 
without  falling  off  very  far  in  efficiency. 
It  is  a  different  story  here  from  that 
in  the  plant  where  fan  speeds  are  regu- 
lated by  varying  dead  resistance  in  series 
with  an  old  railway  motor.  Again,  im- 
proved conditions  of  operation  have  re- 
sulted from  the  concentration  of  all 
auxiliary  electrical  control  equipment  at 
a  single  section  of  the  switchboard,  in- 
cluding the  relocation  of  the  exciters  at 
a  point  within  a  few  feet  of  the  switch- 
board operator.  Space  has  been  saved 
by  the  installation  of  compressed  ■^iv 
piping  in  place  of  dead  pipe  railings  in 
the  gallery  sections  of  the  boiler  room, 
and  a  recent  extension  of  the  latter  has 
been  greatly  improved  from  the  stand- 
point of  supervision  and  replacement 
of  stoker  and  furnace  parts  by  a  twenty- 
five  per  cent,  increase  in  the  width  of  the 
firing  aisle. 

The  adoption  of  the  now  well  known 
plan  of  passing  the  condensate  from  the 
lower  tubes  of  the  surface  condenser 
through  a  heating  section  in  close  con- 
tact with  the  heat  of  the  exhaust  steam 
is  a  point  which  is  receiving  a  good  deal 
of  favorable  consideration  in  another 
locality,   and   in   still   another  place  the 
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cost  of  excavation  to  allow  the  con- 
densing apparatus  to  be  located  far 
enough  below  a  small  canal  to  obtain 
circulating  water  by  gravity  was  found 
well  warranted. 

The  cost  of  power  was  cut  twenty  per 
cent,  in  six  months  in  another  station  by 
simply  taking  greater  care  to  handle  the 
load  on  individual  prime  movers  in  such 
a  way  that  no  unit  would  for  any  length 
of  time  be  run  at  much  less  than  half 
load,  three-quarter  load  being  the  more 
common  rate.  In  this  case  the  problem 
was  complicated  by  the  fact  that  alter- 
nating- and  direct-current  generating 
units  were  run  side  by  side  in  the  same 
building,  the  former  feeding  the  same 
network  as  the  latter,  through  rotary- 
converter  substations  in  the  suburbs. 
By  watching  the  location  of  the  load 
carefully  it  was  possible  to  reduce  the 
amount  of  idle  running  in  the  plant  to 
a  surprising  extent. 

A  close  supervision  of  the  use  of  sup- 
plies and  the  strict  limitation  of  working 
boiler  pressures  to  values  below  the 
safety-valve  settings  produced  notable 
gains  in  efficiency  in  several  stations. 


Six  Year  Engineering  Course 
at  Columbia 

At  the  annual  meeting  of  the  trustees 
of  Columbia  University  on  Jan.  8,  it  was 
decided  to  extend  the  engineering  courses 
to  six  years  so  as  to  include  two  years 
of  regular  academic  work.  Under  this 
arrangement,  after  September,  1914,  the 
engineering  courses  will  be  open  only  to 
those  who  have  completed  two  years  in 
the  arts  course  in  Columbia  or  some 
other  college  of  recognized  standing. 

In  view  of  the  important  standing  now 
accorded  engineers  anu  the  ever  increas- 
ing scope  of  their  activities,  it  is  essential 
that  their  training  include  something 
more  than  merely  technical  knowledge; 
in  other  words,  their  education  must  be 
broad.  As  a  means  toward  this  end,  the 
recent  action  of  the  Columbia  trusiees  is 
commendable.  However,  we  question 
whether  a  compulsory  six-year  course  will 
not  deter  many  (for  financial  or  other 
equally  strong  reasons)  from  entering 
upon  an  engineering  career.  Might  it 
not  have  been  better  to  have  left  the  four- 
year  course  as  optional,  at  the  same  time 
recommending  the  six-year  course  to  all 
those  who  are  in  a  position  to  take  it? 
This  practice  has  already  been  followed 
by  several  other  universities. 


Steam    Pipe  Supports 

The  constant  .movement  of  a  steam 
line  due  to  expansion  and  contraction 
necessitates  the  use  of  supports  that  will 
offer  the  least  resistance  to  this  move- 
ment so  that  no  undue  stress  will  be 
transmitted  to  the  various  connections. 

The  variations  in  the  length  of  a  steam 
line  depend  upon  the  initial  length  of  the 
line  and  the  difference  in  temperatures 
between  that  at  which  the  line  was  put 
up  and  that  of  the  steam  passing  through. 
In  a  very  long  line,  or  where  super- 
heated steam  is  used,  these  variations 
are  considerable  and  must  be  provided 
for  by  designing  and  arranging  the  sup- 
ports so  as  not  to  prevent  the  free  move- 
ment necessary  to  relieve  the  expansion 
stresses,  except,  of  course,  at  such  points 
as  are  intentionally  selected  as  an  anchor- 
age. There  is  also  a  lateral  movement 
of  the  line  due  to  the  push  of  the  branch 
pipes   for  which   care  must  be  taken. 

There  are  a  number  of  different  kinds 
of  pipe  supports  in  use  that  meet  all 
the  requirements  and  a  proper  selection 
can  only  be  governed  by  local  conditions. 
For  example,  there  are  hangers  from 
above  supported  from  the  bottom  cords 
of  the  roof  trusses;  brackets  on  which 
the  pipe  directly  rests;  steel  pillars  or 
posts  of  sufficient  slenderness  to  allow 
free  movement,  which  are  sometimes 
convenient  for  carrying  the  pipes  from 
the  crown  of  the  boilers  or  from  the 
brick  settings;  rollers  carried  by  brackets 
and    other  devices. 

The  most  common  form  of  support  is, 
perhaps,  the  hanger  in  which  the  pipe  is 
suspended.  This  type  gives  free  move- 
ment to  the  pipe  but  lacks  a  sufficient 
stability;  consequently,  the  line  will  often 
be  set  to  swinging  or  vibrating  by  the 
pulsations  due  to  the  draft  of  steam  from 
the  engines.  This  may  usually  be  checked 
by  lightly  wedging  the  pipe  at  some  point 
where  the  branch  passes  through  a  wall 
or  near  a  column  or  other  fixed  object. 
When  the  pipe  is  simply  supported  on 
brackets  it  will  not  vibrate  so  readily. 

Brackets  are  often  hollowed  out  to  suit 
the  contour  of  the  pipe,  but  this  is  a 
rather  doubtful  advantage  as  they  tend 
to  prevent  all  lateral  movement  and  thus 
cause  a  strain  on  the  branches  as  well 
as  on  the  bracket  supports  and  fasten- 
ings. It  is  better  to  have  the  top  or 
table  of  the  bracket  flat  so  that  the  pipe 
will   be   free   to   move   both   ways.     To 


prevent  undue  wear  on  the  outside  of 
the  pipe,  small  wearing  strips  are  often 
inserted  between  the  surfaces  of  the  pipe 
and  the  bracket  with  excellent  results. 
These  strips  should  be  from  about  ^ 
to  ->-g  in.  thick  and  can  easily  be  held 
in  place  by  means  of  light  rings  encir- 
cling the  pipe.  They  should,  of  course, 
move  with  the  pipe  and  not  be  fastened 
to  the  bracket;  otherwise  they  would  lose 
entirely  the  purpose  for  which  they  are 
intended. 

The  use  of  rollers  for  cairying  pipes 
is  usually  not  so  good  an  arrangement 
as  the  plain  bracket  where  a  rubbing 
contact  is  introduced  because  of  the  lat- 
ter's  greater  tendency  toward  stability. 
A  pipe  line  resting  on  rollers  is,  however, 
less  liable  to  vibrate  than  one  suspended 
in  hangers.  Perhaps  the  greatest  ob- 
jection to  the  roller  is  that  it  is  liable 
to  become  fast  and  consequently  wear 
the  pipe,  a  condition  which  naturally 
would  not  be  looked  for  with  this  type 
of  support  and,  therefore,  might  not  be 
noticed  until  some  damage  had  resulted. 


One  good  operating  kink  is  many  times 
invaluable  to  a  hundred  engineers,  but 
occasionally  a  contributor,  for  fear  of 
aiming  too  wide  of  the  mark,  will  spend 
hours  of  his  time  for  relaxation  in  di- 
lating upon  his  subject  when  a  few  sim- 
ple words  to  the  point  will  tell  the 
story.  Brevity  is  as  much  the  soul  of 
writing  for  your  paper  as  it  is  of  wit. 


Of  the  thousands  of  steam  boilers  in- 
stalled in  the  basements  of  buildings 
and  under  sidewalks,  few  are  removed. 
Many  of  them  are  old  but  are  allowed  to 
carry  pressures  ranging  between  80  and 
90  lb.  per  square  inch.  Something  seri- 
ous will  happen  one  of  these  days. 


Every  operating  engineer  who  is  inter- 
ested in  the  work  being  done  throughout 
the  United  States  in  vocational  training 
should  read  of  it  in  the  twenty-fifth 
annual  report  of  the  commissioner  of 
labor  at  Washington.  It  may  be  had  on 
application. 


No  trouble  at  all  in  getting  data  re- 
garding boiler  accidents  from  the  new 
board  of  boiler  inspectors  of  New  York 
City.  It  is  a  good  beginning  and  most 
gratifying. 
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Readers  with  Something  to  Say 

A  letter  good  enough  to  print  will  be  paid  for.     Ideas,  not  mere  words,  wanted 


Vertical  Check  Valve  Did 
Not  Work 

Some  few  days  ago  the  writer  was 
called  out  on  a  trouble  job  in  a  small 
light  and  water  plant  the  engineer  of 
which  said  that  something  was  the  mat- 
ter with  the  check  valve  in  the  sprinkler- 
tank  line  and  that  it  had  never  worked  at 
all.  He  had  taken  the  cap  off  several 
times,  but  he  could  not  locate  the  trouble. 
The  tank  on  the  tower  was  kept  full  of 
water  all  the  time  on  account  of  fire 
insurance.     The    tank    was    filled    every 


make  it  stay  up  to  its  seat.  It  is  easy  to 
see  that  the  check  ought  to  have  been 
placed  in  the  horizontal  line. 

H.  T.  Fryant. 

Columbus,   Miss. 


..-4^ 


Blow    Hole    Caused    Crack  in 
Shaft 

While  employed  as  master  mechanic 
in  one  of  the  steel  mills  in  Austria  I  had 
a  most  interesting  experience.  On  a  cer- 
tain morning  one  of  the  engineers  came 
to  my  office  and  asked  me  to  go  with 
him  to  the  bessemer  plant  and  examine 
the  1200-hp.  blowing  engine.  As  some- 
thing seemed  to  be  wrong  with  one  of 


face  of  the  bearing  we  discovered  a  very 
fine  zigzag  crack  which  extended  over 
about  half  of  the  circumference  of  the 
shaft,  which  was  14  in.  in  diameter.  The 
circumstance  seemed  serious  enough  to 
warrant  a  more  thorough  investigation 
before  the  engine  was  again  put  into 
service,  and  we  decided  to  lift  the  shaft 
out  of  the  bearings  for  the  purpose  of 
a  more  complete  inspection. 

The  shaft  had  been  raised  about  8  in. 
clear  of  the  bearings  when  it  broke  with 
a  loud  crash,  falling  into  the  bearings 
and  breaking  them.  Of  course,  the  break 
in  the  shaft  had  occurred  where  the 
crack  had  been.  We  examined  the  faces 
of  the  break  and  found  that  the  shaft 
contained  a  blow-hole  at  that  point,  about 


Suction  Pice 

Showing  Location  of  the  Check  Valve 

night,  but  in  the  morning  all  the  water 
was  back  in  the  reservoir  again  because 
the  angle  valve  and  check  valve  shown 
in  the  accompanying  figure  leaked,  the 
water  going  back  through  the  pump 
valves. 

The  trouble  was  that  the  check  would 
stay  open  all  of  the  time  because  the 
pressure  was  balanced  between  the  pump 
and  the  tank,  and  the  check  sank  to  the 
bottom.  If  there  had  been  a  strong  back 
flow  the  check  might  have  worked.  I 
fixed   it  by  placing  3  spring  under  it  to 


the  main  bearings,  I  put  my  hand  on 
the  shaft  close  to  the  bearing  face,  as  at 
C,  Fig.  I,  and  found  that  apparently 
minute  babbitt  filings  were  running  out 
with  the  oil.  It  is  putting  it  mildly  to 
say  that  my  curiosity  was  aroused,  and 
I  decided  to  wait  until  after  the  heat 
was  finished  so  that  the  engine  could  be 
stopped   and    the   shaft   examined. 

Stopping  the  engine  meant  shutting 
down  the  converter  plant  as  we  had  no 
spare  unit.  We  were  lucky  that  we  did 
not  let  any  objections  on  the  part  of  the 
foreman  prevent  us  from  shutting  down, 
as  later  events  proved. 

When  the  engine  was  stopped  the  cap 
of  the  bearing  was  taken  off  and  the 
shaft  examined.     About   5^   in.   from  the 


Fi  q  .    S      Showing  how 
■^  Shaft-  Broke 


Section  A-A 


8  in.  in  diameter  and  3  in.  thick,  which 
had  not  come  out  even  when  the  shaft 
had  been  forged — a  most  remarkable 
fact.  When  the  break  occurred  about 
one-tenth  of  the  full  area  of  the  shaft 
still  remained  intact;  the  rest  of  the 
fracture  showed  a  rather  smooth  surface 
and  no  doubt  it  had  been  developing  for 
the  past  six  years,  during  which  time  the 
engine  had  been   in  constant  use. 

In  view  of  the  comparatively  slight 
damage  that  was  done  we  felt  that  we 
had  escaped  very  luckily;  had  the  shaft 
broken  while  the  engine  was  in  full 
operation  the  results  would  have  been 
disastrous  indeed. 

Alois  Hauser. 

South  Chicago,  111. 
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Oil  Tray  Stand 

Having  seen  in  Power  an  illustration 
f  a  stand  for  oil  cans,  I  am  lead  to  de- 
cribe  the  one  1  made  and  am  using. 

It  is  made  principally  of  Ix'^-in-  ga'- 
anized  strips.    The  top  of  the  table,  13 


POWER 

feet.  Someone  suggested  dynamite,  and 
they  grabbed  at  the  suggestion  like  a 
drowning  man  grais  at  a  straw. 

The  pinion  was  laid  on  its  side  at  a 
safe  distance  from  all  buildings,  one 
stick  of  dyna.T.ire  was  set  against  the  end 
of  the  shaft  where  't  was  broken  off  and 
then  mudded  in  w;th  stiff  clay.  When 
everyone  got  under  cover  the  dynamite 
was  exploded.  The  concussion  loosened 
things  up  sc  that  fn'e  minutes'  work  re- 
moved the  si  ift,  and  everyone  went  to 
the  '^air. 

Earl  Pacett. 

Coffeyville,  Kan. 
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The  face  bushing  is  screwed  about  half 
of  its  threads  into  the"  tee  and  the  3-in. 
pipe  coupling  is  screwed  on  the  other 
half  of  the  threads.  All  similar  siphons 
I  have  made  work  on  12-  and  15-ft. 
lifts  throwing  2' '-in.  streams  of  water. 
Roman  S.  Wilhelm. 

Indianapolis,  Ind. 


Home-made  Oil-tray  Stand 

in.    in    diameter,   is   made    of   wood    held 
inside  the  band. 

I  have  a  nickel-plated  tray  on  which 
to  set  my  cans.  The  whole  presents  a 
good  appearance  and  cost  for  material, 
aside  from  the  tray,  just  20  cents 

F.  W.  BaiR. 

Hancock,  Mich. 


Dynamite  for  Removing  Pin- 
ion from  Shaft 

The  machinists  in  the  plant  where  I 
am  employed  pulled  off  a  stunt  recently, 
a  description  of  which  may  help  someone 
out  of  a  tight  place  some  time. 

We  were  all  to  have  a  half  holiday  to 
attend  the  county  fair  and  on  this  par- 
ticular day  at  about  10:30  a.m.,  the  3- 
inch  drive  shaft  on  a  mill  broke  off  close 
in  the  end  of  the  driving  pinion.  The 
pinion  was  about  10  inches  in  diameter 
by  14  inches  long  and  had  15  teeth.  The 
mill  was  needed  badly  the  next  morning. 
The  first  step  was  to  get  a  new  shaft, 
which  was  an  easy  one,  as  the  manufac- 
turers of  the  mill  have  a  local  storehouse 
for  repairs  and  we  had  only  to  send  the 
teamster  a  few  blocks  to  get  it. 

The  second  problem  was  to  get  the 
pinion  off  of  the  old  shaft  and  onto  the 
new  one,  and  as  it  had  taken  about  six 
hours  of  hard  sledging  and  drilling,  to 
get  this  same  pinion  off  once  before  when 
the  shaft  broke,  it  looked  as  if  someone 
was  doomed  to  miss  the  fair. 

All  efforts  to  drive  out  the  old  shaft 
j:j  „^t  copm  tn  have  anv  acpreciable  ef- 


Flywheel  Repair 

The  engine  carrying,  this  wheel  was 
equipped  with  a  ball  governor  having  no 
automatic  stop.  The  governor  belt  broke 
and  permitted  the  engine  to  run  away 
and  break  the  wheel. 


Home  Made  Ejector 

The  figure  shown  herewith  illustrates 
the  construction  of  a  steam  siphon  or 
ejector  that  can  be  easily  and  cheaply 
made  with  a  few  common  pipe  fittings. 

I  tiave  made  five  of  these  lately,  and 
two  of  them  have  been  in  service  24 
hours,  ler  day  for  the  past  few  months. 
All  are  of  the  3-in.  size,  the  suction 
pipe  if  3  in.  while  the  outlet  or  discharge 
is  som  times  reduced  to  2'/2  in.  The  list 
of  fittir.gs  needed  is  as  follows:  One 
3-in.  tee,  one  3xll<-in.  face  bushing, 
one  3xl-in.  bushing,  one  3-in.  pipe  coup- 
ling, one  1-in.  locknut  (when  the  lock- 
nut  was  not  at  hand  I  sawed  a  piece  off 
a  1-in.  coupling  and  used  it  as  a  lock- 
nut.),  one  l^j-in.  nipple  6  in.  long  with 
a  thread  on  one  end  long  enough  to 
permit  it  to  be  screwed  through  the  face 
bushing  to  the  center  of  the  tee;  omitting 
the  thread  on  other  end;  one   1-in.  nip- 


Section  Showing  Design  of  Ejector 

pie  drawn  to  a  point  and  a  -J-^-in.  hole 
drilled  into  the  small  end. 

This  forms  the  steam  nozzle  and  is 
screwed  into  the  tee  through  the  3xl-in. 
bushing  to  within  H4  '"•  from  the  l'<- 
in.  nipple  which  forms  the  delivery  noz- 
zle. The  1-in.  nipple  has  a  long  thread 
cut  on  the  nozzle  end  to  permit  the  ad- 
justment  of  the  nozzle  as  the  siphon 
will  not  work  unless  it  is  properly  ad- 
justed. This  can  be  done  only  by  trying 
it,  and  when  the  nozzle  is  in  the  right 
place,  the  locknut  is  run  up  tight  against 
the   3x1-in.  bushing. 

The  place  where  the  nozzle  works  best 
is  generally  about  l-M  in.  from  the  H4- 
in.  nipple,  which  forms  the  delivery  noz- 
zle. The  IJj-in.  nipple  is  screwed  through 
the  face  bushing  to  the  center  of  the  tee. 


Showing    Manner    of    Repairing    Fly- 
wheel 

Five  of  the  six  spokes  broke  at  the 
rim  and  at  the  hub,  but  the  remaining 
spoke  broke  at  the  rim  only. 

The  accompanying  figure  illustrates  the 
manner  in  which  the  wheel  was  repaired. 

This  wheel  was  repaired  six  months 
ago  and  has  been  giving  satisfaction  ever 
since.  When  it  is  taken  into  considera- 
tion that  this  engine  runs  almost  24 
hours  a  day,  it  is  reasonable  to  assume 
that  the  repair  will  last  as  long  as  the 
engine. 

The   ^,s-in.  studs  shown  in  the  cracks 
were   put  in   and   riveted   to   prevent   the 
arms   from  "walking"  out   of  position. 
Joseph  F.  Pflum. 
Canton,  111. 


How  to  Test  and  Treat  Feed 
Water 

I  think  it  is  generally  conceded  by  en- 
gineers that  the  weak  place  in  a  modern 
steam  plant  is  the  boiler  equipment. 
There  have  been  wonderful  improve- 
ments in  engines  and  electrical  machin- 
ery in  the  last  few  years,  but  little  has 
been  done  to  make  life  easier  for  the 
boiler-room  force. 

In  my  own  experience,  the  principal 
trouble  is  with  scale  and  corrosion.  I 
have    tried    numberless    kinds    of   boiler 
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compounds,  and  at  first  got  excellent  re- 
sults from  all  of  them.  But  invariably 
disappointment  came,  due,  I  suppose,  to 
the  continual  changing  of  the  composi- 
tion of  the  water  at  different  seasons  of 
the  year. 

We  have  water  here  containing  at  dif- 
ferent seasons  from  30  to  50  grains  of 
solids  to  the  gallon;  these  are  of  such  a 
nature  that  I  have  screwed  on  a  2-in. 
pipe  fitting  by  hand,  and  in  two  months 
I  have  been  unable  to  take  the  fitting 
off   without   splitting   it. 

Some  years  ago  I  started  to  study  up 
on  water  softeners,  believing  that  my 
best  course  lay  in  softening  the  water 
before  it  went  to  the  boiler.  I  wrote  to 
an  engineering  magazine  for  advice,  and 
in  reply  received  a  letter  advising  me 
by  no  means  to  undertake  anything  of 
the  sort,  as  I  would  get  into  all  kinds  of 
trouble.  It  ended  by  giving  me  the  name 
of  a  firm  making  water-softening  appa- 
ratus. I  wrote  to  this  firm,  and  in  reply 
got  a  proposition  that  would  have  meant 
an  expense  of  over  $2000  if  I  had  taken 
it  up.  As  the  entire  boiler  plant  to  be 
protected  by  this  apparatus  cost  less  than 
this  amount,  it  can  easily  be  guessed  that 
I  did  not  pursue  the  matter  much  fur- 
ther. 

I  have  kept  a  close  watch  on  the 
trade  papers,  and  have  seen  a  good 
many  articles  by  college  professors,  etc., 
on  the  subject,  but  invariably  they  have 
been  too  heavy  for  engineers  who,  like 
me,  are  shy  on  technical  education,  or 
who  have  no  time  to  wade  through  it 
all  to  get  the  application  for  their  own 
needs. 

I  have  studied  and  experimented  and 
talked  to  everybody  I  met  who  knew 
anything  about  the  subject,  until  I  can 
now  keep  my  boilers  absolutely  clean 
with  about  two  hours'  work  per  month. 

I  use  lime  and  soda  only,  but  it  is 
important  to  get  the  right  proportions  of 
each,  and  this  is  easily  done. 

The  apparatus  and  chemicals  needed 
are,  one  burette  graduated  in  i\t  c.c,  one 
50-c.c.  graduate  cylinder,  2  oz.  of  phenol- 
phthalein  in  solution,  2  oz.  of  methyl 
orange,  and  4  oz.  of  iV.  normal  sulphuric 
acid.  These  chemicals  can  be  obtained 
of  any  chemist,  and  they  will  be  suffi- 
cient for  a  year  or  more. 

In  testing  the  treated  water,  it  is  nec- 
essary to  find  the  degree  of  alkalinity  and 
of  causticity.  First  secure  an  analysis 
of  the  raw  water,  and  for  each  grain 
per  gallon  of  carbonate  of  lime,  as  shown 
by  such  analysis,  put  into  each  1000  gal 
of  water  to  be  treated  0.098  lb.  of  com- 
mon unslacked  lime.  To  each  grain  per 
gallon  of  carbonate  of  magnesia  add 
0.234  lb.  of  lime;  for  each  grain  per  gal- 
lon of  sulphate  of  lime  add  0.125  lb. 
soda  ash;  for  each  grain  per  gallon  of 
sulphate  of  magnesia  add  0.08  lb.  of 
lime  and  0.14  lb.  of  soda;  for  each  grain 
per  gallon  of  chloride  of  magnesia  add 
0.1    lb.    of    lime   and    0.17   lb.   of   soda. 


To  provide  for  the  constant  changes  in 
the  water,  it  will  be  necessary  to  test 
the  treated  water  occasionally,  which  is 
done  as  follows:  Measure  arcurately  50 
c.c.  of  the  treated  watc.'  and  pour  it 
into  a  clear-glass  tumbier.  Add  with  a 
medicine  dropper  2  drcps  of  the  methyl 
orange  and  a  few  drois  of  the  phenol. 
Shake  until  thoroughly  mixed.  Then  fill 
the  burette  with  the  s'llphuric  acid  and 
run  it  into  the  tumbler,  drop  by  drop,  un- 
til the  red  color  in  the  water  just  changes 
to  yellow.  Take  the  reading  of  the 
burette  before  and  after,  the  difference 
between  the  two  readings  being  the 
amount  of  acid  necessary  to  make  this 
change.  Each  iV  c.c.  indicates  I  part 
per   100,000  of  causticity. 

Now  run  in  more  of  the  sulphuric  acid 
until  the  yellow  color  just  changes  to 
pink;  each  Tn  c.c.  of  acid  used  indicates 
1  part  per  100,000  of  alkalinity.  The 
alkalinity  includes  the  causticity,  and  is 
therefore  always  the  greater.  In  prac- 
tice, the  causticity  should  be  about  half 
the  alkalinity. 

If  the  test  shows  less  than  half,  more 
lime  should  be  added;  that  is,  there 
should  be  more  in  proportion  to  the  soda 
used.  I  slake  up  at  one  time  enough 
lime  and  soda  to  last  several  days,  and 
put  enough  of  the  mixture  into  my  set- 
tling tanks  so  that  the  water  in  the  boiler 
begins  to  show  just  a  little  discolora- 
tion in  the  gage-glass.  If  too  much  is 
used  it  might  cause  priming,  but  a  little 
care  at  first  will  soon  show  the  proper 
amount  to  use.  The  really  important 
thing  is  to  change  the  proportions  of  lime 
and  soda  to  suit  the  changes  in  the 
raw  water.  I  use  two  wooden  tanks  for 
settling  the  water^  each  large  enough  t* 
hold  water  for  six  or  eight  hours'  run, 
using  them   alternately. 

I  believe  that  any  engineer  can  rig  up 
such  an  outfit  at  small  expense,  and  that 
by  using  a  little  judgment  in  following 
out  these  directions  he  can,  in  the  main, 
get  results  that  will  surprise  him.  I 
will  be  glad  to  hear  from  anyone  trying 
the  plan,  and  will  answer  any  questions 
put  to  me  by  anyone  wanting  further' in- 
formation. 

Albert  J.  Wickes. 

San  Luis  Obispo,  Calif. 


Isolated    Plant  Engineers' 
Opportunities 

In  view  of  the  continuous  encroach- 
ment of  the  central  station,"  it  is  up  to  the 
isolated-plant  engineer  to  put  on  his 
thinking  cap,  and  find  out  for  himself  in 
what  way  he  can  increase  the  efficiency 
and  the  economy  of  the  machinery  in  his 
care. 

It  is  safe  to  say  that  not  a  single  plant 
is  running  where  some  economy  could 
not  be  effected,  some  improvement  made 
involving  greater  efficiency,  if  the  engi- 
neer would  but  take  the  time  and  trouble, 


apart  from  his  ordinary  duties,  to  look 
closely  into  all  the  details  of  his  plant. 

How  often  one  sees  large  quantities  oi' 
wasted  coal  and  gases  pouring  out  of  the 
stack  in  the  forn;  of  srhoke.  The  only 
effective  "smoke  preventer"  is  a  good 
fireman. 

In  very  many  small  plants,  exhaust 
steam  goes  direct  into  the  atmosphere 
and  is  lost,  when  useful  work  might 
easily  be  obtained  from  it  for  heating  the 
boiler- feed  water,  etc.  The  advantages 
of  heating  the  feed  consist  not  only  in  a 
direct  saving  of  fuel  but  also  in  a  re- 
duction in  the  strains  in  the  boiler,  tend- 
ing to  prolong  its  life,  and  minimizing  the 
danger  of  leakage  and  consequent  de- 
terioration, which  is  often  very  rapid.  A 
little  ingenuity  on  the  part  of  the  engi- 
neer, and  the  exhaust  steam  from  non- 
condensin;,  engines  could  be  made  to  ef- 
fect a  considerable  saving  in  the  coal 
account. 

Another  way  in  which  to  effect  a  sav- 
ing is  to  place  a  series  of  pipes  in  the 
flue  between  the  boiler  and  the  stack  and 
pass  the  feed  water  through  these  pipes. 
The  percentage  of  saving  effected  in  heat- 
ing the  feed  water  by  such  an  econo- 
mizer, or  by  an  exhaust-steam  feed-water 
heater,  is  found  as  follows: 


loo  X  (  — j  =  percentage  of 


saving 


where 

T  --  Final    temperature    of    the    feed 

water; 
t  =  Temperature  of  feed  water  be- 
fore heating; 
H  =  Total  heat  of  the  steam  in  the 
boiler  at  an>?  pressure  above 
the  atmosphere. 
With  gases  leaving  the  boiler  at  a  tem- 
perature of  650  to  700  degrees  Fahren- 
heit the  temperature  of  the  feed   water 
from  the  hotwell  may  be  raised  in  such 
an   economizer  as   high   as  300  degrees 
Fahrenheit  and  even  higher,  resulting  in 
a   very  decided   economy.     If  is   not  de- 
sirable to  put  in  an  economizer  when  the 
temperature  of  the  gases  on  leaving  the 
boiler  is  below  400  degrees  Fahrenheit. 
To   further  insure  economy  in  the  use 
of  the   steam   and   the   efficient   operation 
of   the    engine    generally,   the    intelligent 
application  of  the  steam-engine  indicator 
is  not  only  necessary  but  imperative.  The 
indicator    diagram    affords    an    excellent 
guide  in  setting  the  valves  of  the  engine; 
it  enables  the   horsepower  developed  to 
be  readily  calculated,  and  it  generally  re- 
veals the   whole   behavior  of  the  steam 
during   the    performance   of   its   work    in 
the  steam-engine  cylinder. 

If  the  operating  engineer  would  in 
every  case  rise  to  his  opportunities,  there 
would  be  little  danger  (except  in  some 
extreme  cases)  of  his  being  supplanted 
by  the  use  of  power  from  the  central 
station. 

John  Creen. 
Seattle,  Wash.     ■ 
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Questions  Before  the  House 

Comment,  criticism,  suggestions  and  debate  upon  various  articles, 
letters  and  editorials   which  have  appearq^  in  previous  issues 


Inertia  of  Air  Compressor 
Intake 

Some  time  ago,  Snowden  B.  Redfield 
wrote  an  interesting  article  in  Power 
concerning  the  gain  in  the  volumetric 
efficiency  of  an  air  compressor,  made 
possible  by  utilizing  the  inertia  of  the 
moving  column  of  air  in  a  long  intake  to 
partially  compress  the  air  in  the  cylinder 
at  the  end  of  the  suction  stroke.  In  a 
more  recent  issue,  John  S.  Leese  has 
added  a  few  words  on  the  same  subject. 
That  there  is  such  an  inertia  effect  and 
that  under  some  conditions  it  has  a  ten- 
dency to  increase  the  volumetric  efficiency 
of  the  compressor  I  think  no  one  will 
deny,  but  the  gain  is  not  so  great  as  Mr. 
Redfield  would  lead  one  to  believe. 

To  illustrate  his  views  he  calculates  a 
specific  example.  His  method  is  interest- 
ing and  probably  gives  a  fair  approxima- 
tion of  what  might  be  expected,  but  when 
he  states  that  the  results  represent  an 
increase  in  volumetric  efficiency  of  5  per 
cent.,  he  takes  into  account  only  the  pres- 
sure and  the  volume  and  overlooks  the 
third  important   factor,  temperature. 

In  the  case  under  discussion,  since  no 
effort  is  made  to  cool  the  intake  and 
since  the  number  of  compressions  is  so 
great,  the  compression  will  be  very  near- 
ly adiabatic.  If  it  is  assumed  that  this 
is  the  case,  then  the  rise  in  temperature 
can  be  calculated  by  the  formula 


sure  and  temperature  this  formula  may 
be  used: 

pv 


53-35  T 

where 

IV  =  Weight  in  pounds; 

p  —  Absolute    pressure    in    pounds 

per  square  foot; 
i;  =  Volume    in    cubic    feet; 
T  =  Absolute    temperature     F.    de- 
grees. 
Since   the   actual   cylinder   capacity   of 
the  compressor  does  not  enter  into  this 
part  of  the  problem,  for  the  sake  of  sim- 
plicity,  assume   the   piston   displacement 
to  be  1  cu.ft.    Then  applying  the  formula 
for  air   at  60  deg.  temperature   and   at- 
mospheric pressure, 

^,.^_'4.7  X  144  X  I      3=0.0,5,03 
53-35  X  (460  +  60) 
lb.  per  cu.ft- 
For  air  at  67.32  deg.  and  gage  pressure 
0.726  lb.  per  square  inch, 

(14.7  +0-726)  X  144  X  I  _ 
'"""  53-35  X  (460  +  67.32) 
0.07806  lb.  per  cu.ft. 


where  Ti  and  T2  equal  the  absolute  tem- 
peratures before  and  after  compression 
and  Pi  and  p,  the  respective  absolute 
pressures.  Since  an  inlet  temperature  of 
60  deg.  F.  was  assumed  the  temperature 
of  the  air  in  the  cylinder  after  it  has 
been  compressed  to  a  gage  pressure  of 
0.726  lb.  per  square  inch  by  the  inertia 
effect  will  be 

T.,  =  (460  +  60 )  (^ -^     ^^_ '        = 

527. 3J  deg.  F. 
above  absolute  zero  or 

527.32  —  460  =  67.32  deg.  F. 
above  Fahrenheit  zero;  that  is,  the  iii- 
ertia  compression  has  warmed  the  air 
7.32  deg.  To  find  the  effect  this  has  on 
the  volumetric  efficiency  the  actual  weight 
of  the  air  under  these  conditions  must 
be  found. 

To  find  the  weight  of  air  at  any  pres- 


Reproduction  of  Diagrams  in  Fig.  1  of 

Mr.  Redfield's  Article,  Showing 

Effect  of  Air  Inertia 


The  ratio  of  the  volumetric  efficiencies 
of  the  compressor  when  using  the  direct 
and  when  using  the  long  intake  will  be 
approximately  equal  to  the  ratio  of  the 
weights  of  the  air  in  the  cylinder  at  the 
commencement  of  the  compression  stroke. 
Then,  if  a  volumetric  efficiency  of  80  per 
cent,  is  assumed  when  the  compressor 
is  getting  its  air  direct  and  calling  the 
volumetric  efficiency  with  the  long  in- 
take equal  to  X, 

80 0.076303 

X  0.078960 
or  X  =  82.786  per  cent.,  thus  showing 
a  gain  of  2.786  per  cent,  in  favor  of  the 
long  intake  at  the  head  end.  At  the 
crank  end  a  similar  calculation  based  on 
Mr.  Redfield's  figures  shows  a  gain  of 
1.86  per  cent.,  making  the  gain  for  both 
ends  average  about  2.3  per  cent. 

The   question   now   arises,   will   an   in- 


crease of  2.3  per  cent,  in  the  volumetric 
efficiency  of  the  compressor  show  an  ap- 
preciable decrease  in  the  power  required 
to  drive  it?  Mr.  Redfield  admits  that 
the  momentum  given  to  the  air  in  the 
intake  must  have  been  obtained  from  the 
compressor  piston,  and  this  in  turn  must 
have  received  the  necessary  power  from 
the  driving  mechanism. 

If,  then,  the  inertia  effect  is  as  effi- 
cient in  compressing  the  air  into  the 
cylinder  as  the  piston  is  in  compressing 
it  into  the  discharge,  then  as  far  as  the 
actual  air  compressing  is  concerned,  the 
power  required  per  unit  weight  of  air 
will  be  neither  increased  nor  decreased 
by  the  addition  of  the  long  intake.  But, 
since  the  volumetric  efficiency  has  been 
increased  2.3  per  cent.,  then  to  compress 
the  same  amount  of  air  the  compressor 
speed  can  be  reduced  in  proportion,  and 
would  reduce  the  friction  loss  of  the 
compressor.  If  the  loss  by  mechanical 
friction  in  the  compressor  is  15  per  cent., 
then  a  reduction  in  speed  of  2.3  per  cent, 
would  save  2.3  per  cent,  of  15  per  cent. 
=  0.345  per  cent,  of  the  total  power  re- 
quired to  drive  the  compressor. 

This  small  gain  is  more  than  swallowed 
up  by  the  friction  losses  in  the  intake. 
An  examination  of  the  indicator  diagrams 
shown  by  Mr.  Redfield  as  Fig.  1  will 
show  that  the  area  between  the  "hook" 
at  B  and  the  atmospheric  line  is  much 
greater  than  the  area  under  the  toe  at  A 
bounded  by  the  atmospheric  line,  the 
suction  line,  and  a  line  drawn  from  the 
point  A  to  the  atmospheric  line.  This 
shows  that  the  power  required  to  get 
the  column  of  air  in  the  intake  in  mo- 
tion is  much  greater  than  the  power  given 
up  by  its  momentum  at  the  end  of  the 
stroke. 

The  difference  between  these  areas 
represents  the  air  friction  loss  through 
the  intake  and  the  suction  valves.  The 
excessive  drop  in  pressure  at  the  be- 
ginning of  the  suction  stroke  shows  that 
a  rebound  has  taken  place,  and  that  at 
the  instant  of  the  opening  of  the  valve 
the  air  has  reversed  its  flow  and  is  back- 
ing out  of  the  intake.  This  rebound,  or 
outward  rushing  of  the  air,  can  very 
often  be  distinctly  felt  at  the  outer  end 
of  the  intake.  It  is  this  forward  and 
backward  swishing  of  the  air,  and  the 
resulting  loss  through  friction  and  tem- 
perature rise  that  cause  the  gain  to  be 
converted  into  a  loss  on  the  power  end. 
A.'  E.  Mueller. 
Mayville,  Wis. 
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Coal  and  Clinkers 

I  have  read  Mr.  Bailey's  article  in 
the  Nov.  28  issue  and  the  one  by  him 
published  some  time  ago,  and,  while 
both  are  interesting  and  instructive,  I 
think  he  lays  too  much  stress  on  the 
importance  of  the  fusing  point  of  the 
ash.  It  is  a  hard  thing  to  lay  down  any 
rule  for  determining  the  clinkering  prop- 
erties of  coal  by  any  chemical  analysis, 
as  Mr.  Bailey  has  pointed  out,  and  it  is 
logical  that  the  lower  the  fusing  point 
of  the  ash,  the  more  clinker  there  will 
be  formed.  However,  I  claim  that  the 
clinkering  properties  of  coal  depend  al- 
most as  much  on  the  conditions  under 
which  it  is  burned  as  on  the  fusing  point 
of  the  ash;  that  is,  under  certain  condi- 
tions almost  any  coal  will  form  con- 
siderable clinker,  while  under  other  con- 
ditions a  coal  containing  very  fusible 
ash  can  be  burned  without  difficulty. 

Just  what  makes  ashes  fusible  de- 
pends on  various  constituents,  no  one  of 
which  can  be  used  as  a  positive  indica- 
tion of  fusibility.  Certain  proportions  of 
lime  and  silica  will  fuse  very  easily, 
while  other  proportions  of  the  same  ele- 
ments will  make  an  almost  infusible 
mixture.  Anybody  familiar  with  blast- 
furnace work  knows  that  the  chemists 
figure  out  the  charges  of  limestone  and 
ore,  which  contain  silica,  in  order  to 
get  a  slag  of  a  certain  fusibility. 

Iron  in  the  lower  state  of  oxidation  is 
a  very  powerful  flux  for  silica.  When 
iron  in  this  condition  comes  in  contact 
with  the  bridge-wall  or  side  walls,  it 
fluxes  the  firebrick,  and  forms  a  hard 
clinker  which  sticks  to  the  walls  and 
which  it  is  almost  impossible  to  break 
off.  It  must  not  be  understood  that  a 
high  percentage  of  iron  in  the  ash  is  a 
positive  proof  of  clinkering  properties. 
Several  persons,  including  Mr.  Bailey, 
have  shown  that  the  relation  of  iron  to 
clinker  is  not  positive.  If  a  laboratory 
is  available  and  an  analysis  of  the  clinker 
can  be  made,  the  troublesome  factor  can 
be    quickly   determined. 

The  formation  of  clinker  has  been  pre- 
vented by  various  methods;  in  some 
cases  by  mixing  lime,  limestone  or  oyster 
shells  in  the  coal,  and  in  others  by  add- 
ing sand,  clay  or  similar  materials,  and 
in  still  others  by  mixing  two  kinds  of 
coal.  Again,  the  admission  of  steam  un- 
der the  grates  or  the  presence  of  water 
in  the  ashpit  has  often  given  good  re- 
sults. 

I  do  not  consider  the  fusing  tempera- 
ture of  the  ash  anything  like  as  important 
in  buying  coal  as  the  heat  value.  By 
that  I  mean  the  temperature  as  deter- 
mined in  the  laboi  itory.  Very  few  buyers 
will  purchase  a  coal  on  specification  only 
without  a  preliminary  trial,  and  if  a  coal 
clinkers  badly  under  trial  I  would  say  to 
reject  it  regardless  of  its  ash-fusing 
temperature.  As  to  the  heat  value,  the 
heat   is  what   coal   is   bought   for,  and   it 


necessarily   follows  that  this  should   be 
the   basis   of  the  selling  price. 

It  is  possible  that  a  sample  of  the  ash 
prepared  in  the  laboratory  would  have 
a  different  fusing  point  than  that  which 
would  be  produced  in  the  furnace.  While 
in  most  cases  I  would  consider  this 
improbable,  it  is  not  impossible,  and  the 
matter  would  stand   investigation. 

Further,  coals  having  ash  of  low  fus- 
ing point  might  be  such  that  their  burn- 
ing temperature  would  be  corresponding- 
ly low.  For  example,  lignitic  coals  often 
have  fusible  ash  but  do  not  often  make 
clinkers  as  they  burn  at  a  low  tempera- 
ture. Conditions  might  be  such  that 
very  little  clinker  would  be  formed  in 
any  case,  as,  for  instance,  with  a  small 
boiler  with  a  light  load,  special  settings, 
etc.  , 

Nearly  all  tests  seem  to  show  that  the 
efficiency  does  not  fall  to  any  marked 
degree  unless  the  clinker  is  excessive, 
say,  about  50  per  cent,  of  the  ash  and 
refuse.  However,  as  a  rule,  it  is  im- 
possible to  get  a  high  capacity  out  of 
boilers  when  clinkering  troubles  are  ex- 
perienced. In  plants  where  high  peak 
loads  have  to  be  carried  for  certain  per- 
iods, even  a  moderately  clinkering  coal 
would  be  fatal,  but  many  plants  which 
have  a  moderate,  even  load  could  handle 
the  same  coal  very  successfully.  A  prac- 
tical test  under  the  conditions  required 
is  the  only  way  in  which  to  find  whether 
coal  is  suitable  regardless  of  all  the 
laboratory  determinations.  After  the  re- 
quirements have  been  met  successfully 
the  basis  of  price  should  be  the  amount 
of  heat  available  for  steam-making  pur- 
poses. 

James  E.  Steely. 

Covington,  Va. 


I  remember  that  once  an  accident  hap- 
pened to  a  dashpot  and  this  kept  the 
steam  valve  open  (the  closing  not  being 
positive  but  depending  on  the  dashpot). 
The  valve  simply  stayed  open  and  in  no 
way   hurt   the   stem   or  the   crosshead. 

I  have  heard  of  links  on  the  exhaust 
being  broken  by  something  getting  caught 
in  the  valve.  I  should  advise  Mr.  Cultra 
to  look  over  the  lifting  studs  (studs 
screwed  into  the  tops  of  the  valves  to 
limit  their  lift  off  the  seat),  try  the  valves 
for  side  play,  and  above  all  ease  off 
those  knife  edges. 

Samuel  H.  Winterbottom. 

Woonsocket,    R.    1. 


Broken  Valve  Cro.sshead 

After  reading  over  the  letter  of  R.  A. 
Cultra,  in  the  Dec.  19  number,  I  think 
that  I  may  be  able  to  help  him  a  little. 

I  am  operating  a  Green  engine  built 
about  18  years  ago  by  the  Providence 
Engine  Works,  Providence,  R.  I.  This 
engine  is  a  little  larger  than  Mr.  Cultra's. 
I  have  never  had  the  least  bother  with 
excessive  wear  or  nicking  of  the  tappets 
or  toes.  We  have,  however,  had  some 
bother  with  the  bolt  that  holds  the  two 
parts  of  the  stem  together. 

I  think  that  Mr.  Cultra  would  over- 
come most  of  his  trouble  if  he  would 
ease  off  those  sharp  corners  on  the  valves 
as  he  says,  "they  are  as  sharp  as  a 
knife  edge."  This  knife  edge  scrapes 
the  oil  off,  whereas  if  the  edge  were 
eased  off  the  least  bit  it  would  give  the 
oil  a  chance  to  get  between  the  valve 
and  seat.  I  have  often  done  the  same 
thing  to  a  piston  ring. 

My  only  trouble  has  been  with  the 
steam  valves  on  a  Green  engine.  If  the 
valves  got  dry  or  if  any  obstruction  got 
in   the   way,   the   valves   would   not   shut. 


Cause  of   Boiler    Explosions 

In  the  issue  of  Jan.  2,  1  note  an  arti- 
cle by  D.  M.  Eraser  on  "Cause  of  Boiler 
Explosions." 

I  do  not  believe  that  air  confined  in  a 
boiler  while  steam  was  being  raised 
therein  ever  directly  caused  an  explo- 
sion. I  think  it  must  be  supplemented  by 
some  other  cause  to  produce  the  effect, 
such,  for  instance,  as  Lester  A.  Fitts  de- 
scribes in  the  same  issue  under  the  head- 
ing, "Timely  Discovery  of  Serious  Lap 
Crack."  If  this  had  not  been  discovered 
it  would  probably  have  caused  an  explo- 
sion under  the  impulsion  of  a  very  slight 
shock,  as  may  be  caused  by  the  presence 
of  air  entrapped  in  the  boiler  while  get- 
ting up  steam. 

Victor   Bonn. 

New  York  City. 


Isolated  Plant  Owners  Re- 
sponsible 

In  the  Dec.  19  issue,  1  read  the  letter 
under  the  above  head.  In  some  estab- 
lishments the  power  division  is  seriously 
neglected  and  very  little  attempt  is  made 
to  determine  whether  the  plant  is  op- 
erating as  economically  as  possible.  The 
engineer  is  not  treated  in  the  same  way 
as  are  other  department  heads,  as  the 
latter  are  made  responsible  for  the  qual- 
ity and  quantity  of  the  goods  turned 
out  and  are  given  some  say  as  to  the 
materials  used.  To  men  who  are  capable 
of  doing  such  work  and  assuming  the 
responsibility,  good   wages  are  paid. 

The  engineer,  on  the  other  hand,  is 
frequently  hampered  by  being  required 
to  do  his  work  with  men  he  does  not  em- 
ploy and  whose  scale  of  wages  is  not  set 
by  him.  The  coal  is  bought  on  the  price 
basis,  not  on  quality.  He  is  often  limited 
in  the  matter  of  cost  of  oil,  waste  and 
other  materials.  He  frequently  finds  it 
impossible  to  get  the  owners  to  purchase 
such  new  machinery  or  apparatus  as  will 
assist  him  in  keeping  the  plant  in 
its  best  condition.  He  is  frequently  held 
responsible  for  the  condition  of  the  shaft- 
ing and  belting,  besides  the  operation  of 
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the  engines  and  boilers.  Yet,  he  is  not 
allowed  to  use  his  judgment  in  the  pur- 
chase of  materials. 

The  first  cost  is  frequently  the  only 
cost  considered;  operating  cost  is  not 
considered  except  as  it  affects  him.  If 
his  costs  run  high,  he  is  blamed,  and  no 
excuses  are  accepted.  The  cause  for 
high  costs  is  frequently  the  inferior  ma- 
terial which  the  purchasing  agent  or 
plant  owner  or  manager  purchases,  di- 
rectly against  the  judgment  of  the  man 
who  is  held  responsible. 

The  engineer  is  not  paid  in  accordance 
with  his  responsibility.  He  is  looked  up- 
on as  merely  an  engine  runner  and  as,  a 
necessary  evil,  and  not  as  a  manager  of 
a  most  important  part  of  the  entire  out- 
fit. The  owner  well  realizes  that  the 
successful  operation  of  his  plant  depends 
upon  its  engine;  but  apparently  he  does 
not  realize  that  in  order  to  have  the  en- 
gine operating  continuously  and  satis- 
factorily and  have  the  power  cost  as  low 
in  this  depariment  as  the  operating  costs 
are  in  any  other  department,  he  must 
pay  good  wages  to  his  engineer. 

Under  these  conditions,  it  is  easy  to 
see  why  the  isolated  plant  is  frequently 
taken  over  by  the  central  station.  There- 
fore. I  heartily  believe  with  Mr.  Blanchard 
that  the  trouble  is  far  more  with  the 
plant  owner  than  with  the  engineer  in 
many  isolated  plants.  But  I  also  be- 
lieve that  it  is  up  to  the  engineer  to  do 
the  best  he  can  with  the  apparatus  that 
is  supplied,  getting,  when  possible,  addi- 
tional apparatus  and  supplying  to  the 
plant  owner  or  manager  in  as  much  de- 
tail as  he  possibly  can  the  information 
he  is  able  to  collect.  Show  him  from 
time  to  time  its  value  and  ask  for  ap- 
paratus which  will  enable  him  to  give 
still  more  information,  stating  the  rea- 
sons why.  Such  signs  of  interest  will 
stimulate  the  owner  and  result  in  in- 
creased wages  to  the  engineer  and  in  de- 
creased costs  to  the  owner,  and  the  en- 
gineer will  be  considered  an  important 
adjunct  to  the  plant  and  treated  accord- 
ingly. 

The  engineer  should  be  given  such  in- 
formation as  will  enable  him  to  work  out 
from  month  to  month,  or  even  from  week 
to  week,  the  power  costs,  including  the 
fixed  charges,  as  in  many  plants  they  are 
a  very  large  portion  of  the  power  costs. 
This  will  also  enable  the  engineer  to 
supply  the  plant  owner  with  figures  to 
refute  the  central-station  solicitors.  It 
IS  not  uncommon  for  the  central-station 
solicitor  to  place  a  large  value  upon  the 
initial  cost  of  the  plant,  sometimes  as 
high  as  $200  per  horsepower,  which  in 
most  cases  is  absurd.  If  the  actual  fig- 
ures are  known  and  are  always  on  hand, 
no  such  fictitious  value  can  be  placed  on 
the  plant,  and,  therefore,  the  fixed  charges 
cannot  be  made  excessive. 

Care  should  be  taken  also  to  deter- 
mine the  amount  of  power  which  would 


ordinarily  be  required  to  heat  the  plant 
so  as  to  be  in  a  position  to  state  that  the 
heating  of  the  plant  costs  nothing,  which 
m.ay  be  true  so  long  as  all  of  the  exhaust 
steam  from  the  engine  is  used  for  heat- 
ing; or  that  it  costs  a  certain  sum  as  ad- 
ditional steam  is  required  beyond  that 
which  the  engine  can  supply. 

Henry   D.  Jackson. 
Boston,   Mass. 


Cost  of  Power  in  New 
England  Mills 

From  a  casual  perusal  of  the  article 
by  H.  G.  Brinckerhoff,  under  the  above 
title,  published  in  the  issue  of  Dec.  19 
it  would  appear  that  "wise  men  of  the 
East"  have  discovered  an  independent 
steam  power  plant  where  the  cost  of  one 
horsepower  is  S16.68  per  annum,  based 
on  53  working  hours  per  week,  and  ref- 
erence»is  made  to  a  similar  plant  where, 
on  the  same  basis,  the  cost  is  $14.57  per 
year. 

The  figures  quoted  may  'or  may  not 
represent  superior  economy  compared 
with  the  performance  of  other  plants,  de- 
pending on  whether  the  cost  applies  to 
.3.^,000  ft.-lb.  per  minute,  actually  de- 
livered. 

The  high  standing  of  the  designers  of 
the  plant  described  is  sufficient  guarantee 
of  the  excellence  of  its  appointments. 
But  Mr.  Brinckcrhoff's  statements  are 
indefinite  and  misleading  as  to  the  cost 
per  horsepower  actually  delivered,  if  the 
figure  quoted  for  cost  per  horsepower 
per  annum  is  based  on  gross  indicated 
power  without  an  estimate  of  any  kind 
as  to  the  indicated  power  lost  in  trans- 
mission and  engine  friction,  and  in  driv- 
ing the  condenser  pump,  power-driven 
pumps,  etc.,  all  of  which  tend  to  reduce 
the  amount  of  power  actually  delivered 
to   the   mill. 

The  author  states  that  "The  best  elec- 
tric-power transmission  offer  was  in  the 
neighborhood  Of  $30  per  kilowatt  de- 
livered on  the  switchboard  in  the  mill," 
and  that  the  installation  of  the  inde- 
pendent power  plant  resulted  in  "$9140.02 
saving  per  year  over  buying  power,  be- 
sides getting  all  heating."  He  estimates 
this  saving  on  the  erroneous  assumption 
that  indicated  horsepower  required  to  be 
developed  by  the  engine  in  driving  the 
mill  must  be  the  same  as  the  electrical 
horsepower  required  to  be  laid  on  the 
switchboard,  stating  further  that  "In  the 
calculation  of  difference  of  cost  no  reck- 
oning is  attempted  to  include  the  cost 
for  electric  power  which  would  have  been 
paid  from  the  switchboard  record  for 
all  the  electrical  losses  in  the  motors  and 
wiring  beyond  that  point.  *  *  *" 

If  it  is  assumed  that  the  same  actual 
or  brake  horsepower  would  be  required 
for  driving  the  same  loads  on  the  jack- 
shafts,  whether  derived  from  motors  or 
transmitted    by    belts    from    the    engins, 


then  the  gross  power  indicated  on  the 
engine  could  not  be  the  same  as  the 
electric  power  required  at  the  switch- 
board, unless  the  losses  in  transforming 
electric  power  from  the  switchboard  into 
actual  power  laid  on  the  jackshafts  were 
the  same  as  the  actual  power,  laid  on 
the  jackshafts  by  the  engine,  plus  the 
loss  in  transmission  plus  the  engine  fric- 
tion and  the  engine  power  employed  in 
driving  power  pumps  and  other  power- 
plant  auxiliaries.  Assuming,  however, 
as  in  the  article,  that  no  reckoning  is 
made  against  the  electric  drive  beyond 
the  switchboard,  and  that  the  losses  be- 
yond that  point  amounted  to  from  12 
to  18  per  cent,  of  the  power  at  the  switch- 
board, then,  in  order  for  a  comparison  on 
a  basis  of  equality  between  indicated 
power  with  electrical  power  delivered  at 
the  switchboard,  the  author's  conclusion 
could  be  had  only  on  the  hypothesis  that 
such  losses  by  engine  power  as  belt 
transmission,  engine  friction,  belted 
pumps  and  other  power-plant  auxiliaries, 
not  only  amount  to  less  than  from  i2 
to  18  per  cent.,  but  that  they  amount 
to  nothing. 

If  Mr.  Brinckerhofi"  can  obtain  data 
from  actual  tests  which  will  show  the 
average  amount  of  actual  or  brake  horse- 
power supplied  to  the  jackshafts  of  the 
Fitchburg  Yarn  Co.,  and  compare  that 
average  with  the  actual  cost — which  is 
the  logical  method  of  estimating  the  cost 
of  power  used  by  a  manufacturing  es- 
tablishment— the  results,  judging  from 
the  data  thus  far  given,  will  still  reflect 
credit  on  the  designers  of  the  plant,  but 
the  cost  per  annum,  per  horsepower  de- 
livered, will  be  considerably  in  excess  of 
.?  16.68. 

Franklin    Van    Winkle. 

Paterson,  N.  J. 


What  Means  the  Dome? 

The  article  and  cut  in  the  Dec.  26 
issue  pertaining  to  the  high  dome  on  a 
locomotive  discovered  in  the  jungle  of 
an  abandoned  lumber  camp  in  the  South 
interested  me.  Possibly  the  reason  for 
the  dome  was  to  get  dry  steam;  as  un- 
doubtedly the  throttle  valve  is  in  this 
dome.  One  of  the  handicaps  of  the  large 
locomotive  on  trunk  lines  is  the  low  dome 
due  to  lack  of  head  clearance,  result- 
ing in  wet  steam  and  hence  bringing 
about  the  necessity  for  superheaters 
which  are  complicated  and  bulky  for  a 
locomotive  on  which  it  is  necessary  to 
cluster  the  many  attachments  to  the 
boiler  like  barnacles  on  a  ship. 

The  high  dome  on  this  logging  engine 
may  have  been  used  to  furnish  dry  steam 
to  a  pump  or  to  drive  a  sawmill  engine 
as  on  the  side  of  the  dome  a  pipe  con- 
nection can  be  seen. 

The  writer  fired  locomotive  engines  in 
the  early  eighties,  the  boilers  being  about 
42  in.  in  diameter,  and  the  dome  was 
about  48  in.   higii,   which   gave   good   re- 
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suits  with  dry  steam  and  minimized  the 
possibility   of  priming. 

With  new  main-line  equipment  the 
boiler  is  so  large  that  it  requires  to  be 
placed  above  the  wheels,  raising  the 
boiler  still  nearer  to  the  clearance  line, 
and  thus  it  can  be  seen  that  while  the 
size  of  boiler  is  increasing  that  of  the 
dome  is  decreasing. 

John  Francis. 

Birmingham,  Ala. 


The    Del  ray    Boiler  Tests 

I  noted  with  interest  the  results  of 
"Tests  of  World's  Largest  Boilers,"  as 
given  in  the  abstract  of  Dr.  Jacobus' 
paper  in  Power  for  Dec.  5.  The  two 
series  of  tests  as  presented  seem  de- 
cidedly remarkable  both  for  the  high  effi- 
ciency obtained  and  for  the  uniformity 
of  evaporative  results.  The  tests  show 
beyond  any  doubt  that  these  boilers  will 
give  satisfactory  results  under  normal 
working  conditions  when  a  varying  load 
is  unavoidable. 

The  expectations  of  the  designers  seem 
to  have  been  realized  to  a  very  consider- 
able extent  in  regard  to  the  reductiofi  of 
losses  per  unit  of  power  generated,  and 
the  probable  better  combustion  of  the 
fuel  supplied,  all  of  which  is  traceable 
to  the  departure  from  what  has  been 
previously  considered  conventional  de- 
sign for  furnace  construction.  In  these 
boilers  the  hottest  gases  are  brought  into 
contact  with  a  comparatively  small  por- 
tion of  the  setting  wall  and  with  a  large 
area  of  heating  surface,  and  in  turn  the 
larger  portion  of  the  area  of  the  setting 
wall  is  in  contact  with  cooler  gases.  The 
relatively  large  volume  of  the  space  di- 
rectly over  the  fire  is  also  noticeable, 
where  the  gases  may  mix  and  burn  be- 
fore coming  in  contact  with  the  boiler 
tubes. 

!  do  not  quite  see  how  so  high  a  rate 
of  combustion  is  obtained  with  the  draft 
as  shown  in  the  results  given. 

C.  W.  Bell. 
Scranton,  Penn. 


Knocking  in  Air  Compressors 

The  communication  of  C.  R.  McGahey 
about  "Knocking  in  Air  Compressors," 
on  page  902  of  the  issue  of  Dec.  12, 
seems  to  challenge  criticism.  The  knock 
which  occurs  somewhere  about  mid- 
stroke  in  "straight-line"  compressors  is 
decidedly  not  "caused  by  the  elastic 
spring  of  the  air  in  the  air  cylinder  act- 
ing against  the  steam  piston  when  the 
steam  is  expanding,  due  to  the  cutoff," 
and  it  is  not  to  be  cured  by  changing 
the  cutoff,  which  should  be  adfusted  to 
suit  the  steam  pressure  and  load. 

The  knock  is  caused  by  the  reversal 
of  the  driving  forces  which  occurs  when 
the  steam  power  becomes  less  than  the 
air  resistance  and  the  flywheel,  instead 
of    being    driven,    becomes    the    driver. 


The  only  thing  apparently  to  be  done 
about  it  is  to  keep  the  main  bearings  and 
the  cofinections  with  as  little  slack  as 
possible,  and  especially  to  have  no  ver- 
tical play  between  the  crosshead  and  its 
upper  and  under  slides. 

As  to  the  slight  difference  which  may 
be  found  in  the  lengths  of  the  two  con- 
necting-rods, these  do  not  generally  make 
any  trouble,  because  the  crosshead  in 
this  type  of  compressor  is  switched  in 
the  middle.  If  your  correspondent  had 
taken  off  both  of  the  connecting-rods 
and,  accidentally  or  otherwise,  had 
shoved  the  end  of  the  crosshead  forward 
or  backward,  he  might  easily  have  found 
a  difference  of  an  inch  or  two  instead 
of  the  sixteenth  of  an  inch  reported. 
Frank  Richards. 

New  York  Citv. 


Feed  Water  Regulators 

Some  time  ago  in  an  editorial  the  ques- 
tions were  asked,  "What  is  the  use  of  a 
feed-water  regulator?  What  is  the  use 
of  keeping  the  water  level  constant?" 

A  reliable  regulator  protects  the  boiler 
and  maintains  a  steam  space  of  uniform 
volume,  thus  tending  to  produce  steam 
of  uniform  quality.  Another  point  in 
favor  of  the  regulator  is  that  it  tends  to 
maintain  the  steam  pressure  under  sud- 
den fluctuations  of  load,  although  a  be- 
lief to  the  contrary  seems  to  prevail 
among  engineers.  A  sudden  increase  in 
the  load  causes  the  water  level  to  rise 
slightly  and  this  in  turn  causes  the  regu- 
lator to  decrease  or  cut  off  the  feed  to 
the  boiler,  while  a  sudden  drop  in  the 
load  causes  a  depression  of  the  water 
level  and  instant  action  on  the  part  of  the 
regulator  to  increase  the  rate  of  feed 
to  the  boiler. 

I  believe  that  a  good  regulator  is  al- 
most indispensable  and  that  a  poor  'one 
is  a  thing  from  which  to  steer  clear.  A 
few  years  ago  the  engineer  in  one  of 
the  large  packing  houses  in  the  West 
related  the  following  to  me: 

"We  have  24  boilers  equipped  with 
automatic  stokers  and  feed-water  regu- 
lators. Once,  in  our  refrigerating  plant, 
which  adjoins  the  power  plant,  an  am- 
monia tank  burst,  killing  one  man  and 
driving  everyone  from  the  building,  and 
for  more  than  an  hour  and  40  minutes  no 
one  could  get  into  the  boiler  room.  If 
we  had  been  without  feed-water  regu- 
lators probably  nothing  could  have  saved 
the  boiler  plant  as  the  stokers  kept  up 
a  steady  fire  during  that  time." 

This  suggests  one  point  decidedly  in 
favor  of  feed-water  regulators.  Admit- 
ting the  possibility  of  all  machinery  to 
become  deranged,  it  still  must  be  con- 
ceded that  a  device  carefully  thought 
out,  designed  according  to  established 
mechanical  and  scientific  principles  and 
constructed  of  good  material  is  at  a 
critical  moment  far  more  reliable  than 
the   average   man.     Yet,   all   such   auto- 


matic machinery  requires  intelligent  at- 
tention to  see  that  it  is  kept  in  working 
condition  so  that  when  the  critical  mo- 
ment does  come  it  may  not  be  hindered 
because  of  some  loose  bolt  or  dry  bear- 
ing. 

Some  engineers  believe  that  the  auto- 
matic regulator  causes  the  firemen  or 
water-tenders  to  become  careless,  but 
my  personal  experience  has  led  me  to 
believe   just   the   opposite. 

I  look  on  the  feed-water  regulator  as 
a  good  investment.  A'  good  one  will 
usually  save  from  one  to  four  times  its 
costs  in  a  year  and  the  little  outlay  for 
it  m.ay  at  some  time  be  the  means  of 
saving  the  plant. 

C.  L.  Johnson. 

Newark,   N.  J. 


Engineers'  Wages* 

To  be  a  successful  engineer,  one  must 
have  a  grounding  in  the  mechanical 
trades,  such  as  those  of  the  machinist, 
steam  fitter,  boiler  maker,  etc.  In  any 
one  of  these  trades  alone  the  pay  is  more 
than  double  that  of  the  average  engi- 
neer in  certain  sections  of  the  country. 

Take  my  own  case,  for  example.  I  have 
been  making  a  study  of  engineering  now 
for  eight  years;  I  have  worked  hard  and 
done  the  best  I  could  for  all  of  my  em- 
ployers and  I  am  getting  very  poorly 
paid  for  it.  Now,  one  might  say,  "Why. 
doesn't  he  look  for  something  else  at 
which  he  can  earn  more?"  This  is  all 
well  and  good,  but  I  like  the  engineering 
business  best  and  I  know  that  we  will, 
get   higher  wages  soon. 

A  barber,  dentist,  bookkeeper,  or  man 
of  similar  calling  can  learn  his  business 
in  two  or  three  years  and  at  the  end 
of  that  time  draw  a  good  salary.  An 
engineer  has  to  study  almost  a  life  time, 
and  he  gets  just  a  common  laborer's 
wages. 

Some  wonder  who  or  what  is  respon- 
sible for  this  state  of  affairs.  The  an- 
swer is,  the  engineer  himself.  Engi- 
neers should  stand  up  for  their  rights 
and  demand  a  standard  wage  for  each 
class  of  engineer.  What  we  all  want  are 
an  eight-hour  day  and  more  salary.  Then 
we  can  do  better  work. 

In  some  steam  plants  they  hire  a 
couple  of  good  engineers  and  a  lot  of 
common  laborers,  and  put  the  latter  to 
work  around  the  engines,  boilers,  etc.; 
they  are  paid  about  S45  or  $50  a  month. 
After  a  month  or  so  these  men  call  them- 
selves engineers  and  they  hardly  know 
a  boiler  from  a  water  cistern.  These 
are  the  men  who  are  killing  our  op- 
portunities. What  we  want  is  a  good 
organization,  with  all  of  the  engineers 
in  the  country  as  members;  then  we 
can  go  out  and  fight  for  what  we  de- 
serve. 

Henry  H,  Carter. 

Milwaukee,   Wis. 
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Figures  for  Mr.   Fitzgerrell 

In  the  Dec.  36  number,  H.  S.  Fitzger- 
rell asks  for  the  size  of  a  tanic  which 
when  placed  in  a  stream  running  at  6 
miles  per  hour  will  cause  the  water  to 
flow  out  of  the  pipe  which  is  connected 
to  the  end  of  the  tank  and  extends  50 
ft.  above  the  surface  of  the  stream. 

According  to  the  laws  of  hydraulics, 
the  size  of  the  tank  will  have  no  effect 
on  the  height  to  which  the  water  will 
be  forced  in  the  pipe  as  the  height  of 
the  rise  depends  wholly  on  the  velocity 
of  the  stream  or,  in  other  words,  the  pres- 
sure per  unit  area,  and  not  the  total 
pressure,   on   the   end   of  the   tank. 

In  this  case  the  pressure  in  pounds 
per  square  foot  in  the  tank  will  be 

g 

where 

P  —  Pressure  in  pounds  per  square 

foot; 
V  =  Velocity  of  stream   in   feet  per 

second; 
g  =  Acceleration  due  to  gravity    = 
32.2. 
Since  the  velocity  of  the  stream   is  8.8 
ft.  per  second,  we  have 

2  X  3^^ 

This   will   cause   the   water   to   rise     ^=— 

or  1.2  ft.,  or  about  1  ft.  3  in.  The  water 
would  rise  just  as  high  in  the  pipe  if 
the  tank  were  removed. 

The  velocity  of  the  stream  necessary 
to  cause  the  water  to  flow  out  of  the 
■pipe  50  ft.  high  would  be  about  57  ft. 
per  second,  or  39  miles  per  hour,  neg- 
lecting friction. 

WlLLI.l\M  Brunker. 

Chicago,  111. 


in  turn  depends  on  the  rate  of  flow  at 
that  point,  or 

V'  =  2GH 


H 


V'2 
2G 


In  other  words,  H  equals  the  height 
through  which  a  body  must  fall  to  attain 
a  speed  of  V  ft.  per  second,  neglecting 
all  friction.  A  velocity  of  6  miles  per 
hour  =  8.8  ft.  per  second. 
8.8  X  8.8 


be    considerably    less,    owing    to    various 
losses. 

H.    A.    MUNYAN. 

Syracuse,   N.  Y. 

[Additional  contributions  on  this  sub- 
ject were  received  from  L.  Johnson,  J. 
Hart  and   O.   Kuhneman. — Editors.] 


The  apparatus  shown  by  Mr.  Fitzgerrell 
is  nothing  more  than  a  pitot  tube  and  as 
such  the  height  to  which  the  water  can 
be  lifted  is  equal  to  a  constant  multiplied 
by  the  square  of  the  velocity  in  feet  per 
second  and  divided  by  2g.  The  constant 
varies  from  1  to  2,  and  for  a  tube  of  the 
shape  shown  'it  would  be  very  near  to 
2.  In  this  case  the  velocity  of  the  water 
is  6  miles  per  hour  or  8.8  ft.  per  sec- 
ond.    The  solution  would  be  as  follows: 

=  2-4 

from  which  it  would  appear  that  the 
maximum  height  to  which  the  water  could 
be  lifted  would  be  2.4  ft. 

If  a  place  could  be  found  having  a 
fall  of  a  few  feet,  a  hydraulic  ram  would 
be  the  cheapest  and  easiest  means  of 
raising  the  water  to  the  desired  height. 

W.   L.    DURAND. 
Brooklyn,  N.  Y. 


H  =- 


=  1.2  /(. 


2    X    32 

The  height  to  which  trie  water  in  the 
tube  will  rise  is  independent  of  the  size 
of  the  tank,  and  will  stand  only  1.2  ft. 
above  the  surface  of  the  river  at  the 
given  rate  of  flow.  A  check  valve  is  of 
no  use  whatsoever. 

D.  Fliegelman. 

Holyoke,  Mass. 


The  height  to  which  the  water  will 
rise  depends  on  the  pressure  per  square 
inch  at  the  lowest  part  of  the  tube,  which 


To  solve  this  problem  we  may  use  the 

well   known    formula, 

,..      -  WV- 

Kinetic  rneiqv  =^ 

2<7 

and  for  convenience  we  will  assume  1 
lb.  to  represent  W,  the  weight  of  water. 
The  water  is  flowing  at  the  rate  of  6 
miles  per  hour,  which  is  equivalent  to 
8.88  ft.  per  second,  the  value  of  V.  The 
acceleration  due  to  gravity  or  g  equals 
32.2.     Then, 


hmehc  cnctgy  ^  — 


=  1.2  jt.-lb. 


2  X  32.2 

Consequently,  1  lb.  of  water  flowing 
down  the  river  at  a  speed  of  6  miles 
per  hour  would  have  a  kinetic  energy  of 
1.2  ft.-lb.,  and  1  lb.  raised  vertically  1.2 
ft.  would  require  1.2  ft.-lb.  Therefore, 
the  water  would  rise  1.2  ft.  in  the  2-in. 
pipe  in  the  case  under  discussion.  Fric- 
tion has  been  neglected  in  the  foregoing. 

The  size  of  tank  and  the  check  valve 
have  nothing  to  do  with   the   problem. 
J.   C.   Callery. 

Hamilton,  Ohio. 


Neglecting  the  losses  due  to  friction, 
eddies,  etc.,  the  height  to  which  the  water 
will  rise  may  be  calculated  from  the 
formulas  for  falling  bodies. 


nd  //  : 


■.'-f 


in  which 

H  =  Height  to  which  the  water  will 
rise; 
t  —  Time  in  seconds; 
g  =  Acceleration  due  to  gravity   = 

32.16; 
V  =  Velocity  in   feet  per  second. 
The  stream   flowing   at   the   rate  of  6 
miles  per  hour  gives  a   velocity   of  8.8 
ft.  per  second;  therefore, 

•I)        8.8 

1  =  -= >^  0.27  sec. 

g     32.16 

Substituting, 

H  =   16.08   X  0.27=  -   1.17  ft.  - 

1  n.  2  in. 

In    actual    practice    the    height    would 


Christie   Air    Steam  Engine 

In  the  Dec.  19  issue,  George  L.  Sul- 
livan mentions  making  a  report  to  one 
of  his  clients  on  the  Christie  engine.  His 
conclusions  are  undoubtedly  correct  and 
are  admirably  summed  up  in  his  last 
paragraph,  but  how  he  arrives  at  any 
conclusion  at  all,  with  his  manner  of 
reasoning,  is  more  than  1  can  understand. 
He  says:  "When  the  steam  valve 
opens,  the  boiler,  steam  pipe  and  en- 
gine cylinder  become  one  vessel  and  a 
rapid  diffusion  of  the  air  takes  place  into 
the  steam  pipe."  If  this  statement  were 
correct,  it  would  put  all  gas  and  gasoline 
engines  into  the  scrap-pile,  for  when 
the  inlet  valve  opens  the  cylinder  and 
the  open  air  "become  one  vessel"  and 
the  diffusion  would  fill  the  engine  room 
with  dangerous  vapors. 

If  the  air  were  to  diffuse  into  the 
steam  pipe,  there  would  be  no  harm 
done;  in  fact,  I  imagine  an  ordinarily 
good  engineer,  with  plenty  of  horse  sense, 
in  designing  an  air-steam  apparatus 
would  use  a  common  air  compressor  and 
pump  the  air  into  the  steam  space  in 
the  boiler  or  into  the  steam  pipe.  This 
would  serve  to  keep  condensation  out  of 
the  steam  pipes  as  well  as  the  engines 
connected  with  them. 

Mixing  steam  and  air  together  does 
not  change  their  pressure  or  tempera- 
ture. If  pure  steam  has  to  be  expanded 
to  a  complete  vacuum  to  get  all  of  the 
work  out  of  it,  then  the  air-steam  mix- 
ture will  not  give  up  all  of  its  energy 
with  a  less  expansion.  The  only  ad- 
vantage of  mixing  air  with  steam  is  the 
lowering  of  the  saturation  point,  which 
prevents  condensation  in  the  cylinder. 
This  is  a  great  advantage  and  well  worth 
considering,  but  this  same  lowering  of 
the  saturation  point  makes  it  impossible 
to  use  a  condenser  unless  some  new 
system  of  condensing  be  discovered — 
possibly  some  kind  of  absorption  system 
similar  to  that  used  in  ice  making  would 
do  the  work. 

Of  course,  the  promoters  appear  to 
prove  that  the  air-steam  is  exhausted 
into  the  open  air  at  a  much  lower  pres- 
sure than  the  air  itself,  but  this  is  true 
only  in  a  technical  sense.  The  same 
line  of  reasoning  from  Dalton's  law 
would  show  that  the  pressure  of  the 
open  air  is  much  lower  than  it  actually 
is,  for  the  air  is  a  mixture  of  several 
gases,  and  is  not  the  pressure  of  each 
gas  the  same  as  it  would  be  were  there 
no  other  gases  in  existence? 

Fred  Boone- 
Davidson,    Okla. 
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Inquiries  of  General  Interest 

Questions  are  not  answered  unless  accompanied  by  the  name  and 
address  of  the  inquirer.     This  page  is  for  you  when  stuck— use  it 


Heating  Surface   of  Corr/i^uteti 
F/ues 

How  is  the  factor  4.93  obtained  in  the 
rule  to  determine  the  heating  surface  of 
corrugated  llues? 

F.   A. 

Supposing  the  flue  to  be  cut  horizontal- 
ly and  straightened  out  as  shown  in  the 
illustration,  there  would  be  a  sheet  of 
corrugated  metal  the  width  of  which 
would  be  the  mean  circumference  of  the 
tube;  that  is,  the  mean  diameter  times 
3.1416.     Each  corrugation   is  practically 


0.5    X    0.5   =   0.25  sq.in. 
and  its  length  would  be 

ion 

^  400  in. 

long.  The  resistance  of  a  soft  copper 
rod  1  sq.in.  cross-section  is  about 
0.00000069  ohm  per  inch  of  length.  To 
determine  the  resistance  in  ohms  of  a 
copper  conductor,  multiply  the  quotient 
of  the  length  divided  by  the  cross-section 
in  square  inches  by  0.00000069.  The  re- 
sistance in  ohms  can  also  be  determined  by 
multiplying  the  quotient  of  the  volume  in 
cubic  inches  divided  by  the  square  of 
the  cross-section  in  square  inches  by 
0.00000069.  Thus  the  resistance  would 
be: 
For  the  round   conductor 


Sheet  of  Corrugated  Metal 


a  half  circle  to  either  side  of  the  mean 
diameter  so  that  the  length  of  the  sheet 
from  /4  to  B  is  equal  to  the  circumfer- 
ence of  the  dotted  circle  in  the  illustra- 
tion. The  length  that  it  actually  occupies 
in  the  corresponding  length  of  a  flue  is 
ah.  The  length  of  the  flattened  sheet  is 
therefore  to  the  length  of  the  tube  as 
3.1416  is  to  2,  or  the  length  AE  of  the 
straightened  sheet  would  be 
3.1416  X  /. 

where  L  equals  the  length  AD  of  the  cor- 
rugated flue.  Since  the  surface  is  the 
length  multiplied  by  the  width,  the  area 


3.1416  X  L 


X  D  X  31416  o"" 
=  4.93  X  diameter  X  length 


3.1416-  D  L 


Resistance  of  Copper  Wire 

Two  wires  contain  100  cu.in.  of  an- 
nealed copper;  one  is  a  round  wire  0.5 
in.  in  diameter  and  the  other  is  square, 
0.5  in.  on  a  side.  Which  wire  has  the 
greater  resistance? 

C.  E.  N. 

The  round  wire  has  the  greater  resist- 
ance because  its  cross-section  is  smaller, 
and  its  length  must  be  greater  for  the 
same  weight.  The  cross-sectional  area  of 
the  round  wire  is  0.19635  sq.in,,  and  its 
length  would  be 

100 

-=  509.3  in. 


0.19635 

The   cross-section    of    the    square    wire 
would  he 


509  3 


-  X  0.00000069  ^  0.0017897  ohn 


0.19635 
For  the  square  conductor 

—  X  0.00000069  =  o. 001 104  o/i»/( 
0.25 

Substituting   figures   to   the   second    rule, 

it  would  be  thus  expressed: 

For  the  round   conductor 

100 
X  0.00000069  = 

003855334 

0.0017897  ohms  nearly 

For  the  square  conductor 

100  ^  , 
X  0.00000069  =  o. 001 104  nlim.^ 


Feed  Water  Heaters 

What    is    the    difference    between    an 
open  and  a  closed  feed- water  heater? 
H.    H. 

An  open  feed-water  heater  is  one  in 
which  the  steam  and  feed  water  mingle, 
and  the  steam  in  condensing  gives  up  its 
heat  directly  to  the  water.  Closed  heat- 
ers are  those  in  which  the  steam  and 
water  are  in  separate  chambers,  and  the 
steam  gives  up  its  heat  to  the  water  by 
conduction. 


Throttling  and  Automatic 

Governors 

What  is  the  difference  between  a  throt- 
tling and  an  automatic  governor? 

H.  H. 

A  throttling  governor  regulates  the 
speed  of  the  engine  by  changing  the 
steam  pressure  as  it  enters  the  cylinder, 
in  accordance  with  the  load.  An  auto- 
matic governor  regulates  the  speed  by 
cutting  off  the  supply  of  steam  at  vari- 
ous points  of  the  stroke,  in  accordance 
with  the  load  and  pressure.  With  a 
throttling  governor,  the  volume  of  the 
steam  is  constant  and  the  pressure  varies. 
An  automatic  governor  permits  the  steam 
to  enter  the  cylinder  at  the  highest  avail- 
able pressure,  and  the  volume  is  varied 
to  meet  the  requirements  of  the  load. 


Lap  of  Corliss  E/igine  J^a/ves 

Why  is  lap  given  to  the  steam  valves 
of  Corliss  engines? 

.  A.   K.  L. 

If  the  eccentric  could  be  run  at  right 
angles  with  the  crank,  only  sufficient  lap 
to  insure  the  valves  being  tightly  closed 
would  be  necessary.  To  get  a  sufficiently 
carlv  opening  for  release  and  closure  for 
compression,  the  eccentric  must  be  ad- 
vanced; this  would  pull  the  steam  valve 
open  before  the  crank  got  to  the  center, 
and  enough  lap  is  added  to  cover  the 
port  until  the  desired  lead  is  obtained. 


Braces  for  Boiler  Head 

How  many   braces    1    sq.in.   cross-sec- 
tion would  it  take  to  brace  a  60-in.  boiler 
for  80-lb.   pressure,   where   the    top   row 
of  tubes   is  5   in,   above   the   center? 
A.  W.  T. 

Assume  a  space  2  in.  wide  above  the 
tubes  and  2  in.  wide  around  the  edge 
being  supported  by  the  tubes  and  flange. 
The  height  of  the  circular  segment  to  be 
braced  would  be 

30—  (5  +  2  -f  2)  =  21  in. 
The   diameter   of  the    circle   of   which    it 
is  a  part  is 

60  —    (2    X    2)    =56   in. 
therefore,  the  area  to  be  braced  is  843.61 
sq.in.  The  pressure  on  the  surface  would 
be 

843.62  X  80  =  67,489.60  lb. 
If   one    brace   sustains   6000    lb.,    it    will 
take 
67,489.60   ^    6000   -    11.2  or    12  braces. 


Effective  B.t.ii.    in   Producer 
Gas 

What  are  the  effective  B.t.u.  in  pro- 
ducer gas  and  how  are  they  to  be  found? 
C.  B.  S. 

The  effective  heat  value  is  equal  to 
the  total  heat  units  per  cubic  foot  minus 
the  heat  units  that  will  be  carried  off  in 
the  steam  made  from  the  hydrogen  in 
the  gas  when  the  latter  is  burned.  This 
heat  is  usually  deducted  by  considering 
that  the  available  heat  liberated  by  com- 
bustion of  the  hydrogen  in  the  gas  will 
be  only  51,700  B.t.u.  per  pound  of  hydro- 
gen instead  of  the  full  value  of  62  000 
B.t.u. 
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New  Hydrostatic  Feed  Water 
Regulator 

Some  weeks  ago  we  rublished  an  edi- 
torial on  feed-water  regulators.  We 
pointed  out  that  it  was  highly  desirable 
that  the  flow  of  water  to  the  boiler  be 
not   entirely    interrupted. 

The  "Watch  Dog"  feed-water  regulator 
here  described  is  so  designed  that  the 
feed-water  flow  is  never  entirely  cut  off 
except  when  the  boiler  is  delivering  prac- 
tically no  steam.  The  principle  upon 
which  it  operates  may  be  discerned  by 
referring  to  the  accompanying  figure. 

For  water  to  flow  to  the  boiler  it  is 
necessary  that  the  pressure  in  the  feed 
main  on  the  pump  side  of  the  con- 
trolling valve  be  slightly  higher  than  on 
the  boiler  side.  In  the  "Watch  Dog" 
regulator  a  diaphragm  is  attached  to  the 
disk  of  the  control  valve  by  means  of  a 
spindle  working  through  a  stuffing-box. 
The  pressure  from  the  boiler  side  of  the 
feed  main  acts  on  the  under  side  of  the 
diaphragm  tending  to  open  the  control 
valve. 


Sauer  Adjustable  Shaft  Bearing 

An  adjustable  shaft  bearing  which  pro- 
vides means  for  compensating  for  wear 
and  insuring  a  proper  alignment  of  the 
shaft  by  using  a  set  of  bearing  mem- 
bers or  blocks  adjustable  in  a  radial 
direction  has  been  placed  on  the  mar- 
ket by  the  Sauer  Power  Generating  Co., 
5115  to  5119  Rosetta  St.,  Pittsburg,  Penn. 

The  special  advantages  claimed  for 
this  bearing  are  simplicity  of  construc- 
tion, easy  adjustment  of  center  and  side 
motions  while  running  and  the  elimina- 
tion of  liners,  oiling  grooves  and  shav- 
ing or  fitting.  Fig.  1  is  a  view  of  the 
bearing  ready  to  be  placed  on  the  shaft. 

The  bearing  consists  of  a  casing  or 
shell  suitably  supported  and  a  sleeve 
having  several  slots  fits  loosely  around 
the  shaft.  The  bearing  blocks  are  in- 
serted in  these  slots,  as  shown  in  Fig. 
2,    to    slide    freely    therein    and    be    ad- 


''ppc%£i%r"s"'' 


The  "Watch   Dog"  Feed-water  Regi'Lator 


The  pressure  in  the  pipe  A  acts  on 
the  upper  side  of  the  diaphragm,  tending 
to  close  the  valve.  This  pressure  de- 
pends upon  the  pilot  valve  which  is  con- 
trolled by  the  float.  As  the  pilot  valve 
approaches  the  closed  position,  the  pres- 
sure on  the  upper  side  of  the  diaphragm 
approaches  that  in  the  pump  side  of  the 
feed  main,  over-balances  the  pressure  on 
the  under  side  of  the  diaphragm  and 
causes  the  control  valve  to  close  slightly 
and  reduce  the  rate  of  flow  to  the  boiler. 
As  the  float  falls  the  pilot  valve  is 
opened  a  little  wider  and  the  opposite 
results  are  produced. 

The  claims  made  for  this  regulator 
may  be  summed  up  in  the  four  words,  ef- 
ficiency, reliability,  simplicity  and  dur- 
ability. 

The  L.  J.  Wing  Manufacturing  Co., 
West  and  Albany  Sts.,  New  York,  manu- 
factures the  "Watch  Dog"  feed-water 
regulator. 


justable  relative  to  the  shaft.  At  one 
end  of  the  shell  a  thimble  is  placed  be- 
tween it  and  the  bearing  block  and  the 
engaging  surfaces  between  these  three 
parts  are  so  arranged  that  the  distance 
between  the  blocks  and  the  shafts  is 
regulated  by  the  position  of  the  thimble. 


Fic.  1.  Adjustable  Shaft  Bearing 
The  preferred  construction  is  to  make 
the  bearing  blocks  wedge-shaped  with 
their  outer  faces  at  an  angle  to  the  axis 
of  the  shaft,  rounded  and  tapering  to- 
ward the  end  of  the  shell  engaging  the 


thimble.  The  bore  of  the  thimble,  shown 
by  the  dotted  lines  in  Fig.  3,  is  tapered 
to  correspond  to  the  outer  faces  of  the 
bearing  blocks.  This  thimble  is  threaded 
externally  and  the  bearing  shell  internal- 
ly so  that  the  threads  engage,  and  by 


Fig.  2.  Taper  Sleeve  with  Bearing 
Blocks  in  Place 

rotating  the  former  the  bearing  blocks 
are  adjusted  accurately  to  insure  a 
proper  engagement  with  the  shaft  and 
to  compensate  for  wear.  To  turn  the 
thimble'  more  conveniently  an  annular 
flange  B,  Fig.  4,  is  provided  at  its  outer 
end.  enabling  the  thimble  to  be  engaged 
with  a  spanner  or  wrench. 

The  threaded  ring  A  set  on  the  thimble 


Fig.  3.   The  Thimble   Bore   Shown   by 
Dotted   Lines 

can  be  used  to  screw  up  against  the  end 
of  the  shell  after  the  thimble  has  been 
adjusted  as  a  locknut  to  prevent  dis- 
placement. Another  means  provided  for 
locking  the  thimble  consists  of  the  an- 
nular flange  C  on  the  end  of  the  sleeve 


Fic.  4.  SECTiiiX  ., '    ^    .      with  Bearing  in 

Place 
surrounding  the   shaft  through   which   a 
number  of  bolts  pass.  These  bear  against 
the  flange  B  on  the  end  of  the  thimble 
and   are   held   in   place   by   nuts   on   each 
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side  of  the  flange,  wfiich  serve  to  force 
the  bolts  against  it  and  lock  them  in 
place. 

At  the  opposite  end  of  the  shell  there 
is  an  annular  flange  extending  inwardly 
and  fitting  on  the  sleeve  surrounding  the 
shaft.  The  space  inclosed  by  this  flange 
is  utilized  for  storing  oil  to  lubricate  the 
hearing,  and  this  may  be  fed  into  the 
chamber  from  a  tank  through  a  pipe 
tapped  in  the  shell  of  the  bearing.  The 
oil  passes  from  this  space  to  the  shaft 
through  apertures  in  the  portions  of  the 
iieeve  between  the  bearing  blocks,  which 
are  clearly  shown  in  Fig.  2.  Drippings 
of  the  lubricating  oil  may  be  drawn  off 
from  the  bottom  of  the  shell  by  another 
pipe  and  fed  back  into  the  tank  by  a 
pump  or  other  device  of  this  nature. 

In  use  the  center  adjustment  is  se- 
cured by  loosening  the  locknut  A  and 
turning  the  inside  tapered  sleeve  or 
thimble  in  Fig.  3  as  the  running  fit  re- 
quires. To  adjust  the  side  motion  the 
imts  on  the  flange  of  the  sleeve  C  are 
tightened.  The  only  wearing  parts  of 
the  bearing  are  the  adjustable  blocks 
shown  in  Fig.  2,  which  are  made  either 
of  babbitt  metal  or  bronze. 

As  side  friction  on  the  bearing  wears 
only  one  block  at  a  time,  it  is'  possible 
by  turning  the  sleeve  to  have  all  the 
blocks  successively  assume  the  posi- 
tion of  greatest  wear  and  wear  them 
all  down  equally.  New  blocks  can  be 
easily  set  in  position  when  the  old  ones 
wear  out,  as  no  special  skill  is  required. 


acted  by  a  spring  connected  to  the 
weights  by  a  set  of  links  and  bell-cranks. 
The  bell-cranks  are  supported  by  a  hol- 
low ball  bearing  supported  by  an  arm 
from  the  base  as  shown.  The  spr'ng 
passes  through  the  hollow  center  of  this 
bearing  and  is  attached  by  a  swivel  to 
one  end  of  an  adjusting  lever. 

The  tension  of  the  spring  may  be  ad- 
justed while  the  governor  is  in  motion 
hy  the  simple  process  of  manipulating 
the  thumb-screw  at  the  other  end  of  the 
lever. 


Governor  Tension    Adjusting 
Mechanism 

Patents  have  recently  been  granted  to 
Charles  Grant,  of  Wilmington,   Del.,  on 


Governor   and  Tension-adjusting 
Mechanism 

a  governor  tension  adjusting  mechan- 
ism, the  design  of  which  is  shown  in  the 
accompanying   figure. 

The  centrifugal  force  developed  by  fhe 
revolution  of  the  ball  weights  is  counter- 


An    A.utomatic    Water   Purify- 
ing System 

The  purification  of  water  for  boiler- 
feed  and  industrial  purposes  is  quite  es- 
sential in  many  plants.  There  are  nu- 
merous machines  and  devices  on  the 
market  for  this  purpose 'and  the  selec- 
tion  of  one   for  any  particular  case   is 


chemical  storage  tank  and  two  measur- 
ing chambers. 

The  incoming  water  first  passes  over 
a  waterwheel  which  furnishes  the  power 
to  operate  paddles  in  the  mixing  tanks 
and  chemical  storage  tank.  From  the 
wheel  the  water  flows  to  either  one  or  the 
other  of  the  two  mixing  tanks  directly 
below,  where  it  comes  in  contact  with 
the  chemicals  flowing  by  gravity  from  the 
chemical  storage  tank.  The  solution  of 
chemicals  is  measured  out  by  an  auto- 
matic measuring  valve  and  the  speed  of 
operation  varies  with  the  flow  of  the 
water.  Hence,  the  correct  amount  of 
chemicals  is  mixed  with  the  water  no 
matter  what  the  rate  of  flow  may  be. 

From  the  mixing  tanks  the  water  flows 
to  the  bottom  of  the  settling  and  filter 
tank  through  a  large  cylindrical  tube, 
where  it  drops  the  bulk  of  the  precipi- 
tates formed  into  a  cone-shaped  hopper 
bottom  of  the  tank.  These  precipitates 
can  be  removed  by  a  sludge  valve  de- 
signed for  this  purpose.  The  water  then 
rises  and  after  passing  through  an  ex- 
celsior filter  near  the  top  of  the  tank 
flows  off  through  the  outlet  pipe  at  the 
top. 

The  inlet  and  outlet  pipes  of  the  two 
mixing  tanks  are  controlled  by  lever 
valves  which  are  automatically  operated 
so  as  to  cause  the  water  to  flow  first 
into  one   and   then  into  the  other  of  fhe 
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The  Lord  Company's  Automatic  Water-  purifying  Apparatus 


largely  a  matter  of  the  cost  of  installa- 
tion  and  operation. 

The  George  W.  Lord  Co.,  Philadelphia, 
Penn.,  has  recently  put  on  the  market  an 
apparatus  for  water  purifying  which  is 
entirely  automatic  in  its  operation  and 
which  may  be  installed  for  a  compara- 
tively moderate  price.  The  apparatus 
consists  principally  of  one  large  settling 
and  filtering  tank,  two  mixing  tanks,  one 


tanks.  These  valves,  as  well  as  the 
chemical  measuring  valve,  are  operated 
by  means  of  sets  of  levers  which  are 
shifted  by  a  dumping  bucket,  the  latter 
operated  by  the  weight  of  water  run  in 
from  overflow  pipes. 

A  float  valve  in  the  inlet  pipe,  operated 
by  a  float  in  the  filtering  tank,  con- 
trols the  entire  operation  of  the  appa- 
ratus. 
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Locking    Device    tor    Canton    J^^^^^  ^^  ^^^  ^^^^^^^  ^^^^^  ^^^  p^^^^^ 
Shaking  and  Dumping 


Grate 

The     Canton     shaking     and     dumping 
grate,  which  is  manufactured  by  the  W. 


through  a  suitable  hole  in  the  head  of 
the  shaking-arm.  This  serves  as  a  guide 
to  the  arm  when  operating  the  grate  and 
also  as  a  locking  member. 

Between  the  shoulders  formed  on  one 


arm,  it  must  be  pushed  forward  to  its 
extreme  travel,  when  the  grates  will  be 
level  and  in  their  proper  position.  Then 
the  shaking  lever  can  be  removed,  but 
not  before.  With  this  arrangement  a 
careless  fireman  cannot  leave  the  grate 
partly  closed  with  the  ends  sticking  up 
in  the  fire  and  unburned  fuel  falling  into 
the  ashpit. 

Minute  Emergency  Expansion 
Plug 

The  Max  Machine  Co.,  Clinton,  Mass., 
has  recently  placed  on  the  market  an 
emergency  plug  for  plugging  the  ends 
of  tubes  in  return-tubular  boilers,  in 
case  they   suddenly   give  out,  thus  per- 


Grates  in  a  Locked  and  Open    Position 


H.  Allman  Co.,  Canton,  Ohio,  is  shown 
in  Fig.  1,  which  also  illustrates  the 
quadrant  that  provides  a  means  for  lock- 
ing the  grate  members  in  a  smooth,  even 
position,  as  shown  on  the  near  side. 

The  grate  sections  are  operated  by  a 
horizontal    rod    which    is    attached    to    a 


side  of  the  curve  piece  there  is  an  open- 
ing. When  the  grates  are  flat,  the  boss 
on  the  shaking  handle  will  pass  down 
through  this  opening  until  it  is  in  a  posi- 
tion to  slide  along  the  bottom  of  the 
curved  member.  The  grates  can  then  be 
shaken.      A    pin    in    the    curved    member 


Fir.  2.  Detaiis  of  the  Locking  Device 


projection  extending  from  the  shaking- 
rod  connection.  The  shaking-arm  in  the 
front  of  the  furnace  is  made  hollow  to 
receive  a  hand  lever.  This  lever  is  made 
as  shown  in  Fig.  2  and  has  a  projection 
on  one  side  at  the  end.  A  curved  piece  hav- 


prevents  the  grate  from  being  dumped 
when  shaking  the  fire.  Removing  the 
pin  permits  the  grate  to  be  dumped  by 
pulling  the  lever  to  its  extreme  travel. 

Before    the   shaking   lever   can   be    re- 
moved   from    the    head    of   the    shaking- 


MiNUTE   Emergency   Expansion   Plug 

mitting  the  boiler  to  be  kept  in  service 
until  opportunity  permits  of  a  permanent 
repair. 

These   plugs   are   made   in    four   Sizes, 

which  vary  about  "V. •  in.   in  diameter, 

to  accommodate  the  difference  in  the 
diameter  of  the  tubes.  When  a  tube  leaks 
a  pair  of  plugs  are  selected  which  will 
drive  hard  in  the  ends.  They  are  in- 
serted as  shown  in  the  accompanying 
illustration.  Should  the  plug  leak  it  can 
be  made  tight  by  peening  with  a  hammer. 

Rotary  Gate  Valve 

For  lack  of  room  it  is  frequently  im- 
possible to  use  the  straight  gate  valve 
where  conditions  of  service  make  its  use 
desirable.  In  such  an  event  the  Roth- 
child  rotary-gate  valve,  which  is  illus- 
trated herewith,  might  be  the  solution  to 
a  bothersome  problem,  not  that  economy 
of  space  is  the  only  feature  which  this 
valve  has  to  recommend  it. 

The  Rothchild  rotary-gate  valve  is  an 
angle  valve,  the  feature  of  which  is  two 
concentric  cylinders,  one  of  which  is  sta- 
tionary, forming  the  seat,  and  the  other 
revolving,  forming  the  gate.  When  the 
ports  in  the  two  cylinders  are  in  line  the 
gate  is  open  and  the  fluid  passes  through 
the  gate  in  the  direction  of  the  arrow 
shown  on  the  side  of  the  body.  To  close 
the  valve,  the  gate  or  outer  cylinder  is 
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revolved   90   degrees,    thus   covering   the 
ports  in  the  seat. 

The  gate  is  cut  into  halves  to  admit  of 
the  fluid  in  the  valve  exerting  sufficient 
pressure  between  the  gate  and  the  seat 
to  prevent  leakage.  When  the  two  halves 
of  the  gate  are  fitted  over  the  seat  there 
is  a  gap  of  ji  inch  between  the  two 
halves  to  prevent  them  from  touching 
each  other  and  thus  insuring  a  good  bear- 
ing between   the  gate  and  the  seat. 


Fig.  1.  RoTHCHiLD  Rotary  Gate  Valve 

The  fork  for  operating  the  gate  en- 
gages the  lugs  shown  on  each  half  and 
exerts  only  sufficient  pressure  on  the 
gate  to  insure  its  always  being  in  con- 
tact with  the  seat,  whether  the  valve  is 
open  or  shut.  On  top  of  the  stem  there 
is  a  nut  on  which  the  operating  lever 
is  fitted.  This  nut  also  has  a  heavy  lug 
on   it  which  strikes  the  lugs  shown   on 


Fig.  2.  Detail  Parts  of  Valve 

the  body  of  the  valve  to  indicate  that  the 
valve  is  wide  open  or  shut.  The  collar 
or  boss  on  the  fork  is,  of  course,  ground 
tight  with  the  under  surface  of  the  gland. 
The  small  pipe  tapped  into  the  flange 
of  the   valve   seat   is    for    forcing   lubri- 


cant, by  means  of  a  compressed  grease 
cup,  along  a  groove  on  each  side  of  the 
seat.  It  is  obvious  that  this  valve  can- 
not be  jammed  shut  or  open.  This  con- 
struction provides  such  an  exceptionally 
large  bearing  surface  between  the  gate 
and  the  seat  that  the  amount  of  cutting 
necessary  to  make  it  leak  is  proportion- 
ally greater  than  with  valves  having 
smaller  bearing  surfaces. 

The  working  parts  of  this  valve  are 
unaffected  by  any  of  those  strains  in 
the  piping  which  tend  to  distort  the  body 
of  the  valve  and  in  time  produce  leak- 
age. These  valves  remain  tight  un- 
der the  most  unfavorable  conditions 
and  are  particularly  valuable  for  hoiler- 
blowoff  service  when  a  leaky  valve  is  not 
only  troublesome  but  also  a  source  of 
loss  of  much  energy. 

The  Rothchild  rotary-gate  valve  is  man- 
ufactured by  the  John  Simmons  Com- 
pany,  110  Center  street.  New  York  City. 


Hydraulic  Press 

The  hydraulic  press  illustrated  here- 
with is  useful  for  broaching,  keyseating, 
putting  gears  on  shafts,  pressing  bear- 
ings, handling  mandrels  and  general 
work  where  heavy  pieces  are  to  be  forced 
together. 
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Hydraulic  Press 

A  crane  bracket  and  beam  are  ex- 
tended from  one  end  so  that  the  work 
may  easily  be  swung  into  the  press.  A 
back-geared  motor  mounted  upon  the 
pedestal  on  top  of  the  press  drives  the 
pump  shaft.  Upon  the  other  end  of  this 
shaft  are  two  pump  eccentrics.  The  pump 
pistons  are  both  14  in.  in  diameter  by 
2  in.  stroke.  The  pedestal  legs  act  as 
a  reservoir  for  the  pump. 

The  operating  valve  shown  is  a  single- 
screw  stem  valve  which  releases  the 
pressure  from  the  work  when  open  and 


starts  the  ram  down  when  closed.  A 
safety  valve  is  used  in  connection  with 
the  pump  to  stop  dangerous  overload. 
The  press  is  made  in  two  sizes,  80  and 
100  tons  capacity  respectively,  and  is 
also  made  hand  or  belt  driven.  This 
press  is  built  by  the  Watson-Stillman 
Co.,  50  Church  St.,  New  York  City. 


Power  System  of  the  Brakpan 
Mines,   Ltd. 

By  S.  R.  Stone 

.^n  interesting  example  of  the  appli- 
cation of  modern  scientific  methods  to 
regulation  of  the  power  consumption  of  a 
mine  and  ore-reduction  plant  is  afforded 
by  the  arrangements  recently  completed 
on  the  property  of  the  Brakpan  Mines, 
Ltd.;  near  Johannesburg,  South  Africa. 
Here  power  is  purchased  from  the 
Victoria  Falls  &  Transvaal  Power  Co., 
which  in  turn  buys  the  surplus  water 
from  the  shafts;  and  a  close  check  is 
kept  upon  the  rate  of  current  consump- 
tion in  each  part  of  the  plant  by  means 
of  separate  metering.  This  enables  the 
tnanagement  to  ascertain  whether  the  use 
of  power  at  any  point  is  excessive  and  to 
determine,  through  experimental  changes, 
where  economies  can  be  effected. 

All  of  the  equipment  in  or  about  the 
mine  and  ore-reduction  plant  is  elec- 
trically operated,  the  division  of  motors 
being  about  as  follows:  mine  pumping, 
1500  hp.  or  less;  underground  haulage 
and  surface  tramming,  400  hp.;  hoists, 
4500  hp.;  crushers,  stamps,  tube  mills, 
etc.,  2200  hp.;  mill  and  cyanide-plant 
pumping,  1000  hp.,  and  the  remainder  for 
various  minor  purposes.  The  total  esti- 
mate of  motors  required  for  operation 
at  the  full  capacity  planned  approximates 
10,000  hp.,  but  the  allowance  made  for 
this  has  been  liberal  and  the  actual  cur- 
rent consumption  in  regular  service  is 
low.  At  the  same  time  there  is  sufficient 
steadiness  of  operation  to  insure  good 
power  and  load  factors.  The  current  is 
transmitted  to  two  transformer  and  con- 
verter stations,  one  at  each  hoisting  shaft. 
Distribution  is  at  2100  and  500  volts, 
according  to  the  character  of  the  service, 
all  lines  being  carried  as  underground 
cables,  of  the  paper-insulated,  lead- 
covered,  armored  type.  For  the  most 
part,  these  are  laid  and  connected  on 
the  ring  system,  enabling  the  supply  to 
any  part  to  be  maintained  in  case  of  in- 
dividual breakdowns  or  any  part  to  be 
isolated  when  necessary  without  inter- 
ruption to  the  rest  of  the  service.  There 
is  a  very  extensive  lighting  system,  both 
above  and  underground.  Of  the  three 
electric  hoists  installed,  two  are  supplied 
through  flywheel  motor-generator  sets, 
on  the  Ilgner  system,  with  Ward  Leonard 
control,  and  one  is  driven  without  any 
balancing  apparatus,  from  an  alternating- 
current  motor  with  external  resistance 
for  speed  variation.  The  capacity  of 
each  hoist  is  stated  as  100  tons  per  hour, 
based  on  a  vertical  depth  of  3800  feet. 
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A  Correction 


In  the  description  of  the  Burt  induced- 
draft  ventilator,  on  page  134  of  the  Jan. 
23  issue,  the  address  of  the  Burt  IVlanu- 
facturing  Co.  was  inadvertently  given  as 
Cleveland  instead  of  Akron,  Ohio.  The 
error  will,  of  course,  be  recognized  by 
many  of  our  readers,  and  we  trust  that 
the  above  correction  will  reach  those  who 
are  not  familiar  with  the  address  of  the 
company  in  time  to  avoid  any  serious 
confusion  or  inconvenience. 
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although  at  present  only  five  are  in- 
stalled. Each  is  direct-connected  to  a 
three-phase,  40-cycle,  12,000-volt  gen- 
erator from  which  current  is  delivered 
to  the  Cedegolo  station,  where  it  is 
stepped  up  to  60,000  volts  for  transmis- 
sion to  Milan. 

The  Cedegolo  station  is  similar  in  many 
respects  to  the  Isola  station,  but  utilizes 
a  head  of  only  1542  ft. 


Water     Power     Development 
Utilizing  a  2985-Foot  Head 

The  Engineering  News  for  Dec.  28, 
1911,  contains  an  interesting  description 
of  the  Adamello  water-power  develop- 
ment which  supplies  power  to  the  city 
of  Milan,  Italy.  The  water  supply  is 
taken  from  the  rivers  Oglio  and  Paglia 
and  Lake  d'Arno,  all  of  which  are  fed 
from  the  glaciers  of  the  Adamello  Moun- 
tains, and  is  led  to  two  power  stations, 
one  at  Isola  and  ihe  other  at  Cedegolo. 

The  distinguishing  feature  of  the  sys- 
tem is  the  extremely  high  head,  2985  ft., 
under  which  the  Isola  station  operates. 
In  order  to  have  the  necessary  water- 
carrying  capacity  with  minimum  loss  of 
head,  and  yet  provide  adequate  strength 
without  making  the  pipe  thickness  un- 
duly large,  it  was  decided  to  lay  two 
parallel  supply-pipe  lines  to  the  power 
house.  The  top  section  of  these  pipe 
lines  from  the  penstock  to  a  point  where 
the  static  head  reaches  722  ft.  consists 
of  riveted  pipes  31.5  in.  in  diameter  with 
walls  0.28  to  0.55  in.  thick.  The  next 
section  of  the  line  consists  of  lap-welded 
pipes  with  double-riveted  sleeve  joints; 
and  the  final  section  near  the  power 
house  at  which  point  a  minimum  diam- 
eter of  22  in.  is  reached^  is  made  up  of 
lap-welded  pipes  1.26  in.  thick  with 
welded-on  flanges  recessed  to  receive 
rubber  packing.  Before  putting  these 
pipes  into  place  they  were  subjected  to 
a  pressure  of  4000  lb.  per  square  inch, 
or  about  three  times  the  working  pres- 
sure. 

Each  pipe  delivers  35.3  cu.ft.  per  sec- 
ond  and  the  total   loss  of  head   is  only 
.  79  ft.,  or  about  2.6  per  cent. 

The  turbines  are  each  fed  by  a  single 
jet.  and  regulation  is  effected  by  means  of 
a  deflecting  nozzle  connected  with  the 
governor.  A  pear-shaped  needle  within 
the  nozzle  regulates  the  area  of  the  open- 
ing and  the  quantity  of  water  required 
for  the  turbine.  Should  a  large  reduc- 
tion in  load  occur  suddenly,  the  gov- 
ernor causes  the  nozzle  to  swing  so  that 
the  jet  clears  the  bucket.  The  regulator 
then  begins  to  close  the  opening  by  means 
of  the  needle  and  to  swing  the  nozzle 
back.  In  this  way,  any  shocks  incident 
to  a  sudden  change  in  load  are  averted. 

The  Isola  station  is  laid  out  for  seven 
6000-hp,  turbines  running  at  620  r.p.m.. 
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mies  by  burning  oil  in  internal-combus- 
tion engines.  It  has  been  adopted  by 
the  navy  and  its  use  increases  on  the 
railroads.     Oil   is   being  taken   seriously. 


A    Swedish    Hydro-electric 
Power  Station 

Engineering,  of  Dec.  22,  publishes  a 
description  of  the  Gullstang  hydro-elec- 
tric power  station  in  Sweden.  Francis 
double-flow  turbines  are  used  under  an 
effective  head  of  20  m.  (about  66  ft.), 

Running  at  250  r.p.m.,  the  4000-hp. 
units  have  a  guaranteed  efficiency  of 
79  per  cent,  at  full  load,  78  per  cent, 
at  three-quarters  load  and  72  per  cent, 
at  half  load.  The  4500-hp.  unit  has 
a  guaranteed  efficiency  of  78,  79  and  72 
per  cent,  respectively  at  the  loads  above 
mentioned.  For  each  per  cent,  that  the 
efficiency  is  short  of  the  guarantee  the 
manufacturers  agree  to  pay  a  penalty 
of  2000  kr.  (S536)  per  turbine,  and  for 
each  per  cent,  by  which  the  efficiency  ex- 
ceeds the  figures  of  the  guarantee,  the 
manufacturers  are  to  have  a  premium  of 
1500   kr.    ($402)    per   turbine. 

The  turbines  are  actually  run  at  265 
revolutions.  The  cost  of  installation, 
based  upon  the  three  4000-hp.  and  one 
4500-hp.  units  already  installed,  is  192 
kr.  (S51.46)  per  horsepower  installed, 
and  265  kr.  1S71.02)  exclusive  of  re- 
serve. When  the  -station  is  fully  com- 
pleted it  is  expected  that  the  cost  will 
be  reduced  to  138  ($36.98)  and  167 
(S44.76)    kr.   respectively. 


Increase  in  Oil   Production 

The  production  of  petroleum  in  1911 
increased  slightly  over  the  record-break- 
ing figures  of  1910.  The  following  table 
gives  a  comparison  of  the  final  figures 
of  the  United  States  Geological  Survey 
for  1910  and  the  estimated  output  for 
1911  : 

PRODUCTION    OF    PETROI.EUM    IN 
1910    .ANI3    lilll 

1910  ISll 

Barrels        Barrels 

Appalachian     field..    31.985,515  28,000,000 

I.ouisiana     6,841,395  10,000.000 

Kansas   and   Okla.  .    53,157,386  56,000,000 

California     73,010,560  81,000,000 

Texas      8,899,266        9,000,000 

Miscellaneous    35,661,926  33,000.000 

209,556,048   217.000,000 

The  total  production  for  the  United 
States  is  between  215,000,000  and  220,- 
000,000  bbl.  The  gain  in  a  single  state 
— California — Was  greater  than  the  net 
gain  shown  for  the  country  as  a  whole. 

The  tendency  to  substitute  oil  for  coal 
in  many  industrial  establishments  is 
growing  rapidly.  It  is  further  encouraged 
by  the  possibilities  of  still  greater  econo- 


Detroit  Convention  of  Marine 
F2ngineers 

The  National  Marine  Engineers'  Bene- 
ficial Association  held  its  thirty-seventh 
annual  convention  at  Detroit,  Mich.,  dur- 
ing the  week  commencing  Jan.  15.  About 
100  delegates  were  in  attendance,  rep- 
resenting associations  from  Seattle, 
Wash.,  to  Portland,  Maine,  and  from  the 
Lakes  to  the  Gulf. 

The  convention  was  called  to  order 
at  the  Tuller  Hotel  by  National  President 
William  F.  Yates  at  10  o'clock  on  Mon- 
day morning.  After  a  brief  address,  the 
committee  on  credentials  was  appointed 
by  the  president  and  the  customary  pre- 
liminary business  was  proceeded  with. 
Mayor  William  B.  Thompson  then  made 
the  address  of  welcome.  President  Yates 
responded,  thanking  the  mayor  for  his 
courtesy. 

The  social  features  included  several 
theater  parties  and  visits  to  the  local 
plants,  the  main  event  being  a  smoker, 
which  was  atlended  by  many  of  the 
prominent  engineers  of  Detroit. 

The  following  national  officers  were 
reelected:  William  F.  Yates,  New  York, 
president;  David  W.  Miller,  Seattle,  first 
vice-president;  George  W.  Bowen,  Port 
Huron,  second  vice-president;  Charles 
N.  Vosburgh,  New  Orleans,  third  vice- 
president;  George  S.  Grubb,  Chicago, 
secretary;  Albert  L.  Jones,  Detroit,  treas- 
urer; William  S.  Brown,  Edwin  P.  Groff. 
Frank  J.  Houghton,  advisory  board,  and 
James  J.   Waters,  trustee. 

The  supplymen's  association  .connected 
with  this  convention  elected  F.  E.  Roms- 
ley,  president;  Charles  Heitzman,  vice- 
president;  C.  A.  Wilhoft,  secretary-treas- 
urer. 

The  next  annual  meeting  will  be  held 
at  Charleston,  S.  C,  next  January. 


I.   O.    E.    Class   in    Plant 
Management 

A  series  of  discussions  on  plant  man- 
agement will  be  given  by  the  Institute  of 
Operating  Engineers,  29  West  Thirty- 
ninth  St.,  New  York  City,  on  the  first 
Tuesday  of  each  month,  at  8  p.m.  The 
program  is  as  follows: 

Feb.  6.  "Plant  Records,"  Prof.  W.  D. 
Ennis,  Polytechnic  Institute. 

March  5.  "Employer  and  the  Operat- 
ing Engineer,"  F.  R.  Low.  editor  Power. 

April  2.  "Systematic  Inspection,"  H. 
E.  Collins,  secretary  of  the  Institute. 

May  7.  "Fire-room  Methods,"  E.  G. 
Bailey,  mechanical  engineer,  Boston, 
Mass. 

June  4.  "Handling  Men,"  Willis  Law- 
rence,   chief    operating    engineer    of    the 
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Interborough  Rapid  Transit,  New  York 
City. 

July  2.  "Essential  Principles,"  J.  C. 
Jurgensen,  president  of  the  Institute. 

These  discussions  are  open  to  the 
public. 


The    Institute  Issues   Its    First 
Certificate 

Carter  N.  Provost  is  the  recipient  of 
the  first  certificate  issued  by  the  Institute 
of  Operating  Engineers.  The  grade  is 
that  of  journeyman   machinery  operator. 


NEW   PUBLICATIONS 

Elementary    Applied    Mechanics.      By 
Arthur  Morley  and  William  Inchley. 
Published    by    Longmans,    Green    & 
Co.,  London  and  New  York.     Pages, 
282;      numerous     illustrations     and 
tables;  cloth.     Price,  $1  net. 
The  majority  of  writers  upon  this  sub- 
ject fall  into  the  habit  of  employing  cal- 
culus  to   a   greater   or   less   extent   as   a 
short  cut  to  the  end  in  view.     As  a  mat- 
ter of   fact,   however,  this  often  has  the 
effect  of  obscuring  the  line  of  reasoning 
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The  applicant  must  be  21  years  of  age 
or  over  and  must  have  served  a  regular 
apprenticeship  to  the  machine,  electrical 
or  allied  trades  or  have  held  positions 
either  as  machinery  operator  or  fireman 
for  at  least  5  years.  A  reproduction  of 
the   certificate    is   presented    herewith. 


SOCIETY   NOTES 

Preparations  are  under  -way  for  the 
annual  banquet  of  the  Pittsburg  Section, 
American  Institute  of  Electrical  Engi- 
neers, which  will  be  held  in  the  English 
room  of  the  Fort  Pitt  Hotel,  Saturday 
evening,  Feb.  17.  The  banquet  committee, 
of  which  K.  C.  Randall  is  chairman,  an- 
nounces that  L.  A.  Osborne,  vice-presi- 
dent of  the  Westinghouse  Electric  & 
Manufacturing  Co..  will  act  as  toast- 
master.  The  guest  of  honor  and  principal 
speaker  will  be  Gano  Dunn,  of  New 
York,  president  of  the  American  Institute 
of  Electrical  Engineers.  Other  speakers 
will  be  Director  A.  A.  Hamerschlag,  of 
the  Carnegie  Technical  Schools,  and 
Henry  E.  Longwell,  consulting  engineer 
with  the  Westinghouse  companies.  The 
invitations  include  ladies.  At  least  350 
plates  will  be  laid. 


to  the  man  who  has  never  studied  cal- 
culus and  very  often  to  those  who  have. 
In  the  present  case  there  is  a  marked 
absence  of  such  treatment,  only  ele- 
mentary algebra  and  trigonometry  being 
employed. 

The  subject  is  handled  in  a  logical 
manner  and  is  fully  amplified  by  numer- 
ous examples  carefully  selected  with  a 
view  to  their  practicability.  The  chap- 
ters dealing  with  graphical  statics  and 
with  power  are  especially  instructive,  and 
the  use  of  curves  and  diagrams  is  clearly 
set  forth. 

Generally  speaking,  this  is  one  of  the 
best  books  upon  the  subject  that  we  have 
seen,  considered  from  the  viewpoint  of 
its  adaptability  to  the  needs  of  the  en- 
gineer. 


The     Mechanical     World     Electrical 
Pocket  Book  for   1912.     Published 
by  Emmott  &  Co.,  Ltd.,  Manchester, 
Eng.      Cloth;    224   pages,    4x6    in.; 
80  illustrations;  many  tables.   Price, 
8'<d.,  postpaid. 
This  year's   edition   contains   new  sec- 
tions on  verniers  and  micrometers,  roller 
bearings,   helical   springs,   and   new  ma- 
terial on  other  nonelectrical  subjects,  but 


the  sections  on  dynamos  and  motors  re- 
main perfunctory  and  painfully  inade- 
quate in  both  quantity  and  quality.  The 
mathematical  tables  remain,  as  hereto- 
fore, by  far  the  most  useful  feature  of 
the  book. 


The  Mayville  Specialty  Manufacturing 
Co.,  Mayville,  Wis.,  has  just  issued  a 
30-page  handbook  entitled  "Horizontal 
Tubular  Boiler  Setting."  The  book  treats 
briefly  the  work  of  installing  return- 
tubular  boilers  and  building  their  foun- 
dations and  settings.  In  addition,  it  con- 
tains some  useful  hints  on  starting  up  a 
new  boiler,  laying  a  boiler  up  and  on 
boiler  operation  in  general.  The  book 
also  describes  the  construction  of  and 
the  manner  of  installing  Monarch  fire- 
door  and  back  combustion-chamber 
arches.  It  should  be  of  value  and  in- 
terest to  every  engineer  and  may  be  had 
for  the  asking  by  writing  to  the  company. 


BOOKS  RECEIVED 

Heat  and  Thermodynamics.  By  F.  M. 
Hartmann.  McGraw-Hill  Book  Co., 
New  Yor!-..  Cloth;  346  pages,  6x9 
in.;  72  illustrations;  indexed.  Price, 

$3. 


A  Short  Course  in  Graphic  Statics. 
By  William  L.  Cathcart  and  J.  Irvin 
Chaffee.  D.  Van  Nostrand  Co.,  New 
York,  Cloth;  183  pages,  454x71/ 
in.;  58  illustrations;  indexed.  Price, 
$1.50. 


The  Steam  Engine  and  Turbine.  By 
Prof.  R.  C.  H.  Heck.  D.  Van  Nos- 
trand Co.,  New  York.  Cloth;  631 
pages,  5V4x9";i  in.;  402  illustrations; 
charts;   tables;    indexed.      Price,  .$5. 


Motors,  Secondary  Batteries,  Measur- 
ing Instruments  and  Switchgear. 
By  S.  Kenneth  Broadfoot.  D.  Van 
Nostrand  Co.,  New  York.  Cloth; 
96  pages,  4x6 '1-  in.;  16  illustra- 
tions;   indexed.      Price,    75   cents. 


PERSONAL 

Arthur  D.  Little,  president  and  gen- 
eral manager  of  Arthur  D.  Little,  Inc., 
chemists  and  engineers,  Boston,  Mass., 
was  elected  president  of  the  American 
Chemical  Society  at  its  annual  meeting 
at  Washington.  He  was  vice-president 
of  the  society  and  chairman  of  the 
Division  of  Industrial  Chemists  and 
Chemical   Engineers. 


Arthur  H.  Gill,  associate  professor  of 
experimental  engineering  at  the  Pennsyl- 
vania State  College,  has  resigned  to  ac- 
cept a  flattering  offer  in  the  industrial 
Held.  Prof.  J.  P.  Calderwood  has  been 
assigned  charge  of  the  experimental 
laboratories  in  his  place,  and  R.  M.  Pen- 
nock  has  assumed  Professor  Calder- 
wood's  classes  in  heat  engineering. 
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Moments  with  the  Ad.  Editor 


A.  B.  Gould  of  Cleveland,  Ohio,  is 
one  of  POWER'S  subscribers  who  takes 
more  than  a  passing  interest  in  this 
page  and  in  advertising. 

He  sent  us  a  clipping  from  the  Cleve- 
land Press  which  shows  the  opinion  of 
the  Cleveland  City  purchasing  agent 
of  the  salesmen  he  meets. 

This  is  it: 

"Leave  Cigars  Behind." 

That  is  the  sign  at  the  entrance  to  the 
office  of  A.  R.  Callow,  city  purchasing 
agent.  It's  right  where  it  catches  the 
eye  of  a  salesman  entering  the  office. 

"No,  I  haven't  started  an  anti-smoking 
campaign,"  says  Callow.  "There  are  stUl 
a  few  salesmen  who  cling  to  the  ancient 
practice  of  handing  out  cigars,  and  the 
sign  is  to  head  them  off.  I  don't  like  the 
spirit  in  which  a  cigar  is  offered  by  a  man 
with  goods  to  sell. 

"The  wise,  modern  salesman  doesn't 
hand  out  cigars.  He  is  a  business  man 
who  believes  in  his  goods  and  v^^ho  as- 
sumes that  the  purchasing  agent  is  intel- 
ligent enough  to  wish  to  learn  something 
about  the  merits  of  a  good  article. 

"Aiid  by  the  way,  yoti  can  take  the  words 
of  go  ont  of  loo  salesmen  relative  to  the  goods 
they  handle.  Tliey  know  a  lie  is  soon  found 
out,  and  that  it  is  fatal  to  their  chances  of 
future  sales." 

The  italics  in  that  are  ours  and  the 
emphasized  portion  points  this  lesson: 

Probably  no  man  is  in  a  better  posi- 
tion to  judge  the  virtues  or  sins  of  a 
salesman  than  the  purchasing  agent  of 
a  large  city.  This  one  says  that  90  per 
cent,  of  them  tell  the  truth  about  their 
goods  because,  aside  from  any  moral 
question,  the  lie  would  be  fatal  to  their 
future  chances. 


Now,  good  advertising  is  nothing 
more  nor  less  than  printed  salesmanship. 

It,  too,  must  be  truthful  or  hurt  its 
future  chances  beyond  remedying. 

The  two-legged  salesman  might  get 
away  with  the  lie-stuff  and  hope  that 
the  memory  of  the  purchasing  agent 
would  prove  defective. 

But  the  printed  salesman  is  a  re- 
corded thing — it's  down  in  black  and 
white,  preserved  for  all  time,  ready  to 
be  brought  out  against  its  perpetrator 
at  any  hour.  The  purchaser  who  has 
been  buncoed  has  the  printed  evidence. 

Do  you  imagine  for  a  moment  that 
any  advertiser  who  is  in  business  to 
stay  will  take  a  chance  like  that  and 
pay  real  money  for  the  white  space  in 
which  to  do  it? 

Not  on  your  life! 

He'd  be  a  short-sighted  crook,  to 
put  it  mildly. 

This  matter  of  truth-telling  in  sales- 
manship and  advertising  is  a  develop- 
ment of  business  science. 

The  modern  business  man  wants  to 
know  what  will  pay  him  and  what 
won't.  When  he  knows,  as  he  does 
today,  that  truthful  statements  are  the 
ones  that  win  out  in  the  long  run  he 
hitches  his  wagon  to  that  star  and 
stands  back  of  the  printed  word  and 
the  verbal  one. 

So  you,  who  are  interested  in  the 
Selling  Section  of  Power,  can  read, 
believe  in  and  buy  from  the  advertise- 
ments with  a  full  measure  of  con- 
fidence. 
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EVER  hear  a  man  say,  "  I  have  so  much 
work  to  do,  I  don't  know  where  to 
begin"?  If  you  have,  you  may  have 
noticed  that  he  stood  around  doing  nothing 
all  the  time  he  was  complaining  instead  of 
being  busy  doing  some  of  his  work.  Sev- 
eral chances  to  one  the  man  wasn't  lazy. 
Probably  he  simply  lacked  svstem. 

Ever  hear  a  man  say,  "I  haven't  any  time 
to  read"?  Without  a  doubt,  that  man  has 
hot  been  systematized. 

When  a  man  chronically  "has  too  much 
to  do,"  "has  no  time,"  "is  too  busy"  to  do 
this  or  attend  to  that,  there  is  something 
the  matter.  And  usually  the  trouble  lies 
with  the  man  himself. 

There  are  some  cases  where  a  "job" 
actually  is  too  big  for  one  man,  but  they 
are  rare.  In  the  common  or  garden  variety 
of  overwork  the  trouble  is  simply  that  the 
"victim"   is  not   living  up   to  his  capacity. 

He  needs  a  mental  self  over-hauling. 

Probably  his  condi- 
tion is  due  to  gradual 
and  natural  growth  in 
his  duties  on  the  one 
hand  and  lack  of  suffi- 
cient growth  or  im- 
provement in  his  meth- 
ods, on  the  other. 

The  one  thing  need- 
ful in  such  a  case  is  to 
take  about  a  half  day 
off  and  carefully  think 
out  a  "system"  for  put- 


ting his  efforts  to  the  best  use.  It  is  aston- 
ishing how  much  one  can  accomplish  if  a 
little  time  is  spent  in  planning  out  the  work 
ahead. 

In  some  cases  the  thing  to  do  is  to  delegate 
unimportant  or  routine  work  to  a  capable 
assistant.  Too  many  men  fritter  away  valu- 
able time  on  work  that  might  just  as  well 
be  done  by  an  understudy. 

Wonderful  things  have  been  accomplished 
in  certain  manufacturing  establishments  by 
studying  conditions  and  factors  and  then 
laying  out  the  work  both  of  the  apparatus 
and  the  operatives  so  that  each  could  work 
to  best  advantage.  In  many  cases  the  results 
have  been  advantageous  to  both  the  employer 
and  the  employee. 

This  is  called  efficiency  engmeering. 

Now,  efficiency  engineering  can  be  applied 
to  the  individual  and  his  work  just  as  well 
as  to  an  entire  establishment.  Boiled  down 
and  shorn  of  all  its  frills  and  refinements, 
efficiency  engineering  means  simply  the  use 
of  common  sense. 

Bear  in  mind  that 
time  is  money.  In  jus- 
tice to  yourself  don't 
squander  it  upon  tasks 
that  are  not  worth  the 
price.  First,  get  a 
rational  point  of  view 
of  the  worth  of  your 
time;  then,  lay  out  a 
plan  for  spending  it  to 
the  best  advantage ; 
and  finally,  stick  to  it! 


POWER 


February  6,  1912 


Various  Types  of  Steam  Meters 


The  weight  of  fluid  flowing  through  an 
opening  at  any  instant  may  be  calculated 
by  the  equation 

W  =  A  y  V  (1) 

in   which 

W  =  Weight  in  pounds  per  second; 
A  =  Cross-sectional  area  in   square 

feet; 
y  —  Density  of  the  fluid  in  pounds 

per  cubic  foot; 
V  =  Velocity    of    flow    in    feet    per 
second. 
All    steam    meters    for    indicating    or 
recording    the    weight    of    steam    flowing 
through  a  pipe  are   based   upon  the   law 
expressed    in   equation    (1).      Thus,    for 
steam    of   constant   density   the    opening 
through    which    it    flows    may    be    made 
constant    and    the    variation    in    velocity 
will  be  an  indication  of  the  rate  of  dis- 
charge; or  the  velocity  may  be  held  con- 
stant and  a  variation  in  the   amount  of 
opening    will    be    an    indication    of    the 
weight  discharged. 

Unfortunately,  the  density  of  steam  is 
seldom     constant     for    any    appreciable 


By  Prof.  G.  F.  Gebhardt 


General  classification  of 
steam  flow  meters  and  des- 
cription of  the  principal 
types. 

In  the  present  article, 
those  meters  are  consid- 
ered which  fall  in  the  veloc- 
ity class;  those  in  the 
throttling  class  will  be 
treated  in  a  second  install- 
ment. 


From  this  chart  it  will  be  seen  that  all 
meters  may  be  grouped  into  two  gen- 
eral classes,  which,  for  want  of  more 
suitable  names,  may  be  designated  as 
shunt  meters  and  series  meters.  Owing 
to  lack  of  space  only  those  of  the 
former  class  will  be  described  in  this 
article,  and  those  of  the  latter  class 
will  be  taken  up  in  a  succeeding  article. 
The  series  meter  is  an  integral  part  of 


Velocity  meters  may  be  subdivided  in- 
to two  groups:  those  in  which  the  cur- 
rent of  steam  impinges  directly  against 
the  vane  of  an  impeller  and  those  in 
which  the  pressure  due  to  velocity 
actuates  the  indicating  or  recording  mech- 
anism. 

Holly   Steam   Meter 

One  of  the  earliest  steam  meters  re- 
corded was  constructed  in  1877  by  Bird- 
sill  Holly,  a  section  through  which  is 
shown  in  Fig.  1.  The  upper  impeller  is 
placed  in  the  path  of  the  steam  and  its 
speed  of  rotation  is  a  measure  of  the 
weight  of  steam  flowing.  The  lower  im- 
peller is  submerged  with  a  view  of  de- 
creasing the  speed  of  the  rotor.  The  re- 
sults were  never  satisfactory  as  the 
inertia  of  the  rotating  members  caused 
the  vanes  to  run  ahead  or  lag  behind 
the  stream  and  the  windage  and  eddy 
losses  were  variable. 

LiNDENHEIM    STEAM    METER 

The  Lindenheim  meter.  Fig.  2,  is  a 
marked    improvement   over   the    Holly   in 
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length  of  time  under  commercial  condi- 
tions of  operation,  and  herein  lies  the 
inherent  defect  of  all  steam  meters  which 
depend  for  their  operation,  upon  a  varia- 
tion in  the  area  of  efflux  or  a  varia- 
tion in  velocity.  The  density  of  steam 
is  a  function  of  its  pressure  and  quality 
and  any  variation  in  either  will  affect 
the  weight  of  discharge  as  determined 
from  equation  (I).  Pressure  variation 
may  be  automatically  compensated  for, 
but  corrections  for  quality  must  be  made 
in   each    specific   case. 

The  different  means  adopted  for  trans- 
mitting this  area  and  velocity  variation 
to  the  indicating  or  recording  devices 
overlap  to  such  an  extent  as  to  render 
a  classification  of  steam  meters  very 
unsatisfactory.  The  chart  is  offered  as  a 
guide    in    grouping   the   most   commonly 
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the  piping  and  the  entire  mass  of  fluid 
to  be  measured  passes  through  the  ap- 
paratus. It  is  not  portable  and  cannot 
be  readily  applied  to  pipes  of  different 
sizes.  In  the  shunt  meter  only  a  small 
portion  of  the  fluid  to  be  measured  is  di- 
verted through  the  apparatus,  and  the 
pipe  line  need  not  be  disconnected  for 
its  installation.  One  instrument 'suitably 
calibrated  may  answer  for  any  size  of 
pipe. 

Both  series  and  shunt  meters  maiy  be 
grouped  into  two  classes,  depending^ 
first,  upon  whether  the  natural  velocity 
existing  in  the  conduit  is  used  to  op- 
erate the  indicating  mechanism  or,  sec- 
ond, whether  an  artificial  pressure  drop 
affords  the  means  of  actuating  the  mech- 
anism. The  first  type  may  be  classified 
as    "velocity"   meters    and    the    latter   as 


Fig.   1.   Holly   Steam  Meter 

that  it  compensates  for  pressure  varia- 
tion and  does  not  require  the  entire  mass 
of  fluid  to  flow  through  the  apparatus. 
It  consists  of  an  impeller  inclosed  in  a 
steam-tight  casing  attached  to  the  main 
pipe  as  indicated.  The  rotation  of  the 
impeller  is  transmitted  to  the  counter 
through  the  agency  of  a  variable  speed 
cone,  C,  the  position  of  which  is  shifted 
by  a  steam-actuated  diaphragm,  and  this 
movement  is  transmitted  to  the  cone, 
thus  compensating  for  the  pressure 
change.  This  instrument,  like  the  Holly, 
was  never  a  commercial  success  on  ac- 
count of  friction  of  the  stuffing-boxes 
and  gearing  and  the  losses  due  to  wind- 
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Gebhardt  Steam  Meter 

During  the  past  few  years  the  writer 
has  constructed  a  number  of  velocity 
meters  which  have  overcome  some  of  the 
defects  of  the  Lindenheim  device.  Re- 
ferring to  Fig.  3,  a  thin,  smooth  aluminum 


Fig.  2.   Lindenheim    Steam    Meter 

ring  A,  with  a  permanent  steel  magnet 
A'  (inlaid  as  indicated),  is  supported  on 
pivot  bearings  within  a  steam-tight  cas- 
ing O.  A  small  jet  of  steam  impinges 
upon  the  periphery  of  the  disk  and  ef- 
fects  rotation.     The   motion   of  the   disk 


of  condenser  measurements  for  con- 
tinuous flow  and  for  velocities  between 
25  and  50  ft.  per  second,  but  the  error 
increased  with  the  higher  velocities.  Dif- 
ficulty with  the  bearings  rendered  them 
inoperative  after  a  few  days'  trial  on 
account  of  the  extremely  high  speed  of 
rotation.  No  attempt  was  made  to  auto- 
matically compensate  for  changes  in 
pressure  or  quality  of  the  steam. 

Fig.  4  shows  a  modification  of  the  in- 
strument just  described,  in  that  the  wheel 
does  not  revolve  but  is  constrained  to 
move  through  the  arc  of  a  circle  by  the 
spiral  spring  G.  The  device  is  purely 
indicating.  The  impulse  of  the  stream 
increases  with  the  velocity  and  deflects 
the  wheel  A  through  a  greater  angle, 
the  degree  of  deflection  being  a  measure 
of  the  weight  flowing  through  the  main 
pipe.  By  means  of  suitably  calibrated 
charts  the  instrument  may  be  made  to 
give  fairly  consistent  results  for  a  uni- 
form flow  and  constant  pressure  and 
quality  of  steam.  For  intermittent  flow 
the  results  are  extremely  erratic. 

In  point  of  compactness,  simplicity, 
ease  of  application  and  the  integrating 
feature  of  the  mechanism,  the  impeller 
type  of  velocity  meter  fulfills  the  re- 
quirements of  the  ideal  meter,  but  it  is 
probable  that  its  inherent  limitations  will 
prevent  it  from  ever  becoming  a  com- 
mercially successful  instrument. 

Burnham  Steam  Meter 

The  Pitot  tube  is  the  basis  for  the 
operation  of  a  number  of  commercially 
successful  steam  meters  of  the  velocity 
type.  Fig.  5  shows  a  section  through  a 
Burnham  meter,  Illustrating  one  of  the 
simplest  methods  yet  devised  for  indi- 
cating the  rate  of  flow  through  a  pipe. 
A    and   C   are   two   ordinary   gage-cocks 


glass  G  discharges  through  D  until  the 
water  column  H  balances  the  velocity 
pressure  in  pipe  P,  and  for  increasing 
velocities,  condensation  from  the  upper 
part  of  the  instrument  accumulates  and 
the  water  column  H  rises  until  a  balance 
is  effected  for  the  higher  velocities. 

This  simple  device  in  connection  with 
a  calibrated  scale  gives  readings  within 
5  per  cent,  of  condenser  measurements 
for  continuous  flow  and  constant  pressure 
and  quality  of  steam  (for  velocity  pres- 
sures corresponding  to  1 '  _.  in.  of  water 
or  more).  For  a  considerable  variation 
in  pressure  and  quality  or  for  marked 
changes  in  the  rate  of  flow,  the  instru- 
ment is  not  reliable.  Its  sensitiveness 
is  greater  at  high  velocities  since  the 
height  of  the  water  column  in  the  gage- 
glass  increases  with  the  square  of  the 
velocity  of  the  steam  in  the  main  pipe. 
For  interrupted  flow,  as  when  connected 
to  a  high-speed  engine,  the  water  column 
may  be  made  to  .closely  approximate  the 
mean  velocity  by  suitably  throttling  the 
gage-cocks. 

Fig.  6  shows  an  application  of  the 
same  principle  with  only  one  connection 
to  the  main  pipe. 

The  limitations  of  the  instrument  just 
described  which  materially  affect  the 
accuracy  at  low  velocities  are  due,  first, 
to  fluctuation  in  the  height  of  the  water 
at  the  end  of  tube  D,  due  to  surface 
tension;  second,  to  variations  in  the 
density  of  the  water  column  in  the  gage- 
glass  G;  third,  to  capillarity  in  the  gage- 
glass  G;  fourth,  to  a  sudden  increase  in 
velocity,  tending  to  "blow  out"  the  water 
column,  and,  fifth,  to  eddies  in  pipe  P. 
Notwithstanding  these  limitations  the  in- 
strument is  sufficiently  accurate  for  many 
purposes  when  a  purely  indicating  de- 
vice is  desired. 


Gebhardt's    Steam    Meter 


is  imparted  by  the  magnet  A^  to  magnet 
N',  outside  the  casing.  By  this  con- 
struction windage  and  eddy  losses  have 
been  appreciably  lowered,  inertia  has 
been  gradually  reduced  and  stuffing-box 
friction  has  been  entirely  eliminated. 
Tests  of  these  instruments  when  new 
gave  results  agreeing  within  10  per  cent. 


and  G  is  a  common  gage-glass;  C  be- 
ing connected  with  the  static  nozzle  S, 
and  A  with  the  dynamic  tube  D.  The 
height  of  water  H  is  proportional  to  the 
square  of  the  velocity  of  steam  flowing 
through  pipe  P  and  automatically  adjusts 
itself  to  the  variations  in  velocity;  thus, 
for    decreasing    velocities,    the    water    in 


Fig.  7  shows  a  modification  of  the 
Burnham  metec  in  which  the  defects  of 
the  single  gage-glass  device  are  elimi- 
nated. The  error  due  to  the  variation 
in  water  level  at  the  end  of  the  dynamic 
nozzle  is  entirely  dispensed  with  by  mak- 
ing the  tube  a  "dry"  tube;  that  is,  water 
of  condensation  is  not  returned   through 
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the  dynamic  nozzle.  The  temperature  of 
the  water  in  the  gage-glass  is  practically 
constant,  all  condensation  from  the  static 
end  being  discharged  through  the  drain  F 
to  the  chamber  below,  and  all  water 
carried  over  by  the  dynamic  end  being 


The  relation  between  the  height  of  the 
water  column  and  the  velocity  of  the 
steam  in  the  main  pipe  at  the  entrance  to 
the  dynamic  tube  in  the  Bumham  type 
of  meter  may  be  determined  from  the 
well  known  equation 


equal   in  weight  to  the   water 
column  H. 
This  equation  may  be  expressed  as 


V  =  K  ^h- 


dw 
Js 


(3) 


Fig.  5 


F-.g.e 

Forms  of  Burnh.\m  Steam  Meter 


discharged  into  pipe  P  directly  to  the 
overflow  G.  The  area  and  volume  of  the 
chamber  M  are  so  large  compared  with 
those  of  the  glass  W  that  sudden  varia- 
tions in  flow  do  not  materially  affect  the 
level  of  water  in  M  and  cannot  blow  the 
water  out  of  W.  The  only  defect  in  the 
instrument  is  the  error  due  to  capillarity 
in  the  glass  \V,  which  amounts  to  but 
0.05  in.  for  a  Yj^-'in.  tube. 

The  operation  is  as  follows:  Velocity 
pressure  is  transmitted  through  tube  D 
and  opening  O,  into  the  body  of  the 
chamber  M.  This  pressure,  acting  on 
the  surface  of  the  condensed  water  in 
the  chamber,  forces  the  water  into  the 
glass  W  until  a  balance  is  effected.  Con- 
densation is  discharged  continuously 
through  pipe  P  and  the  water  seal  U  of 
the  main  pipe.  Tests  of  this  meter  have 
given  results  agreeing  within  2  per  cent, 
of  the  condenser  measurements  for  con- 
tinuous flow  for  all  velocities  ranging 
from  the  equivalent  of  a  1-in.  to  a  10-in. 
water  column.  No  provision  is  made  for 
automatic  correction  of  the  pressure  and 
quality  variation. 

Clyde  Steam  Meter 

Fig.  8  shows  a  commercial  form  of 
the  Burnham  meter  as  constructed  by 
the  Clyde  Machine  Works,  of  Chicago. 
It  differs  from  the  one  described  in  Fig. 
6  only  by  the  addition  of  the  tube  A, 
the  function  of  which  is  to  insure  static 
pressure  in  chamber  C.  The  chart  is 
graduated  for  a  considerable  range  in 
pressure  and  quality.  It  is  a  purely  in- 
dicating device  and  readings  must  be 
taken  frequently  to  obtain  average  re- 
sults. 


V  =  c^     2gh  (2) 

in  which 

V  =  Maximum    velocity    of    flow    in 
feet  per  second; 


K  =  Coefficient  determined  by  ex- 
periment; 

h  =  Height  of  water  column  in 
inches; 


Fig.  8.  Comm€rcial  Form  of  Burnham  Meter 


c  =  Coefficient  determined  by  ex- 
periment; 

g  =  Acceleration  due  to  gravity  = 
32.2; 

H  =  Height  of  a  column  of  steam 


du>  =  Density  of  water  in  gage-glass 

in  pounds  per  cubic  foot; 
ds  =  Density  of  steam  in  the  main 
pipe. 
By  combining  equations   (1)   and    (2) 
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the  weight  of  steam  flowing  is  readily 
calculated.  (See  Transactions,  A.  S.  M.  E., 
Vol.  31,  p.  603.) 

General    Electric    Steam    Meter 

The  General  Electric  Co.  has  recently 
placed  on  the  market  a  number  of  steam 
meters  of  the  Pitot-tube  type  in  which 
a  mercury  column  is  used  to  measure 
the  velocity  pressure.  The  principle  in- 
volved is  an  old  one,  but  this  company 
is  the  first  to  exploit  it  successfully  from 
a  commercial  standpoint.  Three  styles 
are  manufactured,  (1)  type  I,  form  D, 
in  which  the  velocity  pressure  is  meas- 
ured directly  by  means  of  a  U-tube 
manometer;  (2)  type  I,  form  F,  in  which 
the  variation  in  the  height  of  the  mercury 
is  transmitted  to  an  indicating  dial 
through  the  agency  of  floats  and  pul- 
leys, and  (3)  type  R,  form  D,  in  which 
the  variation  in  the  weight  of  the  mercury 
column  actuates  a  recording  mechanism 
by  means  of  a  series  of  compound  levers. 

The  principle  of  the  simple  indicating 
device  is  illustrated  in  Fig.  9,  in  which 
S  is  the  static  nozzle  at  right  angles  to 
and  D  the  dynamic  nozzle  facing  the 
current;  U  is  an  ordinary  U-tube  manom- 
eter partially  filled  with  mercury.  When 
there  is  no  flow  the  surface  of  the  mer- 
cury in  the  columns  N  and  W  will  be 
on  the  same  level  and  the  upper  por- 
tions will  be  filled  with  condensed  vapor. 
When  there  is  a  flow,  the  mercury  will 
be   depressed   as  indicated   and   the  dif- 


fo  ''Leading Set" 


dm  =  Density    of    the    mercury     in 

pounds  per  cubic  foot   (other 

notations  as  in  equation   (3). 

A  comparison  of  equations  (3)  and  (4) 

will   show   that   the   mercury   manometer 

is  less  sensitive  than  the  water  manom- 


I  d  m 

\|  dw 


eter  by  an  amount  equivalent  to 

or  approximately  3.7.  The  variable  height 
of  the  water  column  above  the  mercury 
is  usually  included  in  the  value  of  the 
coefficient  K. 


Fig.  9.  PiTOT  Tube  with  Mercury 
Manometer 

The  General  Electric  indicating  flow 
meter,  shown  in  Fig.  10,  differs  from  the 
simple  device  just  described  in  that  a 
simple  nozzle  plug,  shown  in  detail  in 
Fig.  11,  is  used  in  place  of  the  ordinary 
static  and  dynamic  nozzles.  Referring 
to  Fig.  11,  rr  are  the  static  openings,  or 
"trailing  set,"  and  LL  the  dynamic  open- 
ings or  "leading  set."  The  plug  is  screwed 
into  the  pipe  with  the  "leading  set"  di- 


ing  chart  is  furnished,  the  readings  of 
which,  multiplied  by  the  area  of  the  pipe, 
give  the  weight  of  steam  flowing.  For 
low  velocities  the  difference  in  the  heights 
of  the  mercury  columns,  if  vertical,  is 
so  small  as  to  lead  to  serious  error; 
hence  provision  is  made  for  this  by  in- 
clining the  manometer  as  indicated  in 
Fig.  12.  With  this  the  actual  head  of 
mercury  due  to  the  velocity  is  H,  but  the 
difference  in  the  lengths  of  the  columns 
is  D.  The  indication  on  the  chart  corre- 
sponding to  the  height  of  the  mercury 
in  the  glass  T",  multiplied  by  a  constant 
depending  upon  the  inclination  of  the 
chart,  is  the  rate  of  flow  in  pounds  per 
hour  per  square  inch  of  the  pipe  cros.- 
section. 

The  accuracy  of  this  meter  depends 
entirely  upon  the  refinement  of  adjust- 
ment and  the  extent  of  error  in  reading 
the  height  of  the  mercury  column.  If 
correctly  set,  an  error  in  reading  of  -h 
in.  for  a  velocity  corresponding  to  a 
vertical  column  'j  in.  high  would  be  12^ 
per  cent.,  whereas  the  same  error  refer- 
red to  a  vertical  column  6'4  in.  high 
would  be  but  1  per  cent.  Tests  of  this 
instrument,  conducted  at  the  Armour  In- 
stitute of  Technology,  gave  readings  for 
continuous  flow  agreeing  within  1  to  8 
per  cent,  of  condenser  measurements, 
depending  upon  the  rate  of  flow.  For 
interrupted  flow  the  departure  from  con- 
denser readings  was  more  marked.  This 
meter  is  portable,  simple  in  construction 
and  readily  applied  to  any  pipe  by  in- 
serting the  nozzle  plug  at  the  required 
point,  although  considerable  care  is  nec- 
essary in  setting  it  up  and  in  making 
the  necessary  adjustments  for  pipe  diam- 
eter, steam   pressure  and   quality. 
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General  Electric  Indicating   Flow  Type  Meter,  Nozzle  Plug  and  Inclined 
Mercury  Manometer 
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ference  H  in  the  heights  of  the  mercury 
columns  will  be  a  measure  of  the  velocity 
of  flow  at  the  point  in  the  pipe  where 
the  dynamic  tube  is  placed. 

This  velocity  may  be  expressed  by  sub- 
stituting the  proper  values  in  equation 
(2),  thus 


V  =  K 


I  ,        dm 


(4) 


in  which 


rectly  facing  the  current  and  the  con- 
nections to  the  manometer  are  made 
through  the  openings  T  and  L'.  The 
weight  of  steam  flowing  may  be  obtained 
directly  from  the  height  of  the  mercury 
column  H,  Fig.  10,  by  means  of  suitable 
charts  based  upon  experiments.  Adjust- 
ment for  variations  in  pressure,  quality 
and  pipe  diameter  are  made  by  setting 
the  chart  cylinder  C  in  accordance  with 
the  graduated  scales  at  the  bottom  of 
the  instrument. 

For  general  purposes  a  single  revolv- 


Fig.  13  gives  the  general  details  of  the 
type  I,  form  F,  indicating  flow  meter. 
It  differs  from  the  one  just  described 
in  that  the  variation  in  height  of  the 
mercury  column  is  transmitted  through  a 
float  and  pulleys  to  two  bar  magnets, 
one  within  the  casing  and  the  other  with- 
out. The  indicating  needle  is  fastened 
to  the  outer  magnet  and  revolves  in 
harmony  with  the  variation  in  height  of 
the  mercury  column.  A  movable  rack 
fitted  with  a  pointer,  and  operated  by 
graduated    cylinders    for    pipe-diameter, 
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pressure  and  quality  adjustments,  indi- 
cates the  portion  of  the  circular  chart 
from  which  the  needle  readings  are  to 
be  taken;  these  adjustments  must  be 
made  by  hand.  This  instrument  is  fully 
as  accurate  as  the  one  previously  de- 
scribed, but  it  is  much  more  delicate  and 
is  more  easily  disarranged.     Connection 

JoHoleTin  Nozzle  Plug  f||  ToHeleLinNozzlePlu^ 


the  gage  tube  tends  to  straighten  out  and 
lower  the  weight,  thereby  increasing  the 
leverage  of  the  well  R' .  Adjustment  for 
quality  is  made  by  shifting  the  position 
L'  t' 


and,  according  to  tests  tuade  by  the  en- 
gineering staff,  are  accurate  within  2  per 
cent,  of  condenser  measurements  for 
continuous  flow. 


Fig.  13.  General  Electric  Type  I,  Form  F  Meter 


is  made  with  the  main  steam  pipe  by 
nozzle  plugs  which  are  interchangeable 
with  either  instrument. 

The  autographic  instrument.  Fig.  14, 
is  finding  much  favor  with  engineers 
and  is  being  rapidly  adopted  by  the  large 
power  plants.  Its  operation  is  shown 
diagrammatically  in  Fig.  15.  Two  cylin- 
drical mercury  cups,  R  and  R' ,  constitut- 
ing the  legs  of  a  U-tube  mercury  manom- 
eter are  pivoted  on  a  knife-edge  P,  and 
are  connected  to  the  nozzle  plug  by  the 
flexible  tubes  A  and  A'.  The  instrument 
may  be  placed  at  any  point  below  the 
level  of  the  nozzle  plug,  one  instrument 
being  sufficient  for  a  number  of  nozzles. 
When  there  is  no  flow  the  mercury  in 
the  two  wells  is  at  the  same  level  and 
the  system  is  in  perfect  balance.  When 
there  is  a  flow  the  velocity  pressure 
causes  the  mercury  to  flow  from  R  to  /?' 
and  the  latter  is  lowered,  carrying  with 
it  the  recording  pin  C.  The  vertical  dis 
tance  on  the  chart  between  O  and  C  is  a 
measure  of  the  weight  of  steam  flowing. 
(This  system  of  mercury  wells  was  used 
as  early  as  1886  in  a  steam  meter  de- 
signed by  Parenty. 

Pressure  variation  is  automatically 
compensated  for  by  the  sliding  weight  W , 
the  position  of  which  relative  to  the 
knife-edge  is  effected  by  the  Bourdon 
tube   G;   thus   for   increasing   pressures 


of  the  weight  W  by  hand.  Thirty  of  these 
meters  are  in  use  at  the  Argo  power 
plant  of  the  Corn  Products  Refining  Co. 


The  writer's  e.xperience  with  this  style 
of  meter  has  been  very  satisfactory  for 
continuous  flow,  but  the  results  were  not 
consistent  for  interrupted  flow  when  con- 
nected with  a  reciprocating  pump  or  en- 
gine, the  chief  objection  being  that 
the  charts  must  be  integrated  in  order  to 
ascertain  the  total  flow  for  any  given 
period  of  time.  The  ordinates  on  the 
chart  are  not  directly  proportional  to  the 
weight  of  steam  flowing;  hence  the  dia- 
gram cannot  be  integrated  in  the  usual 
manner  with  an  ordinary  planimeter.  The 
General  Electric  Co.  furnishes  a  plani- 
meter which  is  designed  to  compensate 
for  the  variation  in  the  value  of  the  ver- 
tical coordinates  so  that  the  average  flow 
per  unit  of  time  can  be  determined. 
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Oil  Burning  with  Different  Settings 


A  recent  bulletin  of  the  Lousiana  State 
University  and  A.  &  M.  College  contains 
the  results  of  some  interesting  tests 
made  by  Prof.  Kerr  and  H.  A.  Nadler,  of 
that  university,  upon  different  types  of 
oil-burning  furnaces.  The  tests  were 
conducted  upon  a  6xl8-ft.  horizontal 
return-tubular  boiler  at  the  Smithfield 
sugar  factory  during  the  past  sugar- 
drying  season.  The  draft  was  supplied 
by  a  single  stack  which  served  a  bat- 
tery of  three  boilers,  one  of  which  was 
used  in  making  the  tests.  With  the  ex- 
ception of  the  last  two,  all  the  tests  were 
made  with  a  Higgins  burner. 

Setting   No.    I 

Reference  to  Fig.  1  will  show  that  the 
setting  was  arranged  so  that  the  air  for 
combustion  could  be  supplied  to  the  un- 
der side  of  the  grate  through  a  long  duct 


Results  of  a  series  of 
tests  carried  out  on  a  hori- 
zontal return-tubular  boil- 
er to  determine  the  relative 
economy  of  different  fvir- 
naces  and  the  effect  of  vari- 
ation in  the  draft  when 
burning  oil. 


was  admitted  to  the  furnace  above 
through  an  opening  4  in.  wide  between 
the  front  of  the  grate  and  the  front  of  the 
furnace  wall,  the  grate,  with  this  excep- 
tion, being  solid.  The  grate-bars  were 
covered  with  two  layers  of  firebrick  laid 
flat.  In  this  way  there  was  no  possibility 
of  air  flowing  into  the  furnace  except 
through  the  4-in.  opening  at  the  front. 
On  this  flat  surface  bricks  were  thrown 
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Fig.  1.    Setting  No.  1 


from  the  back  end  of  the  boiler  setting. 
This  duct,  behind  the  bridge-wall,  was 
covered  over  with  brick  loosely  thrown 
in,  the  object  being  to  preheat  the  air 
before  it  reached  the  bi.rner.  The  end 
of  this  duct  was  arranged  so  that  the 
amount  of  opening  could  be  controlled 
or  closed.  In  this  setting  the  draft-doors 
were   tightly   closed   by   means   of  brick 


in  loose  so  as  to  give  a  gradual  slope 
from  near  the  front  of  the  grate  up  to 
the  top  of  the  bridge-wall.  With  the 
tests  made  on  this  setting,  as  with  all  the 
others,  the  draft  was  regulated  by  means 
of  a  damper  in  the  flue  leading  to  the 
stack. 

Reference  to   tests   Nos.    1   to  8  inclu- 
sive, in  the  accompanying  table,  shows 


low,  the  damper  was  closed  so  far  as  to 
fill  the  setting  with  smoky,  rolling  flames, 
although  no  smoke  appeared  from  the 
top  of  the  stack. 

The  fact  most  clearly  shown  by  these 
tests  is  that  the  economy  is  reduced  by 
too  high  or  too  low  draft,  depending  up- 
on the  load. 

Setting  No.  2 

The  most  common  method  is  to  ad- 
mit all  of  the  air  in  oil  burning  at  the 
front  of  the  furnace  in  such  a  manner 
that  the  air  enters  in  currents  practically 
parallel  to  the  current  of  fuel  issuing 
from  the  burner.  As  the  atomization  and 
gasification  of  the  fuel  are  incomplete  im- 
mediately after  its  issue  from  the  burner, 
it  would  seem  that  admission  of  air  to- 
ward the  back  end  of  the  furnace  should 
be  advantageous,  especially  if  it  could  be 
injected  across  the  current  of  gases  so 
as  to  facilitate  mixture  of  gases  and  air. 
With  this  in  view,  setting  No.  2,  as  shown 
in  Fig.  2,  was  arranged  so  as  to  admit 
air  through  the  furnace  floor  just  in  front 
of  the  bridge-wall.  For  this  purpose  all 
of  the  loose  brick  was  removed,  leaving 
the  grate  covered  with  a  smooth,  flat 
layer  of  firebrick  although  just  in  front 
of  the  bridge-wall  these  bricks  were  left 
sufficiently  far  apart  to  provide  seven 
'jxS-in.  holes.  The  4-in.  opening  be- 
tween the  ashpit  and  the  furnace  was 
provided  as  in  setting  No.  I,  so  that  air 
entered  at  this  place  as  well  as  through 
the  grate  at  the  back.  In  other  respects, 
the  setting  was  the  same  as  No.  1,  the 
air  being  preheated  by  its  passage  from 
the  rear  of  the  setting.  Upon  starting 
the  burner  with  the  arrangement  just 
described  it  was  found  that  too  much 
air  entered  at  the  bridge-wi.ll  and  that  the 


Fig.  2.    Setting  No.  2 


Fig.  3.    Setting  No.  3 


and  mortar.  The  fire-doors  were  closed 
in  the  same  manner,  excepting  for  two 
openings  of  about  Zyixiyi  in.  each, 
which  were  used  as  peep-holes,  but 
which,  when  the  boiler  was  in  opera- 
tion, were  entirely  closed  by  the  inser- 
tion of  bricks.  Thus  the  entire  front  of 
the  furnace  was  closed,  all  the  air  ad- 
mitted coming  from  the  rear  of  the  set- 
ting through  the  brick  duct.  The  air  thus 
delivered  to  the  under  side  of  the  grate 


that  the  lowest  economy  (No.  7)  oc- 
curred with  the  damper  wide  open  and 
with  only  75.3  per  cent,  of  the  rated 
load.  The  next  lowest  economy  occurred 
in  test  No.  3,  with  normal  load  and  the 
damper  closed  until  the  draft  in  the  flue 
was  reduced  to  .092  in.  On  the  other 
hand,  the  best  economy  was  that  shown 
in  test  No.  5  where  there  was  a  slight 
overload  and  medium  draft.  In  tests 
Nos.  3  and  6  where  the  evaporation  was 


flames  were  directed  by  the  bridge-wall 
against  one  spot  on  the  bottom  of  the 
boiler  shell.  To  remedy  this  the  holes 
in  the  grate  at  the  back  were  gradually 
closed  during  the  preliminary  runs  until 
the  only  air  which  entered  at  this  point 
leaked  past  bricks  which  were  laid  flat 
over  the  holes.  The  result  was  that  the 
quantity  of  air  entering  at  this  point  was 
comparatively  small,  though  tlie  flames 
were  still  thrown  almost  perpendicularly 
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against  the  boiler  shell.  This  latter  was 
remedied  by  throwing  in  a  small  quanti- 
ty of  loose  brick. 

However,  on  account  of  the  difficulty 
of  securing  a  satisfactory  distribution  of 
the  flame  throughout  the  setting  and  the 
heating  surface,  only  one  test  was  made. 

Setting  No.  3 
In  this  setting  arrangement  was  made 
for  preheating  the  air  by  passing  it  back 
and  forth  through  firebrick  passages  di- 
rectly under  the  furnace  (see  Fig.  3). 
The  grate-bars  were  lowered  almost  to 
the  floor  of  the  ashpit  and  a  network 
of  brick  was  built  up  by  placing  one  upon 


It  should  be  noted  that  the  boiler  tubes 
were  blown  out  just  prior  to  this  last 
test,  which,  no  doubt,  accounts  in  part 
for  the  increased  efficiency. 

Setting  No.  5 

This  setting,  shown  in  Fig.  5,  is  the 
same  as  setting  No.  4  as  far  as  that  part 
of  the  furnace  in  front  of  the  bridge- 
wall  is  concerned.  In  all  the  previous 
settings,  however,  that  part  of  the  com- 
bustion space  back  of  the  bridge-wall  was 
filled  with  firebrick  to  the  level  of  the  top 
of  the  bridge-wall.  With  the  idea  of  in- 
vestigating the  value  of  this  space  for 
combustion,    the    loose    bricks    were    re- 


FiG.  4.    Setting  No.  4 


another  without  any  mortar  so  as  to  give 
the  desired  path  to  the  gases  as  indicated. 

In  order  to  diffuse  the  fuel  and  mix 
the  air  and  the  gases,  a  checkerwork 
wall  was  built  above  the  floor  of  the  fur- 
nace. The  air  ducts  from  the  rear  of  the 
setting  were  closed  and  all  the  air  entered 
through  an  opening  of  practically  1  sq.ft. 
in  the  ashpit  door. 

Test  No.  10  was  thrown  out  on  ac- 
count of  an  error  in  the  feed-water  meas- 
urement. Owing  to  conditions  at  the 
factory  it  was  impossible  to  carry  the 
full  load  while  running  with  this  setting. 
Hence,  as  underloading  reduces  the  effi- 
ciency, it  may  be  assumed  that  the  eva- 
poration per  pound  of  oil  would  have 
been  better  for  this  setting  under  normal 
load.  Notwithstanding  this,  the  results 
compare  very  favorably  with  those  in  set- 
ting No.   1. 

Setting  No.  4 

In  this  setting,  shown  in  Fig.  4,  the 
checkerwork  used  for  diffusing  the  gases 
in  setting  No.  3  was  replaced  by  loose 
bricks  thrown  in  so  as  to  slope  gradually 
from  near  the  front  of  the  grate  to  the 
top  of  the  bridge-wall.  As  with  setting 
No.  3,  the  air  was  preheated  by  its  pas- 
sage back  and  forth  under  the  furnace, 
all  air  being  admitted  from  the  front. 

Test  No.  14,  with  this  setting,  was 
made  with  an  air  supply  adjusted  in  the 
light  of  former  tests,  to  give  the  best 
possible  results.  The  lower  evaporation 
per  pound  of  oil,  14.88,  was,  therefore, 
somewhat  unexpected,  especially  in  view 
of  the  favorable  conditions  as  regards 
load  and  excess  air.  Test  No.  15,  how- 
ever, under  practically  the  same  condi- 
tions, gave  an  evaporation  of   15.38  lb. 


moved  to  a  depth  of  about  15  in.,  al- 
though the  brickwork  around  the  mud- 
drum  prevented  this  enlargement  all  the 
way  back.  With  the  idea  also  that  some 
air    admitted    back    of    the    bridge-wall 


Aside  from  tests  22  and  23,  which 
were  made  with  burners  of  a  size  in- 
sufficient to  carry  the  load,  the  lowest 
evaporation  was  that  in  test  17.  In  this 
test  the  damper  was  closed  to  such  a 
point  that  the  furnace  was  filled  with  a 
rolling  llame,  a  condition  accompanied 
by  a  low  efficiency  in  the  other  settings. 
Test  19  was  thrown  out  on  account  of 
leakage  in  tTie  feed-water  line.  The  dam- 
per was  closed  too  much  in  test  16,  al- 
though not  quite  so  much  as  in  17.  The 
remaining  tests  showed  very  good  re- 
sults. It  will  be  noted  that  the  excess 
air  was  lower  in  these  tests  than  in  most 
of  the  others,  which  may  be  due  to  the 
admission  of  air  through  the  pipe  at  the 
rear  of  the  bridge-wall  and  to  the  en- 
largement of  the  combustion  space  back 
of  the  bridge-wall. 

Conclusions 
The  tests  showed  that  the  amount  of 
steam  used  in  atomizing  depends  largely 
upon  the  operation  of  the  burner,  a  white 
flame  being  usually  accompanied  by  a 
small  consumption  of  steam  for  atomiz- 
ing and  a  transparent  red  or  orange  flame 
by  a  large  quantity  of  steam.  The  aver- 
age percentage  of  steam  used  for  atomiz- 
ing (about  4.38)  shows  fairly  good 
work,  although  it  is  not  by  any  means  the 
best,  as  2.5  to  3  per  cent,  can  be  obtained 
under    the    proper    conditions.      Further 


>k  4' 

Fig.  5.    Setting  No.  5 


would  aid  in  better  combustion,  a  4-in. 
pipe  with  a  number  of  1-in.  holes  in  it 
was  inserted  through  a  hole  in  the  side 
wall  of  the  furnace  just  back  of  the 
bridge-wall.  The  holes  were   located  so 
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inspection  of  this  column  shows  that  the 
percentage  of  steam  used  for  this  pur- 
pose decreases  with  the  load. 

The  increase  in  economy  due  to  prop- 
er draft  regulation  is  plainly  shown  by 
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that  the  air  entering  would  be  divided  up- 
ward at  right  angles  to  the  current  of 
gases.  As  in  the  previous  settings,  the 
air  entering  at  the  grate  came  from  the 
front  of  the  furnace,  although  the  open- 
ing in  the  ashpit  door  was  nearly  closed. 


the  results  of  the  tests,  although  certain 
variable  conditions,  such  as  load,  made 
the  results  due  to  changing  the  draft 
less  regular  than  they  otherwise  would 
have  been.  The  relation  between  draft 
and  load  is  shown  by  the  curves  in  Fig. 


February  6,  1912 


POWER 


183 


6.  In  this  it  will  be  noted  that  the  average 
distance  between  the  curves  for  furnace 
draft  and  flue  draft  represents  about 
.04  in.  of  water.  This  difference  repre- 
sents the  friction  of  the  gases  in  the 
boiler  tubes  and  passages.  It  might 
have  been  expected  that  this  difference 
would  have  been  greater  as  the  load  in- 
creased, due  to  increased  volume,  and 
therefore  a  greater  velocity  of  the  gases. 
However,  in  general,  there  was  less  ex- 
cess air  at  the  greater  loads. 

With  the  flue  damper  wide  open,  the 
flame  in  the  furnace  moved  at  a  high 
velocity  with  a  tendency  to  break  up  and 
disappear  at  or  near  the  bridge-wall,  the 
color  being  rather  light.  Upon  gradu- 
ally closing  the  flue  damper  the  velocity 
of  the  flame  could  be  seen  to  decrease, 
the  flame  extending  farther  and  farther 
toward  the  rear  of  the  setting  and  be- 
coming denser  and  redder.  By  continu- 
ing the  gradual  closing  of  the  damper  a 


point  was  reached  where  the  velocity  of  World's   Coal    Production 

the    flame    was    very    low   and    the   flame 

would  roll,  and  the  furnace  setting  would  The  following  figures  show,  according 

be  entirely  filled  with  a  dense  and  gen-  '"  '^e  United  States  Geological  Survey, 

erally  smoky-looking  flame,  this    vithout  '^^  ''°^^  production  of  the  principal  coun- 

smoke  at  the  top  of  the  stack.    The  tests  *""  °^  "^^  world  in   1910,  except  those 

showed  that  this  latter  appearance  is  an  ^°'  ^l^'^^  only  '909  figures  are  available: 

indication  of  a  condition  very  near  tha*     United  states   50i,.596,.S78 

which  gives  the  best  efficiency  and  that  Gennany"'.'.'".  .•.■.■.•.■.•,•.::;:::: :     if.wsiiio 

by  setting  the  damper  at  a  position  just     i\?a^*^^^"H""sary    (1909) >,t.'.:; jM^ns 

short  of  this  rolling  action  of  the  flame     Belgium   !..'.'.'.".'.'. !!'.!!'. '.       •.ri;.',7  i  risr, 

.,       .       ^      „         .        ....  Russia  and   Finland LM.'.jim  .ii'.ir, 

the  best  effec.  >s  obtained.  .lapan   (umoi    iu.s(i.-,.4i.s 

Since  the  best  boiler  efficiency  is  de-    'I'hhJ'i  \i;io!))"  .'.; ; i3'^27't!oo 

pendent  not  only  upon  proper  air  supply     !.?'''■' ,'i;'l''',',-  •,•   ■  ;;aa ^2'SSt'5?? 

'      t^        •'     t^  '^'  '       New  South  Wales   (1009) 7,862,264 

but  also  upon  proper  loading,  it  is  best,     Sr>?in   (1909)    4,546,713 

-  -UI       i      ..  ,  »   .1.        Transvaal     4,446,477 

as  far  as  possible,  to  take  care  of  the     Natal    2,572ioi2 

variations   in    load    with   as    few    ooilers  feco^n  ■hw/^'^'*^!  ! ; ; ; : ! ' ." ' '        1'432'nlio 

as  possible.     In  other  words,  instead  of     Hoiiaiui  {1:109)    ]',23.'5!5i.5 

,.    r.,  .      .         .u      <•      1  1       .         1.      W'ueeusland  and  Victoria 1.119.708 

slightly  reducing  the   fuel  supply  to  all     itaiy   (liiiioi    611,8.57 

of  the  burners  when  the  load  is  reduced,     capc*'cqiony*"(i96o) lol'sif 

it   is  better  to  make  the   reduction  with  ^^T'^J^^    ---,-        g.JII^I 

one  or  two  boilers  and  not  change  the  

..  Total     1,278,577,812 

Others.  Percentage  of  the  United  States                  39.2 


PRINCIPAL  RESULTS  FROM  TESTS  WITH  DIFFERENT  SETTJNGS 


Test 
Num- 
ber                       Conditions  of  Test 

lis 

||3 

Q 

Draft  in 

Furnace, 

Inches  or 

Water 

§"3  S_ 

wsph 

Setting  No.  1 

74 

81 

70.9 

76.2 

88.2 
88.4 

88.5 
85.3 

403 

402 

449 
466 

454 
463 

461 
476 

0.117 
0.224 

0.092 

0.320 

0.175 
0.162 

0.282 
0.11 

0.089 
0.164 

0.102 

0.251 

0.132 
0.133 

0.2^7 
0.11 

81.5 
102 

99.1 

117.6 

106 
110 

75.3 
89.3 

14.35 
15.41 

14.06 

IS .  32 

16.1 
14.41 

13.2 

15.75 

2,89 
5.98 

6.  15 

3 .  85 

6.28 
4.44 

5   19 
5.25 

107 
97 . 5 

65.9 

124 

53.8 

184.8 
69.1 

71.6 
76.6 

70.3 

76  3 

80.1 
71.8 

65.6 

78.4 

2  Heavy  long  flame;  damper  wide  open;  ash- 

pit doors  closed;  air  from  back  of  setting 

3  Smoky  rolling  flame;  no  smoke  from  stack, 

air   from    back   of   setting;   steam    valve 

72  3 

4    Long   heavy    rolling   flame;    damper   wide 
open;  air  supply  from  rear,  high  velocity 

5    Whitish    yellow    flame    at    front    ending 
with  blue  at   rear.     Draft   less   than   in 
No.  4;  steady  load;  as  little  steam  as  pos- 

6    Fire  rolling  and  completely  filling  combus- 

7     Air  ducts  from  rear  closed;  air  supply  from 
opening  in  ashpit  door;  short  white  flame; 

3    Conditions  similar  to  No.  7,  with  damper 

Average 

Setting  No.  2 
9 

Setting  No.  3 

11  Medium  draft,  clear  fire,  flame  slightly  blue 

and  ending  just  back  of  bridge-wall 

12  Draft    less  than   No.    11   and  short,  trans- 

81.56 
81 

80.7 

85.3 

81.9 

446 
483 

489 

476 
460 

0.185 
0.147 

0.235 

0.171 
0.20 

0.151 
0.126 

0.149 

0.12 
0.13 

97.6 
99 

86.2 

80 
89 

14.83 
14.46 

14.45 

15.56 
15.26 

5.0c 
4.85 

6.57 

5.89 
5.0 

96.7 
64.8 

121.2 

114.8 
106.2 

73.8 
72.1 

72.1 

77  5 
76 

70.8 
68.5 

67.2 

73.0 

77.2 

13    Boiler  washed  out  previous  to  this  test. . . . 

Average 

Setting  No.  4 

14  Transparent  white  flame  ending  just  back 

of  bridge-wall;  firebrick  very  hot 

15  Tubes  blown  just  before  starting  test;  flame 

white  and  opaque;  draft  higher  than  in 
No.  14 .  . 

82.6 

84.3 
86.75 

475 

462 
462 

0.20 

0.175 
0.222 

0.13 

0.1, i,S 
0.202 

85.1 

104 
103 

15.09 

14.88 
15.38 

5.82 

3.67 
5.26 

114.1 

89.3 
89,3 

75.2 

74.25 
76.6 

70.8 

71.5 
72.7 

Average 

Setting  No.  5 
16    During  first  hour,  clear  bluish  rolling  flame; 
later,  shorter  flame  due  to  increased  air 

85.52 

85.8 
86.9 
80.8 

88.8 
85.5 

462 

417 
454 
479 

456 

472 

0.187 

0.159 
0.1,S4 
0.253 

0.197 
0 .  345 

0.18C 

0.153 
0.182 
0.258 

0.170 
0.262 

103.5 

84 
109.5 
123 

109.5 
100.2 

15.13 

15.  18 
14.70 
15.56 

16.05 
15.31 

4.46 

4.41 

3.2 

2.37 
3.21 

89.3 

65 
37 
55.5 

75 . 5 

8S 

75.42 

75.6 
73.2 

77.7 

80,0 
76.4 

72.1 
72.4 

17     Load  steady;  damper  closed;  heavy  bluish 

IS    Same  as  No.   17  except  more  draft;  steam 

75.0 

20    Long    white    opaque    flame;    damper   such 
that  further  closure  would  cause  flame  to 

2 1     Heavy  draft 

74.0 

Average 

22    Von    Phul    burner  used    at    full    capacity ; 
white  flame ...'.. 

82. 1 

83.1 
84.7 

456 

432 
419 

0.227 

0.210 
0.175 

0.205 

O.lSl 

0.116 

106.4 

y9.8 

69.4 

15.35 

14.05 
14.22 

3.09 

3,00 
3.19 

70.2 
108.5 

76.6 

70.2 
71.0 

74.2 

68  0 
68.8 
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Tom  Hunter,  Hoisting  Engineer 

By  Warren  O.  Rogers 


Thanksgiving  morning  dawned  cold  and 
dull,  and  the  air  was  occasionally  filled 
with  flurries  cf  snow  from  off  the  moun- 
tains which  surrounded  the  town.  I 
saw  but  little  of  Hunter  during  the  day, 
bur  after  the  six-o'clock  dinner  we  se- 
lected comfortable  seats  and  after  light- 
ing cur  cigars,  he  said: 

")  am  at  a  loss  just  what  to  say  or 
where  to  begin.  So  much  has  happened 
during  my  career  that,  taking  it  all  in  all, 
it  would  require  a  good  many  evenings 
to  tell  of  my  experiences." 

"Tel!  me  of  the  most  thrilling  you  have 
had,"  I  suggested,  as  I  leaned  back  in 
my  seat. 

A  Thrilling   Hxperience 

"The  most  thrilling  experience,  I  think, 
was  the  one  I  mentioned  last  night.  It 
occurred  years  ago,  when  I  was  a  young 
man,  and  the  lives  at  stake  were  ino=e  of 
a  dozen  miners  who  were  beiiig  hoisted 
to  the  surface  aftei  their  day's  work  was 
done.  By  chance,  it  was  on  a  Thanks- 
giving eve,  and  possibly  the  thoughts  of 
the  holiday  caused  me  to  allow  my  mind 
to  wander  to  other  things  besides  my 
work. 

"I  had  been  hoisting  coal  from  the  bot- 
tom level  when  I  got  the  signal  to  stop 
at  the  second  level,  which  was  down 
about  three  hundred  feet,  while  the  lower 
level  was  a  trifle  over  a  thousand  feet 
deep.  A  hoisting  engineer  is  most  likely 
to  make  a  mistake  when,  having  worked 
at  one  level,  he  changes  the  drum  and 
hoists  from  another.  He  gets  in  the 
ha^it  of  gaging  the  time  it  will  take  the 
car  to  run  up  and  does  not  watch  the 
indicator  as  closely  as  he  should. 

"The  engine  room  was  built  with  a 
window  in  the  wall  just  back  of  the 
double  drum  so  that  it  was  possible  to 
see  the  shaft  head,  and  this  undoubtedly 
saved  the  lives  of  those  men.  I  got  the 
signal  to  change  from  the  bottom  level 
to  the  second  and  then  came  the  signal 
to  hoist.  It  was  then  that  I  forgot  that 
men  were  on  the  cage  instead  of  coal 
and  that  I  had  changed  to  the  upper 
level  I  opened  the  throttle  wide  and  the 
cage  fame  up  at  a  terrific  speed.  1  did 
not  'ealize  that  it  was  near  the  top  until 
!  saw  !t  flash  past  the  window.  The  men 
were  transfixed  with  horror  and  were 
clinging  to  each  other  in  a  frenzy  of  fear. 
One  or  two  were  on  the  bottom  of  the 
cage  having  been  weakened  by  their  in- 
ability to  breathe,  owing  to  the  speed  at 
which  the  car  traveled. 

"\<.  is  curious  how  fast  one  can  think 
at  such  a  time.  I  saw  in  that  moment 
the  hoist  demolished,  the  cage  smashed 
into  a  tangled  mass,  the  rope  part  and  the 
mangled  men  and  wrecked  cage  dropped 


Tom  Hunter  continues 
his  narrative  on  hoisting 
engines  and  tells  why  over- 
winding accidents  occur. 

He  explains  a  device 
which  he  made  to  prevent 
confusion  oi  signals  and  so 
avoid  accidents. 


back  into  the  mine  a  thousand  feet  below. 
This  was  followed  by  a  vision  of  a  dozen 
funerals,  weeping  women  and  fatherless 
children,  and  after  that  myself  surround- 
ed by  a  howling  mob  of  avenging  men 
who  would  be  satisfied  only  with  my  life." 

"Horrible!"  1  exclaimed  at  the  vivid 
picture  he  had  drawn. 

"Horrible?  It  was  worse  than  the  tor- 
tures   of    hell!      While    these    thoughts 


side.  After  the  men  had  time  to  collect 
themselves,  I  lowered  the  cage  to  the 
ground  level." 

"Why  did  you  keep  the  men  on  the 
cage  instead  of  bringing  them  to  the  sur- 
face?" I  asked. 

"That  was  a  matter  of  self  protection, 
as  the  men  in  their  frightened,  frenzied 
state  would  have  made  a  rush  to  the  en- 
gine room,  and  had  they  gained  admit- 
tance they  would  have  made  a  short  end 
of  'yours  truly.'  After  tl.ey  had  a  chance 
to  cool  down  a  little,  although  they  made 
a  demonstration,  they  finally  went  away 
and  that  ended  the  matter,  for  I  resigned 
my  position,  knowing  that  it  would  hard- 
ly be  safe  to  continue  at  that  hoist." 

"I  see,"  I  replied;  "that  was  certainly 
a  close  call." 

"It  was  one  chance  in  a  thousand  that 
I  was  enabled  to  stop  the  cage  in  time, 
and  this  was  only  because  the  hoist  dif- 
fered   from    most    others;    that  is,    the 


Fig.  1.   We  Selected  Seats  and  Lighted  Our  Cigars 


were  flashing  through  my  mind,  I  real- 
ized that  there  was  a  chance  to  save  them. 
A  hoisting  engineer  as  a  general  prac- 
tice does  not  use  the  band  brake  to  stop 
his  engine,  but  depends  upon  plugging 
it,  or  reversing,  to  use  a  more  proper 
term.  That  was  my  chance!  I  brought 
the  reversing  lever  over  with  a  jerk,  and 
although  I  hardly  expected  to  accomplish 
my  purpose  in  time,  the  engine  came  to 
a  stop  and  began  its  reverse  motion. 
After  the  cage  had  dropped  a  few  feet  I 
held  the  car  suspended  and,  making  for 
the  door,  securely  fastened  it  on  the  in- 


cars  of  coal  were  hoisted  about  sixty 
feet  above  the  ground  level  and  were  then 
run  upon  a  trestle  and  into  the  breaker. 
Had  the  cars  been  run  off  at  the  ground 
level,  as  is  the  case  with  many  hoists, 
those  men  would  have  been  killed,  for 
there  would  have  been  no  time  to  stop 
before  the  car  hit  the  top  of  the  hoist. 
I  dislike  to  think  of  it  even  now. 

"When  I  settled  down  in  a  new  place, 
where  no  one  knew  me,  I  decided  to  de- 
vise some  kind  of  a  scheme  which  would 
make  it  next  to  impossible  to  make  a 
mistake." 


February  6,  1912 


POWER 


185 


"Do  engineers  make  many  such  mis- 
takes?" I  asked. 

Overwinding 

"It  is  not  uncommon  to  hear  of  an  en- 
gineer overwinding.  It  is  generally  done, 
however,  by  his  forgetting  to  reverse  the 
engine  and,  after  the  car  has  been  run 
from  off  the  cage,  to  start  up  and  hoist 
the  cage  and  the  car  through  the  top  of 
the  head.  I  knew  of  one  engineer  who 
did  that  three  times  in  as  many  years, 
but  he  was  an  exception." 


handle  attached  to  assist  in  putting  it  in 
place." 

"Quite  an  idea,"  said  I,  much  inter- 
ested. 

Telltale   Signal 

"Oh,  that  was  but  part  of  the  arrange- 
ment. On  the  face  of  the  dial  I  had  a 
small  disk  of  flat  sheet  iron  painted 
white  and  attached  to  an  arm,  which  was 
operated  by  an  arrangement  attached  to 
the  rear  of  the  large  dial.  While  the 
cage   was   at   any   point   between   levels. 


Fig.  2.    Indicator  Disk  without  Shield 

"How  did  you  arrange  your  safety  de- 
vice?"   I    ne.xt    inquired. 

"As  you  doubtless  know,  the  telltale 
dial  of  a  hoisting  engine  is  put  in  a  con- 
venient place  where  the  engineer  can 
easily  see  it  while  stationed  at  his  levers. 
In  my  case  it  was  set  almost  in  front  of 
the  two  drums,  and  quite  low. 

"It  is  customary  to  mark  the  levels  on 
the  face  of  the  dials  with  chalk,  and  in 
this  instance  the  mark  for  the  220- 
foot  level  came  at  a  point  about  one- 
third  of  the  circumference  of  the  dial,  the 
surface  level  or  head  mark  being  at  the 
top,  at  which  position  the  indicator  finger 
pointed  when  the  cage  was  at  the  surface 
with  the  car  ready  to  be  pushed  off  by  the 
headman. 

"I  made  a  false  cover  of  sheet  iron  to 
place  over  the  disk,  so  that  when  I  was 
hosting  from  the  220-foot  level  there 
were  but  two  marks  on  the  dial  to  watch 
and  there  could  be  no  confusion  of  level 
marks.  When  I  had  to  hoist  from  the 
lower  level  the  false  cover  was  removed, 
and  then  of  course  there  were  three 
marks  visible  on  the  disk,  but  no  atten- 
tion was  given  to  the  center  mark,  fhe 
cover  fitted  loosely  over  the  disk  and  was 
easily  lifted  from  its  position  when  it  was 
necessary  to  change  it.  It  was  arranged 
as  shown  in  these  photographs."  So  say- 
ing, he  handed  me  the  photographs  shown 
in  Figs.  2  and  3. 

"You  will   notice   that  the  cover  has  a 


Fig.  3.   Indicator  Disk  with  Shield 

this  small  white  disk  hung  down,  but  as 
soon  as  the  compressed-air  signal  was 
given  the  air  pressure  forced  the  arm  and 
the  disk  up  to  an  angle  of  perhaps  15  deg. 
and  covered  a  bright  red  circle  I  had 
painted  on  the  face  of  the  telltale  dial. 


ed  through  and,  when  the  signal  had  been 
given  to  hoist,  the  white  disk  would  come 
up  and  cover  the  red  spot  and  show 
white,  or  the  safe  starting  point.  With 
this  arrangement  there  could  be  no  mis- 
take about  hoisting  if  one  but  used  his 
eyes." 

"That  seems  a  pretty  good  idea,  but 
how  does  that  white  signal  disk 
operate?" 

"I  can  best  illustrate  that  by  a  sketch," 
answered  Hunter,  and  he  proceeded  to 
make  a  drawing  similar  to  that  shown 
in  Fig.  4.  "You  see,  the  shaft  which  I  will 
designate  as  A  has  mounted  upon  it  the 
disk  and  arm  B,  a  weight  pulley  C  from 
which  a  weight  is  hung  by  means  of  a 
cord,  and  a  ratchet  wheel  D.  This  lat- 
ter member  has  an  arm  attached  to  it 
by  means  of  screws  and  it  is  connected 
to  the  piston  of  the  air  cylinder  £  by  a 
piston  rod. 

"Just  beyond  the  ratchet  gear  D,  I  made" 
a  frame  on  which  a  pawl  was  pivoted  at 
F  and  fitted  with  a  pin  G.  Then  on  the 
shaft  of  the  indicator  I  put  an  eccentric 
H  which  would,  when  in  a  certain  posi- 
tion, throw  a  movable  shipper  arm,  to 
which  was  secured  the  projecting  piece 
K.  This  piece  was  notched  at  the  top 
so  that  when  the  eccentric  was  not  bear- 
ing against  the  end  of  the  shipper  /,  the 
pawl  L  would  engage  with  the  teeth  in 
the  ratchet  wheel.  The  member  /  slid 
on  the  pin  M  and  ran  up  on  the  pin  JV 
when  the  arm  J  was  moved  toward  the 
right  or  away  from  the  cam  shaft,  and 
as  the  outer  end  was  lifted  the  exten- 
sion piece  K  engaged  the  pin  G  and  lifted 
the  pawl  so  that  it  would  not  engage  with 
the   ratchet  wheel  £),  and   if  the  disk  B 


FiG.   4.     Details   of   Safety   Signal 


Unless  this  red  mark  was  covered  by  the 
white  disk  I  knew  that  the  signal  to  hoist 
had  not  been  given  and  of  course  I  would 
not  start   to  hoist." 

"That  seems  all  right,"  1  said,  "but 
what  good  would  the  white  disk  do  when 
you   had   the   cover  on   the   telltale?" 

"It  worked  just  the  same,"  was  the 
reply.  "At  a  point  just  opposite  the  red 
disk  I  had  cut  a  hole  of  the  same  diame- 
ter so  that  while  hoisting  the  red  show- 


was  in  the  safe  or  hoisting  position  the 
weight  O  would  then  rotate  the  shaft  A 
toward  the  lift,  thus  bringing  the  disk  to 
a  lower  position  ready  to  be  thrown  into 
the  safe  or  working  position  again." 

"It  had  to  be  timed  accurately,  I  should 
judge,"  I  said. 

"Yes,  but  that  was  easily  done;  it  all 
centered  upon  the  position  of  the  ec- 
centric  H." 

"I    hardly   see    how   air   operated    the 
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device,"  I  remarked,  not  quite  grasping 
the   exact   principle    of   operation. 

"The  piping  arrangement  was  similar  to 
that  shown  at  P,"  explained  Hunter  as  he 
sketched  in  the  pipe  line.  "The  arrange- 
ment operated  like  a  charm. 

"When  the  headmen  above  have  re- 
moved the  loaded  car  and  pushed  an  emp- 
ty car  on  the  cage  a  bell  is  rung;  when 
the  foot  man  at  the  level  from  which 
coal  is  being  hoisted  has  run  off  the 
empty  car  and  put  a  loaded  car  on  the 
cage  he  pushes  the  air  plunger  R,  which 
operates  the  plunger  at  S,  one  in  the  en- 
gine room  at  T  and  the  plunger  in  the 
cylinder  E.  The  first  two  plungers  rang 
a  bell  but  the  plunger  E  rotated  the  rat- 
chet D  in  the  direction  of  the  arrow. 
This  movement  threw  the  white  disk  B 
to  a  position  covering  the  red  mark  on  the 
face  of  the  indicator  dial,  which  indicated 
that  it  was  safe  to  start.  When  the  en- 
gine was  started  the  cam  H  came  around 
and  moved  the  shipper  /  toward  the 
right,  which  lifted  the  pa  1  L  and  the 
weight  O  swung  the  disk  B  away  from 
the  red  danger  signal." 

"That  was  quite  an  ingenious  arrange- 
ment," I  said  as  I  studied  the  drawing, 
"and  it  must  have  been  quite   a  help." 

Just  then  the  bell-boy  began  calling, 
"Mr.  Hunter,"  and,  excusing  himself, 
my  friend  went  to  answer  a  telephone 
call,  and  I  went  to  my  room  to  dream  of 
wrecked  hoisting  apparatus  and  safety 
devices,  while  a  dozen  or  more  headless, 
legless  miners  danced  about  my  bed. 

A  Glimpse  at  a  Sugar  Mill 
Boiler  Plant 

By  Fred  H.  Colvin 

During  a  recent  visit  there  were  indica- 
tions of  a  big  crop  of  cane  and  of  sugar 
in  Cuba,  some  claiming  a  record  crop, 
others  being  content  to  call  it  good. 
In  any  case,  all  the  sugar  mills  were 
being  overhauled,  many  of  them  being 
considerably  enlarged,  in  preparation 
for  the  grinding  season  which  began 
along  in  December.  For,  once  the  cane 
was  ready,  the  grinding  must  go  on  day 
and  night  for  four  or  five  months,  or  un- 
til finished. 

In  a  general  way,  the  power  plant  of 
a  sugar  mill  may  be  compared  to  that 
of  a  rolling  mill.  The  engine  is  con- 
nected to  the  train  of  grinding  rolls  in 
much  the  same  way  as  in  a  rolling  mill, 
and  the  amount  of  power  required  is 
very  heavy.  The  cane  is  first  fed  between 
the  breaking  rolls,  which  have  deep  cor- 
rugations and  look  like  many  pairs  of 
herringbone  gears  on  a  single  shaft.  The 
finishing  rolls  are  plain  and  are  set  ver\' 
closely  together.  They  squeeze  the  cane 
so  dry  that  it  drops  on  a  conveyer  and 
goes  direct  to  the  furnaces  to  be  burned. 

At  the  Providencia  Sugar  Mills,  which 
I    visited,    the    machinery    was    a    strong 


mixture  of  American,  British,  French  and 
German,  the  engines  being  built  in  Glas- 
gow while  the  electrical  apparatus,  such 
as  the  motors  on  the  centrifugal  sep- 
arators, was  mostly  American. 

Leaving  the  last  pair  of  rolls,  the  dry 
cane  or  bagasse  drops  on  a  large  con- 
veyer and  with  a  few  changes  reaches 
the  top  of  the  boilers  in  the  conveying 
belt  A,  as  can  be  seen  in  Fig.  1.  A  chute 
B  is  provided  for  each  pair  of  boilers, 
going  down  between  th-em  and  feeding 
two  furnaces.    The  furnaces  are  approxi- 


hand.  They  are  rather  fine  and  are  used 
as  a  fertilizer  on  the  lands  of  the  planta- 
tion. 

As  few  of  the  men  on  native  Cuban  or 
Spanish  plantations  speak  English,  and 
as  nothing  much  below  the  position  of 
chief  engineer  is  at  all  financially  at- 
tractive to  an  American,  the  field  in  Cuba 
for  the  readers  of  Power  is  decidedly 
limited. 

There  is  nothing  to  fear  in  the  climate, 
which  many  Americans  find  delightful 
in    most    ways,    but    sanitary    conditions. 


Fig,  1.    Boiler  Fronts,  Showing  Method  of  Feeding  Bogasse 


mately  7  feet  wide  by  9  feet  long,  the 
grates  covering  nearly  the  whole  surface 
of  the  furnace.  The  grate  is  about  one- 
half  air  space,  the  bars  and  openings 
being  about  1   inch  each  in  width. 

With  the  exception  of  starting  the  fur- 
naces at  the  beginning  of  the  season, 
bagasse  furnishes  the  entire  fuel  sup- 
ply at  this  mill,  and  this  is  said  to  be 
general  in  Cuba  where  economical  en- 
gines, generally  of  the  Corliss  type,  are 
used.  In  Louisiana  the  cane  is  less  woody 
and  steam  economy  is  very  important  as 


schools  and  society  on  a  sugar  plantation 
leave  much  to  be  desired  for  those  who 
are  accustomed  to  towns  or  cities,  the 
nearest  comparison  being  a  large  ranch 
in  the  West,  with  the  odds  in  favor  of 
the  West. 


Fig.  2.   Blower  Connections 

the  bagasse  does  not  supply  over  two- 
thirds  of  the  fuel.  The  furnaces  are 
started  with  wood.  Forced  draft  is  used, 
two  blowers  being  provided,  one  at  each 
end  of  the  battery  of  10  boilers,  so  that 
either  or  both  can  be  used  as  necessity 
demands.  A  little  idea  of  the  furnaces, 
ashpits  and  blower  connections  can  be 
had  from  Fig.  2.  The  ashes  are  raked 
out  from  beneath  and  wheeled  away  by 


Smelter  Fumes  Abatement 

E.  G.  Cottrell,  of  San  Francisco,  an  ex- 
pert in  the  employ  of  the  Federal  Bureau 
of  Mines  investigating  the  smelter  fumes 
problem,  announced  at  the  convention  of 
the  American  Chemical  Society  that  he 
and  several  Californians  associated  with 
him  had  turned  over  their  patent  rights  in 
a  device  for  the  suppression  of  this  nui- 
sance to  the  Smithsonian  Institution  and 
that  the  gift  had  been  accepted. 

Mr.  Cottrell  began  his  investigations 
into  the  problem  of  smoke  from  smelters 
several  years  ago  whije  a  professor  at  the 
University  of  California.  He  soon  reached 
the  point  where  his  device  should  be  put 
in  operation  at  a  large  plant  and  a  num- 
ber of  others  connected  with  the  uni- 
versity joined  with  Mr.  Cottrell  in  the 
undertaking,  as  it  required  considerable 
money.  The  apparatus  has  been  installed 
at  a  number  of  plants  and  has  been  so 
successful  that  it  is  believed  the  smelter 
fume  nuisance  will  soon  be  abated. 

The  royalties  will  be  used  to  aid  other 
investigators  to  bring  their  ideas  to  prac- 
tical accomplishment. 
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^  New  Type  of  Fluid  Motor 

If  a  pair  of  spiral  or  herringbone 
ears  are  held  together  as  in  Fig.  1, 
here  will  be  found  to  be  a  lozenge- 
haped  pocket  in  the  center,  as  at  a 
1  Fig.  2.  If  the  gear  is  revolved,  this 
pace  is  extended,  and  as  the  teeth  in- 
losing  it  advance  to  the  respective  posi- 
ions,  the  volume  will  be  increased  to 
nat  shown  at  bcde  and  /. 

A  fluid  under  pressure  admitted  to  the 
pace  a  and  acting  upon  the  receding 
urfaces  would  drive  the  gears,  the  en- 
rgy  produced  being  equal  to  the  pro- 
luct  of  the  pressure  and  the  volume 
;enerated.      If    the     driving     fluid     were 


by    throttling;    inclosed    forms    of    both 
types  of  governors  being  furnished. 

With  a  given  mean  effective  pressure 
the  capacity  of  an  engine  is  proportional 
to  the  volume  which  it  generates;  that  is, 
10  its  piston  displacement.  As  this  dis- 
placement is  the  product  of  the  piston 
area  and  speed,  or  of  the  factors  LAN 
in  the  common  formula, 

Ht>.       ^^^-^ 


we  may  write 


ii.ooo 


LAN 


and 


Hp.=- 


X  D 


Fig.  1.  The  Rotor  of  the  Spiro  Motor 


;xpansible  and  were  cut  off  at  any  point, 
t  would  expand  into  the  increasing  vol- 
ime,  and  the  advantages  and  economies 
if  expansion  be  realized  just  as  in  a  cut- 
iff  engine  working  with  a  regular  pis- 
on.  When  the  ends  of  the  grooves  in 
vhich  the  action  occurs  pass  the  line  of 
lontact  so  that  they  are  no  longer  closed 
)y  the  teeth  of  the  opposite  gear,  the 
luid  would  be  exhausted,  as  indicated  at 
he  end  of  the  gear  in  Fig.  2.      • 

It  is  upon  this  principle  that  the 
'Spiro,"  a  new  type  of  motor  invented 
)y  John  H.  Van  Deventer,  superintend- 
;nt  of  the  Buifalo  Forge  Co.,  acts.  The 
)perating  fluid  is  admitted  through  ports 
7p,  Fig.  2,  and  'one  of  the  claims  to 
urbine  classification,  for  the  inventor 
nsists  that  it  is  a  turbine,  is  that  the 
;ears  are  driven  as  well  by  the  impact 
IS  by  the  pressure  of  the  entering  air 
)r  steam.  There  is  no  intention,  how- 
;ver,  to  produce  a  considerable  drop  be- 
ween  the  steam  chest  and  the  admis- 
;ion  pressure,  and  no  nozzle  or  other 
neans  is  used  for  inducing  velocity.  The 
vidth  of  the  entrance  port  in  the  axial 
iirection  determines  the  point  of  cutoff. 
Phe  regulation  may  be  effected  by  vary- 
ng  the  cutoff  by  an  adjustable  port,  or 


The  secret  of  the  large  capacity  of 
this  little  motor  lies  in  the  large  dis- 
placement afforded  by  its  numerous 
chambers  and  the  high  velocity  at  which 
their  volume   is   increased. 

Assume  a  gear  8  in.  in  diameter  with 
teeth  1  in.  in  depth.  The  annular  space 
between  the  roots  of  the  teeth  and  the 
casing  would  have  a  cross-section  of 
about  22  sq.in.    As  one-half  of  this  space 


Assume  the  length  to  be  24  in.  and 
the  speed  2000  r.p.m.;  then  the  dis- 
placement will  be 

22  X  24  X  2000  =   1,056,000  cu.in. 

or  611  cu.ft.  per  min.,  which  is  about 
that  which  would  be  generated  by  a  pis- 
ton ISM  in.  in  diameter  running  at  600 
ft.   per  minute. 

It  is  possible,  therefore,  to  get  a  large 
amount  of  power  into  a  small  weight 
and  space  with  pure  rotary  motion,  no 
pistons  nor  abutments,  and  with  no  ne- 
cessity for  packing.  The  surfaces  of 
the  teeth,  as  the  gears  drive  each  other, 
run  in  sufficiently  close  contact  to  pre- 
clude serious  leakage;  leakage  between 
the  tops  of  the  teeth  and  the  casing  is 
minimized  by  the  small  pressure  differ- 
ence between  contiguous  grooves,  and 
what  steam  is  present  between  the  teeth 
forms  an  elastic  cushion  reducing  ten- 
dency to  wear.  The  contact  pressure 
imposed  upon  the  teeth  does  not  exceed 
5  lb.  per  square  inch,  which  is  very 
small  compared  with  that  used  with 
gears  designed  for  power  transmission. 
The  ends  being  in  the  exhaust  chambers 
do  not  require  to  be  packed.  The  reac- 
tion of  the  steam  as  it  escapes  after  its 
release  at  these  points  is  another  claim 
which  is  urged  for  classification  as  a 
turbine. 

A  little  study  of  Fig.  1  will  show  that 
the  steam  is  exhausted  while  the  cham- 
ber in  which  it  has  been  working  is  still 
above  the  center.  There  is,  therefore,  a 
greater  pressure  upon  this  upper  sur- 
face than  upon  the  under  one.  This  un- 
balanced pressure  is  carried  directly  up- 
on the  bearings,  which  are  made  ample 
to  withstand  it,  and  are  so  constructed 
that  each  acts  as  its  own  oil  pump,  cir- 
culating oil  between  the  shaft  and  bush- 
ings under  a  constant  pressure.  In  the 
actual  engine  the  under  surface  of  the 
gears  is  the  active  one,  the  exhaust  be- 
ing on  top.  The  weight  of  the  gears  is 
thus  opposed  to  the  unbalanced  pres- 
sure. Or  the  gears  may  be  set  one 
above  the  other,  as  shown  in  Fig.  6. 


Fir..  2.  Showing  the  Increasing 


8- 

Volume  for  Expanding  Steam 


is  occupied  by  teeth  and  one-half  avail- 
able for  displacement  on  each  gear,  the 
available  volume  would  be  that  of  the 
whole  space  considered  with  reference 
to   one   gear. 


The  "Spiro"  is  to  be  built  in  sizes  all 
the  way  from  small  units,  which  may 
be  held  in  the  hand  and  used  to  operate 
drills  and  other  air-driven  tools,  up  to 
those    of    several    hundred    horsepower. 
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The  rating  is  based  upon  100  lb.  gage  which  are  shown  in  Fig.  1,  will  run  a  erated  by  steam  from  an  ordinary  tea- 
initial  pressure  and  2000  r.p.m.,  non-  ]4-in.  drill  into  hard  cast  iron  at  the  kettle;  the  !4-lb.  pressure  which  this 
condensing.  Patterns  up  to  60  hp.  are  rate  of  otie  inch  in  twelve  seconds.  kettle  will  carry  being  sufficient  to  start 
now     readv,     and    the    dimensions     and          Fig.   3   shows   a   5-hp.   unit,   being   op-  it  and  keep  it  in  motion. 
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weights  are  given  in  the  accompanying 
table.  The  construction  is  extremely 
simple,  consisting  essentially  of  only  five 
parts — the  case,  two  runners  and  two 
heads,  Figs.  4  and  5. 

We  have  known  for  some  time  of  the 
work  which  was  being  done  upon  this 
motor,  but  the  inventor  and  projectors 
have  been  unwilling  that  anything  should 
be  said  about  it  until  it  had  been  thor- 
oughly tried  out.  After  three  years  of 
development  and  experiment  they  an- 
nounce  it  as   ready   for  the  market. 

The  186-hp.  unit  shown  in  Fig.  6  has 
been  in  use  for  three  years  by  the  Buf- 
falo Forge  Co.,  driving  fans,  gas  scrub- 
bers and  other  apparatus  requiring  a  run- 
ning test.  It  has  never  been  taken  apart, 
nor  needed  a  single  adjustment  in  that 
time.  Noncondensing  tests  with  smaller 
units  show  the   following  results: 

Test.l        Test  2 

BoikT  pressure,  lb.  gage 120  130 

Initial  pressure,  lb.  gage 101.5       115 

Horsepower 25.3       151 

Speed,  r.p.m 2450         2710 

Water  per  brake  horsepower- 
hour,  lb .".3  2         31   >; 

The  small   hand   motor,   the   rotors  of 


Fig.  3.    A  5-hp.  Spiro  Run   by  a  Tea   Kettle 


Figs.  4.  5  and  6.  The  Casing  and  Heads    the   Rotors  and  Unit  of   186   Hp.  Capacity 
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Lubricants,  Their  Properties  and  Uses 


All  animal  and  vegetable  oils,  fats, 
etc.,  contain  acid  constituents  which  will 
attack  the  metallic  surfaces  of  bearings 
and  form  soaps  of  iron,  copper,  etc.  The 
tendency  which  they  have  to  become 
more  acid  with  age  is  very  slight  in  most 
cases,  if  the  oils  are  properly  refined  and 
not  stored  too  long. 

Grease 

When  a  grease  is  rubbed  between  the 
fingers  they  will  slide  freely  over  one 
another  even  when  pressed  together  with 
considerable  force.  A  similar  effect  is 
produced  when  a  greasy  finger  is  rubbed 
over  a  sheet  of  glass  or  other  smooth 
solid.  This  arises  from  the  fact  that  the 
grease  is  not  a  liquid  or  viscous  sub- 
stance, but  a  plastic  or  very  soft  solid 
which  cannot  by  pressure  alone  be  wholly 
driven  from  between  the  surfaces.  On 
the  other  hand,  the  soft  solid  is  easily 
sheared,  the  resistance  offered  to  the 
sliding  of  particle  over  particle  being 
very  small.  This  property  of  greases 
causes  them  to  form  very  thick  lubri- 
cating films,  even  when  the  loads  are 
heavy  and  the  speeds  moderate.  At 
high  speeds,  however,  they  do  not  com- 
pare favorably  with  the  oils,  the  fric- 
tional  resistance  being  much  greater; 
hence,  except  for  special  bearings,  greases 
are  n6w  giving  way  to  blended  oils. 

Greases  are  generally  made  by  thick- 
ening a  mineral  oil,  fixed  oil  or  fat  with 
a  soap  of  lime,  soda,  lead,  etc.,  more  or 
less  water  being  emulsified  with  the  oil 
and  soap.  In  some  cases  solids,  such  as 
black  lead,  French  chalk  and  mica,  are 
also  added.  They  are  liable  to  be  adulter- 
ated with  excess  of  water,  and  with 
solids  such  as  China  clay  and  gypsum, 
which  are  not  lubricants. 

Oils 

The  corresponding  property  in  the  case 
of  liquids,  which  prevents  the  lubricants 
from  being  easily  pressed  out,  ^fs  called 
oiliness.  Different  liquids  possess  this 
property  in  very  different  degrees.  Thus, 
although  sperm  oil  is  much  less  viscous 
than  glycerin,  it  will  be  found  to  be  a 
much  better  lubricant.  The  viscosity  of 
an  oil,  therefore,  by  no  means  furnishes 
an  index  of  its  lubricating  value. 

For  ordinary  speeds,  moderate  loads 
and  good  lubrication,  it  is  no  doubt  the 
degree  of  fluidity  which  principally  de- 
termines the  value  of  a  lubricant  for  any 
particular  purpose;  but  when  the  speeds 
are  slow  or  very  high,  the  loads  great, 
or  the  lubrication  iinperfect,  oiliness  as 
well  as  viscosity  plays  an  important  part 
in  a  reduction  of  frictional  resistance. 
The  property  of  oiliness  is  generally 
possessed  most  markedly  by  the  animal 
oils,  less  so  by  those  of  vegetable  origin, 
and    least   of   all   by   some    mineral    oils. 


By  Robert  Jeffrey 


Animal  and  vegetable  oils, 
although  containing  acids 
detrimental  to  the  metal 
surfaces,  possess  greater 
oiling  properties  than  min- 
eral oils  and  when  blended 
with  the  latter  make  very 
satisfactory  lubricants  for 
certain  purposes. 

In  special  cases,  however, 
only  mineral  oil  should  be 
employed. 


•From  a  paper  read  rLULiUly  befort-  the 
Practical  Refrigerating  Engineers'  A.s- 
sociation,   at    Houston,    Tex. 

It  is  on  this  account  that  mixed  oils  are 
so  frequently  added  to  mineral  oils,  for 
they  give  the  latter  the  property  in  which 
the  mineral  oils  are  most  deficient. 

Each  particular  animal  or  vegetable 
oil  has  a  viscosity  which  does  not  vary 
greatly  in  different  samples,  and  may  be 
regarded  as  being  in  some  measure  an 
indication  of  its  purity.  The  viscosity 
of  such  oils,  therefore,  need  not  be  speci- 
fied when  ordering,  but  should  be  deter- 
mined for  the  purpose  of  ascertaining 
the  probable  purity.  Mineral  oils,  how- 
ever, have  a  great  range  of  viscosity,  and 
it  is  necessary  to  state  in  all  cases  the 
degree  of  fluidity  required.  The  viscosity 
of  all  lubricants  varies  considerably  with 
the  temperature.  Thus,  an  oil  which,  as 
long  as  the  journal  runs  cool,  is  suffi- 
ciently viscous  to  carry  the  load  properly, 
may  become  so  fluid,  if  the  temperature 
should  rise,  that  the  rubbing  surfaces 
tend    to    grip. 

Mineral  Oils 

Mineral  oils  being  much  cheaper  than 
the  better  grades  of  fixed  oils,  and  at 
the  same  time  possessing  valuable  prop- 
erties which  they  confer  upon  .other  lubri- 
cants with  which  they  are  mixed,  the 
use  of  blended  oils  has  now  become  com- 
mon. Apart  from  the  pecuniary  aspect, 
of  the  case,  the  blended  oils  are  for  many 
purposes  superior  to  either  pure  fixed 
oils  or  pure  mineral  oils.  The  percent- 
age of  mineral  oil  permissible  varies 
according  to  the  load,  speed,  etc.,  for 
many  mineral  lubricants  are  deficient  in 
oiliness  and  can  seldom  be  used  pure, 
except  in  special  cases  or  where  bath 
rings  or  forced  lubrication  are  used,  and 
the  journals  and  bearings  are  kept  flooded 
with  oil.  At  one  time  mineral  oils  were 
regarded  with  great  distrust  both  by 
chemists  and  engineers,  and  when  found 
mixed  with  fixed  oils  they  were  regarded 
as  objectional  adulterants.  The  reverse 
now  seems  to  be  the  view  often  taken, 
fixed   oils  being   sometimes  looked   upon 


as  adulterants  when  found  mixed  with 
mineral    oils. 

Pure  mineral  oils  are  suitable  for  pres- 
sures below  70  lb.  per  square  inch 
with  free  lubrication,  when  the  metal 
surfaces  in  contact  are  such  as  do  not 
readily  seize  one  another.  With  increas- 
ing loads  the  proportion  of  fixed  oils 
which  it  is  desirable  to  add  must  also 
increase,  if  satisfactory  results  are  to  be 
obtained  as  regards  friction  and  wear. 
From  a  chemical  point  of  view  there  are 
good  reasons  for  mixing  as  large  a  pro- 
portion of  mineral  oil  with  any  fixed  oil 
as  will  not  interfere  seriously  with  its 
load-carrying  properties.  By  such  ad- 
mixture the  tendency  to  gum  is  checked, 
the  oil  remains  fluid  and  cotton  waste 
saturated  with  it  is  much  less  liable  to 
fire  spontaneously.  Animal  and  vege- 
table oils  cannot,  however,  be  added  to  all 
mineral  oils  with  impunity;  solid  hydro- 
carbons are  present  in  some  mineral  oils, 
which,  when  they  are  mixed  with  vege- 
table oils,  separate  out  as  a  precipitate 
and  cause  trouble  by  clogging. 

To  clean  surfaces  which  have  become 
covered  with  a  gummy  oxidized  lubri- 
cant, the  parts  should  be  well  moistened 
with  paraffin  oil,  which  dissolves  the  gum. 
They  should  then  be  allowed  to  run  for 
a  few  minutes,  after  which  they  may  be 
wiped  dry  and  clean. 

A  large  number  of  lubricating  greases 
are  made  by  incorporating  emulsifying 
animal  and  vegetable  fats  with  soap  and 
water,  also  by  thickening  mineral  lubri- 
cating oil  with  soap.  These  greases  are 
used  with  very  good  results  on  railway- 
car  axles,  and  some  of  them  are  ex- 
cellent lubricants  for  the  bearings  of 
slow-moving  machinery.  When  the  loads 
are  exceptionally  heavy,  solids,  such  as 
plumbago  and  soapstone,  are  sometimes 
added  to  the  grease.  These  solids  pre- 
vent abrasion  at  points  where  the  pres- 
sure forcing  the  surfaces  together  is  very 
great.  Except  in  special  cases,  how- 
ever, greases  should  not  be  used  for  fast- 
running  journals,  shafts  or  spindles,  as 
the  frictional  resistance  which  they  offer 
to  the  relative  motion  of  the  surface 
causes  great  loss  of  power. 

Impurities 

Before  rejecting  any  particular  lubri- 
cant because  difficulty  has  been  experi- 
enced owing  to  the  heating  of  the  bear- 
ing supplied  with  it,  care  must  be  taken 
to  ascertain  whether  the  fault  really  lies 
with  the  lubricant  or  with  impurities  ac- 
cidently  introduced.  In  transparent  oils 
these  are  easily  seen,  but  in  the  thicker 
dark  varieties  they  are  almost  entirely 
invisible.  When  oil  contains  such  im- 
purities as  sand,  mucilage,  or  precipi- 
tated paraffin,  etc.,  which  it  very  com- 
monly does,  and  is  poured  into  oil  cups 
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in  the  usual  way,  the  solids  are  filtered 
out  or  settle  to  the  bottom  of  the  reser- 
voir and  do  not  get  into  the  bearings. 
But  engineers  frequently  go  round  their 
engines  and  pour  a  little  oil  into  the  ends 
of  the  bearings,  or  even  remove  the  oil 
pads  and  pour  directly  upon  the  bear- 
ing surfaces;  this  introduces  grit  at  points 
where  it  can  easily  get  between  the  rub- 
bing surfaces. 

Films  of  various  kinds  also  settle 
on  the  trimmings  or  obstruct  the  oil 
passages  and  prevent  the  oil  from 
finding  its  way  with  the  necessary  free- 
dom to  the  working  surfaces.  To  still 
further  reduce  the  risk  of  small  particles 
of  grit  entering  into  the  oil  cans,  the 
lubricant,  as  it  is  given  out  for  use, 
should  be  carefully  strained  through  wire 
or  cotton  gauze  when  drawn  from  the 
tanks. 

To  enable  nuts,  boiler  manholes  and 
handhole  plates,  keys,  etc.,  to  be  easily 
placed  in  position  and  removed  again 
after  standing  for  months  or  years  in 
warm  places,  a  lubricant  is  required  which 
retains  its  qualities  and  does  not  evap- 
orate, corrode  or  otherwise  injure  the 
metallic  surfaces.  For  such  purposes 
tallow  or  oil  or  greases  containing  it 
should  on  no  account  be  used.  No  doubt 
they  make  the  nuts,  etc.,  work  freely 
in  the  first  instance,  but  in  a  very  short 
time  the  fat  undergoes  a  change 
which  corrodes  the  surfaces  together 
Even  mineral  oil,  although  it  does  not 
set  up  corrosion,  flows  out  of  the  joint 
in  the  course  of  a  few  hours  when 
heated,  evaporates,  and  leaves  the  sur- 
face free  to  bind. 

To  prevent  this,  the  best  plan  is 
to  make  use  of  a  lubricant  consisting 
of  thick  mineral  cylinder  oil  or  pe- 
troleum jelly  mixed  with  blacklead. 
Here,  even  if  the  fluid  or  semi-solid  por- 
tion of  the  lubricant  should  be  driven  out 
of  the  joint,  the  blacklead  remains  in 
the  joint,  keeps  the  surfaces  free  and 
enables  the  nuts  to  be  easily  tightened 
or  taken  off  at  any  time  without  risk  of 
breakage.  The  same  applies  to  valves, 
valve  fittings,  etc. 

Unnecessary  Wear 

Although  it  is  impossible  to  so  lubri- 
cate the  cylinders  and  valves  of  a  steam 
engine  that  there  will  be  no  unnecessary 
wear,  it  is  impossible  to  obtain  anything 
like  the  results,  so  far  as  friction  is  con- 
cerned. The  piston  and  valves  move  to 
and  fro  in  straight  lines  and  do  not  tend 
to  place,  themselves  in  such  positions  as 
to  trap  the  oils  properly  and  keep  the 
surfaces  from  touching.  Neither  can  the 
large  extent  of  surface  exposed  be  kept 
flooded  with  oil.  Therefore,  it  is  neces- 
sary' to  be  content  with  the  presence  of  a 
lubricating  film  of  no  great  thickness, 
and  either  make  the  loads  on  the  bear- 
ing surfaces  small  or  cause  them  to  move 
somewhat  slowly. 


Corrosion 

Vegetable  and  animal  oils  are  unsuit- 
able for  cylinder  lubrication,  as  in  con- 
tact with  the  steam  at  the  high  tempera- 
tures to  which  they  are  subjected,  they 
undergo  a  chemical  change  resulting  in 
the  formation  of  free  fatty  acids  which 
give  rise  to  very  serious  corrosion.  In 
many  instances,  the  use  of  such  fatty 
lubricants  has  resulted  in  the  cylinder 
metal  being  rendered  spongy  and  porous 
in  the  course  of  a  few  years;  bolts,  valves, 
spindles,  studs  and  other  parts  have  been 
cut  quite  through,  and  the  cylinder  joints, 
etc.,  rendered  leaky.  Fatty  oils,  however, 
when  mixed  with  mineral  oils,  in  quan- 
tities not  exceeding  5  to  20  per  cent.,  do 
not  seem  to  produce  these  objectional 
results  so  readily;  indeed,  the  lubrica- 
tion of  parts  which  have  to  carry  very 
heavy  loads  is  greatly  improved  by  the 
addition  of  such  oils. 

When  surface  condensers  are  used  and 
condensed  water  is  again  passed  into  the 
boilers,  care  must  be  exercised  to  pre- 
vent the  passage  of  oil  used  for  lubri- 
cation of  the  cylinders  into  them.  Tallow, 


1 2  Pipes 


valve  stems.  This  can  often  be  done 
without  any  serious  wear  taking  place 
as  the  load  on  the  rubbing  surfaces  of 
many  well  designed  engines  is  very  small, 
but  with  new  engines  slow  speed  must 
be  adopted  to  begin  with,  and  the  sur- 
faces allowed  to  burnish  and  acquire 
hard  skins. 


Heating   Large    Ouantities   of 
Water  Quickly 

A  scheme  for  heating  large  quantities 
of  water  quickly  is  shown  in  the  ac- 
companying illustration.  The  device  con- 
sists of  a  section  of  4-inch  pipe  from 
which  various  outlets  are  run  by  means 
of  suitable  connections  to  various  points 
of  delivery.  Connected  to  the  flange  of 
the  header  or  manifold  is  a  section  A,  20 
inches  long.  A  tee  B  is  fitted  to  this  sec- 
tion and  is  reduced  for  a  IjX-inch  steam 
pipe  C  in  which  three  hundred  Y^-mch 
holes  have  been  drilled  spirally  as  shown 
at  D. 

The  holes  are  drilled  on  a  slant  toward 
the  capped  end  so  that  as  the  steam  is 
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suet,  castor  oil  and  other  animal  and 
vegetable  lubricants  must  not  be  used  in 
such  cases,  even  in  small  quantities,  for 
the  acids  liberated  by  the  action  of  heat 
and  water  vapor  pass  into  the  boilers 
and  cause  serious  corrosion.  These  acids 
cannot  be- separated  from  the  water  by 
merely  allowing  it  to  rest  for  a  time  in 
a  tank;  they  remain  to  a  large  extent 
suspended  in  the  water,  giving  it  an 
opalescent  appearance.  Mineral  oils  al- 
so remain  suspended  in  condensed  water 
in  a  very  fine  state  of  division,  and  even 
though  a  considerable  quantity  may  rise 
to  the  surface  and  be  removed,  sufficient 
may  remain  in  suspension  to  produce  a 
very  serious  effect  upon  the  flues  by  so 
checking  the  passage  of  heat  through  the 
boiler  plates  as  to  cause  them  to  burn. 

The  deleterious  effects  produced  by  the 
action  of  a  lubricant  on  marine  boilers 
when  surface  condensers  have  to  be 
used,  have  led  to  marine  engines  being 
run  without  any  direct  lubrication  of  their 
valves  or  cylinders  whatever,  although 
a  certain  amount  of  oil  finds  its  way  in 
from  the  swabbing  of  the  piston  rods  and 


forced  through  them  it  imparts  momen- 
tum to  the  water,  and  the  spiral  arrange- 
ment of  the  holes  produces  a  whirling 
motion  which  thoroughly  mixes  the  water 
with  the  steam,  thus  permitting  a  large 
amount  of  water  being  heated  with  a 
small  amount  of  steam.  The  water  sup- 
ply enters  the  section  B  at  the  top  inlet. 


Much  has  been  written  recently  to . 
impress  the  mind  of  the  isolated-plant 
engineer  with  the  necessity  for  keeping 
records  of  his  plant's  operation  if  he 
desires  to  check  the  inroad  of  the  cen- 
tral station  into  his  domain. 

Comparatively  few  letters  have  come 
to  this  paper  from  engineers  telling  how 
they  succeeded  in  repelling  the  central- 
station  advances.  These  few  letters  are 
surely  not  an  index  of  the  amount  of 
good  work  done  along  these  lines  by 
the  many  engineers  of  isolated  plants, 
and  it  is  hardly  to  be  believed  that  these 
engineers  are  indifferent  to  the  dangers 
that  confront  them  in  the  activity  being 
displayed  on  every  hand  by  the  central- 
station  solicitor. 
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Worth-while  gas-engine  and  producer  information  treated  in  a  way  that  can  be  of  practical  use 


The  Holzwarth   Gas   Turbine 

In  a  book  just  published  in  German, 
Mr.  Hanz  Holzwarth,  a  well  known  gas- 
engine  designer,  describes  the  construc- 
tion of  a  new  type  of  gas  turbine  which 
he  is  developing  and  presents  the  results 
of  three  years'  painstaking  experiments 
and  investigations.  This  work  is  of  a 
high  degree  of  industrial  importance,  and 
the  results  obtained  by  Mr.  Holzwarth 
are  most  interesting  and  should  be  valu- 
able to  anyone  seriously  interested  in  the 
gas  turbine  problem. 

In  a  paper  recently  read  by  Mr.  Holz- 
warth before  one  of  the  German  engineer- 
ing societies  he  pointed  out  that  the  his- 
tory of  the  development  of  the  gas  tur- 
bine suggests  two  ways  of  solving  the 
problem.  In  the  one  method,  the  mix- 
ture of  air  and  gas  is  brought  to  the 
combustion  chamber  under  the  highest 
possible  pressure,  and  there  burned  con- 
tinuously; the  outlet  of  the  chamber  is 
fashioned  into  a  nozzle  in  which  the 
compressed  gases  are  expanded  and  a 
high  velocity  given  to  them,  which  with  a 
proper  form  of  turbine  is  converted  into 
mechanical  energy.  This  is  the  method 
of  Lemale.  The  other  method  consists 
of  intermittently  burning  the  fuel  in  the 
combustion  chamber  and  then  scavenging 
the  chamber  with  a  cooling  medium. 
This  is  the  method  Mr.  Holzwarth  has 
chosen. 

Fundamental   Principles 

The  combustion  chamber  is  filled  with 
the  explosive  mixture,  then  follows  the 
ignition  and  explosion,  the  increasing  of 
the  pressure  of  the  gases,  followed  by 
expansion  through  a  nozzle  upon  a 
proper  form  of  turbine  runner;  then  a 
thorough  scavenging  and  cooling  of  the 
combustion  chamber  with  fresh  air.  Mr. 
Holzwarth's  tests  and  investigations,  he 
says,  indicate  that  the  explosion  tur- 
bine is  practicable  only  if  the  principle 
illustrated  in  Fig.  1  is  followed.  In  this 
drawing  A  is  the  combustion  chamber; 
B  is  the  air  chamber;  C  is  the  gas  cham- 
ber; D  is  a  mechanically  controlled  ad- 
mission valve  for  air;  E  (not  shown)  is  a 
mechanically  controlled  admission  valve 
for  gas  (a  spraying  or  atomizing  noz- 
zle to  be  used  for  liquid  fuel);  F  is  a 
nozzle  valve;  G  is  a  nozzle;  H  is  the 
turbine  wheel;  /  is  the  exhaust  passage. 

By  means  of  a  blower  of  any  sort, 
driven  in  any  desirable  way,  the  cham- 
bers B  and  C  are  filled  with  air  and  gas 


respectively,  while  a  low  pressure  is 
maintained  in  the  exhaust  passage  /  by 
means  of  an  exhauster.  Through  the 
admission  valve  D  air  is  taken  into  the 
combustion  chamber  A  ;  after  the  cham- 
ber is    full   of  air,   the  gas  is   admitted 


F  is  automatically  opened  by  the  ex- 
plosion pressure  and  the  gases  go 
through  the  short  passage  to  the  jet  G, 
and  acquire  in  it  the  velocity  correspond- 
ing to  the  available  energy  contained  in 
them. 


Holzwarth's    1000-hp.    Gas   Turbine 


through  a  similar  valve,  and  the  whirl- 
ing thus  produced  causes  intimate  mix- 
ture of  the  gas  and  air.  During  this 
time  the  nozzle  valve  F  remains  closed. 
Immediately  after  the  ignition,  the  valve 


This  kinetic  energy  is  converted  in  the 
turbine  wheel  H  and  the  expanded  gases 
pass  off  through  /.  After  the  passing  off 
of  the  expanded  gases  the  nozzle  valve  F 
is  mechanically  closed,  but  so  slowlv  that. 
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the  scavenging  air  now  entering  through 
B  has  enough  time  to  clean  and  cool  the 
chamber  and  the  turbine.  A  number  of 
such  combustion  chambers  are  arranged 
in  a  circle  around  the  turbine  axis  and 
their  operation  follows  in  definite  rhyth- 
mical  order. 

The  First  Industrial  Machine 

Fig.  2  shows  the  construction  of  the 
first  Holzwarth  gas  turbine  built  on  in- 
dustrial   lines.     It  uses  ordinary   suction 


Fig.    1.    ScHE.v.ATic    Diagram 

producer  gas  of  123  to  135  heat  units 
per  cubic  foot  and  was  designed  for  a 
maximum  capacity  of  1000  hp.  at  3000 
r.p.m.  It  was  built  to  Mr.  Kolzwarth's 
design  by  the  well  known  Swiss  firm  of 
Brown,  Boveri  &  Co.  With  this  machine 
the  principal  investigations  and  tests  were 
made  during  the  past   year. 

Upon  the  ring  of  combustion  cham- 
bers is  built  the  lantern  frame  for  the 
dynamo,  with  the  lower  collar  bearing  for 
the  turbine  shaft.  On  the  lantern  the 
dynamo  is  set  and  above  this  the  upper 
collar  bearing  and  the  "step"  bearing. 
The  turbine  shaft,  therefore,  hangs 
freely  suspended  from  the  upper  end, 
with  the  turbine  wheel  at  its  lowest  ex- 
tremity. The  shaft  passes  through  the 
turbine  casing  without  a  stuffing-box  and 
there  is  no  other  structural  element  con- 
nected with  the  turbine  case.  The  tur- 
bine wheel  and  dynamo  rotor  are 
mounted  on  a  rigid  through  shaft  with 
out  any  coupling  as  shown  in  Fig.  3. 

The  explosion  chambers  contain  all 
means  for  the  control  of  their  own  pro- 
cesses. About  the  assembled  explosion 
chambers  arranged  in  a  circle  are  the 
gas  chamber,  the  passage  for  the  air, 
which  if  desirable  is  cooled  with  water, 
cooling  water  conduits,  the  gas-  and  air- 
admission  valves  and  the  nozzle  valve. 


In  front  of  the  outlets  of  the  explosion 
chambers  the  nozzles  are  arranged.  The 
stationary  blades  of  the  turbine  are  like- 
wise bolted  against  the  upper  part  of  the 
explosion  chamber.  The  upper  flange  of 
the  explosion  chamber  carries  the  lan- 
tern and  the  turbine  case  is  also  bolted 
to  it.  the  case  carrying  the  flanged  open- 
ing for  the  exhaust. 

The  explosion  chambers  are  given  an 
ellipsoidal  form;  the  lower  end  is  pressed 
inward,  the  upper  drawn  down  to  accom- 
modate the  seat  of  the  nozzle  valve,  as 
indicated  in  Fig.  2. 

As  material,  Mr.  Holzwarth  considers 
that  cast  iron  merits  first  consideration. 
The  pressure  need  not  run  so  high  as  in 
the  piston  engine,  10  atmospheres  being 


Fig.  2.    The   1000-hf,  Turbine 

sufficient,  and  the  automatic  opening  of 
the  nozzle  valve  immediately  after  igni- 
tion avoids  the  possibility  of  damage 
from  high  pressure.  Moreover,  the 
Mellipsoidal  form  of  the  chamber  is  bet- 
ter adapted  to  resist  internal  pressure 
than  a  cylinder  with  equal  thickness  of 
wall.  These  features  permit  the  use  of 
a  light-weight  structure.  The  \>hole  gas 
turbine,  without  the  dynamo  and  blower, 
weighs  some  25,000  kilograms  (55,000 
lb.),  as  compared  with  140,000  kilograms 
(310,000  lb.)  for  a  1000-hp.  piston  gas 
engine  without  the  flywheel. 

As  the  air  and  gas  valves  regulate  the 
supply  of  gas  and  air  for  the  combustion 
chamber,  there  are  as  many  air  and  gas 
valves  as  there  are  combustion  cham- 
bers. On  account  of  the  multiplicity  of 
organs,  which  in  themselves  are  exceed- 
ingly simple,  it  is  important  that  sim- 
plicity and   dependability  should  charac- 


terize the  method  of  speed  regulation. 
For  this  reason  the  oil-relay  principle  is 
used,  thereby  avoiding  a  multiplicity  of 
oscillating  levers,  pins,  eccentrics,  etc. 
There  is  only  a  piston  to  actuate  each 
valve,  the  piston  being  moved  by  oil 
under  pressure  and  controlled  by  means 
of  a  rotating  distribution  valve. 

Each  of  the  valves  operated  by  oil 
under  pressure  is  also  provided  with  a 
device  for  periodic  regulation,  this  being 
operated  also  by  means  of  oil  pressure 
under  the  control  of  the  governor.  Fig. 
4  shows  the  construction  of  this  valve. 
The  body  is  bolted  to  the  explosion- 
chamber  ring,  as  shown  in  Figs.  2  and  5. 
The  valve  disk  lies  against  a  seat  in  the 
end  of  the  valve  body  and  the  spindle 
slides  in  a  bushing  in  the  body  and  car- 
ries a  piston  at  the  other  end.  This  pis- 
ton is  freely  movable  in  another  hollow 
piston,  which  is  moved  in  the  valve  body 
by  the  oil  pressure,  and  the  movement 
of  the  hollow  piston  is  transmitted  to  the 


Holzwarth   Rotor 


valve  piston  if  the  space  between  the 
valve  piston  and  the  closed  end  of  the 
hollow  piston  is  full  of  oil. 

The  function  of  the  nozzle  valve  is 
simply  to  shut  off  the  explosion  cham- 
ber during  the  charging  process.  It  is 
automatically  opened  by  the  explosion 
and  held  open  during  the  ensuing  ex- 
pansion and  the  scavenging  period.     The 


Fic.    ).    Oil-controlled  Valve 

nozzle  valve  consists  of  the  valve  body, 
the  valve  with  the  spindle,  a  spring- 
loaded  disk  and  the  actuating  piston, 
which  is  moved  by  oil  pressure.  The 
spring  holds  the  valve  closed  with  a  pres- 
sure sufficiently  high  to  prevent  the 
escape  of  mixture  during  the  charging 
process.  After  expansion  is  completed, 
oil  is  admitted  to  the  actuating  cylinder 
and  holds  the  piston  up  and  the  valve 
open  until  the  scavenging  is  accom- 
plished. 
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The  horizontal  governor  shaft  is  en- 
closed by  a  housing  which  is  bolted  to 
the  lantern  frame,  and  it  is  driven 
through  a  worm-gear  between  the  lower 
collar  bearing  and  the  dynamo,  as  in- 
dicated in  Fig.  5.  Upon  the  governor 
shaft  are  keyed  the  governor;  a  safety 
stop,  which  in  a  simple  manner  cuts  out 
the  ignition;  the  tachometer  drive;  the 
worm-gear  for  driving  the  vertical  regu- 
lating oil-distributor,  and  the  drive  for 
the  ignition   mechanism. 

The  regulating  organ  proper  is  the 
rotating  oil-distributor.  The  pistons  for 
eperating  the  intalce  valves,  nozzle  valve, 
gas  valve  and  air  valve  for  one  combus- 
tion chamber  are  controlled  by  one  rotor 
and  the  several  rotors  are  mounted  upon 
a  shaft  which  turns  with  an  angular 
velocity  corresponding  to  the  number  of 
cycles  per  chamber.     In  the  stator  of  the 


the  familiar  form  comprising  a  cylinder, 
piston  and  pilot  valve.  The  piston  rod 
pushes  downward  upon  the  spindle  of 
the  throttle  valve  without  being  rigidly 
connected  to  it.  At  its  upper  end  the 
piston  rod  carries  a  small  piston  for  the 
periodic  regulating. 

The  throttle  valve  differs  from  the 
normal  construction  in  that  it  is  opened 
by  a  spring.  The  throttle-valve  spindle 
follows  the  piston  rod  of  the  servo-motor 
through  only  a  portion  of  its  stroke;  the 
stroke,  on  account  of  the  periodic  regu- 
lation, is  somewhat  long,  and  it  would  be 
useless  to  give  its  entire  travel  to  the 
throttle  valve. 

The  periodic  regulation  is  effected  by 
means  of  a  small  control  plunger,  moved 
by  the  servo-motor  piston  rod  and  travel- 
ling in  a  bushing  with  lateral  ports  that 
communicate   with   the  regulating  spaces 


Fic.  5.    Showing  Details  of  Governor  and  Oil  Regulator 


oil  distributor  are  equally  spaced  axial 
slits  which  communicate  with  the  oil  cyl- 
inders of  the  valves.  The  oil  is  pumped 
under  pressure  into  the  rotor,  from  which 
it  flows  through  the  slits  in  the  rotor  and 
the  slits  in  the  stator  to  the  valves,  which 
are  thereby  operated  in  definite  sequence. 
When  the  rotor  opens  the  slit  in  the 
stator  for  that  purpose,  the  oil  flows 
back  under  the  pressure  of  the  valve 
spring  to  the  space  in  the  upper  part  of 
the  distributor,  and  passes  thence  to  the 
pump.  The  throttle  valve,  with  the  cylin- 
der for  periodic  regulation,  is  also  bolted 
upon  the  explosion  chamber  (Fig.  6). 

The  collar  of  the  governor  is  connected 
with  the  horizontal  lever  of  the  governing 
mechanism  proper.  This  consists  prin- 
cipally of  what  Mr.  Holzwarth  calls  a 
"servo-motor,"  operated  by  oil  under 
pressure,  the  throttle  valve  and  the  peri- 
odic  regulator.     The   servo-motor   is    of 


of  the  gas  and  air  valves.  Under  the 
control  plunger  is  the  oil  under  pressure. 
Above  it  the  oil  can  flow  off  freely.  The 
higher  the  plunger  is  lifted,  the  more 
slits  are  exposed  for  the  escape  of  the 
pressure  oil  and  the  more  combustion 
chambers  put  into  action. 

The  explosion  efficiency  will  be  the 
greater  the  greater  the  ratio  of  expansion 
and  the  lower  the  final  temperature  after 
expansion;  also,  the  smaller  the  amount 
of  heat  lost  to  the  walls,  of  course.  It 
is  identical  with  the  indicated  efficiency 
that  would  be  obtained  from  the  piston 
gas  engine  if  the  gas  mixture  were  not 
compressed  after  admission  and  the  ex- 
pansion were  carried  down  to  the  pres- 
sure of  the  atmosphere.  The  working 
process  in  the  turbine  proper  corresponds 
with  that  of  the  older  Parsons  steam  tur- 
bine, working  with  steam  puffs.  At  the 
moment    when    combustion    is    complete, 


the  chamber  is  full  of  gas  containing 
the  available  heat  energy.  As  the  heat 
is  taken  out  during  expansion,  the  gas 
passes  out  with  diminishing  velocity  until 
the  heat  fall  is  entirely  equalized.  Fig. 
7  illustrates  this  intermittent  process;  W 
represents    the    work    actually    realized 


Fig.   6.    Servo-motor 

from  C  kilograms  of  charge;  L  repre- 
sents the  turbine  losses  and  L4-Wr=  the 
work  which  would  be  accomplished  by 
a  perfect  engine  with  no  loss.  The  height 
H  of  the  diagram  represents  the  avail- 
able heat  in  the  gases. 

The  air  scavenging  is  absolutely  nec- 
essary in  order  to  keep  the  temperature 
in  the  turbine  within  reasonable  bounds 
(about  400  deg.  C).  In  order  to  secure 
economical  scavenging  and  small  radia- 
tion to  the  walls  of  the  explosion  cham- 
ber, it  is  well  to  have  the  greatest  pos- 


Fig.  7.    Holzwarth  Cycle 

sible  nozzle-valve  opening;  for  econo- 
mical charging,  this  valve  should  be  held 
closed,  of  course,  during  the  charging 
process. 

The  blower  work  necessary  to  the 
process  is  effected  by  the  utilization  in 
a  regenerator  of  heat  from  the  exhaust 
gases.  It  is,  therefore,  not  a  burden 
upon  the  heat  balance  of  the  turbine. 
The  surfaces  necessary  for  the  regenera- 
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tor  Mr.  Holzwarth  says,  are  not  greater 
than  those  of  a  surface  condenser  for  a 
steam  turbine  of  like  capacity. 

Temperature  before  Ignition 

A  point  of  considerable  importance  is 
the  influence  of  the  temperature  of  the 
mixture  before  ignition.  Upon  this  de- 
pends the  result  of  ignition:  whether 
quiet  (slow)  combustion  or  violent  ex- 
plosion (detonation).  Upon  it  depends 
further  the  stability  of  the  process,  and, 
preeminently,  the  explosion  efficiency. 
It  determines,  therefore,  whether  the 
pure  motor  process  or  the  undesirable 
heat  process  is  effected  by  the  com- 
bust'on  of  the   fuel. 

Fig.  8  shows  several  pressure  curves 
for  carbon  monoxide.  By  "combustion 
pressure"  is  meant  in  general  explosive 
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Fig.  8.    Carbon   Monoxide  Combustion 
Characteristics 

pressure  or  detonation  pressure.  The 
flattest  curve  shows  the  ratio  of  the  pres- 
sures existing  before  and  after  ignition, 
with  increasing  temperature  before  igni- 
tion; the  middle  curve  shows  the  ratio 
of  critical  compression  pressure  to  pre- 
compression  pressure  in  relation  to  the 
temperature  before  ignition;  the  upper 
curve  shows  the  ratio  of  detonation  pres- 
sure to  pre-ignition  pressure,  indicating 
the  explosion  wave  peaks  which  were 
reached  as  soon  as  the  pressure  reached 
the  critical  point  of  instantaneous, 
detonating  self-ignition. 

For  example,  should  the  temperature 
in  the  explosive  gas  before  the  ignition 
amount  to  100  deg.  C,  the  combustion, 
or  explosion  pressure,  would  be  7.7  times 
as  great  as  the  initial  pressure.  It  is 
attained  in  some  0.03  to  0.06  of  a  sec- 
ond, through  a  regular,  orderly  flame 
propagation.  In  this  case  the  critical 
temperature    cannot  be   reached,   for    at 


100  degrees  this  ratio  to  the  initial  pres- 
sure is  9.1. 

Should  the  initial  temperature,  how- 
ever, reach  400  deg.  C,  soon  after  the 
regular  ignition  half  of  the  available  gas 
would  reach  the  critical  temperature  and 
the  remaining  half  would  be  exploded 
spontaneously,  and  thereby  produce  a 
concussion  up  to  5.7  times  the  initial 
pressure  while  the  regular  explosion 
pressure  would  be  only  4.3  times.  At 
200  degrees  14  times  the  initial  pres- 
sure can  be  reached  as  against  a  normal 
of  6  times  the  initial. 

This  entirely  unexpected  and  not 
always  welcome  increase  of  pressure 
does  not  bring  a  corresponding  increase 
of  capacity  with  it,  for  it  is  only  momen- 
tary, not  sustained.  Fig.  9  illustrates 
this  process. 

The  First   Experiments 

The  first  turbine  designed  by  Mr.  Holz- 
warth was  a  small  experimental  machlns, 
which  was  built  by  Korting  Brothers  in 
the  year  1908.  The  air  for  combustion, 
scavenging  and  cooling  in  this  machine 
was  delivered  by  means  of  a  rotary 
blower  and  the  fuel  gas  was  supplied 
by  a  similar  blower.  Each  blower  was 
driven  by  an  electric  motor.  After  leav- 
ing the  turbine  wheel  the  exhaust  gases, 
mixed  with  the  scavenging  air,  passed 
through  vertical  pipes  to  the  atmosphere. 

The  construction  of  this  small  ex- 
perimental turbine  was  in  principle  iden- 
tical with  that  of  the  larger  turbine 
already  described. 

The  object  of  the  test  with  the  first 
small  turbine  was  to  determine  in  the 
first  place  if  the  sought- for  process  was 
attainable,  if  the  explosion  would 
approach  the  theoretical  possibility,  if 
the  scavenging  and  cooling  were  suffi- 
cient to  permit  sustained  operation  with- 
out endangering  the  machine  mechani- 
cally, and  if  the  vanes  would  stand  the 
process.  No  one  of  these  questions 
could  be  answered  by  the  indica- 
tions of  other  tests  or  by  the  analytical 
comparison  of  this  with  other  machines. 

The  first  difficulties  were  relatively 
easy  to  overcome.  After  a  few  weeks 
the  machine  ran  mechanically  perfect; 
the  process  was,  therefore,  practicable. 
,  No  mechanical  damage  to  the  machine 
appeared;  the  nozzles  and  blading 
showed  not  the  slightest  signs  of  trouble, 
notwithstanding  it  was  operated  until  the 
fire  played  upon  the  wheel.  These  tests 
were  carried  on  with  gas  made  from  an- 
thracite, and  containing  over  20  per  cent, 
of  hydrogen  and  somewhat  heavy  hydro- 
carbons. 

Encouraged  thereby,  Mr.  Holzwarth 
proceeded  to  the  construction  of  an 
economical  turbine  adapted  to  the  re- 
quirements of  a  power  plant,  and  this 
was  the  1000-hp.  machine  first  described. 
The  project  was  begun  in  1909  and  the 


erection  was  completed  in  the  winter  of 
1910.  Meanwhile,  experiments  with  the 
small  machine  were  continued.  For  fuel 
there  were  used  lighting  gas,  heavy 
motor  benzine,  Roumanian  gas  oil,  ben- 
zol and  coal  dust  from  various  sources. 
Coal  gas  can  be  used  in  the  same 
apparatus  as  power  gas,  but  the  travel  of 
the  gas  valve  must  be  materially  reduced. 
The  liquid  fuels  were  generally  pumped 
into  the  turbine  by  means  of  a  Diesel 
injector  and  atomizer.  The  ignition  re- 
mained the  same  (high  tension  jump 
spark). 

Lighting  gas  gave  not  the  slightest  dif- 
ficulty. Its  high  hydrogen  and  car- 
bureted hydrogen  contents  made  it  pos- 
sible to  promptly  ignite  the  entire  con- 
tents of  the  chamber.  All  of  the  liquid 
fuels  either  pure   or  mixed   with  illumi- 
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{Pressure  Curi/e-Jgnition 
-From  Explosion     Waves 


i  Ic/eal  Pressure  Curve 
--"\-From  Steady Combustic 


Ignit 


Fic.   9.    Regular   and   Explosive   Com- 
bustion 

nating  oil,  can  be  brought  to  complete 
and  smokeless  combustion.  It  was  neces- 
sary only  to  maintain  the  proper 
average  temperature  for  each  fuel  in  the 
explosion  chamber,  in  order  to  prevent 
the  coating  of  the  spark  plug  with  an 
insulating  film  of  oil.  In  this  way  ben- 
zine, heavy  benzine,  heavy  motor  ben- 
zine and  benzol  could  be  exploded  in  the 
cold  machine.  The  average  temperatures 
that  must  be  maintained  in  the  explosion 
chamber  are  about  400  deg.  C.  for 
petroleum,  about  400  deg.  for  gas  oil 
and  about  375  deg.  for  coal  tar  oil.  That 
it  should  be  possible  to  obtain  in  his  tur- 
bine complete  combustion  of  these  heavy 
oils  which  have  been  hitherto  usable 
only  in  the  Diesel  engine,  was  an  agree- 
able  surprise   to   the   experimenter. 

With  coal  dust,  on  the  contrary,  the 
results  were  not  encouraging.  Samples 
from  different  sources  were  tried.     Only 
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the  extraordinary  gaseous,  but  also  very 
expensive  cannel  coal  produced  regular 
explosions,  but  only  20  per  cent,  of  the 
coal  dust  admitted  was  exploded;  the 
rest  could  not,  in  the  short  time  avail- 
able, "find"  the  necessary  air. 

Early  Experiments  with  the  Large 
Turbine 

In  the   tests  begun  last   year  with   the 
large    turbine    the    fuel    was    power    gas 
made  from  coke  the  poorest  gas  in  hydro- 
gen and  in  heat  content  which  was  used 
during  the  series  of  turbine  tests.     While 
the   fundamental   questions  were  quickly 
solved  in  the  light  of  the  tests  with  the 
small     turbine,     the     striving     after    the 
greatest  perfection,  uniformity  of  opera- 
tion, more  certain  control  of  the  results 
and   the   preclusion   of   accidents   offered 
unsuspected    difficulties — solely    because 
fundamental    physical    precedents    were 
not  available  and  in  the  present  state  of 
knov.ledge   could    not    be   known.      After 
the   better   and   more   perfect  installation 
of  the  same  system  of  oil  control,  which 
on    the    first    using    was    successful,    the 
process   became   unstable,   at    first   good, 
and  then  worse.     The  inventor  had  suc- 
ceeded in  running  at  3000  r.p.m.  without 
loads,    but    with    excitation    sufficient    to 
generate  4000  volts,  with  only  250  to  300 
cu.  in.  of  gas  per  hour,  corresponding  to 
an    indicated    efficiency    of    over   20    per 
cent.;    certainly    an    encouraging    begin- 
ning so  far  as  efficiency  goes,  but  always 
only  transitory  as  to  practical  operative- 
ness.     The  average  temperature  corres- 
ponding to  the  deterioration   of  the  pro- 
cess  rose   considerably   above   the   value 
which   at  the  highest  should  be  reached 
by  calculation.     At   one   time   the   entire 
contents  of  the  chamber   would   be  ex- 
ploded,  so  that  the   theoretically   attain- 
able  height   would   be   reached.     Again, 
only  a  part  of  the   mixture  was   burned 
in   the   chamber   and    the   remainder   ap- 
parently in  the  turbine  casing,  which,  of 
course,  was  not  designed  therefor. 

These  observations  all  point  to  the 
foregoing  fundamental  data  upon  the  in- 
fluence of  the  temperature  before  igni- 
tion, as  well  as  upon  the  explosion 
waves  and  the  efficiency  of  the  explosion. 
They  led  to  the  cooling  of  the  walls  of 
the  explosion  chambers  by  additional 
water,  reducing  the  temperature  to  the 
lowest  point  which  it  was  possible  to 
obtain,  and  to  the  taking  in  of  the  air 
directly  through  the  air  valves  from  the 
outside.  The  performance  thereby  ob- 
tained was  much  more  stable  and 
smoother,  without  the  introduction  of  any 
disadvantage.  At  the  same  time,  a  notice- 
able improvement  in  ignition  was  ob- 
tained, so  that  the  ignition  and  explosion  wearing,  erosion,  etc.— was  developed  in 
occurred  as  perfectly  as  could  be  the  slightest  degree,  notwithstanding  the 
expected,  taking  into  consideration  the  tests  have  continued  altogether  for  some 
variations  in  the  specific  heat,  and  en-  three  years.  Mr.  Holzwarth  attributes 
tirely  without  explosion  waves.  this  exclusively  to  the  fact  that  no  water 


Future  Development 

The  further  development  of  the  tur- 
bine, Mr.  Holzwarth  says,  is  a  question 
of  working  out  and  developing  the  work- 
ing process  in  the  turbine  proper  so  that 
the  calculated  capacity  may  be  actually 
attained.  What  steps  must  be  taken  to 
effect  this  may  be  indicated  by  the  fol- 
lowing results   of  his  experiments. 

With  light  charges  and  small  explosion 
pressures,  the  performance  was  satis- 
factorily near  the  calculated  results; 
larger  charges  and  higher  explosion  pres- 
sures did  not  produce  the  expected  in- 
crease of  capacity.  The  difficulty  was 
traced,  by  process  of  elimination,  to  the 
nozzle  proportion.  With  five  chambers 
at  work,  the  explosions  were  regular  and 
in  conformity  with  theoretical  determina- 
tions. The  experimentally  determined 
values  lie  between  the  theoretical  curve 
for  complete  explosion  based  on  an 
initial  temperature  of  15  deg.  and  the 
curve  calculated  on  the  basis  of  an 
initial  temperature  of  100  deg.  C.  With 
10  chambers  at  work,  however,  the  ex- 
plosion pressures  were  materially  below 
the  values  obtained  when  5  chambers 
were  in  operation.  With  explosions  up 
to  4.2  atmospheres,  absolute,  the  appar- 
ent capacity  per  chamber  lies  between 
the  values  which  would  be  calculated  for 
an  initial  temperature  of  15  deg.  C,  and 
those  for  100  deg.  initial;  above  4.2 
atmospheres,  absolute,  the  average  ex- 
perimental values  lie  outside  of  the  cal- 
culated region,  the  actual  results  being 
smaller  than  the  calculations. 

Further  investigation  showed  that  in 
this  condition  the  nozzles  allowed  the  jets 
to  escape  with  strong  sound  vibrations. 
The  explanation  for  the  favorable  and 
unfavorable  results  of  this  phase  of  the 
experiments  was  that  the  gas  was  not 
fully  expanded  in  the  nozzles  when  the 
initial  pressure  was  above  4.2  atmos- 
pheres, absolute,  and  the  jet  velocity 
notwithstanding  the  increase  of  pressure, 
did  not  increase  as  it  should.  The  gas 
when  leaving  the  exist  of  the  nozzle  had- 
not  been  expanded  to  the  pressure  main- 
tained by  the  exhauster,  and  caused 
very  strong  vibrations  in   front  of  it. 

These  pressure  waves  among  other 
things,  prevent  the  necessary  free  exist 
of  the  exhaust  gases  when  10  chambers 
are  at  work.  It  seems,  therefore,  that 
the  nozzles  are  not  proportioned  for  suffi- 
cient expansion,  and  that  their  propor- 
tions must  be  determined  not  by  the 
formula  used  for  steam-turbine  nozzles 
but  by  the  use  of  entropy  diagrams  for 
the  gas  turbine. 

No   mechanical  injury  of   any  kind — 


in  any  form  is  used  in  the  process;  air 
cooling  makes  the  use  of  any  water  en- 
tirely unnecessary. 


LETTER 

Failure   to   Run  with  Normal 
Compression 

The  query  of  "J.  M.  J.,"  in  Power 
of  Dec.  5,  as  to  why  a  gasoline  engine 
running  all  right  with  the  compression 
relief  cock  open  will  not  run  under  full 
compression  with  the  cock  closed,  brings 
to  mind  a  recent  experience  in  trouble 
hunting. 

The  engine  concerned  is  a  lO-hp.  sin- 
gle-cylinder Otto  engine  using  illuminat- 
ing gas  as  fuel.  It  has  make-and-break 
ignition,  a  hit-and-miss  governor  and  is 
started  by  hand,  first  shifting  an  auxiliary 
cam  into  position  to  open  the  exhaust 
valve  during  a  part  of  the  compression 
stroke  in  order  to  relieve  the  compression 
enough  to  enable  a  man  to  turn  the  en- 
gine over  for  starting.  The  engine  is  an 
old  one  and  usually  very  reliable. 

Last  spring,  however,  the  engine  began 
"going  dead"  on  moderate  loads,  first 
missing  irregularly  and  finally  stopping 
entirely.  The  peculiar  feature  of  the 
trouble  was  that  after  stopping  still,  it 
never  refused  to  start  at  first  trial, 
although  it  would  stop  again  after  run- 
ning a  short  time.  In  time  it  was  dis- 
covered that  the  stoppage  could  be  pre- 
vented by  shifting  the  cams  into  the  start- 
ing position,  when  the  condition  described 
by  "J.  M.  J."  was  exactly  duplicated, 
namely,  satisfactory  operation  on  low 
compression  and  refusal  to  run  at  all 
when  the  compression  was  normal. 

The  trouble  was  located  in  the  ignition 
plug,  where  it  was  found  that  oil  had 
formed  a  shunt  circuit  through  the  in- 
sulating material,  an  asbestos  washer. 
The  resistance  of  this  path  was  such  that 
when  the  compression  was  low,  enough 
current  passed  between  the  plug  points 
to  make  an  igniting  spark,  but  when  the 
compression  was  normal,  the  increased 
resistance  between  the  separated  points 
prevented  a  spark  being  formed  there. 
This  source  of  trouble  is  quite  rare 
with  the  make-and-break  ignition  system, 
though  frequently  encountered  with  the 
jump-spark  system. 

G.  M.  Wesley. 
La  Favette,  Ind. 


Considerable  new  equipment  has  been 
added  recently  to  the  laboratories  of  the 
College  of  Engineering  at  Northwestern 
University  at  Evanston,  111.  It  includes 
small  Corliss  and  high-speed  engines,  a 
steam  condenser  with  engine-driven  vac- 
uum pump,  a  gas  engine,  a  hydraulic 
ram,  a  centrifugal  pump,  a  small  60- 
cycle  generator,  an  oscillograph,  an  elec- 
tric blueprint  machine  and  other  appli- 
ances. 
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A   Self  Contained   Lubricator 

Generally  speaking,  the  more  self-con- 
tained a  piece  of  apparatus,  the  better, 
for  there  are  less  exposed  parts  to  be 


yond  the  casing  and  carries  the  cam  G 
which  operates  the  yoke  H.  This  yoke 
drives  the  pump  piston  /.  Attached  to  the 
yoke  is  a  hollow  shank  which  works  in 
a  hole  in  the  main  casing.     This  shank 


center  of  the  current  of  steam  or  air  in 
the  pipe  leading  to  the  part  to  be  lubri- 
cated. The  check  valve  has  a  double-ball 
check  which  allows  the  main  check  al- 
ways   to    be    covered    with    oil,    thereby 


Fig.  3.  Delivery  Check  Valve  and 
Quill 

eliminating  any   chance  of  corrosion  by 
steam. 

The  points  of  superiority  of  this  lubri- 
cator as  set  forth  by  its  manufacturers 
may  be  summed  up  in  the  three  words: 
simplicity,  longevity  and  reliability. 


Fig.  1.  The  Improved  Sterling  Mechanical  Lubricator 


interfered  with  and  hence  there  is  less 
danger  of  derangement. 

The  Improved  Sterling  mechanical 
lubricator,  manufactured  by  the  Sterling 
Machine  Co.,  Norwich,  Conn.,  and  de- 
scribed herein,  claims  this  feature.  In 
Fig.  1,  which  is  a  view  of  a  three-feed 
lubricator,  it  may  be  seen  that  there  are 
no  exposed  gears,  ratchet  wheels  or  other 
similar  parts,  and  the  mechanism  for 
operating  the  pump  is  contained  in  a  re- 
cess  in  the  oil  reservoir. 

The  design  and  operation  may  be  un- 
derstood by  referring  to  Fig.  2,  which  is 
a  transverse  section.  The  main  operat- 
ing shaft  A,  revolving  in  a  journal  formed 
in  the  casing  of  the  reservoir,  is  driven 
by  a  set  of  four  hardened-steel  pawls 
which  engage  the  steel  ratchet  wheel  B. 
These  pawls  are  carried  in  the  hardened- 
steel  driving  hub  C  and  are  pressed 
against  the  face  of  the  ratchet  wheel  by 
hardened  springs  as  shown.  The  hub 
C  is  driven  by  the  lever  D,  which  is 
attached  by  means  of  a  connecting-rod 
to  some  reciprocating  part  of  the  unit  to 
be  lubricated.  The  lever  is  fastened  by 
means  of  the  locking  nut  E,  and  hence 
it  is  a  simple  matter  to  vary  the  amount 
of  rocking  motion  imparted  to  the  shaft 
C  by  simply  changing  the  effective 
length  of  the  lever.  A  set  of  locking 
pawls  F  prevents  any  movement  of  the 
shaft  A  in  the  reverse  direction. 

The  end  of  the  shaft  A   projects  be- 


acts  as  a  guide  for  the  plungers,  contains 
a  felt  wick  and  is  filled  with  oil  for 
lubricating  the  cam. 

The  action  of  the  piston  and  double- 
ball    valves   is   self-evident.      There    are 


Locomotive    Boiler    Explosion 

While  the  Boston  express  train  leaving 
that  city  at  4:30  p.m.,  and  due  in  Syra- 
cuse at  2:45  a.m.,  on  Jan.  26,  was  pass- 
ing between  Oneida  and  Wampsville, 
N.  Y.,  the  boiler  of  the  engine  exploded 
and  the  latter  was  completely  wrecked. 
The  engineer  was  instantly  killed  and  it 
is  believed  that  the  fireman  is  fatally  in- 
jured. 

Up  to  the  time  of  going  to  press  the 
cause  of  the  accident  was  unknown,  but  it 
is  said  that  the  water-supply  pipe  leading 
from  the  tender  to  the  boiler  may  have 
become  frozen  because  of  the  extreme 
cold,  and  that  the  injector  therefore  failed 
to  force  sufficient  water  into  the  boiler. 
As  the   thermometer  registered  20  deg. 


Fig.  2.  Sectional  View 


two  suction   and  two  delivery  valves  in 
each  pumping  unit. 

Fig.  3  shows  the  delivery  check  valve 
and  quill  which  may  be  used  with  this 
lubricator  for  dropping  the  oil  into  the 


below  zero  at  Oneida  on  the  night  of  the 
accident,  it  is  also  thought  that  the  engi- 
neer's efforts  to  furnish  heat  for  the  pas- 
senger cars  and  still  make  his  running 
time  may  have  been  a  contributing  cause. 
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The  Standard  of  Consulting 
Engineers 

During  the  past  few  years  numerous 
attempts  have  been  made  in  New  Yorl< 
State  to  force  legislation  compelling  the 
licensing  of  consulting  engineers.  What- 
ever may  have  been  the  real  motives  be- 
hind them,  one  of  the  arguments  ad- 
vanced in  support  of  the  measure  was 
that  it  would  tend  to  raise  the  standard 
of  consulting  engineers  and  protect 
clients  by  preventing  unqualified  persons 
from  practicing. 

As  is  well  known,  all  these  attempts 
failed,  chiefly  because  of  certain  pro- 
visions which  made  the  measure  inex- 
pedient under  existing  conditions. 

From  recent  advices,  however,  the 
members  of  the  profession  .in  England 
appear  to  have  gone  us  ont  better;  not 
by  compulsory  legislation,  but  by  the 
establishment  of  an  association  of  con- 
sulting engineers  founded  not  only  upon 
professional  fitness  but  also  upon  a  very 
high  ethical  standard. 

The  qualifications  for  membership 
state  that  a  person  must  be  a  full  mem- 
ber of  the  institute  representing  the 
particular  branch  of  engineering  which 
he  practices;  he  must  not  in  any  way 
be  connected  with  any  firm  with  which 
he  may  have  occasion  to  deal  on  behalf 
of  clients,  nor  may  he  accept  any  com- 
missions, discounts  or  other  profits  from 
any  professional  work  upon  which  he  is 
engaged,  other  than  the  fee  from  his 
client.  Furthermore,  he  must  not  ad- 
vertise or  canvass  for  consulting  work, 
act  for  a  new  client  to  the  prejudice  of 
an  existing  client,  nor  accept  professional 
work  in  connection  with  which  another 
member  has  been  appointed,  unless 
formally  notified  by  the  client  of  the 
termination  of  the  former  appointment. 
A  disregard  for  any  of  these  rules  makes 
a  member  liable  to  expulsion  from  the 
society. 

We  do  not  know  how  large  a  member- 
ship the  society  has  at  present,  nor  do 
we  venture  a  prophecy  regarding  its  ulti- 
mate success.  Its  motives,  however,  are 
most  commendable  and  it  aims  to  lend 


dignity  to  the  profession.  Whether  this 
can  survive  in  the  face  of  present  com- 
mercial tendencies  will  be  watched  with 
utmost  interest  on  both  sides  of  the 
Atlantic. 


Uniform  Boiler  Laws 

It  is  stated  that  a  determined  effort 
will  be  made  at  the  coming  convention  of 
the  American  Boiler  Manufacturers  As- 
sociation at  New  Orleans,  Mar.  12  to  15, 
to  decide  upon  uniform  boiler  specifica- 
tions, the  adoption  of  which  will  be 
urged  upon  the  legislatures  of  the  va- 
rious states  of  the  Union  and  the  prov- 
inces of  Canada. 

At  present,  there  is  a  marked  absence 
of  any  uniform  rules  regarding  boilers 
in  the  several  states.  A  few  have  laws 
which  adequately  cover  both  the  con- 
struction and  inspection  of  boilers;  others 
provide  only  for  the  inspection  and  oper- 
ation of  the  boilers,  while  the  majority 
lack  any  state  supervision  over  either  the 
construction  or  operation  of  boilers,  leav- 
ing the  latter  duty  to  the  judgment  of 
the  particular  district  in  which  the  boiler 
is  located. 

This  condition  of  affairs  is  not  only  ;i 
menace  to  public  safety  but  it  is  at  times 
very  embarrassing  to  the  manufacturer 
A  boiler  made  according  to  the  standard 
specifications  of  a  manufacturer  doing 
business  in  one  state  may,  if  carried  to 
another  state,  have  its  allowable  work- 
ing pressure  considerably  reduced  be- 
cause it  does  not  conform  strictly  to  the 
specifications  as  enforced  in  the  second 
state.  Nevertheless,  the  rules  of  the  first 
state  may  represent  just  as  sound,  if 
not  sounder,  engineering  judgment.  One 
of  the  first  steps  in  drawing  up  uniform 
specifications  would  be  to  eliminate  such 
incongruities  in  the  law. 

Some  have  advocated  placing  the  con- 
struction and  inspection  of  stationary 
boilers  under  Federal  control,  pointing 
out  the  rigid  supervision  maintained  in 
the  case  of  marine  boilers  and  the  conse- 
quently small  number  of  explosions  in 
this  service.  While  such  a  course  might 
possess  certain  advantages  it  would  bs 
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contrary  to  the  states'  rights,  but  there  is 
no  reason  why  uniform  state  laws,  rigid- 
ly enforced,  should  not  accomplish  the 
same  result. 


Nothing  to  Do 

A  glimpse  into  an  average  engine  room 
will  often  disclose  the  engineer  leaning 
out  of  the  window,  sitting  at  his  desk, 
or  standing  apparently  idle  about  the 
room.  Doubtless,  it  is  this  seeming  idle- 
ness that  has  influenced  some  men  to 
take  up  engineering  as  an  occupation 
when  they  have  no  particular  qualifica- 
tions  for  it. 

The  engineering  field  presents  great 
possibilities  for  advancement;  there  are 
also  many  chances  for  failure.  The  suc- 
cessful engineer  does  not  find  it  neces- 
sary to  go  about  his  work  in  dirty  cloth- 
ing and  with  hands  and  face  looking  like 
those  of  a  coal  passer  nor  habitually  to 
work  with  his  hands. 

Most  of  these  men  who  apparently 
have  nothing  to  do  have  passed  from 
the  stage  of  engineering  drudgery  to  po- 
sitions which  require  executive  skill  rather 
than  manual  labor. 

No  engineer  who  has  attained  success 
has  seen  the  day  when  he  had  nothing 
to  do.  Even  when  his  plant  is  in  such 
condition  that  it  will  operate  with  but 
minor  repairs  during  the  year,  he  finds 
enough  to  keep  him  busy.  The  engi- 
neer who  keeps  his  plant  in  readiness 
to  deliver  the  load  when  the  demand  is 
made  has  had  enough  to  do  to  get  his 
machinery  into  the  pink  of  condition,  and 
is  entitled  to  lean  out  of  the  window 
when  he  can  find  the  time. 

So  far  as  the  plant  goes,  there  may  be 
nothing  to  do;  the  boilers  may  be  in 
good  order,  the  engine  and  auxiliaries 
may  be  running  as  smoothly  as  it  is  pos- 
sible to  have  them  run. 

But  the  progressive  engineer  realizes 
that  there  is  something  for  him  to  do 
even  when  all  of  these  satisfactory  con- 
ditions prevail.  He  knows  that  he  must 
look  into  the  why  and  wherefore  of  this 
Br  that  device;  that  he  must  find  time 
to  read  on  the  subjects  relating  to  his 
svork,  and  that  there  are  hours  to  be 
spent  in  weighing  the  evidence  for  or 
against  making  certain  changes  about 
the  plant.  All  of  this  requires  time,  and 
svhile  the  engineer  is  leaning  out  of  the 
window  or  sitting  in  his  chair  he  may  be 
studying  out  a  problem  the  solution  of 


which  may  mean   economy   for  his  em- 
ployer. 

No  man  is  employed  so  constantly  as 
the  real  engineer,  the  man  who  does 
things.  If  there  are  engineers  who  have 
nothing  to  do,  they  are  not  making  the 
best  use  of  their  opportunities,  and  if 
they  sit  and  twirl  their  thumbs  it  will 
not  be  long  before  there  will  be  an  open- 
ing in  their  plants  for  men  who  can  make 
good. 


Care  of   Internal   Combustion 
Engines 

The  successful  operation  of  the  in- 
ternal-combustion engine  as  a  prime 
mover  for  the  generation  of  electric 
power  is  not  dependent  upon  any  ex- 
traordinary professional  skill  on  the  part 
of  the  operator  but  upon  his  ability  to 
exercise  a  little  common  sense  and  his 
willingness  to  keep  things  clean  and  in 
good  order. 

Cleanliness  is,  perhaps,  of  frst  im- 
portance and  due  attention  should  be 
given  to  the  cleaning  of  the  cylinders, 
valves,  exhaust  piping,  etc.,  at  stated  in- 
tervals, to  be  determined  by  the  kind  of 
fuel  used.  For  instance,  highly  car- 
bonaceous gases  will  require  more  at- 
tention to  interna!  cleaning  than  those 
having  a  high  content  of  hydrogen  and 
nitrogen.  In  some  cases  the  quality  of 
the  fuel  will  necessitate  a  thorough  clean- 
ing at  least  once  a  month  while  in  others 
two  or  three  months  may  elapse  before 
this  is  necessary. 

A  sharp  scraper  should  never  be  used 
in  cleaning  the  internal  working  parts 
of  an  engine,  such  as  the  rubbing  sur- 
faces and  valve  seats.  A  liberal  amount 
of  kerosene  oil  and  a  wooden  stick  will 
usually  remove  all  of  the  incrustation 
and  deposit  without  scratching  or  im- 
pairing the  wearing  surfaces  in  any  way. 
The  engineer  in  charge  should  also  pride 
himself  upon  the  external  appearance 
of  his  engine  and  a  general  wiping  up 
once  or  twice  a  day  is  not  too  much  in 
order  to  have  things  looking  neat. 

Very  often  when  an  engine  is  not 
working  as  satisfactorily  as  it  might,  the 
cause  is  assumed  to  be  leaky  valves, 
and  they  are  immediately  reground,  using 
emer>'  for  the  purpose.  This  is  a  mistake 
because  usually  the  use  of  emery  will 
result  in  overgrinding,  which  is  not  only 
useless  but  shortens  the  life  of  both 
the  seat  and  the  disk.  Pulverized  pumice 
stone  mixed  with  a  little  oil  will  answer 


the  purpose  quite  as  well  and  will  prac- 
tically eliminate  the  liability  to  over- 
grinding. 

The  question  of  proper  lubrication  is 
also  an  important  one,  particularly  as 
regards  the  cylinders.  The  intensely  hot 
gases  which  come  in  contact  with  the 
lubricating  oil  have  an  evaporative  effect 
and  tend  to  thicken  the  oil,  forming  a 
gummy  lining  on  the  wall  of  the  cylin- 
der. It  is  therefore  necessary  that  an 
oil  be  used  which  is  particularly  adapted 
to  this  severe  heat  and  fed  to  the  pis- 
tons and  walls  of  the  cylinders  at  the 
proper  rate.  Too  much  oil  is  just  as 
harmful  and  expensive  as  not  enough, 
for  the  excess  oil  will  be  blown  through 
the  exhaust  valves  and  tend  to  clog  up 
the  passages.  The  cheaper  grades  of 
oil  are  always  more  costly  in  the  end 
than  the  more  expensive  kinds.  Some- 
times a  very  small  quantity  of  finely 
powdered  graphite  mixed  with  the  oil 
gives  good  results  and  imparts  a  smooth 
and  glossy  surface  to  both  the  piston  and 
the  cylinder.  The  best  engine  oil  ob- 
tainable is  none  too  good  for  the  other 
parts   of  the   engine. 

In  starting  a  gas  or  gasoline  engine 
it  is  well  to  remember  a  few  facts  re- 
garding the  explosive  qualities  of  the 
fuel.  The  proportions  of  gas  and  air 
have  their  limits  for  explosive  effect; 
therefore,  a  mixture  too  rich  in  gas  will 
usually  not  give  any  better  results  than 
a  gas  that  is  too  lean.  A  little  prac- 
tice and  experience,  however,  will  soon 
teach  the  operator  as  to  the  mixture  that 
will  produce  the  best  results  and  he 
should  then  mark  the  mixing  valve  so 
that  he  will  always  know  in  the  future 
how  to  set  it  when  starting  up.  Great 
assistance  could  be  given  in  this  respect 
if  every  builder  of  combustion  engines 
would  furnish  complete  and  definite  in- 
structions with  each  engine  sent  out  and 
give  some  practical  lessons  to  the  man 
who  is  to  operate  it.  Some  builders  have 
adopted  the  latter  policy,  with  excellent 
results;   it  should  be  general,  however. 


New  York  City  has  experienced  an- 
other boiler  explosion,  the  second  with- 
in a  few  weeks.  Both  boilers  were  lo- 
cated under  the  sidewalk. 


The  new  boiler-inspection  department 
of  New  York  City  can  do  good  work  in 
cleaning  out  some  of  the  old  boilers  now 
being  operated  in  that  city.  No  use  wait- 
ing until  they  explode. 
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Readers  with  Something  to  Say 

A  letter  good  enough  to  print  will  be  paid  for.     Ideas,  not  mere  words,  wanted 


Lubricator  Experience 

The  majority  of  engineers  have  had 
experience  with  sight-feed  hydrostatic- 
condensing  lubricators,  and  had  the  sight- 
feed  glass  fill  with  oil.  There  may  be 
several  reasons  for  this,  but  I  have  dis- 
covered what  I  believe  to  be  the  most 
common   and    likely   of  all. 

I  used  to  think  that  a  stoppage  in  the 
oil-outlet  passage  of  the  lubricator  was 
what  caused  it,  but  I  found  that  this 
would  simply  stop  the  feeding,  so  I  had 
to  search  in  another  direction. 

I    got    the    manufacturer's    lubricator 


Sectional  View,  Showing  Design  of 
Lubricator 

catalog,  studied  the  descriptions  and  di- 
rections carefully,  and  I  soon  got  a  fairly 
clear  idea  of  the  construction  of  the 
lubricator  from  a  sectional  cut,  the  one 
herewith    shown. 

Referring  to  the  cut,  P  is  a  tube 
through  which  water  from  the  condenser 
above  enters  the  body  and  takes  the 
place  of  the  oil  as  it  passes  out  through 
the  curved  tube.  The  oil  enters  the  upper 
end  of  this  tube  and  is  forced  downward 
through  it  by  the  pressure  of  the  water. 
The  oil  then  passes  in  drops  up  through 
the  sight-feed  glass,  and  across  the  up- 
per end  of  the  body  through  the  hori- 
zontal tube  T.  The  tube  7"  discharges  the 
oil  into  a  heater,  a  vertical  cavity  fonned 
on  the  inside  of  the  body  at  the  oil-feed 
outlet,  as  shown. 


From  the  heater  the  oil  passes  out 
through  the  discharge  shank  and  into 
the  steam  pipe  or  steam  chest  of  the 
engine. 

The  heater  described  has  dry  steam  in 
it  when  the  lubricator  is  working,  the  oil 
and  the  water  of  condensation  passing 
out  at  the  discharge  shank  as  fast  as 
any  accumulates.  When  first  filling  the 
lubricator  and  before  starting  the  feed 
of  oil,  time  should  be  allowed  for  the 
condenser  and  sight-feed  glass  to  fill 
with  water. 

The  water  that  fills  the  glass  is  formed 
from  the  steam  condensing  that  enters 
from  the  heater  through  the  horizontal 
tube  T.  After  the  glass  has  filled  with 
water  and  oil  is  being  fed  in  drops 
through  it,  the  outgoing  oil  fills  the  tube 
T,  thus  preventing  any  more  steam  from 
getting  into  the  sight-feed  glass  while 
the  feeding  continues.  It  can  readily  be 
seen  that  if  any  water  in  the  glass  at  the 
time  the  feed  is  started  is  allowed  to 
escape,  no  more  water  will  get  in  to  take 
its  place,  and  therefore  the  incoming 
drops  of  oil  will  replace  it. 

If  water  leaks  out  around  the  pack- 
ing-nuts of  the  sight-feed  glass,  or 
around  the  oil-regulating  valve  stem  or 
gets  past  the  drain  plug,  the  result  will 
be  that  the  oil  will  take  its  place  and  will 
fill  the  glass  from  the  top  downward  as 
the  water  escapes.  Of  course,  when  the 
glass  fills  with  oil  it  is  necessary  to  stop 
the  feed  and  blow  it  out  clean  and  let  it 
fill  with  water  before  restarting  the  feed. 
L.  J.  Watson. 

Port   Huron,   Mich. 


Baffler  Plug  Caused   Pound 

Recently  I  took  charge  of  a  turbine 
station  in  which  one  of  the  turbines  vi- 
brated quite  badly;  a  pounding  noise 
could  be  heard  in  the  vicinity  of  the 
step  bearing. 

The  carbon  packing  was  in  need  of  re- 
pair and  it  was  thought  that  this  might 
have  something  to  do  with  the  pounding. 
When  the  packing  was  repaired  and  no 
improvement  was  observed,  it  was  thought" 
that  the  guide  bearing  might  be  loose  in 
the  holder  but  it  was  found  to  be  all  right. 

We  measured  the  flow  from  the  step 
bearing  and  the  amount  was  ample  for 
this  type  of  turbine,  but  it  was  observed 
that  the  fiow  came  in  sqeiirts  instead  of 
a  steady  stream;  this  was  our  cue.  We 
inspected  the  baffler  plug,  found  that  it 
had  been  sawed  ofl'  and  did  not  fill  the 
barrel  by  4  inches,  and  that  it  worked 
back    and    forth    with    the    stroke    of   the 


step  pump,  thus  causing  the  step  blocks 
to  grind. 

A  hole  was  drilled  in  the  plug  and 
tapped  for  a  machine  bolt,  and  the  length 
was  adjusted  to  prevent  any  movement 
of  the  plug. 

This  cured  all  of  the  pounding  noise 
and  the  trouble  in  the  turbine. 

William  Black. 

Punxsutawney,  Penn. 


Home  Made  Smoke  Tin- 
tometer 

The  home-made  tintometer  shown  in 
the  accompanying  figure  can  be  made  by 
any  engineer  for  a  few  cents  and  a  little 
labor.  The  part  C  is  a  piece  of  tube 
(brass,  tin,  or  iron)  about  10  in.  long.  An 
eye-piece  is  formed  by  flaring  out  the 
end  a  little  as  at  G.  At  the  other  end  a 
piece  is  fitted  and  soldered  on  with  two 
holes  in  it  as  at  B.     Two  pieces  like  A 


Home-made  Smoke  Tintometer 

are  cut  with  five  holes  in  each,  as  shown, 
the  holes  to  be  of  the  same  size  as  those 
in  B.  Four  of  the  holes  are  glazed  with 
pieces  of  tinted  glass  corresponding  to 
the  standard  tints  in  some  reliable  smoke 
scale,  any  optician  will  supply  the 
pieces  for  a  few  cents;  the  fifth  hole  re- 
mains empty.  The  glass  is  held  in  place 
by  putting  the  two  covers  together  and 
clamping  them  with  four  small  bolts.  A 
strap  F  is  placed  at  the  end  of  the  tube 
and  the  tint  case  fastened  so  that  it  will 
revolve  as  shown  at  D. 

The  instructions  for  the  use  of  this 
instrument  are  as  follows:  When  ex- 
amining the  smoke  from  a  chimney  the 
observer  turns  the  instrument  so  that  the 
aperture,  which  is  fitted  with  the  revolv- 
ing diaphragm,  looks  toward  the  wind- 
ward side  of  the  smoke;  through  this 
aperture  he  sees  past  the  side  of  the 
smoke  to  the  clear  light  of  the  sky  be- 
yond, the  same  light  which  is  illuminat- 
ing the  smoke  column. 

Through  the  other  aperture  the  ob- 
server sees  at  the  same  moment  a  cir- 
cular patch  which  appears  to  be  cut  out 
of  the  column  of  smoke  as  it  issues 
from  the  stack. 

All  that  the  observer  has  now  to  do 
is   to   revolve   the  diaphragm   until   both 
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tenures  appear  to  have  equal  illumina- 
on  and  a  glance  at  the  numbered  glass 
'ill'  show  in  an  instant  if  smoke  is 
lioht  gray."  "dark  gray,"  "black,"  etc., 
ccording  to  the  number  on  the  smoke 

James  E.  Noble. 
Toronto,  Ont. 


Scale 

The  pile  of  scale  shown  in  the  accom- 
anying  picture  is  a  four  months'  collec- 
ion  from  a  60-hp.  return-tubular  boiler. 
>erhaps  many  engineers  who  do  not  have 
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if  a  similar  scheme  has  met  with  suc- 
cess a  number  of  times  previously.  This 
is  the  reason  why  the  consulting  engi- 
neer's office  contains  a  reference  library 
largely  made  up  of  current  engineering 
literature.  Here  the  engineering  journal 
is  of  great  value.  It  may  be  of  value  to 
the  student  in  a  similar  way  if  the  im- 
portant and  interesting  articles  are  taken 
care  of  in  some  systematic  manner. 

The  engineering  profession  at  large 
would  be  extremely  fortunate  if  it  could 
believe  all  the  statements  made  in  its 
current  literature.  The  fact  that  mis- 
statements are  made   is  not   always  the 
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Repairing    Boilers    by    the 
Welding  Process 

In  a  horizontal  return-tubular  boiler 
the  rear  head  was  so  badly  corroded  and 
wasted  away  around  the  handhole  that 
the  inspector  ordered  a  reinforcing  piece 
to  be  put  in.  After  the  head  had  been 
cut  away  until  only  plate  of  full  thick- 
ness remained,  the  reinforcing  piece  was 
slipped  inside  and  four  rivets,  as  shown 
in  Fig.  1,  were  put  in.  The  cutting  of 
the  head  and  of  the  handhole  in  the  re- 
inforcing piece  was  done  with  an  oxy- 
acetylene  flame.  The  plate  was  then 
welded  on  the  line  indicated  in  the  sketch 


A  Four-months'  Collection  of  Scale   from  One  Boiler 


Fig.   1.    Reinforced  Handhole 

and  steel  was  welded  over  the  rivets.  I 
could  not  understand  why  the  inspector 
ordered  the  rivets  put  in,  as  all  of  the 
strains  are  of  compression,  there  being 
no  part  in  tension.  The  boiler  is  under 
steam  at  the  present  time  and  is  per- 
fectly tight. 

Of  a  battery  of  seven  Manning  boil- 
ers, six  were  wasted  away  on  the  fire 
side  of  the  furnace  sheet  so  that  it  was 
deemed  necessary  to  either  cut  out  the 
sheet,  part  of  the  way  around,  for  about 
60  in.  long  by  8  in.-  high,  or  to  build  up 
the  sheet  by  the  oxyacetylene  welding 
process  After  carefully  looking  the 
matter  up  it  was  decided  to  try  the  weld- 


bad  water  to  contend  with  do  not  know 
how  fortunate  they  really  are.  This 
picture  may  serve  to  show  them. 

A.  A.  Dever. 
St.  Cloud,  Fla. 


Value  of  Engineering  Journal 

A  full  appreciation  of  the  value  of  en- 
gineering journals  and  magazines  can 
be  obtained  from  a  stu 'y  of  their  pur- 
pose. Because  a  long  aticle  describing 
the  products  or  manufacturing  process 
of  some  company  is  sometimes  published, 
it  is  occasionally  thought  t^at  the  object 
of  the  paper  is  advertising.  But  the 
real  aim  of  most  engineering  papers  is 
to  furnish  a  medium  through  which  use- 
ful and  interesting  knowledge  belonging 
to  the  profession  may  be  made  public. 

Most  engineering  practice  is  empirical. 
The  degree  of  success  of  a  project  may 
be  predicted  with  considerable  accuracy 


fault  of  the  paper;  sometimes  it  is.  It 
is  needless  to  say  that  a  paper  whose 
articles  cannot  be  relied  upon  is  worth- 
less. It  is  well  to  avoid  those  papers 
which  appeal  to  the  popular  imagination 
as,  in  order  to  make  glowing  statements, 
the  truth  is  often  distorted  beyond  recog- 
nition. Herein  lies  the  strong  point  of 
the  strictly  engineering  article;  facts  are 
set  forth  in  the  fewest  possible  words 
consistent  with  clear  meaning,  and  right- 
ly so.  for  the  simple  statement  is  worth 
"the  most. 

One  cannot  read  all  the  papers  belong- 
ing to  his  chosen  branch  of  the  profes- 
sion; he  cannot  carry  too  much  ballast, 
else  he  sink.  To  get  the  most  from  his 
reading— for,  after  all.  the  benefit  de- 
rived therefrom  depends  upon  himself — 
he  should  read  the  best  articles  in  the 
best  papers  treating  of  his  branch  of  en- 
gineering, and  read  them  thoroughly. 
J.  A.  M.  Robinson. 
Chicago,   111. 
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Fig.  2.  Weld  Applied  to  Manning  Boiler 

ing.  The  metal  to  be  added  varied  from 
ii  in.  in  thickness  down  to  nothing  aiid 
the  area  was  about  like  that  shown  in 

The  reason  for  running  up  the  vertical 
seam  as  shown  in  the  figure  was  that 
the  outside  sheet  had  been  trimmed  so 
close  to  the  rivets  to  get  a  calking  edge 
that  it  was  impossible  to  make  the  calking 
hold  for  any  length  of  time. 
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The  heads  of  the  rivets  in  the  bottom 
ring  and  the  lower  row  of  stay-bolts  were 
welded  over,  as  were  the  rivet  heads 
at  the  vertical  seam.  The  sheet  around 
the  bottom  ring  had  to  be  built  up  below 
the  rivets  so  as  to  get  a  calking  edge. 

Under  hydrostatic  test,  six  stay-bolts 
were  found  broken,  probably  due  to  ex- 
pansion and  contraction  strains;  also  the 
fatigue  of  the  metal  must  be  taken  into 
consideration  as  the  stay-bolts  had  been 
in  about  16  years.  The  advisability  of 
welding  the  vertical  seam  is  questionable, 
it  being  a  lap  joint,  and  expansion  and 
contraction  cracked  the  weld  in  places, 
necessitating  the  cutting  away  of  the 
welded  edge  and  calking  of  the  joint. 
The  welding  of  the  fire-cracks  around 
the  door  was  successful. 

It  is  evident  that  welding  reduces  the 
cost  of  repairs  more  than  oie-third  and 
does  away  with  the  possible,  and  prob- 
able, future  trouble  with  the  extra  seam  in 
the  furnace  sheet  had  the  work  been  done 
by  cutting  out  the  defective  sheet  and 
putting  on  a  patch.  Also,  it  was  not 
necessary  to  move  the  boilers  from  their 
positions,  a  portion  of  the  base  plate,  the 
grates  and  part  of  the  outer  covering 
being  all  that  it  was  necessary  to  remove. 
F.  R.  Pratt. 

Adams,   Mass. 


Noisy  Heater 


Water  Gage  Illuminator 

The  accompanying  figure  is  a  plan 
view  of  the  way  in  which  I  arranged  a 
mirror  and  an  electric  light  so  as  to 
make  the  height  of  'water  in  the  gage- 
glass  distinctly  visible  from  a  distance 
as  great  as  65  ft. 

I  first  took  a  piece  of  tin  about  4  in. 
wide  and  as  long  as  the  glass  itself. 
After  whitewashing   this   on   one   side   I 


Lamp 


Tin  about  4" wide 

Arrangement  of  Light  and  Mirror 

fitted  it  between  the  water  column  and  the 
glass  at  the  angle  shown  in  the  Figure. 
I  then  hung  a  lamp  and  a  mirror  in  the 
positions  shown.  The  angle  of  the  mirror 
is  such  that  the  height  of  the  water  can 
be  seen  from  any  point  in  the  boiler 
room,  either  directly  in  the  glass  or  in- 
directly  in   the   mirror. 

The  empty  glass  forms  a  dark  strip 
against  the  white  background  of  tin,  while 
the  water  shows  up  brightly  and  dis- 
tinctly. 

E.  T.  Lehman. 

Chicago,  111. 


I  have  in  my  charge  a  Stilwell-Bierce 
heater.  When  I  took  charge  of  the 
plant  the  heater  was  used  as  a  closed 
heater,  but  I  soon  found  that  the  coils  in 
it  were  not  sufficient  to  heat  the  water 
to  the  desired  temperature.  The  com- 
pany would  not  buy  any  more  coils  so  I 
decided  to  take  out  the  coils  and  run 
the  heater  open. 

The  feed  to  the  heater  emptied  in  an 
overflow  pan  10  inches  below  the  baffle 
plate  at  the  top  and  about  4  inches  in 
front  of  the  upper  exhaust  inlet.  The 
first  night  I  found  that  the  feed  water 
was  as  hot  as  it  could  be  pumped  and 
the  heater  did  not  make  any  noise.  When 
I  came  on  watch  the  next  day  at  12 
o'clock  I  could  hear  a  faint  noise  in  the 
vent  pipe  of  the  heater.  During  the  day 
there  is  but  little  load  as  most  of  the 
current  is  used  for  lighting,  and  we  run 
only  a  60-horsepower  high-speed  engine 
until  evening.  When  I  started  up  for 
the  peak  load  with  the  16x30-inch  Cor- 
liss, one  would  think  that  there  was  a 
gas  engine  concealed  in  the  heater. 

I  opened  the  heater  and  tried  to  find 
something  loose  inside  but  could  not.  I 
then  fed  the  water  on  the  top  of  the 
baffle  plate  and  let  it  sprinkle  through 
the  exhaust  steam.  This  did  not  help 
the  noise.  I  then  put  in  a  bypass  for 
the  water  from  the  boiler-feed  line  to 
the  heater  feeder.  This  helped  some. 
The  noise  is  not  so  loud  and  it  is  more 
regular;  formerly  it  was  intermittent  like 
the  exhaust  of  a  gas  engine.  I  never 
heard  of  a  heater  making  a  noise  like 
this.  If  anybody  has  had  this  trouble 
I  would  be  glad  to  hear  how  it  was  over- 
come. 

L.  C.  Greene. 

Gallipolis,  Ohio. 


Steam  Pipe  Vibration 

It  was  my  first,  shift  in  a  new  plant 
which  consisted  of  two  boilers  and  two 
Corliss  engines  belted  to  a  direct-current 
generator.  The  engines  were  supposed 
to  run  at  the  same  speed  and  were  piped 
as  shown  in  the  accompanying  figure. 

No.  1  engine  had  been  running  alone 
all  day  as  the  load  was  light,  but  about 
4:30  o'clock  the  night  load  started  to 
come  on  and  so  I  started  up  No.  2. 
Everything  went  along  nicely  for  about 
15  or  20  min.,  when  the  header  and  steam 
pipes  began  to  vibrate  in  a  manner  that 
shook  the  whole  building.  This  continued 
for  about  5  min.,  when  things  settled 
down  to  quiet  running  again  for  nearly 
half  an  hour.  Then,  the  vibration  was 
repeated.  As  the  pipe  started  to  thump 
for  the  third  time,  I  glanced  at  the  valve- 
gear  of  the  two  engines,  and  the  cause 
of  the  vibrations  was  a  mystery  no  longer. 
The  valve-gears  of  the  two  engines  were 
in    step    or   synchronized. 

The  steam   header  was  so  small  that 


it  could  not  supply  steam  to  both  cylin- 
ders at  exactly  the  same  moment  with- 
out a  drop  in  pressure.  Therefore,  just 
as  the  two  engines  got  in  step  the  header 
started  to  vibrate.     I  partly  overcame  the 
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Plan  and  Elevation,  Showing  Piping 

trouble  by  placing  large  separators  close 
to  the  throttle  valves  of  the  engines, 
which  should  have  been  done  when  the 
engines  were  installed. 

Charles  Fenwick. 
Wapella,  Sask. 


Sperm    Oil    for   Cylinder 
Lubrication 

I  would  like  suggestions  from  Power 
readers  regarding  cylinder  lubrication. 
In  the  plant  where  I  am  employed  it  is 
necessary  to  use  an  oil  that  will  not 
stain  the  goods,  as  exhaust  steam  is 
used  to  boil  the  water  in  which  the 
goods  are  placed  in  the  process  of  man- 
ufacture. 

I  am  using  sperm  oil  for  cylinder  lu- 
brication in  15  high-speed  engines  which 
run  at  a  speed  of  from  125  to  225  r.p.m., 
the  cylinders  ranging  from  12  to  36  in. 
in  diameter.  This  oil  does  not  lubricate 
them  unless  I  feed  from  2  to  4  quarts 
of  oil  per  day  per  engine,  which  comes 
heavy  on  my  operating  expenses. 

Have  any  Power  engineers  had  ex- 
perience with  sperm  oil  as  a  cylinder 
lubricant,  and  have  they  any  suggestions 
to  offer  as  a  substitute  lubricant  to 
meet  my  conditions? 

J.  Blackner. 

Lowell,   .Mass. 
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Questions  Before  the  House 

Comment,  criticism,  suggestions  and  debate  upon  various  articles, 
letters   and   editorials    which  have  appeared  in  previous  issues 


A  Commercial    Water   Power 
Problem 

The  criticisms  in  the  Jan.  9  issue  of 
Prof.  Ennis'  article  on  the  above  sub- 
ject, which  appeared  in  the  Nov.  14  is- 
sue, excited  my  interest,  and  I  wish  to 
criticize  it  still  further. 

In  determining  the  value  of  a  water 
power  it  is  necessary  at  all  times  to  con- 
sider under  what  conditions  and  at  what 
cost  the  power  can  be  generated,  be- 
cause it  is  on  the  cost  of  power  gen- 
erated by  other  methods  in  the  plant 
that  the  value  of  water  power  depends. 
For  instance,  if  a  plant  like  the  one  un- 
der discussion  has  water  power  solely 
to  help  out  its  main  engines  which  are 
of  large  capacity  and,  therefore,  can  be 
made  to  generate  power  at  low  cost,  the 
comparison  should  be  made  upon  what 
it  costs  to  produce  power  by  means  of 
these  engines  when  they  are  in  such 
condition  as  they  would  naturally  be  put 
if  the  plant  owner  were  using  every  pos- 
sible means  to  operate  the  plant  at  the 
lowest  possible  cost. 

It  is  evident  from  reading  Prof.  Ennis' 
article  that  the  owners  were  operating 
an  uneconomical  plant  and  were  making 
no  attempt  to  improve  it.  An  evapora- 
tion of  5  lb.  of  water  per  pound  of  coal 
should  not  be  tolerated  in  a  plant  of 
approximately  2000  hp.,  and  it  shows  a 
lack  of  energy  somewhere  as  well  as  of 
commercial  power  conditions.  Prof.  Ennis 
figured  that  the  coal  costs  0.6875c.  per 
horsepower-hour,  representing  a  total 
coal  cost,  on  the  basis  of  2000  hp.  for 
6000  hr.  per  year,  of  S82,500.  He 
further  says  that  a  conser\'ative  allow- 
ance for  labor  and  supplies  would  make 
the  operating  cost  approximately  Ic. 
per  horsepower-hour.  This  figures  to 
0.3125c.  per  horsepower-hour,  or  S37,- 
500  per  year  for  these  items  alone,  mak- 
ing the  total  cost  of  power,  exclusive 
of  fixed  charges,  5120,000  per  year. 

I  question  this  allowance  for  labor 
and  supplies.  A  conservative  allowance 
for  labor  and  supplies  per  day  in  a 
plant  of  2000  hp.,  operating  20  hr. 
per  day,  is  S28,  with  two  watches  of  10 
hr.  each.  This  amounts  to  0.07c.  per 
horespower-hour,  or  S8400  per  year.  If 
the  coal  bill  is  correct,  the  total  operat- 
ing cost  should  be  S90.900  per  year,  which 
is  equivalent  to  S45.45  per  horsepower- 
year,  exclusive  of  fixed  charges,  instead 
of  S60. 


If,  now,  the  plant  be  put  into  proper 
operating  condition  and  it  be  assumed 
that  the  coal  is  of  good  quality,  3  lb. 
per  horsepower-hour  should  operate  the 
engines,  particularly  as  they  are  op- 
erated 20  hr.  out  of  the  24,  and, 
therefore,  the  standby  losses  must  be 
small.  Then,  under  these  conditions  the 
coal  cost  would  be  S49,500  and  the  labor, 
as  before,  $8400,  although  this  is  a 
little  large,  because  with  a  reduction  in 
the  amount  of  coal  used,  the  labor  would 
naturally  fall  off  somewhat.  We  will 
neglect  this  and  assume  the  total  op- 
erating cost  to  be  $57,900  per  year,  which 
is  equivalent  to  $28.95  per  horsepower- 
year.  It  might,  however,  be  worth  while 
in  this  plant,  as  it  is  pretty  badly  out  of 
shape,  to  rebuild  it  entirely,  allowing  39 
per  horsepower-year  for  fixed  charges 
on  the  rebuilding,  which  is  a  liberal  esti- 
mate. This  would  bring  the  power  cost 
up  to  $37.95  per  horsepower-year. 

The  introduction  of  a  condenser  might 
save  an  additional  half  pound  of  coal 
per  horsepower-hour  and  thus  reduce 
the  coal  bill  by  S8250,  bringing  the  total 
operating  cost  down  to  $49,650,  which  is 
equivalent  to  S24.83  per  horsepower-year. 

Figuring  with  Prof.  Ennis  on  the  same 
basis  and  neglecting  the  fixed  charges 
on  the  water  power,  and,  therefore,  on 
the  steam  plant,  the  cost  of  60.3  hp. 
developed  from  the  stream  would  repre- 
sent a  yearly  value  of  $1497.25.  Capital- 
ized at  6  per  cent.,  this  would  represent 
524,954. 

If  the  fixed  charge  on  the  steam  plant 
of  $9.90  per  horsepower-year  is  taken 
into  account,  to  cover  the  condenser  in 
addition  to  the  main  plant,  the  total  cost 
would  be  S34.73  per  horsepower-year. 

Since  the  development  of  a  water 
power  ordinarily  demands  a  considerable 
expenditure  for  dam,  head  gates,  canal 
or  penstock,  etc.,  an  estimate  of  $125 
per  horsepower  is  not  excessive;  it  would 
fairly  represent  a  cost  of  512.50  as  a 
fixed  charge  against  the  water  power, 
including  interest,  maintenance,  deprecia- 
tion, taxes,  etc.  This  subtracted  from 
S34.73  would  leave  a  relative  value  for 
the  water  power  of  522.23  per  horse- 
power-year or  a  total  of  51340,  which, 
capitalized  at  6  per  cent.,  would  represent 
a  value  of  522,333,  instead  of  the  mini- 
mum value  of  525,000  put  upon  it  by 
Prof.   Ennis. 

I  have  assumed  that  under  these  con- 
ditions the  plant  is  so  located  that  the 
water  runs  from  the  head  gates  directly 


through  the  condenser  and  therefore  no 
pumping  is  required.  Also,  the  water  re- 
quired to  condense  the  steam  from  this 
plant  I  have  estimated  would  not  exceed 
1  cu.ft.  per  second;  this  is  a  liberal  al- 
lowance. Then,  there  would  be  23.07 
cu.ft.  per  second  left  available  for  power 
purposes. 

These  figures  indicate  that  the  com- 
pany could  not  afford  to  pay  more  than 
51340  for  the  use  of  the  water  power. 
It  is  evident  also  that  this  value  also 
represents  the  lease  value;  that  is,  the 
maximum  price  which  the  company  could 
afford  to  pay  for  this  water  would  be 
522,381. 

If  there  was  any  use  for  exhaust 
steam — which  Prof.  Ennis  has  neglected 
to  state — and  in  large  quantities,  it  might 
be  that  the  power  cost  would  be  ma- 
terially reduced  from  the  figures  here 
given.  If  this  heat  were  not  available 
from  the  exhaust  steam  of  the  engines, 
it  would  have  to  be  supplied  in  some 
other  way.  Therefore,  so  long  as  a  por- 
tion of  it  is  available  from  the  exhaust 
steam  of  the  engines,  the  heat  which  still 
is  required  can  readily  be  calculated  and 
the  coal  necessary  to  produce  it  sub- 
tracted from  the  coal  required  for  power, 
thus  making  a  considerable  reduction  in 
cost.  This  affects  the  steam-power  cost 
and  the  value  of  the  water  power. 

As  far  as  plant  improvement  is  con- 
cerned, it  is  warranted,  and  that  makes  it 
unnecessary  to  pay  an  exorbitant  price 
for  water. 

-As  regards  the  necessity  of  higher- 
priced  attendants  in  the  event  of  the  in- 
stallation of  a  condenser,  there  seems 
no  reasonable  ground  for  expecting  that 
they  would  be  needed.  An  engineer  who 
is  capable  of  handling  a  2000-hp.  non- 
condensing  plant  should  certainly  be 
capable  of  taking  care  of  a  condenser 
in  addition,  as  the  operation  of  a  con- 
denser requires  no  more  experience  than 
does  that  of  an  engine. 

As  a  rule,  it  may  be  stated  that  the 
value  of  a  water  power  is  dependent. 
first,  on  its  location;  second,  upon  its 
reliability  as  regards  continuity  of  stream 
flow,  and,  third,  upon  its  size. 

Considering  item  No.  I.  a  water  power 
may  be  found  which,  while  of  consider- 
able size  and  having  potential  value  in 
its  power,  will  be  of  no  commercial 
value,  as  it  is  located  too  far  from  means 
of  transportation  in  securing  labor,  sup- 
plies and  the  handling  of  finished  pro- 
ducts. 
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As  to  reliability,  it  is  entirely  a  ques- 
tion of  whether  at  minimum  flow  the 
water  power  is  sufficient  to  supply  all 
of  the  power  required  to  operate  the 
plant.  If  not,  an  auxiliary  steam  plant 
must  be  secured;  and  then  the  question 
arises,  is  it  cheaper  to  utilize  the  water 
power  with  the  additional  steam  power 
required  and  sacrifice  a  good  location,  or 
is  it  cheaper  to  develop  a  steam  plant 
only  and  sacrifice  the  water  for  an  ad- 
vantageous  location? 

The  third  item  is  practically  an  ex- 
tension of  the  second.  The  questions  to 
settle  in  this  case  are:  is  the  water  power 
equal  to  the  maximum  demand  that  the 
mill  is  likely  to  reach?  If  not,  is  the 
saving  during  the  time  the  plant  is  in 
operation  by  water  power  likely  to  be 
enough  to  offset  the  cost  when  the  mill 
demands  finally  exceed  the  capacity  of 
the  water  power  and  must  be  supplied 
by  steam  in  addition  to  the  water? 

For  any  comparisons  as  to  the  value  of 
water  or  steam,  it  is  essential  that  the 
fixed  charges  be  considered,  as  in  many 
cases,  especially  on  water  plants,  they 
are  very  heavy. 

Henry  D.  Jackson. 

Boston,   Mass. 


The  following  suggestions  may  serve 
to  clear  up  the  discussion  by  Messrs. 
Steely  and  Daugherty  (in  the  Jan.  9  is- 
sue) and  by  H.  D.  Jackson,  in  the  pres- 
ent issue,  of  my  paper  on  "A  Commercial 
Water  Power  Problem,"  in  the  issue  of 
Nov.   14. 

I  fully  agree  that  the  value  $41.45  per 
horsepower  per  year  applies  under  the 
stated  conditions  only,  and  that  the  value 
of  a  water  power  in  general  depends 
entirely  on  local  conditions.  (See  my 
book,  "Works  Management,"  pages  171 
to  173.)  This  is  an  elementary  princi- 
ple, no  doubt  familiar  to  most  readers 
of  Power.  In  undertaking  to  question 
the  coal  consumption  and  miscellaneous 
operating  costs  given  in  the  paper,  and  in 
disregarding  the  remarks  made  therein 
in  connection  with  "Improvement  of 
Plant,"  it  appears  that  at  least  one  of 
the   correspondents   has   lost   sight   of  it. 

It  is  not  true  that  the  power  owners 
"cannot  claim  the  water  after  it  has 
gone  below  the  dam."  This  depends  on 
local  arrangements.  In  the  plant  in  ques- 
tion, the  tailrace  was  a  headrace  for  sev- 
eral mills  at  a  lower  level.  Permission 
could  not  be  obtained  to  pump  therefrom. 

The  "roundabout  method"  for  finding 
the  mean  head  at  the  orifice  which  Mr. 
Daugherty  criticizes  was  adopted  in  order 
to  develop  the  arithmetical  result  with- 
out recourse  to  a  formula  for  the  proof 
of  which  a  knowledge  of  calculus  is  nec- 
essary. It  is  roundabout,  and  to  a  mathe- 
matician unnecessarily  so;  but  it  is  a 
method  which  every  reader  can  under- 
stand.    That  is  why  it  was  used. 

The    only    modification     of    statement 


which  seems  necessary  is  in  connection 
with  the  remark  that  "the  plant  ran 
steadily."  By  this  is  meant  not  that 
there  was  a  constant  load  of  2000  hp. 
for  6000  hours  per  year,  but  that  during 
this  time  the  load  never  fell  below  60.3 
hp.  This  might  have  been  inferred  from 
the  context,  but  Mr.  Jackson  seems  to 
have  based  certain  objections  on  a  dif- 
ferent inference. 

There  was  no  intention  of  conveying 
the  impression  of  great  accuracy.  Cer- 
tainly it  can  only  be  said  that  the  veloc- 
ity is  "about"  24  ft. — with  an  error  pos- 
sibly either  way.  It  is  best,  however,  to 
carry  out  arithmetical  results  a  little 
beyond  the  limits  of  probable  exactness 
in  order  not  to  add  an  unnecessary  er- 
ror of  computation  to  those  inherent  in 
the   assumptions. 

William  D.  Ennis. 

Brooklyn,  N.  Y. 


Arrangement  for  Marking 
Keyways 

I  have  been  very  much  interested  in 
the  different  articles  in  Power  showing 
how  to  mark  keyways  in  Corliss  valve 
stems.  I  will  jiot  criticize  any  of  them, 
although  I  will  still  use  my  own  rig  for 
doing  the  marking. 

It  consists   of  a  piece  of   iron   with  a 


Fig.  1.  Plate  for  Marking  Keyways 

hole  in  it  to  fit  the  arm  end  of  each  stem. 
I  put  the  stem  in  the  proper  hole  and 
lay  the  T-end  on  a  piece  of  bar  of  the 
right  size  to  make  the  stem  lie  level. 
Then,  I  put  the  key  in  the  keyway  in 
the  hole  and  mark  the  stem. 

By  this  method  I  can  get  the  stem  all 
cut  so  that  when  I  get  the  old  stem  out 
the  new  one  is  ready  to  put  in  to  stay. 
I  never  have  to  change  the  valve   rods. 


Showing  Plates  in  Use 


Fig.  1  shows  the  way  the  face  of  the 
plate  looks.  I  have  one  plate  for  each 
cylinder.  Fig.  2  shows  how  I  use  the 
plate.  It  should  lie  on  some  level  sur- 
face while  the  marking  is  being  done. 
F.  W.  Bair. 
Hancock,  Mich. 


Timely    Discovery    of    Serious 
Lap  Crack 

I  wish  to  make  a  correction  to  my 
article.  "Timely  Discovery  of  Serious 
Lap  Crack,"  in  the  Jan.  2  number,  in 
regard  to  the  statement  to  the  effect 
that  Mr.  Dennihan  shut  down  in  opposi- 
tion to  the  wishes  of  the  owner,  who 
wanted  to  run  until  noon. 

The  owner,  Mr.  Cook,  informs  me  that 
he  was  notified  over  the  telephone  that 
the  boiler  was  leaking  badly  and  that 
the  engineer  wished  to  shut  down.  Mr. 
Cook  immediately  gave  orders  to  lower 
the  pressure,  and  the  shop  was  run  for 
this  purpose  until  the  pressure  was 
lowered.  Mr.  Cook  also  states  that  he 
ordered  the  boiler  to  be  filled  with  cold 
water  in  order  to  lower  the  pressure  more 
quickly. 

Lester  A.  Fitts. 

West   Fitchburg,  Mass. 


Responsibility  for  Defective 
Work 

In  the  Dec.  26  issue,  W.  G.  Walteis 
describes  the  plugging  and  concealing  of 
a  wrongly  drilled  tube-hole  in  a  return- 
tubular  boiler  head.  I  once  had  a  similar 
experience,  but,  although  the  respon- 
sibility was  traced  to  a  man  in  the 
shop,  he  suffered  no  inconvenience  other 
than    a    reprimand. 

In  this  shop  motor  cars  to  run  on 
railroad  tracks  were  made.  The  wheels 
were  put  on  the  axles  with  a  taper  fit 
and  pulled  home  with  a  retaining  nut. 
The  erectors  received  the  axles  and 
wheels  from  the  machine  shop,  and  when 
they  were  assembled,  many  of  them 
failed  to  come  up  to  gage.  If  too  wide, 
they  were  reamed  out;  when  too  nar- 
row, a  piece  of  paper  wrapped  around 
the  taper  helped  out  wonderfully. 

It  made  a  very  poor  job,  but  the  in- 
spectors and  testers  frequently  saw  it 
done,  the  erecting  foreman  knew  of  the 
practice  and  I  have  an  idea  that  the  gen- 
eral foreman  knew  enough  about  it  not 
to  be  over-inquisitive. 

No  complaint  was  made  until  the 
superintendent,  in  attending  a  convention, 
undertook  to  demonstrate  one  of  the 
cars.  In  the  course  of  the  demonstra- 
tion he  pulled  off  a  wheel  to  show  what 
nice  work  was  done  in  his  shops.  I  do 
not  know  what  else  happened  at  that 
demonstration,  but  a  day  or  so  later  the 
superintendent  appeared  in  the  shop  with 
blood  in  his  eye. 

As  in  Mr.  Walters'  case,  the  trouble 
was  traced  to  an  erector,  who  took  his 
calldown  in  a  mild  way,  and  a  short  time 
later  was  granted  a  raise  in  wages. 
Whether  there  was  any  connection  be- 
tween the  two  is  hard  to  state. 

One  man  may  have  improperly  drilled 
the  head,  but  it  seems  peculiar  that  he 
could    tap,   plug,    chip,    file    and    paint   it 
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too  before  the  tubes  were  put  in  without 
anyone  being  the  wiser.  Of  course,  in 
a  small  shop,  with  one  man  completing 
the  boiler  himself,  this  might  have  hap- 
pened, but  in  a  shop  small  enough  for 
this  it  seems  probable  the  foreman  would 
have  smelled  a  rat. 

This  is  not  written  to  discredit  Mr. 
Walters'  story  in  any  way.  In  reading 
it  I  assumed  from  the  tone  of  the  letter 
that  the  author  was  connected  with  the 
buyers  and  not  the  manufacturers  of 
the  boiler,  and  that  the  latter  would,  of 
course,  place  the  blame  on  the  little  fel- 
low, just  as  the  man  killed  in  the  boiler 
explosion  is  generally  found  to  be  to 
blame. 

John  Bailey. 

Milwaukee,  Wis. 


The  formula  which  I  use,  and  probably 
the  one  which  he  intended  to  state,  is 


Pipe  Flange  Bolting 

I  was  much  interested  in  the  editorial 
in  the  Dec.  26  issue  of  Power  on  the 
above  subject,  and  agree  with  the  writer, 
but  I  do  not  think  that  he  carried  the 
subject  far  enough. 

In  speaking  of  the  man  in  the  drafting 
room  being  responsible  for  the  tap  and 
itud  instead  of  the  through  bolt,  would 
It  not  be  a  good  idea  if  this  same  man 
M'ould  also  lay  out  the  work  so  that  all 
tolts  and  nuts  could  be  reached? 

How  often  one  sees  a  case  where  for 
about  half  of  the  way  around  the  pipe 
one  cannot  get  the  same  leverage  on  the 
nuts  as  on  the  balance  of  them.  When 
this  is  the  case,  it  is  almost  sure  that 
the  nuts  which  are  easy  to  get  at  are 
pulled  up  tighter  than  the  others;  there- 
fore, an  unequal  strain  on  the  flange  is 
produced  which  in  time  is  bound  to  cause 
a  leak. 

C.  L.  Johnson. 

Newark,  N.  J. 


Correction 


There  is  a  mistake  in  the  printing  of 
the  formula  for  length  of  belt  given  by 
William  Hirst  in  the  issue  of  Jan.  9. 

Twice  the  length  of  the  hypotenuse  is 


2  1/  (R~r)-+D' 
The  approximate  formula  on  page  1125 
tf  my  "Pocketbook"  (eighth  edition) 
gives  a  more  nearly  correct  result  than 
Mr.  Hirst's  formula.  Using  his  notation 
it  is 


L=2D  +  w{R  +  r)  + 


D 


Montclair,  N.  J. 


William  Kent. 


In  looking  over  the  formula  in  Mr. 
Hirst's  letter  in  the  Jan.  9  issue,  I  found 
that  apparently  he  had  made  a  mistake 
in  staling  it. 


2  l/  {R  —  ry  +  D^  -f  (i?  -f  r)  3.1416  =  L 
The  result  obtained  by  this  formula  is 
exactly  the  same  as  the  answer  given  by 
Mr.  Hirst.  Thus  it  is  quite  clear  that 
his  mistake  was  simply  in  writing  out 
the  formula. 

Victor  Jump. 
Caledonia,  Ohio. 


Leaky  Corliss  Valves 

In  two  recent  issues  of  Power  there 
appear  comments  on  leaky  valves  on 
Corliss  engines.  I  agree  with  the  writer 
who  says  that  they  are  rarely  ever  tight. 
As  a  result  of  close  observance  for  25 
years,  covering  hundreds  of  examples, 
I  have  found  that  engines  working  un- 
der 80  or  90  lb.  steam  pressure  that 
have  previously  been  carefully  fitted  will 
be  found  reasonably  tight;  but  when  150 
lb.  pressure  is  carried  they  tend  to  leak 
badly.  Some  horrible  examples  have 
been  found  in  engines  fresh  from  the 
shops  of  even  the  most  reputable  build- 
ers. Thus  it  appears  that  temperature 
has  much  to  do  with  the  matter  for  large 
temperature  variations  combined  with 
heavy  pressure  change  the  form  of  the 
cylinder  casting  and  valve  seat. 

The  remedy  is  to  do  as  one  writer 
suggested:  File  the  high  spots,  making 
frequent  examinations  until  a  fit  is  ob- 
tained and  the  contact  surfaces  of  both 
valve  and  seat  are  uniformly  bright. 
This  writer  suggests  draw  filing  the  high 
spots,  but  I  have  found  that  the  aver- 
age workman  is  afraid  of  doing  anything. 
Many  times  I  have  taken  the  roughest 
bastard  file  I  could  buy  and  "razeed" 
the  valve  ends;  often  I  have  done  this 
a  second  time  after  a  day's  run,  and 
even  a  third  time.  When  the  valve 
began  to  show  bright  in  the  middle  of  its 
length,  I  would  finish  up  with  a  good 
"mill-saw"  file,  filing  around — not  draw 
filing. 

One  writer  mentions  making  the  steam 
valves  a  "trifle  smaller  than  the  bore," 
thus  allowing  them  to  lift  in  case  of 
water  in  the  cylinder,  etc.  This  idea 
is  correct,  but  the  method  is  wrong.  The 
valve  should  be  turned  to  fit  the  bore, 
but  the  top  half  of  the  circle  on  the 
ends  should  be  cored  away  not  less  than 
iR  in.  on  a  5-in.  valve.  This  will  be 
hard  for  the  lathe  man  to  caliper  for 
size,  but  a  small  lug  or  rib  can  be  left 
on  top  from  which  to  caliper,  and  be 
cut  away  after  the .  valve  is  turned  up. 
This  form  is  a  great  safeguard  against 
damage  by  water. 

I  have  seen  many  valves  broken  in  the 
middle  by  water  while  no  great  damage 
was  done  to  the  engine  elsewhere,  and 
if  the  valve  could  have  lifted,  the  distress 
might  have  been  passed  without  dam- 
age. This  form  of  valve  will  be  likely 
to  have  a  "click"  if  compression  is  run 


up  to  or  near  the  initial  pressure;  the 
remedy  is  not  to  run  the  compression  so 
high. 

W.  V.  White. 
Cincinnati,  Ohio. 


Brick  for  Boiler  Walls 

In  discussing  Lewis  L.  Scheiderer's 
suggestion  of  using  hollow  brick  for 
boiler  walls,  as  printed  in  the  issue  of 
Jan.  9,  I  would  say  that  while  I  have  not 
had  experience  with  such  brick  I  would 
not  deem  it  of  any  merit,  as  rfecent  ex- 
periments with  boiler  walls,  with  and 
without  air  space,  show  conclusively  I 
believe  that  a  solid-brick  wall  is  the 
better  insulator  of  heat.  If  this  is  true, 
the  rule  would  likewise  apply  to  walls 
built  of  hollow  bricks,  and  to  a  far 
greater  degree. 

Victor  Bonn. 

New  York  City. 


Induction  Heater 

In  a  short  paragraph  in  the  issue  of 
Jan.  9,  on  the  page  of  "Inquiries  of 
General  Interest,"  under  the  title,  "In- 
duction Heater,"  we  would  like  to  call 
attention  to  the  last  sentence,  which 
states  that  "induction  heaters  are  used 
in  places  where  it  is  not  convenient  to 
place  a  thoroughfare  heater."  We  criticize 
this  to  the  extent  of  saying  that  the 
question  of  convenience  is  the  least  often 
brought  up  in  arguments  concerning  the 
merits  of  thoroughfare  vs.  induction 
heaters.  It  is  usually  a  question  of 
economy  and  safety.  The  induction  heater 
is  capable  of  being  connected  up  in  a 
less  expensive  manner  and  as  no  bypass 
is  necessary  there  is  no  possibility  of 
damaging  the  heater  through  a  misuse 
of  the  valves  in  the  bypass. 

There  are  also  other  reasons  for  the 
use  of  the  induction  heater  which  might 
briefly  be  mentioned  as  follows:  (1)  the 
steam  does  not  pass  through  the  heater 
body  before  going  to  the  heating  system 
or  the  atmosphere  and  therefore  does 
not  become  water-soaked  in  passing 
through  the  spray  chamber  of  the  heater; 
(2)  there  is  no  possibility  of  exceeding 
the  capacity  of  the  oil  separator  when 
additional  steam  units  are  turned  into 
the  main  exhaust  line,  and  (3)  the  in- 
duction heater  is  the  only  one  which  can 
be  arranged  so  as  to  reduce  back  pres- 
sure. 

Warren  Webster  &  Co. 

Camden,  N.  J. 


Our  contemporary,  Engineering  News, 
expresses  the  belief  that  it  would  be  a 
most  useful  thing  to  engineers  in  this 
country  if  the  Bureau  of  Mines,  which 
has  already  made  a  detailed  study  of 
the  operation  of  several  kinds  of  powei' 
generators,  should  collect  and  publish  a 
body  of  facts  on  the  operating  costs  for 
medium-sized  steam-engine  plants. 
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Inquiries  of  General  Interest 

Questions  are  not  ansAvered  unless  accompanied  by  the  name  and 
address  of  the  inquirer.     This  page  is  for  you  when  stuck — use  it 


Power  Required  for  Compressing 
Air 

How  much  air  can  be  compressed  per 
minute    to    225   lb.    gage    pressure    in    a 
compressor  driven  by  a  3-hp.  engine? 
A.  D.  M. 

Assuming  the  initial  pressure  in  the 
cylinder  to  be  2090  lb.  per  square  foot, 
the  compression  of  1  cu.ft.  of  free  air 
per  minute  to  239.7  lb.  per  square  inch, 
or  34,516.3  lb.  per  square  foot,  will  re- 
quire 0.2743  hp.  With  an  overall  effi- 
ciency of  80  per  cent.,  this  would  mean 

^^  =  0.343. -./.p. 

to  be  delivered  by  the  steam  end.  Thus 
three  horsepower  under  these  conditions 
will   compress 

— ^= —  =  8.746  CU.M. 
0-343 
of  free  air  per  minute. 


Power  Factor   of  a  Feeder 
How  is  the  power  factor  of  a   feeder 
found    when    the    branch    circuits    have 
different  power  factors? 

G.  G. 
The  power  factor  of  the  feeder  is  the 
reciprocal  of  the  square  root  of  1  plus 
the  square  of  the  quotient  of  the  sum 
of  the  product  of  the  current  and  the 
inductance  factor  of  each  branch  circuit 
divided  by  the  sum  of  the  product  of  the 
current  and  power  factor  of  each  cir- 
cuit. Expressed  as  a  formula,  the  rule 
would  be  as  follows: 


nI'MBt 


-f /.g^-f /3?3\2 


9(. 


p  =  Power  factor  of  the   feeder; 
/  =  Current   of  each  branch   cir- 
cuit; 
3)  =  Inductance     factor     of     each 

branch  circuit; 
3)  =  Power  factor  of  each  circuit. 


Putnam  Engine  Valves 

Why  is  more  lead  given  to  the  head- 
end than  to  the  crank-end  valve  of  a 
Putnam   engine? 

L.  P. 

Owing  to  the  angle  which  the  connect- 
ing-rod makes  with  the  center  line  of  the 
engine,  the  piston  travels  faster  when 
leaving  the  head  end  than  the  crank  end 
of  the  cylinder,  and  more  lead  is  given 
to  the  head-end  valve  to  insure  full  pres- 


sure  on  the   piston  at  the  beginning  of 
the  stroke. 


Taking  Ammonia   Out  of  the 
System 

How  can  the  ammonia  be  taken  out  of 
a  compression  ice-plant  system  without 
losing  any  of  it? 

P.    McD. 

If  the  plant  is  of  ordinary  construction 
and  design,  connect  an  empty  shipping 
tank  to  the  bottom  connection  of  the 
liquid-ammonia  receiver;  have  the  tank 
on  a  scale  and  weigh  the  amount  of 
ammonia  put  in;  do  not  allow  more  am- 
monia to  enter  the  tank  than  it  originally 
contained  when  shipped;  that  is,  not 
more  than  five-eighths  of  its  cubic  con- 
tents. The  chances  are  about  even  that, 
unless  a  man  is  thoroughly  familiar  with 
the  above  operation,  he  will  burst  the 
compressor,  or  blow  up  the  receiving  tank 
and  possibly  lose  his  life. 


Flow  of  Steam  in  a  Pipe 

What  amount  of  steam  will  flow 
through  a  4-in.  pipe  100  ft.  long,  the  ini- 
tial pressure  being  80  lb.  and  the  ter- 
minal pressure  38  lb.? 

G.  F. 

Divide  3.6  by  the  diameter  in  inches; 
add  one  to  the  quotent,  and  multiply  the 
sum  by  the  length  of  the  pipe  in  feet. 
Call  this  product  1.  Then  multiply  the 
difference  between  the  initial  and  the 
terminal  pressures  by  the  fifth  power  of 
the  diameter  and  by  the  density  of  the 
initial  pressure.  Call  this  product  2. 
Divide  product  1  by  product  2  and  mul- 
tiply the  square  root  of  the  quotient  by 
87.  The  density  of  the  steam  at  80  lb. 
is  0.2151.  Applying  figures  to  the  rule, 
it  would  be  expressed  thus: 


i 


0.2125  X  (80       38)  X  4° 


'(■+¥) 


X  87  = 


si 


0.2125  X  42  X  1024 


100  X  1.9 

X  87 


X  87  = 


nI^'x  87  =  1/48X87  = 

6.9282  X  87  :=  602.75  ">•  per  min. 


Efficiency   of  a    Condensing 

Engine 
How    does    the    extra    power    of    the 
vacuum  make  a  condensing  engine  more 
efficient? 

P.  J.  O. 


The  vacuum  in  a  condenser  is  not  a 
power,  yet  it  occupies  the  anomalous 
position  of  increasing  by  its  pressure 
the  capacity  of  the  engine  for  doing 
work.  This  is  because  the  atmospheric 
pressure  or  resistance  which  is  always 
ahead  of  the  piston  in  a  noncondensing 
engine  is,  in  a  condensing  engine,  re- 
moved to  a  degree  corresponding  to  the 
height  of  the  vacuum,  and  makes  avail- 
able just  so  much  more  of  the  pressure 
behind  the  piston.  If  there  is  an  average 
pressure  of  40  lb.  behind  the  piston  and 
a  vacuum  of  26  in.  is  maintained  in  the 
condenser,  there  will  be  13  lb.  of  resist- 
ance removed  from  the  front  of  the  pis- 
ton, thereby  making  available  40  +  13  = 
53  lb.  per  square  inch. 


Weight  of  the  Flywheel 

How  is  the  weight  of  a  flywheel  found  ^ 
A.  M. 

Requirements  and  conditions  differ  so 
materially  that  it  is  difficult  to  give  a 
general  rule;  different  kinds  of  work  will 
admit  more  or  less  variation.  A  rule  to 
determine  the  weight  is:  Multiply  the 
area  of  the  piston  in  square  inches  by 
the  stroke  in  feet  and  by  12,000,000  for 
average  work.  Divide  this  product  by 
the  square  of  the  number  of  revolutions 
per  minute  multiplied  by  the  square  of 
the  diameter  of  the  wheel  in  feet.  The 
quotient  will  be  the  required  weight  of 
the  rim  in  pounds.  Assume  an  engine  of 
20-in.  cylinder  diameter,  48-in.  stroke, 
75  r.p.m.  and  the  flywheel  20  ft.  in  diam- 
eter. Using  figures,  the  rule  would  be 
expressed : 

314.16  X  4  X  12,000,000 15,078,680,000 

75^  X  20^  2,250,000 

;=  6701.6  lb.  or  3.35  tons 

The  constant  will  range  from  10,000,- 
000  for  light-service  engines  to  15,000,- 
000   for  engines  driving   generators. 


Low   and  High    Speed  Efigines 
What  advantage  has  a  low-speed  over 
a  high-speed  engine? 

E.  D.  G. 
The  low-speed  engine,  especially  the 
four-valve  engine,  is  usually  more  eco- 
nomical of  steam  than  the  single-valve 
high-speed  engine,  because  its  heat  losses 
through  the  cylinder  walls  and  its  fric- 
tion are  less  in  proportion  to  the  amount 
of  steam  used  on  account  of  the  greater 
cylinder  volume  of  the  low-speed  en- 
gine. 
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Water  Power  Valuation   on  a 
State  Line 

An  interesting  example  of  the  com- 
plications sometimes  occurring  in  water- 
power  valuation  is  illustrated  by  a  re- 
cent decision  of  the  Massachusetts 
Supreme  Court  in  the  case  of  the  Black- 
stone  Manufacturing  Co.  vs.  Blackstone. 

The  petitioner  owns  a  water  privilege 
and  mill  in  Smithfield,  R.  I.,  and  also 
owns  land  on  both  sides  of  the  Black- 
stone  River  in  Smithfield  and  in  Black- 
stone,  which  are  adjoining  municipalities. 
The  Blackstone  River  runs  through 
Blackstone  and  Smithfield,  and  then  into 
Blackstone  again.  The  question  before 
the  court  was  the  method  of  determining 
the  value  of  the  portion  of  the  water 
power  in  Blackstone,  and  the  decision 
approves  prorating  the  total  value  of  the 
water  privilege,  exclusive  of  the  power 
house,  on  the  basis  of  the  amount  of  fall 
in  the  river  on  each  side  of  the  line  as 
developed   by   the   company. 

It  was  contended  at  the  hearings  that 
the  special  part  of  the  unit  privilege 
which  is  contributed  by  the  privilege  be- 
longing to  the  land  in  Blackstone  was 
incapable  of  valuation;  that  the  valuation 
of  the  land  and  structures  in  Massa- 
chusetts based  upon  their  participation  in 
the  value  of  the  whole  single  water- 
power  development  was  necessarily  a 
valuation  of  property  in  Rhode  Island, 
and  that  any  tax  upon  this  was  a  viola- 
tion of  the  Fourteenth  Amendment  of  the 
United   States  Constitution. 

The  court  dismissed  this  contention 
and  pointed  out  that,  as  a  matter  of  law, 
it  is  not  impossible  to  make  a  fair  esti- 
mate of  the  relative  values  in  the  two 
states  sufficient  for  assessment  purposes. 


Coaling  Steamers   in    German 
Ports 

The  Hamburg-American  line,  writes 
U.  S.  Consul-General  R.  P.  Skinner,  hav- 
ing over  a  million  tons  of  shipping  un- 
der its  own  flag,  has  perfectea  special 
bunkering  arrangements  at  Hamburg 
whereby  whole  German  carloads  of  coal 
are  discharged  into  hatches.  Ordinary 
shipping  is  bunkered  at  the  rate  of  95 
pfennigs  (S0.226)  per  ton,  and  coal  can  be 
delivered  into  hatches  at  the  rate  of 
from  25  to  30  tons  per  hour  per  gang. 
Coal  is  discharged  from  the  holds  at  the 
same  speed,  but  the  unloading  charge  is 
65  pfennigs   (SO.  155)  per  ton. 

At  Kiel,  bunkering  from  the  quayside 
is  done  for  1  mark  (S0.238)  per  ton,  or 
if  brought  from  coal  cars,  1.80  marks 
(80.428)  per  ton.  If  a  vessel  lies  in  mid- 
stream the  charge  is  also  1.80  marks 
per  ton.  Ten  tons  per  hour  per  gang 
can  be  loaded.  The  coal-discharging  fee 
at  Kiel  is  35  pfennigs  (S0.083)  per  ton 
for  men  working  on  the  vessels  who  fill 
the  baskets,  or  70  pfennigs  ($0,166)  if 
coal    is    unloaded    directly    into    railroad 


cars  or  wagons.    Coal  can  be  discharged 
at  the  rate  of  300  to  400  tons  per  day. 

The  Lubeck  charge  for  discharging 
coal  is  85  pfennigs  (S0.202)  per  ton; 
for  bunkering,  from  wagon  into  bunker, 
70  pfennigs;  from  the  barge  into  bunker, 
if  about  level  with  the  ship,  90  pfennigs 
(S0.214)  per  ton;  or  from  barge  into 
bunker,  if  scaffolding  must  be  built,  4 
pfennigs  (SO. 009)  or  more  per  ton  ad- 
ditional, according  to  the  difficulties  en- 
countered. From  20  to  30  tons  can  be 
bunkered  per  hour  from  coal  yards  or 
from,  lighters,  and  from  50  to  70  tons 
can   be   discharged  per   hour. 


Boston  Engineers  Club 

The  Engineers  Club  of  Boston,  recently 
incorporated  along  the  lines  of  the  New 
York  Engineers  Club,  has  decided  to  take 
an  option  on  the  building  at  2  Common- 
wealth Ave.,  under  lease  with  the  priv- 
ilege of  purchase.  On  remodeling  the 
building,  facilities  will  be  afforded  the 
Boston  technical  societies  in  many  re- 
spects similar  to  the  United  Engineering 
Building  in  New  York.  It  is  expected 
that  the  building  will  be  ready  for  occu- 
pancy early  in  the  fall. 

Its  officers  are  Ira  N.  Hollis,  president; 
Charles  L.  Edgar  and  Charles  T.  Main, 
vice-presidents:  Luzerne  S.  Cowles,  sec- 
retary; Eliot  Wadsworth,  treasurer,  and  a 
board    of   governors. 


OBITUARY 

Charles  W.  Houghton,  for  24  years  a 
faithful  and  respected  employee  of  the 
Ashton  Valve  Co.,  of  Boston,  Mass., 
died  on  Jan.   18. 

George  Schuyler  Davis,  vice-president 
and  secretary  of  the  Kenfield-Davis  Pub- 
lishing Co.,  Chicago,  111.,  and  editor  of 
Electric  Traction  Weekly,  died,  on  Jan. 
24,  at  his  home  in  Cleveland,  at  the  age 
of  37.  Mr.  Davis  was  a  charter  member 
of  the  Central  Electric  Railway  Associa- 
tion and  an  associate  member  of  the  Am- 
erican Electric  Railway  Engineering  As- 
sociation. 


SOCIETY  NOTES 

The  tenth  annual  banquet  and  recep- 
tion of  the  combined  N.  A.  S.  E.  Asso- 
ciations of  Pittsburg,  Penn.,  was  held  at 
the  Monongahela  House  on  Thursday 
evening,  Jan.  25.  After  the  banquet  a 
pleasing  entertainment  was  given,  at  the 
close  of  which  dancing  was  indulged  in 
by  the  500  guests.  The  combination  in- 
cluded Pittsburg  No.  3,  Allegheny  No.  5 
and  Columbia  Association  No.  15. 

On  Tuesday  evening,  Feb.  13.  the  .i^m- 
erican  Society  of  Mechanical  Engineers, 
with  the  American  Institute  of  Mining  En- 
gineers cooperating,  will  hold  a  meeting 
on  California  gold  dredging.  Robert  E. 
Cranston,  of  Marigold,  Calif.,  will  pre- 
sent a  paper  entitled,  "Notes  on  Design 


and  Mechanical  Features  of  the  California 
Gold  Dredge."  An  interesting  discussion 
is  also  expected  from  a  number  ot  the 
members  of  both   societies. 

The  combined  associations  of  the  N.  A. 
S.  E.  of  Philadelphia  held  their  third  an- 
nual concert,  dinner  and  dance  at  Lulu 
Temple,  on  Friday  evening,  January  26. 
The  audience  of  about  six  hundred  list- 
ened to  an  entertainment  given  by  the 
New  York  "Bunch,"  and  then  adjourned 
to  the  dining  hall,  after  which  dancing 
was  enjoyed.  Quaker  City  No.  1,  Ta- 
cony  No.  9,  Merrick  No.  12,  and  North- 
east No.  20  were  the  associations  com- 
prising  the   combination. 


PERSONAL 

Fred  L.  Johnson,  recently  of  the  edi- 
torial staff  of  Power,  is  now  with  the 
Brooklyn  Edison  Co.,  in  the  office  of  the 
chief  operating  engineer. 

Will  M.  Glass,  of  Pasadena,  Calif.,  has 
accepted  the  position  of  day-shift  engi- 
neer of  the  Hotel  Alexandria,  at  Los  An- 
geles, said  to  be  the  largest  hotel  power 
plant  in  southern  California.  Previous 
to  this  position  Mr.  Glass  was  engineer 
for  the  Pasadena  municipal  lighting  plant 
for  about  five  years. 

B.  A.  Brennan,  recently  contract  man- 
ager of  the  Westinghouse  Machine  Co., 
and  formerly  with  the  E.  P.  AUis  Co., 
has  been  appointed  sales  manager  of  the 
power  department  of  the  Bethlehem 
Steel  Co.,  with  headquarters  at  South 
Bethlehem,  Penn.,  in  charge  of  gas-en- 
gine and  pumping-engine  sales. 

C.  F.  Hockley,  for  the  past  three  years 
engineer  in  the  power  department  of  the 
Bethlehem  Steel  Co.,  has  been  appointed 
superintendent  of  the  construction  power 
department  of  that  company,  with  head- 
quarters at  South  Bethlehem,  Penn.  Prior 
to  his  present  association,  Mr.  Hockley 
was  identified  with  the  Westinghouse  Ma- 
chine Co.,  East  Pittsburg. 
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Some  men  take  naturally  to  writing — 
they  are  "born  writers."  With  others  the 
task  of  putting  their  thoughts  in  black  on 
white  is  one  to  be  dreaded. 

There  is  a  distinct  advantage  in  being  a 
devotee  to  the  art  of  letters,  no  matter  whether 
you  become  especially  proficient  as  a  writer 
or  not.  For  instance,  a  man  who  acquires 
the  habit  of  writing  up  notes  on  his  experi- 
ences and  observations  and  on  what  he  has 
read  pertaining  to  his  work,  etc.,  is  bound 
to  profit  in  several  ways.  'Tis  true  that 
"Reading  maketh  a  full  man,  writing  a 
correct  man,  *  *  *  *"  And  correctness,  or 
accuracy,  is  a  cardinal  virtue  in  engineering. 
The  mere  act  of  writing  out  his  thoughts 
serves  to  fix  them  more  securely  in  his 
mind. 

Often  an  idea,  when  hastily  or  carelessly 
considered,  may  seem  sound  and  true;  but 
when  the  same  idea  comes  to  be  written  out 
its  fallacies  or  weak  points  soon  show  up. 

With  writing,  just  as  with  almost  every- 
thing  else,    it    is   practice  that   counts.        It 
is  said  that  such  geniuses  as  Dante,  Goethe, 
Macaulay     and 
Darwin    were    sel- 
dom  if  ever  sat- 
isfied with  the  first 
draft  of  anything 
they    ever    wrote; 
they      continually  //« 

made      revisions 
and  corrections. 

This  suggests, 
then,  another  ben- 
efit to  be  derived 
from  practice  at 
writing,  to  wit, 
mental    discipline. 


To  be  always  striving  to  improve  upon  what 
has  previously  been  accomplished  is  a  fine 
"fault." 

Then,  there  is  a  direct  material  gain  to 
be  had  from  this  practice.  Power  is  always 
glad  to  receive  and  consider  manuscripts  from 
any  of  its  readers  on  any  subject  relating 
to  the  generation  and  transmission  of  power. 
If  the  idea  embodied  in  a  manuscript  is  good, 
the  manuscript  is  accepted  for  publication 
and  paid  for.  In  such  a  case  the  writer  is 
not  only  improving  in  experience,  but  he  is 
actually  getting  paid  for  his  practice  as  well. 

For  all  who  are  familiar  with  the  con- 
struction and  operation  of  a  turbine  the  pres- 
ent time  offers  a  particularly  bright  oppor- 
tunity to  "pull  down"  some  real  money  by 
entering  the  prize-article  contest  in  PowER 
which  closes  on  March  i. 

The  winner  will  not  necessarily  be  the 
man  who  sends  in  the  finest  specimen  of 
English  composition.  He  will  be  the  one 
whose  manuscript  contains  such  material  that 
any  intelligent  engineer  who  had  never  seen  a 
turbine  before  could  use  as  a  guide  in  success- 
fully starting  up 
and  operating  a 
turbine  such  as  the 
particular  manu- 
script deals  with. 

Even  if  you  are 
not  the  winner, 
you  will  be  paid 
for  your  manu- 
script if  it  is  suit- 
able for  publica- 
tion. Thus,  in  any 
event,  your  work 
need  not  be  en- 
tirely for  naught. 


///' 
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Plant  of  Capital  Traction  Company 


For  several  years  previous  to  1898  the 
cars  of  the  Capital  Traction  Co.,  of 
Washington,  D.  C,  were  operated  by 
cable  power,  but  in  that  year  the  de- 
struction of  the  power  house  by  fire  led 
to  a  determination  to  install  electric  drive. 
The  power  plant  installed  was  located 
on  Grace  St.,  in  Georgetown,  along  the 
Chesapeake  &  Ohio  Canal,  and  contained 
originally  five  525-kw.,  Corliss  engine- 
driven,  direct-current  units,  the  station 
having  a  total  capacity  of  2625  kw.  This 
plant  was  described  in  Power  at  the 
time,  and  the  company  was  criticized  by 
many    for  installing   too   much   power. 

By  1907,  the  demands  for  power  had 
grown  to  such  an  extent  that  the  plant 
was  heavily  overloaded,  when  two  of  the 
engines  were  taken  out  and  two  1500-kw. 
Westinghouse  turbines  were  installed; 
these  were  alternating-current  machines. 


By  J.  H.  Beattie 


The  rapid  increase  in  electric 
traction  in  Washington,  D.  C. ,  is 
shown  by  the  fact  that  the  origi- 
nal plant  of  2500  kw.  capacity, 
built  in  1898,  was  at  the  time  con- 
sidered much  too  large,  whereas 
a  new  plant  of  11,000  kw.  capac- 
ity has  just  been  completed  for 
handling  the  increased  overload. 


its  supply  of  water,  and  a  break  in  the 
Washington  level  of  the  canal  at  any 
time  would  have  crippled  it  very  serious- 
ly, if  not  causing  a  complete  shutdown. 
In  addition  to  this  the  plant  relied  upon 
the  canal    for   its  coal   supply. 

As   the   building   was   wholly   unsuited 


and,  secondly,  coal  couid  be  secured 
either  from  barges  on  the  river  or  from 
the  cars  on  a  spur  from  the  Georgetown 
branch  of  the  Baltimore  &  Ohio  R.R. 

The  New  Plant 

The  new  plant  was  first  put  in  op- 
eration about  the  middle  of  last  Septem- 
ber, and  the  old  plant  was  practically 
abandoned  a  month  later,  although  the 
removal  of  the  boilers  is  now  just  about 
completed. 

In  building  the  foundation,  it  was  neces- 
sary to  drive  a  large  number  of  piles  to 
rock  on  the  river  side,  while  on  the  land 
side  the  foundation  was  dug  out  of  solid 
rock.  Also,  on  the  river  side  a  concrete 
wall  was  built  which  served  as  a  support 
for  the  coal  spur  and  the  south  building 
wall.  A 'general  plan  of  the  plant  is 
given    in    Fig.    1,    which    shows   not   only 


66'-3\'-' 


Fic.   1.    General  Layout  of  Plant 


Again,  in  1908,  the  plant  was  still  fur- 
ther enlarged  by  the  removal  of  another 
engine-driven  unit  and  the  substitution 
of  a  3000-kw.  turbo-generator.  However, 
due  to  the  adoption  of  double-truck 
cars  and  to  extensions  of  the  system,  the 
power  plant  soon  became  inadequate. 
The  old  plant  was  entirely  dependent 
upon  the  Chesapeake  &  Ohio  Canal   for 


to  a  further  increase  in  the  generating 
capacity,  it  was  decided  to  build  a  new 
plant.  This  was  authorized  in  January, 
1910.  Property  was  purchased  at  K  and 
Thirty-second  Sts.,  and  extended  to  the 
river.  This  location  was  chosen  for  sev- 
eral reasons:  In  the  first  place,  it  in- 
sured an  abundant  supply  of  water  for 
boiler-feed     and     condensing    purposes; 


the  part  at  present  erected  but  also  the 
provision  which  has  been  made  for  future 
extensions. 

Foundation  and  Sea  Wall 

The  foundation  and  sea  wall  are  con- 
structed almost  entirely  of  concrete.  The 
level  of  the  basement  floor  is  1  ft.  above 
mean   high   tide,   while   the   turbine   floor 
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is  4  ft.  above  the  highest  water  ever 
known  on  the  Potomac  River.  The  base- 
ment floor  and  walls  are  thoroughly 
waterproof.  The  plant  could  operate  un- 
der almost  any  conditions  of  high  water 
due  to  a  construction  of  the  basement 
containing  the  condensers  and  the  ar- 
rangement of  the   circulating   pumps. 

Boilers 

The  12  boilers,  which  are  of  the  Bab- 
cock  &  Wilcox  type,  each  of  600  hp.,  are 
arranged  in  two  rows  with  a  common 
firing  aisle  between.  Steam  at  175  lb. 
pressure  and  100  deg.  superheat  is  car- 
ried. Eight  of  these  boilers  are  new 
while  four  are  from  the  Grace  St.  plant. 
They  are  all  fitted  with  Roney  stokers 
and  have  a  grate  area  of  75  sq.ft.  each; 
they  are  also  fitted  with  soot  blowers. 

An  interesting  plan  has  been  adopted 
in  the  boiler  room  to  aid  the  firemen  in 
taking  care  of  the  fires.  This  is  a  small 
track  of  18  in   gage  laid  along  the  fronts 


Fig.  2.   Looking  Down  Firing  Aisle 


and  connects  to  a  14-in.  header  running 
at  right  angles  to  this  room  and  parallel 
to  the  turbine  room.  From  this  pipe 
the  supply  pipes  of  the  various  turbines 
are  taken.  Each  boiler  nozzle  is  fitted 
with  a  Foster  valve  so  that,  in  case  a 
tube  blew  out,  the  particular  boiler  to 
which  the  accident  had  occurred  would 
be  immediately  cut  off  from  the  other 
boilers,  thus  protecting  the  plant  from 
shutdown  and  lessening  the  danger  to 
the  attendants. 

In  addition  to  the  main  steam  line, 
the  auxiliary  apparatus  is  supplied  with 
saturated  steam  from  a  6-in.  pipe  line. 
All  steam  piping  is  heavily  lagged  with 
85    per   cent,    magnesia    covering. 

A  rather  elaborate  drip  system  has 
been  installed  by  which  the  drips  from 
the  entire  high-pressure  system  are  led 
to  two  central  tanks  in  the  basement 
provided  with  automatically  operated 
pumps,  whereby  the  water  is  returned  to 
the  boiler  feed  as  it  accumulates. 


Ftc.  3.    Longitudinal  Section  through  Boiler  Room 


of  both  rows  and  carrying  a  small  car 
bearing  a  framework  about  3  ft.  high. 
This  seems  to  be  a  great  aid  to  the  fire- 
men as  they  are  thus  placed  in  a  more 
advantageous  position  to  handle  the  fires. 
The  sheet-steel  breechings  for  the  boil- 
ers are  located  in  the  basement  immedi- 
ately below  the  boiler  room,  one  on  each 
side  extending  the  length  of  the  room 
and  connecting  with  its  stack.  The  stacks 


are  of  the  Alphons  Custodis  radial  brick 
type,  11  ft.  1  in.  internal  diameter  and 
247  ft.  high. 

Steam  Piping 

The  boiler  nozzles  are  8  in.  and  con- 
nect to  a  I2-in.  header  immediately  back 
of  the  row  of  boilers.  At  the  end  of  the 
boiler  room  this  header  drops  to  below 
the    floor    level,    runs    through    the    wall 


Feed-water  System 

The  water  supply,  both  for  the  con- 
densers and  the  feed  water,  is  brought 
into  the  plant  in  a  reinforced-concrete 
rectangular  tunnel  extending  through  the 
river  wall  at  the  up-stream  end  of  the 
building  and  passing  through  the  full 
length  of  the  engine-room  basement.  A 
similar   reinforced-concrete   tunnel    takes 
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the  discharge  water  from  the  condensers, 
running  under  the  full  length  of  the 
basement  and  discharging  through  the 
river  wall  at  the  down-stream  end.  A 
well  for  feed  water  situated  under  this 
basement  floor  is  connected  by  a  12-in. 
pipe  with  both  the  discharge  and  intake 
tunnels.  From  this  well  water  is  taken 
by  two  6-in.  vertical  submerged  centrifu- 
gal pumps,  each  having  a  capacity  of  600 
gal.  per  minute  and  operated  by  a  40- 
hp.  induction  motor,  and  is  delivered  to 
two  large  tanks  situated  on  the  pump- 
room    roof. 

From    the   tanks,   the    water   flows    by 
gravity  either  directly  or  through  a  bat- 


by  chutes  to  the  cars.  The  coal  bunkers 
have  steel  frames,  with  concrete  arches 
and  a  total  capacity  of  1800  tons.  They 
are  so  constructed  that  they  will  com- 
pletely empty  themselves  without  any 
trimming   of  the   coal   by   hand. 

Turbine  Room 

The  turbine  room  is  154  ft.  long  by 
65  ft.  high  and  is  finished  in  green 
enamel  brick  for  7  ft.  above  the  floor 
and  has  red  pressed  brick  above  this. 
The  floor  is  of  "Kompolite,"  an  asbestos 
preparation  of  dark  red  color,  furnishing 
a  very  pleasing  contrast  with  the  finish 
of  the  room.     The  switchboard  galleries 


three  turbines  are  all  single-flow  ma- 
chines and  the  new  machine  is  of  the 
double-flow  type. 

The  writer  recently  examined  the 
blades  of  one  of  the  -1500-kw.  machines 
and  found  very  few  signs  of  erosion, 
and  as  none  of  the  blades  had  been  re- 
newed during  the  four  years  of  almost 
constant  use  of  the  machine,  this  speaks 
very  well  for  the  cost  of  upkeep  for  this 
class  of  turbine.  The  machines  all  op- 
erate at  1500  r.p.m.  and  generate  25- 
cycle  currents  at  6600  volts. 

There  is  room  in  the  building  as  it 
now  stands  for  another  unit  of  5000-kw. 
capacity.      Moreover,    the    company    has 


Fig.  4.    Turbine  Room  and  Switch   Galleries 


tery  of  Loomis-Manning  sand  filters,  to 
two  Cochrane  feed-water  heaters,  and 
from  these  it  goes  to  the  boiler-feed 
pumps. 

Coal  and  Ash  Handling 

Coal  is  unloaded  from  the  cars  di- 
rectly into  a  hopper  outside  the  building 
on  the  river  wall.  Immediately  below 
the  hopper  is  a  crusher  which  reduces 
all  the  coal  to  stoker  size.  From  this 
it  is  delivered  by  a  belt  conveyor  to  the 
main  conveyor  which  is  of  the  endless 
type,  elevating  tfie  coal  to  the  bunkers 
and  also  carrying  the  ashes  from  the 
ash  hoppers  under  the  boilers  to  a  stor- 
age bin   from   which  they  are  discharged 


are  of  concrete  construction  and  are  lo- 
cated  on  the   north   side   of  the   room. 

At  the  present  time  four  Westinghouse 
horizontal  turbines  are  installed.  Two 
of  these  are  1500-kw.  machines,  the 
third  has  a  capacity  of  3000  kw.,  and  the 
fourth  5000  kw.  The  first  three  of 
these  machines  were  moved  from  the 
Grace  St.  station  while  the  largest  ma- 
chine is  new.  The  two  smaller  ma- 
chines are  served  by  Wheeler  surface 
condensers  and  Edwards  air  pumps;  the 
3000-kw.  machine  by  an  Alberger  jet 
condenser,  with  the  circulating  pump 
driven  by  a  Fleming-Harrisburg  engine, 
and  the  5000-kw.  machine  is  equipped 
with    a    LeBIanc    condenser.      The    first 


enough  ground  on  the  east  of  the  plant 
to  extend  it  until  the  capacity  will  be  at 
least  30,000  kw. 

Auxiliary   Apparatus 

There  are  several  features  of  interest 
in  the  auxiliary  apparatus.  In  the  first 
place,  it  was  considered  more  economical 
to  operate  these  on  saturated  steam,  as 
the  cost  of  upkeep  on  the  units  them- 
selves would  be  much  less  than  when  op- 
erating on  superheated  steam,  although 
the  economy  is  a  little  less  with  saturated 
steam.  This  is  practically  balanced,  how- 
ever, because  these  units  exhaust  into 
the  feed-water  heaters  and  much  of  the 
heat    is   recovered.      The    arc    lights    for 
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the  power  house  and  the  lights  for  the 
barn  and  offices  of  the  company  are 
supplied  by  one  150-kw.  and  two  75-kw. 
generators  driven  by  Fleming-Harrisburg 
tandem-compound  engines.  There  is  al- 
so a  65-celI,  160-ampere,  8-hr.  storage 
battery  floating  on  the  line  for  emer- 
gencies. 

Switchboards 
The   switchboards    are    arranged    in    a 
three-story  tier  of  concrete  galleries  on 


Use  of  Oil  in  Steam  Lines 

By  C.  F.  Holley 

The  use  of  oil  in  headers  and  steam 
lines  does  not  appear  to  be  as  general 
as  it  should  be.  It  is  in  quite  general 
use  on  a  Michigan  mining  range  where 
steam  lines  from  3  to  6  in.  in  diameter 
are  quite  common  and  one  line  is  3000 
ft.  long. 

These     lines     supply     steam     to     the 


over  three  or  four  days  as  a  rule,  after 
which  the  amount  is  reduced  and 
does  not  usually  exceed  one  quart  per 
week. 

The  oil  works  into  the  small  leaks  and 
cakes  there;  it  also  lubricates  the  ex- 
pansion joints  and  prevents  erosion  of 
the  pipes.  Naturally  it  tends  to  clog 
the  traps,  but  it  is  much  easier  to  clean 
the  traps  than  to  repair  the  lines  in 
any  other  way  that   I   know  of. 


yjnmm-w-yrifmnrifv-Trnj^wv^^ 


Fic.  5.    Cross-section  through  Boiler  Room 


;he  north  side  of  the  turbine  room,  as 
shown  in  Fig.  4.  The  switchboards  are 
laid  out  with  three  main  divisions,  two 
Df  which  are  now  installed,  the  third  be- 
ing for  extensions  of  the  plant.  Par- 
;icular  attention  has  been  paid  to  mak- 
ng  everything  as  nearly  trouble-proof 
as  possible. 

The  design  and  erection  of  the  plant 
lave  been  under  the  direction  of  John  H. 
Henna,  chief  engineer  of  the  Capital 
Fraction  Co.,  and  the  operating  engineer 
n  charge  of  the  plant  is  C.  J.  Hoshall. 


pumps  and  me.ins  must  be  provided 
to  avoid  small  leaks.  The  lines  are  put 
in  as  well  as  possible  and  expansion 
joints  are  used  at  intervals,  but  in  spite 
of  all  precautions  leaks  will  appear.  It 
would  entail  considerable  trouble  and 
expense  to  make  new  joints  at  such 
places. 

The  remedy  adopted  Is  to  place  a  lubri- 
cator in  the  boiler  house  to  feed  oil  into 
the  line.  On  the  start  about  a  quart 
of  oil  is  daily  fed  into  the  line  until  the 
leaks  have  taken  up,  which  does  not  take 


It  will  surprise  one  who  has  not  tried 
it  to  see  how  large  a  leak  can  be  stopped 
in  this  way.  I  have  seen  a  leak  in  a 
screwed  joint  in  a  line  carrying  125  lb. 
steam  pressure,  that  could  be  heard  at  a 
distance  of  200  ft.,  stopped  in  this  way 
within  48  hours,  and  it  did  not  start  up 
again. 

I  would  advise  anyone  having  such 
trouble  on  headers  or  steam  lines  to  try 
the  oil  treatment;  it  can  do  no  harm  and 
it  will  be  found  that  it  will  save  much 
annoyance  and  work. 
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James  Watt  in   Cornwall   in    1781 


At  about  the  time  of  the  battle  of 
Bunker  Hill,  there  were  hard  times  in 
Cornwall;  the  mines  were  flooded  and 
the  old  Newcomen  engines  could  not 
keep  them  pumped  out. 

Fortunately,  the  young  Scotch  appren- 
tice, Watt— who  had  drifted  back  to  Glas- 
gow from  London,  and,  after  some  diffi- 
culties with  local  labor  leaders  had  been 
employed  in  the  university — had  not  only 
conceived  his  steam  engine,  but  had 
formed  his  life-long  partnership  with 
Boulton.  The  latter  was  a  fine,  generous, 
optimistic,  healthy  sort  of  man,  industri- 
ous, a  good  manager,  a  successful  engi- 
neer and  an  ideal  partner  to  pull  in 
double  harness  with  Watt.    The  two  built 


By  Prof.  W.  D.  Ennis 


Facsimile  of  a  letter  wTitten 
by  Watt  in  1781  to  John  Hall 
concerning  a  contract  for  an  en- 
gine and  boiler.  Brief  historical 
sketch  of  Watt's  work  and 
achievements  prior  to  and  dur- 
ing the  year  1781. 


stitution  of  the  new  machines  for  New- 
comen engines. 

The  partners  alternated  in  their  resi- 
dence  in    the    south    of    England.    After 
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by  horseback;  some  of  them  were  in 
sight. 

In  the  year  1781,  the  Cornwall  battle 
was  nearly  won,  and  the  mines  were 
saved.  Two  years  later  the  last  of  the 
Newcomen  engines  was  ousted,  and  Watt 
considered  his  next  step. 

The  Polytechnic  Institute  of  Brooklyn 
has  in  its  possession  a  letter  (presented 
by  J.  D.  Steele,  Esq.,  Sept.  29,  1869) 
written  by  Watt,  dated  at  Cosgarne, 
Oct.  16,  1781,  in  which  he  speaks 
vividly  (if  unintentionally)  of  the  condi- 
tion of  things  with  him  at  this  period. 
The  letter  is  a  discovery,  as  it  does  not 
appear  in  any  of  the  biographies  of 
either   Boulton   or   Watt. 


a  small  plant  at  Birmingham  and  began 
to  sell  the  James  Watt  steam  engines. 

For  some  years  Watt  lived  the  in- 
tensely active  life  of  an  erecting  engi- 
neer, principally  in  the  mining  districts, 
where  the  engines  were  sold  on  a  royalty 
basis,  the  builders  being  paid  one-third 
the  value  of  the  fuel  saved  bv  the  sub- 


considering  the  building  of  a  portable 
house,  Boulton  finally  purchased,  near 
Pendennis  castle,  in  the  Tumnap  valley, 
not  far  from  Truro,  an  old-fashioned 
roomy  house  and  garden  called  Cosgarne. 
Here  the  Watt  and  Boulton  families  re- 
sided in  turn  for  several  years.  Fourteen 
of  their  engines  were  within  easy  reach 


d 


Fig.  1.  Front  Side  of  the  Watt  .Autograph 


The  inventor  has  already  built  a  blow- 
ing engine  for  some  firm,  the  name  of 
which  is  illegible.  The  Snow  Hill  (near 
Birmingham)  and  Wilkinson  engines,  the 
latter  at  Bradley,  are  the  only  ones  of 
this  type  of  prior  date  mentioned  in 
the  biographies.  Watt  has  now  an  order 
from  Samuel  Walthers  &  Co.,  of  Roth- 
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erani  ("Walker's  ironworks  at  Rother- 
hani,"  according  to  one  historian).  The 
builder  writes  a  minute  letter  of  instruc- 
tions to  the  local  engineer  for  Messrs. 
Walthers.  He  realizes  the  epoch-making 
importance  of  the  new  application,  but 
understands  also  that  the  Walthers  firm 
is  interested  only  in  getting  their  neces- 
sary blast. 

He  is  a  very  busy  man.  He  reached 
Cosgarne  on  the  first  of  June.  All  sum- 
mer he  has  been  nursing  his  engines, 
standing  in  mine  pits,  perhaps,  through- 
out the  day,  keeping  up  his  voluminous 
correspondence  and  perfecting  his  ro- 
tatory-movement inventions  by  night.  A 
confinned  dyspeptic,  and  in  chronic  ill 
health,  the  climate  tires  him.  He  writes: 
"There  is  no  going  out  without  getting 
wet  to  the  skin.     When  it  rains  in  Corn- 


blower  infringements.  Someone  has  told 
him  of  a  boiler  which  evaporizes  a  hogs- 
head of  water  from  an  ounce  of  coal. 
His  engine  building  has  not  begun  to 
pay — it  did  not,  in  fact,  until  1785 — and 
money   matters   are   distressing   him. 

Now  he  has  had  to  rob  a  little  time  to 
make  a  drawing  for  Mr.  Hall  by  candle- 
light. He  apoligizes  for  its  inaccuracy, 
but  has  guarded  against  errors  in  the 
proper  way.  He  has  taken  the  radical 
step  of  greatly  increasing  the  size  of 
boiler,  while  at  the  same  time  adapting 
it  to  the  location  in  which  it  must  be  in- 
stalled. He  does  not  seem  to  mind  mak- 
ing the  fireman  stand  outdoors.  The  most 
important  point  in  the  letter  is  the  state- 
ment regarding  proposed  control  of  the 
vis  inertia  of  the  "belly"  piston.  It  was 
in    this    same    month — on    Oct.    25,    just 


mate  picture  of  the  busy,  harassed 
man,  45  years  old,  winning  fame 
and  forgetting  his  ill  health  in  the 
hardest  kind  of  work.  He  has  not  fin- 
ished his  work;  he  has  not  yet  made  his 
engine  double  acting,  nor  introduced  the 
indicator  and  the  centrifugal  governor. 
Nor  has  he  set  himself  down  (as  he  did 
in  later  years,  after  he  became  a  Doctor 
of  Laws  of  Glasgow  University)  as  the 
opponent  of  high  pressure,  compounding, 
and  the  railway  locomotive.  He  is  the 
middle-aged  man  at  the  best  of  his 
powers  who  has  success  in  sight.  A 
verbatim  copy  of  the  letter  follows: 

[Postmark     Truro] 
only  il<>ulil<-   letter 

eer 

&  Comp'y: 


'M 


Fig.  2.  Reverse  Side  of  the  Watt  Autograph 


wall,  and  it  rains  often,  it  rains  solid." 
He  is  short  of  help  and  appeals  to 
Boulton,  "I  wish  you  could  find  me  out 
a  draftsman.  I  cannot  stand  it  much 
longer."  Again  he  complains,  "my  head 
aches."  He  speaks  of  "backache,  head- 
ache and  lowness  of  spirit";  says  he  is 
"stupid  and  ill  and  scarcely  able  to 
think."     He  is  worried  about  the  Horn- 


nine  days  later,  in  fact — that  he  took  out 
his  patents  on  the  "sun  and  planet" 
wheels  and  on  three  other  devices  for 
transforming  reciprocating  to  rotatory 
motion.  The  method  now  used  (with 
connecting-rod  and  crank)  had  already 
been  patented  by  someone  else. 

The    letter,    facsimiles    of    which    are 
reproduced     herewith,     gives     an     inti- 


Ooto    16th    1781 


.Inhii    Hull 


Sir— 

I  send  you  inclosed  Drawing  for 
Messrs  Walthers  Boiler  and  seating.  I 
have  made  it  of  the  form  which  we  find 
to  answer  best,  that  is  which  produces 
the  greatest  effects  from  the  coals — I 
have  also  made  it  larger  than  we  should 
use  for  a  40  inch  Cylinder  in  this  coun- 
ty,   because    your    Engine    is    required    to 
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go  faster— One  of  its  advantages  con- 
sists in  a  much  greater  surface  to  the 
action  of  the  fire,  than  a  round  boiler 
for  a  12  feet  round  boiler  would  only 
expose  about  17*  feet  to  the  Are  whereas 
this  exposes  above  300  feet  and  will  re- 
quire  only  a  few  cwts  more  Iron— In 
order  to  accomodate  it  as  much  as  can 
be  done  to  the  situation  consistently 
with  convenience,  I  have  moved  it  al- 
most to  the  back-end  of  the  House  and 
made  the  fire  door  behind  the  house  by 
which  means  it  occupies  only  about  12 
feet  wide  sideways— You  may  get  the 
foundations  dug  for  it  as  soon  as  you 
will,  and  tnay  leave  therin  the  walls 
hollow  within  to  the  prickit  line  which 
marks  the  seating  except  the  walls 
which  form  the  sides  of  the  ashole.^ 
The  middle  space  may  be  filled  with  fur- 
nace cinders— If  stone  work  be  cheaper 
than  brick  the  foundation  may  be 
brought  up  with  it  within  one  foot  of 
the  level  of  the  Grate  You  will  observe 
that  the  place  of  the  steam  pipe  win- 
dows in  the  first  floor  must  be  changed 
to  accomodate  them  to  this  situation 
of  the  Boiler.  I  shall  send  a  drawing  for 
the  steam  pipe  afterwards  the  present 
only  serving  to  show  its  position  hori- 
zontally. .      ,, 

I  approve  of  a  Brick  cistern  its  inside 
size  mav  be  had  from  the  ground  plan 
bv  deducting  allowing  3  inches  all 
round  for  the  thickness  of  the  wood 
but  before  you  build  it  take  care  that 
you  have  lime  which  stands  water  oth- 
erwise you  must  get  terrass=  to  mix 
with  it  in  place  of  sand  To  hold  down 
the  condenser  you  must  have  a  cast 
Iron  barr  6  inches  square  passing  quite 
across  the  Bottom  with  its  ends  lodged 
in  the  walls  of  cistern  this  Barr  must 
pass  right  under  the  centers  of  the 
pumps  and  its  lower  side  must  be  one 
inch  and  a  half  above  the  bottom  of 
the  cistern  that  Glands  may  be  put  under 
it  &  shifted  to  the  place  we  chuse 
and  a  longish  plate  of  iron  must  be  built 
into  the  Walls  above  each  end  of  it  thus 
[see  sketch  near  foot  of  first  page  of 
autograph]  that  it  have  good  hold  of 
the  walls  The  Bottom  of  the  Cistern 
must  be  10  feet  6  inches  under  the  level 
of  the  stone  platform  the  Cylinder  stands 
upon— and  a  sough  must  be  laid  to  carry 
away  the  water  when  you  run  off  tho 
cistern. 

I  approve  of  Blowing  with  a  singK- 
Belly3  and  will  send  you  the  dimension.s 
suitable  to  work  under  a  pillar  of  6  feet 
of  water  which  I  believe  forms  a  strong 
enough  Blast,  if  not  please  advise  the 
strength  of  Blast  used — as  to  the  regu- 
lating Belly  I  have  a  method  of  counter- 
acting the  vis  inertia  of  its  piston  at 
beginning  &  ending  its  motion  of  which 
will  send  drawing— I  believe  18  inch 
air  pipes  are  wide  enough — The  belly 
cyl'rs   should   be   accurately   bored. 

I  have  not  been  able  to  make  out  the 
list  of  sizes  of  materials  and  as  I  have 
no  copy  of*  order  here  can  say  noth- 
ing to  it  but  as  soon  as  I  can  shall 
send  a  list  but  did  not  chuse  to  delay 
sending  this  drawing  on  that  account — 
I  shall  not  send  any  other  drawing  of 
Boiler  seating  therefore  please  insert 
this  in  the  general   ground  plan  when  it 
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comes— I  have  been  obliged  to  draw  it 
by  candlelight,  by  which  means  it's  not 
so  exact  as  should  be  but  I  have  marked 
all  the  dimensions  which  are  of  any  con- 
sequence — please  present  my  best  re- 
spects to  Messrs    Walthers  &  show  them 

this  letter 1  am  sir 

Your    Obedient    ser't 

James   Watt 


Samuel  Reynolds 

The  adage,  "Once  an  engineer  always 
an  engineer,"  may  aptly  be  applied  to 
Samuel  Reynolds,  who  for  42  years  has 
been  employed  by  the  Lehigh  &  Wilkes- 
Barre  Coal  Co.,  at  the  Nottingham  Col- 
liery, Plymouth,  Penn. 

Mr.  Reynolds  was  born  in  the  mining 
region  of  Michigan  67  years  ago  and 
v/ould  feel  uncomfortable  away  from  the 
atmosphere  surrounding  the  mine.  For 
30  years  he  has  operated  the  same  en- 
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Raising  a  Water  Tank 

By  a.  E.  Dixon 

Occasionally  it  becomes  necessary  to 
raise  a  water  tank.  The  accompanying 
photograph  shows  how  a  concern  in 
Cleveland,  Ohio,  solved  a  problem 
of  this  kind.  Holes  were  cut  in 
the  sides  of  the  brick  tower  sup- 
porting the  tank  so  that  needle 
beams  could  be  inserted  at  a  sufficient 
distance  below  the  tank  platform  to  give 
room    for   the    four   jackscrews   used   in 


^Ashpit. 

=Terrass,  or  Dutch  trass,  a  soft  rock, 
burnt    and    ground. 

sQbviouslv  a  blowing  cylinder  or  tub. 
An  old  singular  form  of  the  word  bel- 
lows. 

'Name  of  a  firm  to  whom  the  writ- 
er had  previously  sold  a  blowing  en- 
gine. 


Samuel  Reynolds,  for  Forty-two  Vtars 
A    Hoisting    Engineer 

gine,  which  is  used  for  slope  work  in 
the  Nottingham  mine,  and  during  his 
career  as  a  hoisting  engineer  he  has 
never  experienced  a  serious  accident, 
which  speaks  well  for  his  ability,  quick 
eye  and  alertness  of  mind. 

The  illustration  shows  Mr.  Reynolds 
at  his  familiar  throttle  and  reversing 
lever.  So  accustomed  has  he  become 
to  the  varying  load  on  the  engine  that 
he  can  form  a  practically  correct  esti- 
mate of  the  load  he  is  handling,  although 
the  work  is  hundreds  of  feet  below  the 
surface.  He  laughs  at  the  thought  that 
a  man  has  passed  his  days  of  usefulness 
when  he  has  reached  the  age  of  50,  and 
he  expects  to  operate  his  engine  for 
years  to  come. 


Tank  in  Process  of  Raising 

lifting.  These  beams  also  served  to  sup- 
port the  interior  scaffold  upon  which  the 
bricklayers  worked  and  the  cribbing  re- 
quired to  support  the  tank  after  a  lift 
had  been  made. 

The  tank  rested  upon  a  platform  of 
steel  beams.  A  heavy  timber  was  placed 
below  this  and  secured  to  the  steel  fram- 
ing, one  on  each  side  of  the  square 
tower.  These  served  to  distribute  the 
thrust  of  the  jackscrews,  two  on  each 
side  of  the  tower,  resting  upon  crib- 
bing supported  by  the  needle  beams.  The 
four  jackscrews  were  operated  simultane- 
ously by  four  men  who  turned  the  screws 
a  part  of  a  revolution  on  a  given  sig- 
nal. As  soon  as  a  lift  was  made,  crib- 
bing inside  of  the  tower  was  built  up  to 
the  tank  platform.  The  jackscrews  were 
then  run  down  and  made  ready  for  an- 
other lift.  When  a  sufficient  height  had 
been  gained  the  bricklayers  were  set  to 
work  and  the  brickwork  was  carried  up 
under  the  tank. 

The  illustration  shows  the  completed 
work  and  the  cribbing  on  one  side  of  the 
tower  supporting  the  jackscrews.  String- 
ers between  the  two  piles  of  cribbing 
serx'ed  as  a  working  scaffold  for  the  men 
operating  the  screws.  At  the  time  the 
picture  was  taken  the  jacks  were  still 
in  place,  but  they  are  hidden  by  the 
dense  shadow  under  the  tank. 
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Various  Types  of  Steam  Meters 


In  the  group  of  meters  described  in 
the  Feb.  6  issue,  the  indicating  and  re- 
cording mechanism  is  actuated  by  the 
natural  velocity  of  the  steam.  In  the 
group  about  to  be  described  the  velocity 
is  increased  a  small  amount  by  throttling 
and  the  pressure  drop  is  utilized  in 
actuating  the  recording  mechanism.  They 
may  be  conveniently  classified  according' 
to  the  manner  in  which  the  throttling 
is  effected  as  (1 )  "floating  valve,"  (2) 
"stationary  disk"  and  (3)  "venturi  tube." 
The  weight  of  steam  flowing  through  the 
orifice  may  be  calculated  from  the  fol- 
lowing modification  of  equations  (1)  and 
(2).     (See  Feb.  6  issue.) 

W  =  AKi'  p,  —p.  (5) 

in  which 

W  =  Pounds  discharged  per  second; 
A  =  Area  of  the  orifice; 


By  Prof.  G.  F.  Gebhardt 


Description  of  those  steam 
meters  in  wliich  the  steam  is 
throttled  and  the  pressure  drop 
utilized  to  indicate  the  flow.  In 
the  Feb.  6  issue  those  meters 
depending  in  principle  upon  the 
velocity  of  the  steam  were  con- 
sidered. 


St.  Johns  Steam  Meter 

Fig.  1  represents  a  section  through 
a  St.  Johns  steam  meter,  illustrating  the 
throttling  type  with  a  floating  valve.  This 
meter  was  placed  on  the  market  20  years 
ago  and  still  finds  favor  with  many  en- 


K  =  Coefficient    determined    by    ex- 
periment    and     includes     the 
density  of  the   steam; 
p,  =  Pressure  on  the  inner  side  of 
the    orifice,    in    pounds    per 
square  inch; 
p.;  =  Pressure  on  the  discharge  side 
of  the   orifice,   in   pounds  per 
square  inch. 
In   some   of  the   meters   the   pressure 
drop,    p,    —   p-2,    is    maintained    constant 
and  the  variation  in  the  area  A  actuates 
the  indicating  mechanisiii,  and  in  others 
the  area  is  made  constant  and  the  varia- 
tion in  pressure  drop  operates  the  mech- 
anism. 


seat.  The  movement  of  the  valve  is 
transmitted  through  suitable  levers  to  an 
indicating  dial  and  a  recording  pen  so 
that  the  instantaneous  and  continuous  rate 
of  flow  may  be  read  at  a  glance.  For 
a  given  pressure  and  quality  of  steam, 
the  indicating  dial  and  chart  may  be 
calibrated  to  read  the  weight  of  discharge 
directly,  corrections  being  made  for  vari- 
ations in  pressure  and  quality.  The 
manufacturers  guarantee  the  readings  of 
the  chart  to  be  within  2  per  cent,  of 
condenser  measurements  for  a  total  pres- 
sure range  of  10  lb.  from  the  mean 
pressure  at  which  the  chart  is  calibrated. 
The  chief  drawback  to  this  instrument 
is  inherent  to  all  meters  of  the  series 
lype  in  that  they  are  bulky  and  trie  steam 
line  must  be  taken  down  for  the  in- 
stallation. The  total  hourly  flow  may 
be  obtained  by  integrating  the  curve. 
Tests  of  this  meter  made  by  the  writer 
were  in  accord  with  the  guarantee  of 
the  manufacturer  for  continuous  flow 
and  for  moderate  changes  in  the  rate 
of  flow.  For  rapid  fluctuations  in  flow 
the  results  were  not  so  satisfactory,  the 


Fig.  2.   Sargent  Indicating  Meter 

gineers.  It  records  the  weight  of  steam 
passing  through  the  seat  of  an  auto- 
matically lifting  valve  which  rises  and 
falls  as  the  demand  for  stea.n  increases 
or  diminishes. 

Referring  to  the  illustration,  valve  V 
is  weighted  so  that  a  pressure  in  space  A 
of  2  lb.  greater  than  that  in  B  is  neces- 
sary to  raise  the  valve  off  its  seat.  This 
pressure  difference  is  constant  for  all 
positions  of  the  valve.  The  plug  is 
tapered  so  that  the  rise  of  the  steam 
pressure  is  directly  proportional  to  the 
volume    of    steam    flowing    through    the 
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Fig.  3.    Throttling  Disk  Gehre-Hall- 
WACHS  Meter 

greater   error   lying   in   the   difficulty   of 
integrating  the  curve  correctly. 

Sargent  Steam  Meter   (1908) 

The  Sargent  steam  meter,  Fig.  2,  dif- 
fers  from  the  St.  Johns  meter  in  that  a 
variation  in  pressure  is  automatically 
compensated  for.  The  principles  of  op- 
eration are  the  same:  steam  enters  on 
the  left  and  passes  up  around  the  valve 
stem,  and  as  the  pressure  increases, 
flows  through  the  opening  p,  raising 
the  valve  i  from  its  seat  and  allowing 
the  steam  to  pass  down  between  the 
inside  and  outside  cones  to  the  discharge 
side  of  the  meter  as  indicated  by  the 
arrows.  The  valve  stem  k  is  open  to 
the  atmosphere  and  its  exposed  area 
determines  the  pressure  difference  nec- 
essary  to   raise  the   valve   from   its  seat. 

Since  this  pressure  difference  (about 
2  per  cent,  of  the  initial  pressure)  is 
constant,  the  lift  of  the  valve  will  be  a 
direct  measure  of  the  amount  of  steam> 
flowing  through  the  seat.  This  vertical 
movement  of  the  valve  is  transferred  by 
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the  indicating  needle  m  to  a  suitably 
calibrated  chart.  Pressure  correction  is 
automatically  effected  as  follows:  A 
bourdon  tube  /  is  fastened  to  the  end 
of  the  valve  stem  and  rises  and  falls 
with  the  movement  of  the  valve.  The 
valve  stem  k  is  hollow  and  connects  the 
bourdon  tube  with  the  steam  space  above 


anurpjnii 


Fig.  4.    Indicating  Mechanism  of 
Gehre-Hallwachs 

the  valve  /.  Variation  in  pressure  above 
the  valvfe  causes  the  tube  to  swing  the 
indicating  needle  m  to  the  right  or  left, 
as  the  pressure  increases  or  decreases. 
The  readings  of  the  chart  as  indicated 
by  the  needle  are  consequently  auto- 
matically corrected  for  pressure  varia- 
tion. Tests  of  this  meter  gave  approxi- 
mately the  same  results  as  the  St.  Johns. 
It  is  a  purely  indicating  device  and  hour- 
ly results  can  be  obtained  only  by  plot- 
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Fig.  5.    Diagram  of  Electrically  Oper- 
ated Recorder 

ting  the  readings  at  frequent  intervals 
and  integrating  the  curve  drawn  through 
them. 

Gehre-Hallwachs   Stea.m   Meters 

The  Gehre-Halhvachs  steam  meters, 
the  results  of  20  years  of  experimenting 
by  Max  Gehre,  are  the  most  popular  in 


Germany  and  are  being  rapidly  adopted 
in  England  and  to  a  limited  extent  in 
America.  They  are  made  in  a  number  of 
styles,  indicating,  recording  and  integrat- 
ing, and  cover  a  wide  range  of  practice. 
The  meter  consists  of  two  elements,  a 
throttle  disk.  Fig.  3,  which  is  permanent- 
ly inserted  in  the  pipe  line  at  the  point 
where  the  rate  of  flow  is  to  be  measured 
and  the  indicating  or  recording  mechan- 
ism  (Figs.  4  to  6),  which  may  be  placed 


indicating  mechanism  are  shown  in  Fig. 
4;  which  is  a  simple  mercury  manometer. 
For  general  purposes,  the  apparatus  is 
fitted  with  a  revolving  chart  calibrated 
for  different  pressures  and  qualities  of 
steam.  Great  care  must  be  taken  in  ad- 
justing the  chart  for  the  required  pres- 
sure, pipe  diameter  and  quality  of  steam, 
all  leaks  must  be  eliminated  from  the 
piping  and  the  entire  system  must  be 
freed    from    air  pockets.     These   precau- 


FiG.  6.    Sarco   Autographic   Indicating  and  Integrating  Meter 


anywhere  below  the  disk  and  at  any  dis- 
tance from  it.  One  indicating  mechan- 
ism or  one  recorder  may  suffice  for  a 
number  of  disks,  .provided,  of  course, 
continuous  records  are  not  desired  from 
each. 

Referring  to  Fig.  3.  variation  in  the 
rate  of  discharge  through  the  orifice 
which  is  of  constant  diameter  will  cause 
the  pressure  difference,  p^  —  p=,  to  vary, 
the  maximum  pressure  difference  being 
less  than  1  lb.  per  square  inch.  Pressures 
p,  and  p,  are  transmitted  to  the  indi- 
cator or  recorder  through  the  small  tubes 
a    and    h.       The    "sneral    details    of   the 


tions  apply  equally  well  to  all  meters  in- 
volving the  use  of  mercury  manometers. 
Two  styles  of  recorders  are  manufac- 
tured for  this  meter,  one  electrically  and 
the  other  mechanically  operated.  The 
principles  of  the  earlier  form  of  elec- 
trically actuated  recorder  are  shown  in 
Fig.  5.  A  number  of  electrical  terminals 
£  are  inserted  in  column  B  of  the  mer- 
cury manometer.  As  the  mercury  rises 
it  closes  a  corresponding  number  of 
circuits  which  in  turn  actuate  magnets 
AT.  These  magnets  perforate  at  regular 
intervals  a  clock-driven  chart  P.  The  con- 
tour formed  by  the  perforation  records  the 
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height  of  the  mercury  column  and  hence 
is  a  measure  of  the  weight  of  steam 
flowing  through  the  throttle  disk.  The 
accuracy  of  the  perforated  record  is  nec- 
essarily dependent  upon  the  spacing  of 
the  electrical  terminals.  No  automatic 
compensation  is  made  for  pressure  vari- 
ation or  change  in  quality. 


the  principles  of  operation  are  illustrated 
diagrammatically  in  Fig.  7.  This  instru- 
ment is  manufactured  in  England  under 
the  name  of  the  Sarco  steam  meter.  Re- 
ferring to  Figs.  6  and  7,  the  high-pres- 
sure side  of  the  throttle  disk  is  con- 
nected through  pipe  D  to  reservoir  £ 
which  is  filled  with  mercury;  this  is  con- 
nected by  a  tube  F  to  a  hollow  cone- 
shaped  vessel  G.  The  cone  G  and  its 
connecting  tubes  F  and  /  are  suspended 
from  springs  H,  one  on  each  side  of  the 
cone,  and  are  free  to  move  about  the 
trunnion  K.  It  is  evident  that  the  pres- 
sure difference,  p,  —  p^,  acting  through 
the  water  in  D  will  force  the  mercury 
in  E  out  along  tube  F  into  the  cone 
G,  causing  the  latter  to  sink.  The  record- 


FiG.   7.    Showing   Principles   oh   Sarco 
Meter 

In  the  later  type  of  electrically  op- 
erated recorder,  the  different  circuits 
actuate  a  solenoid,  the  core  of  which  is 
fastened  to  the  recording  pin.  Auto- 
matic compensation  for  pressure  varia- 
tion is  effected  by  a  bourdon  tube  which 
varies  a  resistance.  By  connecting  the 
different  circuits  to  a  small  motor  the 
speed  of  the  latter  may  be  varied  ac- 
cording to  the  height  of  the  mercury 
column  in  the  manometer.  This  forms 
the   basis   of   the   integrating   meter. 

The  meter  fitted  with  indicating,  auto- 
graphic and  integrating  devices  repre- 
sents the  nearest  approach  to  ideal  sta- 
tion practice,  since  the  instantaneous  rate 
of  flow,  the  rate  of  flow  for  any  length 
of  time  and  the  total  flow  for  a  given 
period  are  always  available,  and  the  elec- 
trical control  enables  it  to  be  placed  at 
any  distance   from   the  steam   pipe,  thus 


Fic.  8.   Showing  Principles  of  the 
Storrer  Meter 

facilitating  centralization  of  all  meters. 
The  success  of  these  instruments  is  evi- 
denced by  the  fact  that  7000  of  them 
have  been  installed  in  Germany  during 
the  last  two  years  and  the  German  gov- 
ernment has  adopted  them  for  official 
tests  in  its  department  of  boiler  in- 
spection. 

The    mechanically     operated     recorder 
and    integrator   is   shown    in    Fig.   6,   and 


spondingly  if  the  vessel  were  cylindrical. 
By  tapering  G  so  that  the  weight  of 
mercury  increases  appro,ximately  as  the 
square  root  of  the  height,  the  pen  move- 
ment is  made  to  vary  directly  with  the 
flow  of  steam. 

This  uniform  motion  of  the  pen  makes 
It  not  only  possible  but  comparatively 
easy  to  add  an  integrating  mechanism. 
Referring  to  the  detail.  Fig.  7,  /?  is  a 
small  friction  wheel  mounted  on  the  pen 
arm  a  and  connected  to  gears  c  and  d 
by  the  small  shaft  m;  P  is  a  clock-driven 
disk  in  contact  with  the  friction  wheel  R. 

As  the  pen  arm  moves  the  wheel  R 
in  and  out  from  the  center  of  disk  P, 
the  speed  of  the  small  friction  wheel  is 
decreased  or  increased  accordingly.     The 


Fig.  9.    Eckarot   Steam   Meter 


ing  pen  is  fastened  to  the  cone  and  hence 
traces  the  movement  of  the  latter  on 
the  clock-driven  chart  L. 

This  mechanism  differs  from  the  Gen- 
eral Electric  recording  meter  in  that 
the  motion  of  the  pen  is  directly  propor- 
tional to  the  weight  of  steam  flowing 
and  hence  the  chart  may  be  integrated 
with  an  ordinary  planimeter.  This  is 
brought  about  in  a  very  ingenious  way. 
The  height  of  the  mercury  in  G  varies 
approximately  as  the  square  of  the 
weight  of  steam  flowing  through  Ihe 
throttle  disk,  so  that  the  weight  of  mer- 
cury in  G  (and  consequently  the  move- 
ment   of    the    pen)     would    vary    corre- 


revolutions  of  R  are  transmitted  to  the 
integrating  mechanism  e  so  that  the  total 
flow  may  be  read  directly  from  the  dials. 
Variation  in  pressure  is  compensated  for 
by  the  spring-resisted  piston  U,-  Fig.  6, 
which  increases  or  decreases  the  dis- 
placement of  the  pen. 

Storrer  Steam  Meter 

A  novel  manometer  for  recording  small 
pressure  changes  is  used  by  Storrer  in 
his  autographic  indicating  steam  meter. 
The  principles  of  operation  are  shown 
diagrammatically  in  Fig.  8,  in  which  B 
is  a  hollow  torus-shaped  vessel,  partially 
filled    with    mercury    and    free    to    rotate 
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about  the  axis  O.  Diaphragm  D  divides 
the  upper  portion  into  two  parts.  The  open- 
ing P,  is  connected  to  the  high-pressure 
side  of  a  throttling  disk  and  the  open- 
ing P-.  to  the  low-pressure  side  of  the 
meter. 

The  pressure  difference  tends  to  force 
the  mercury  up  into  chamber  C;  this 
increases  the  leverage  on  the  right  and 
causes  the  vessel  and  the  attached  re- 
cording arm  to  rotate  clockwise  until 
equilibrium  is  established.  The  deflec- 
tion of  point  /]  is  a  measure  of  the  pres- 
sure difference  and  consequently  of  the 
weight  of  steam  discharged.  Correction 
for  pressure  variation  is  automatically 
effected  by  a  small  steam  piston  which 
changes  the  position  of  the  pen-arm  pivot 
relative  to  the  axis  of  the  torus.  The 
apparatus  is  compact,  portable  and  easily 
applied,  but  it  is  not  as  sensitive  as  other 
meters  of  the  mercury  manometer  type 
on  account  of  the  great  inertia  of  the 
torus  and  the  friction  of  the  trunnions. 

Eckardt's  Steam  Meter 
The  venturi  tube  has  been  used  as  a 
steam  meter  in  Europe  for  a  number  of 
years  and  is  finding  some  favor  in  this 
countr>'.  A  section  through  the  Eckardt 
recording  steam  meter  is  shown  in  Fig. 
9.  It  consists  essentially  of  a  steam 
separator  S,  a  venturi  meter  V  and  a 
pressure  recorder  R.  The  pressure  at 
the  throat  is  transmitted  by  pipes  L  and 
P-  to  a  clock-driven  recorder  and  the 
pressure  at  the  entrance  is  transmitted 
by  pipe  Pi  to  a  similar  recorder.  The 
difference  in  pressure  is  a  measure  of 
the  weight  discharged  and  may  be  easily 
calculated.  Tests  of  the  meter  proper 
have  given  consistent  results,  but  the 
use  of  two  pressure  charts  is  awkward 
and  unsatisfactory.  No  automatic  cor- 
rection is  made  for  pressure  variation. 

The  Builder's  Iron  Foundry  have 
adapted  their  venturi  meter  to  the  meas- 
urement of  steam  with  some  success. 
The  writer  found  the  meter  proper  to 
agree  within  3  per  cent,  of  the  condenser 
readings  for  continuous  flow  and  for 
constant  initial  pressure  and  quality,  but 
he  did  not  have  the  opportunity  to  test 
out  the  recording  apparatus. 

Perenty  Steam  Meter 
The  latest  ,'orm  of  Perenty  steam 
meter  is  perhaps  the  most  convenient 
application  of  the  venturi  tube  to  the 
measurement  of  steam.  The  pressure 
difference  actuates  a  tilting  column  sim- 
ilar in  principle  to  that  of  the  General 
Electric  recorder  and  the  automatic  pres- 
sure correction  is  made  in  a  similar 
manner   to    that    illustrated    in    Fig.    6. 

The  chief  objection  to  the  venturi  type 
is  that  the  piping  must  be  disconnected 
when  installing  the  meter. 

In  conclusion,  it  may  be  said  that  the 
average  high-grade  steam  meter  is  a  re- 
liable and  accurate  means  of  measuring 
the  flow  of  steam   in   straight  lengths  of 


pipes  provided  the  flow  is  continuous,  or 
that  the  change  in  the  rate  of  flow  is 
gradual  and  the  pressure  and  quality 
are  practically  constant.  For  interrupted 
or  intermittent  flow  and  for  sudden  vari- 
ation in  pressure  or  quality,  the  results 
are  not  reliable  and  may  be  considerably 
in  error.  The  accuracy  of  all  meters, 
provided  they  have  been  correctly  cali- 
brated and  adjusted,  depends  largely  up- 
on the  degree  of  refinement  in  reading 
the  indicators  and  in  integrating  the 
charts.  The  commercial  failure  of  many 
steam  meters  is  due  to  the  fact  that  they 
are  not  cared  for  or  operated  in  strict 
accordance  with  the  principles  of  de- 
sign. 


Progress  in  British   Marine 
Engineering 

Marine  engineering  in  Great  Britain 
has  been  making  steady  progress,  says 
the  Glasgow  Herald  in  its  review  of  the 
year's  work.  The  reciprocating  engine 
continues  to  hold  its  own,  and  is  bigger, 
more  economical,  and  its  cost  is  less. 

The  most  striking  tendency  of  progress 
has  been  to  take  the  auxiliaries  off  the 
main  engines  and  drive  them  inde- 
pendently. 

Making  of  Turbines 
More  marine  turbines  of  the  Parsons 
type  were  made  in  1911  than  in  any 
preceding  year,  the  Parsons  Co.  report- 
ing that,  up  to  June  30,  about  6,400,000 
hp.  had  been  made,  of  which  1,900,000 
hp.  belonged  to  1910-11.  At  the  com- 
mencement of  the  last  half  of  this  period 
machinery  of  2,740,000  hp.  for  167 
British  and  Colonial  warships  was  under 
construction. 

The  effect  of  this  naval  forcing  has 
indirectly  helped  mercantile  shipping,  and 
has  aided  in  the  development  of  the 
turbine  to  commercial  requirements.  The 
reaction  type,  working  in  series  on  three 
or  four  shafts,  has  proved  so  success- 
ful for  high-speed  merchant  ships  that 
only  in  detail  does  it  seem  to  be  sus- 
ceptible to  improvement. 

Merchant  Marine 

A  combination  in  which  reciprocating 
engines  exhaust  into  low-pressure  tur- 
bines finds  particular  favor  for  ships 
of  intermediate  speeds  similar  to  the 
"Titanic"  type. 

The  success  of  the  transmission  sys- 
tem, which  was  installed  experimentally 
on  the  steamer  "Vespasian,"  has  been 
unmistakable  and  its  tardy  adoption  is 
only  explained  on  the  score  of  high  first 
cost. 

Turbines  geared  in  this  way  are  eco- 
nomical for  slow  speeds  and  the  trans- 
missions are  efficient  and  reliable.  After 
32,000  miles  of  work  in  the  North  Sea, 
in  all  kinds  of  weather,  the  "Vespasian's" 
pinions  and  gear  wheel  showed  no  ap- 
preciable signs  of  wear,  neither  gear  nor 
turbine  giving  the  slightest  trouble.     No 


•titer  transmission  system  ha«  beeji  tried 
on  the  Continental  side  of  the  Atlantic 
on  the  scale  of  an  ocean-going  vessel. 

But  little  information  is  available  of 
the  Brown-Curtis  turbines  because  this 
type  is  exclusively  used  in  protected 
cruisers'  and  destroyers  in  Great  Britain, 
but  it  is  finding  favo.r  i-n  the  Italian 
»avy. 

Improved  Auxiliaries 
The  value  of  improved  engine-room 
auxiliaries  in  the  development  of  the 
turbine  is  probably  higher  than  in  the 
reciprocating  engine,  because  with  a  vac- 
uum guaranteed  by  the  maker  of  the  con- 
denser the  design  of  the  turbine  is  sim- 
plified. Weir's  uniflux  condenser  and 
dual  air  pump,  says  tile  Herald,  have 
not  only  achieved  wonders  in  this  di- 
rection, but  they  have  enabled  the  tur- 
bine makers  to  do  so.  They  have  been 
adopted  by  Great  Britain,  Argentina, 
China,  Chile,  Italy,  Russia,  the  United 
States,  Austria,  France,  Brazil,  Denmark, 
Japan,  Spain  and  Turkey,  and  for  high- 
vacuum  turbine-driven  merchant  vessels 
they  are  practically  the  standard.  Al- 
ready they  have  been  applied  to  machin- 
ery representing  4,000,000  shaft  horse- 
power. 

Minor  Developments 
There  are  worthy  of  note  two  minor 
developments,  one  relating  to  the  use  of 
superheated  steam  and  the  other  to  oil 
fuel.  The  chief  objection  to  superheat- 
ing has  been  an  unsatisfactory  super- 
heater, but  a  steamer  designed  for  re- 
ciprocating engines  is  to  be  equipped 
with  the  Schmidt  superheater,  which,  it  is 
understood,  has  given  excellent  results 
on  vessels  based  on  Continental  ports. 
The  oil  development  is  the  association 
of  Howden  forced  draft  with  the  system 
of  oil  burning  specialized  so  successfully 
by  a  well  known  British  engineering  firm. 
In  1911,  installations  have  been  made 
representing   nearly    150,000   hp. 

Oil  Engines 

The  oil  engine  is  still  in  an  experi- 
mental stage,  so  far  as  ocean-going  ship- 
ping is  concerned,  although  13  oil-en- 
gined  vessels,  from  4500  to  8000  gross 
tonnage,  are  being  built  according  to 
Lloyd's  classification,  and  six  vessels, 
from  100  to  3800,  to  the  British  Corpora- 
tion classification. 

Vessels  built  to  Lloyd's  class  have  both 
two-stroke  and  four-stroke  engines,  one 
of  the  two-stroke  being  of  the  double- 
acting  type.  For  marine  work  the  two- 
stroke,  single-acting  type  seems  most 
suitable. 


Russia's  peat  industry  has  78  firms 
engaged  in  the  production  of  this  fuel; 
they  put  out  the  equivalent  of  544,500 
tons  of  hard  coal  in  1908. 


It  is  stated  by  Coal  Age  that  Russia's 
peat  deposits  are  sufficient  for  all  de- 
mands  for  at  least  40  or  50  years. 
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Gas   Power   Department 

Vl'orth-while  gas-engine  and  producer  information  treated  in  a  way  that  can  be  of  practical  use 


The  Gas  Turbine* 

By  Prof.  J.  Lange 
The  development  of  the  efficient  turbo- 
compressor  first  brought  the  gas  turbine 
within  the  reach  of  possibility.     The  use 
of  piston  compressors  in  connection  with 
gas   turbines   is   inevitably    futile,   as   the 
required  work  transfer  from  the  turbine 
to  the  compressor  shaft  is  impossible  for 
the  high  duties  in  queston  and    with    ref- 
erence to  economy  and  practical  operation. 
No-compression  Type 
Hence  it  was  next  sought  to  avoid  the 
compressor    entirely    and    the    explosion 
turbine  was  produced;   its  thermic  cycle 
being  that  of  the  first  piston  gas  engine 
of  Lenoir,  with  the  exception  that  in  the 
gas    turbine    expansion    is   continued    to 
atmospheric  pressure.    The  fuel-air  mix- 
ture at  about  the  pressure  of  the  atmos- 
phere is  exploded  in  the  explosion  cham- 
ber   (Fig.    1)    by  electrical   ignition;   this 
chamber  being   closed   against   the    inlet 
passages  by  a  positive  check  valve.    The 
gases  of  explosion  flow  through  a  longer 
passage  to  the  nozzle  in  which  the  static 
energy  is  converted  into  kinetic  energy. 
Through  the  sluggish  action  of  the  gases 
leaving  the  nozzle  and  through  the  cool- 
ing of  the  residual  gases,  there  occurs  a 
partial   vacuum   in   the   explosion   cham- 
ber which  opens  the  check  valve  and  per- 
mits the  inflow  of  a  fresh  charge.     Like 
thermal  conditions  obtain  during  the  suc- 
tion stroke  of  the  piston  type  inasmuch 
as   the   cooling   of   the   waste   gases   re- 
sults,   even    though    slightly,    in    an    in- 
creased volumetric  efficiency.     De  Kara- 
vodine,  of  Paris,  has  brought  out  such  a 
design   of  turbine. 

The  pressure  variation  in  the  explo- 
sion chamber  is  shown  in  Fig.  2.  The 
drop  to  below  the  atmosphere  is  worthy 
of  notice;  on  that  the  compressOrless  ex- 
plosion turbine  depends.  The  fuel  con- 
sumption was  about  6.6  lb.  of  benzine  per 
effective  horsepower  per  hour;  substan- 
tially higher  than  in  the  first  Lenoir  re- 
ciprocating gas  engine.  Besides  the 
lower  efficiency  of  the  noncompressor 
thermal  cycle,  the  unsatisfactory  fuel 
utilization  by  this  machine  may  be  attri- 
buted to  the  marked  contamination  of  the 
fresh  charge  by  the  residual  gas,  and  to 
the  unfavorable  hydraulic  method  of  im- 
pingement of  the  gases.f     To   overcome 

•Translated    for    Power    from    an    article 
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this  latter  disadvantage  the  connection  of 
a  plurality  of  explosion  chambers  was 
made  to  one  nozzle  with  a  view  to  a  more 
constant  gas  flow  (see  Fig.  3).  The 
results  obtained,  however,  are  not  known. 
Beyond  doubt,  the  fuel  utilization  of 
the  explosion  turbine  is  capable  of  im- 
provement, as  there  cling  to  it  now  all 
the  disadvantages  resulting  from  the  in- 
termittent method  of  operation.  It  is 
just  that  intermittent  action  which  it  is 
the  purpose  of  the  turbine  to  avoid,  and 
it    is    the    resultant    general    advantages 


the  turbine,  there  will  be  no  advantage 
unless  there  result  therefrom  a  gain  in 
fuel  utilization.  That,  however,  is  en- 
tirely out  of  the  question  as  the  losses 
in  the  nozzle  and  in  the  wheel  buckets 
are  materially  greater  than  in  the  driving 
parts  of  the  reciprocating  engine.  Under 
such  circumstances  the  capacity  for  de- 
velopment of  the  explosion  turbine  must 
be  considered  as  excluded,  for  it  has  all 
of  the  inherent  defects  of  the  reciprocat- 
ing engine  without  showing  any  advan- 
tage thereover. 


'■s  ""  Exhaust 

Fic.   1.  Intermittent  Type 
Fig.  5.  Contact  Pressure  Type 


springing  from  such  avoidance  that  have 
helped  the  steam  turbine  to  victory  over 
the  reciprocating  engine,  not  that  the 
turbine  itself  could  offer  any  particular 
advantages  in  the  utilization  of  the  steam. 
In  the  gas  engine,  the  avoidance  of  in- 
termittent action  is  of  extreme  impor- 
tance because  the  disadvantages  of 
rapidly  succeeding  temperature  and  pres- 
sure changes  attain  a  much  higher  meas- 
ure than  in  a  steam  engine.  If  then  noth- 
ing more  be  done  than  to  replace  the 
piston  and  driving  parts  of  the  recipro- 
cating engine  by  the  nozzle  and  wheel  of 


Fig.  3.  Multiple  Combustion 
Chambers 

Constant  Pressure  Type 

The  operation  of  the  constant-pressure 
turbine  is  not  intermittent,  and  therefore 
it  has  a  marked  superiority  over  the  ex- 
plosion turbine.  Gas  and  air  are  com- 
pressed and,  after  having  been  heated  by 
the  exhaust  gases  of  the  previous  com- 
bustion, are  conducted  to  expansion  noz- 
zles. The  heating  results  in  an  increase 
of  volume  s-  that  the  positive  work  of 
the  turbine  is  greater  than  the  negative 
work  applied  to  compression  (see  Fig. 
4).     Fundamentally,  the  source  of  heat 


increment  is  unimportant  be  it  directly 
from  the  preceding  combustion  of  tfie 
worthing  medium  or  from  extraneous 
iieating  of  the  latter.  In  the  latter  case 
the  gas  turbine  becomes  purely  a  hot 
air  turbine.  The  heat  transfer  through 
combustion  of  the  working  medium  is 
fuller  and  more  economical,  but  of 
course  this  requires  clean  fuel,  com- 
bustion without  residue  and  such  chemi- 
cal condition  of  the  gases  of  combustion 
that  the  material  of  construction  of  the 
machine  will  not  be  attacked. 

The  principal  parts,  therefore,  of  a 
constant-pressure  turbine  unit  are  the 
compressor,  the  combustion  chamber  and 
the  turbine  proper  (see  Fig.  5).  For 
reasons  of  safety,  the  compression  of  gas 
and  air  must  be  separate.  Instead  of 
a  compressor  an  exhauster  may  be  used, 
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the  more  advisable;  the  turbo-compres- 
sor and  the  turbo-exhauster  are,  them- 
selves, the  deciding  factors.  For  light 
loads  the  working  limit  would,  more  fit- 
tingly, be  below  the  atmosphere  on 
account  of  the  small  quantities  of  gas 
and  of  air  and  to  attain  greater  specific 
volumes  and  at  the  same  time  sufficiently 
large  passages.  For  heavy  loads  a 
higher  pressure  zone  would  be  chosen  in 
order  to  be  able  to  control  the  gas 
masses. 

In  its  capacity  for  control  of  large 
volumes  with  constructive  simplicity  and 
cheapness  and  for  utilizing  the  lower 
areas  of  the  diagram  without  materially 
increasing  the  friction  load,  the  turbine 
has  an  adaptability  not  possessed  by  the 
reciprocating  engine.  This  characteristic 
will  have  to  be  taken  advantage  of  as 
far  as  possible  and  a  substantially 
greater  expansion  ratio  chosen  (about 
50)  than  is  usual  in  the  reciprocating 
engine.  Thus  it  is  self-evident  that  there 
must  be  a  division  of  the  cycle  into  plus 
and  minus  paths  with  reference  to  the 
atmospheric  line,  as  otherwise  the  maxi- 
mum and  minimum  absolute  pressures 
could  not  he  maintained  within  reason- 
able limits. 

Along   with   the    exhauster,   as   one    of 
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Fig.  2.  Pressure  Variation  in  Combus 
TiON  Chamber 


An  entirely  new  problem  confronting 
the  designer  of  a  gas  turbine  is  the  for- 
mation of  the  combustion  chamber.  Even 
if,  as  a  preliminary  requirement,  a  rec- 
ognized good  type  of  gas  burner  can  be 
used  for  that  chief  essential,  perfect 
combustion  in  short  space,  there  still 
remains  to  be  overcome  the  difficulty  in 
the  matter  of  high  temperature  in  con- 
nection with  the  stresses  in  the  walls  of 
the  combustion  chamber.  One  way  of 
accomplishing  this  is  shown  in  Fig.  8, 
where  the  compressed  gas  or  compressed 
air  is  allowed  to  circulate  around  the 
actual  combustion  chamber,  whereby  its 
walls  are  relieved  from  pressure  and 
hence  in  the  matter  of  material  therefor 
there  remains  to  be  considered  only  its 
fire-resistance  without  reference  to  its 
strength.  In  addition  this  design  of 
combustion  chamber  offers  the  further 
thermal  advantage  that  heat  loss  through 
external  radiation  is  practically  elimi- 
nated. 

Mechanical  Drawbacks 

At  all  events,  the  thermodynamic 
prospect  of  the  gas  turbine  is  unusually 
favorable.  The  high  expansion  ratio, 
the  simple  and  practical  possibility  of 
partial  heat  recovery  from  the  waste 
gases,  and  the  small  heat  losses  through 
radiation  give  it  a  decided  superiority 
over  the  usual  form  of  heat  engine. 
Markedly  unfavorable,  however,  are  its 
prospects  mechanically.  Operation  on 
the  constant-pressure  combustion  cycle 
compels  the  use  of  special  compressors 
which  in  addition  to  the  work  of  com- 
pression are  burdened  with  that  of  dis- 
placement; a  considerable  part  of  the 
work  actually  done  by  the  turbine  is  used 
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Fig.  4.  Chart  of  Work  Distribution 


drawing  the  waste  gases  from  the  turbine 
housing  through  a  cooler  and  expelling 
them  at  atmospheric  pressure  (see  Fig. 
6).  In  this  case  the  gas  and  the  air 
flow  at  atmospheric  pressure  to  the  com- 
bustion chamber.  The  gases  of  com- 
bustion expand  in  the  nozzle  to  a  pres- 
sure due  to  the  partial  vacuum  created 
by  the  exhauster.  It  is  thermally  insig- 
nificant whether  the  cycle  operates  above 
or  below  atmospheric  pressure  when  the 
laws  governing  the  expansion  and  com- 
pression are  the  same  and  if  in  both 
cases  there  exist  the  same  ratios  of  ex- 
pansion and  compression. 

As  between  the  compressor  and  the  ex- 
hauster, practical  operation  must  de- 
cide which  is  the  better  of  the  two  meth- 
ods of  operation,  or  whether  a  combina- 
tion of  the  two,   as  in   Fig.  7,  would  be 


the  main  accessories  of  the  constant- 
pressure  turbine  outfit,  comes  the  cooler, 
but  it  would  not  be  advisable  to  allow 
the  heat  abstracted  from  the  waste  gases 
to  be  lost;  it  is  preferable  to  recover  it. 
This  is  accomplished  by  making  use  of 
the  compressed  fresh  charge  as  a  cooling 
fluid  to  the  end  that  the  charge  reaches 
the  combustion  chamber  preheated,  and 
the  specific  volume  and  work  capacity  of 
the  heated  gases  are  increased  (see  Fig. 
4). 

The  possibility  of  recovering,  at  least 
in  part,  the  heat  of  the  waste  gases  in  a 
relatively  simple  manner  indicates  a  fur- 
ther advantage  of  the  gas  turbine  as 
compared  with  the  usual  heat  engine, 
where  a  recovery  of  waste  heat  for  utiliz- 
ation within  the  engine  cycle  proper  ib 
not  available  in  practice. 


up,  therefore,  for  compression.  It  is 
evident  that  the  losses  in  the  unit  parts 
of  the  aggregate  turbine  equipment,  with 
reference  to  the  proportionately  small 
effective  service,  are  very  large  and  can 
become  so  great  that  in  general  there 
can  be  no  further  net  work  delivered. 

The  rapid  and  unexpected  advances  of 
turbine  compressors,  however,  place  the 
gas  turbine  in  a  somewhat  more  favor- 
able light.  Isothermal  efficiencies  of  67 
per  cent,  have  already  been  reached  and 
will  probably  be  raised  to  70  per  cent. 
Fig.  9  shows  the  total  efficiencies,  with 
and  without  heat  recovery,  of  a  complete 
turbine  outfit  based  on  different  turbine 
efficiencies  and  assuming  a  compressor 
efficiency  of  70  per  cent.  The  solid  lines 
apply  to  the  condition  that  heat  is  not 
recovered    from    the    waste    gases;    the 
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dotted  lines  are  based  on  full  recovery 
thereof  by  preheating  the  new  charge; 
and  according  to  the  completeness  of 
recovery  of  such  heat  will  the  actual 
efficiency  lie  between  these  lines.  If  the 
turbine    efficiency    be    50    per    cent,    the 


In  steam  turbines,  by  means  of  suit- 
able staging,  an  efficiency  of  50  per  cent. 
has  been  successfully  raised  to  nearly 
70  per  cent.  In  the  gas  turbine,  the  high 
temperatures  of  the  operating  medium 
present    an    insurmountable    obstacle    in 


'-:^^, 


cannot    be    expected    from    the    gas    tur- 
bine. 

There  still  remains  to  be  investigated 
the  question  as  to  whether  the  gas  tur- 
bine can  offer  advantages  in  the  way  of 
installation  and  service  costs.    The  neces- 


Combustion  Chamber 


Cooler 

Fic.  6.  Exhauster  Used  Instead  of  Compressor 


Cooler 
Fir,.    7.    COMRINATION    OF    COMPRESSORS      AND    EXHAUSTER 


complete  unit  can,  with  its  then  overall 
efficiency  of  from  11  to  20  per  cent., 
compete  with  a  good  steam-power  in- 
stallation in  the  matter  of  fuel  consump- 
tion.     Should    the    turbine    efficiency    be 


Fig.  8.  Pressure-jacketed  Combustion 
Chamber 

brought  to  65  per  cent.,  the  overall  effi- 
ciency would  lie  between  24  and  35  per 
cent,  and  the  gas-turbine  unit  would  then 
show  the  fuel  consumption  of  the  best 
gas  engine. 


the  way  of  a  like  development.  If,  in 
order  to  obtain  a  good  turbine  efficiency, 
the  high-pressure  gases  heated  to  the 
temperature  of  combustion  are  allowed 
to  expand  in  stages,  the  cooling  of  adia- 
batic  expansion  in  the  individual  stages 
is  so  small  that  the  temperatures  of  the 
initial  wheels  of  the  rotor  become  un- 
manageably high.  In  addition,  through 
the  necessity  of  keeping  the  bearings 
cool,  such  great  temperature  differences 
occur  in  the  individual  wheels  that  dis- 
tortion thereof  and  consequent  vibra- 
tion of  the  rotor  are  unavoidable.  These 
difficulties  can  be  prevented  by  single- 
strge  expansion,  as  through  the  assumed 
adiabatic  expansion  ratio  of  50  the 
terminal  temperatures  are  kept  within 
acceptable  limits.  Nevertheless,  the 
mechanical  and  bucket  losses  operate 
toward  a  poorer  fuel  utilization  by  such 
a  gas  turbine  equipment  than  that  shown 
by   steam-power   plants. 

It  has  been  variously  sought  to  avoid 
temperature  troubles  by  cooling.  Still, 
all  cooling  methods  result  in  heat  losses, 
be  the  temperature  reduced  in  the  sim- 
plest way  through  surface  action  or 
through  the  introduction  into  the  fuel  of 
neutral  media;  although  to  that  end  the 
water  spray  must,  from  a  practical  view- 
point, be  regarded  as  an  attractive  means, 
inasmuch  as  the  hydraulic  and  mechani- 
cal advantages  of  staging,  possible  only 
through  temperature  lessening,  very 
likely  outweigh  the  heat  losses.  The 
disclosure  of  a  favorable  compromise  be- 
tween turbine  and  thermal  efficiencies 
must  be  reserved  for  experiment.  How- 
ever, in  the  light  of  knowledge  now  avail- 
able, it  can  be  stated  with  certainty 
that  an  improvement  in  fuel  utilization 
over  that  of  the  reciprocating  gas  engine 


sity  of  installing  a  large  plant  places  the 
turbine  in  an  unfavorable  position  in 
competition  with  the  usual  heat  engine. 
Even  under  the  most  favorable  condition 
imaginable  the  output  factor  of  the  gas- 
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Fig.  9.  Possible  Results 

turbine  equipment  (the  effective  load 
divided  by  the  total  capacity  of  the  plant 
installed)  amounts  to  only  about  33  per 
cent,  (see  Fig.  9)  ;  for  example,  in  order 
to  carry  an  effective  load  of  1000  Yif. 
there  would  have  to  be  provided  a  2000- 
hp.  turbine  and  a  1,000-hp.  compressor. 
Hence  it  results  naturally  that  an  im- 
mediate saving  in  installation  and  operat- 
ing costs  is  not  to  be  expected.  Only 
the  need  of  power  units  the  size  of  which 
would  lie  outside  of  the  sphere  of  the 
reciprocating  engine  can  bring  the  gas 
turbine  within  the  field  of  usefulne?-^. 


222 


POWER 


February    13,    1912 


Electrical     Department 

Conducted  to  be  of  service  to  the  men  in  charge  of  electrical  equipment  in  the  power  house 


Catechism  of  Electricity 
Arc  Lamps 

1189.  How  is  light  produced  in  an 
arc  lamp? 

By  passing  current  through  two  carbon 
rods  held  in  line  with  each  other  with 
the  adjacent  ends  a  short  distance  apart. 
The  current  bridging  the  gap  between 
the  carbons  produces  a  brilliant  arc 
which  gives  to  the  lamp  its  name. 

1190.  Does  the  arc  produce  all  the 
light  given  off? 

No;  the  greater  portion  of  light  comes 
from  the  ends  of  the  carbon  rods  which 
become  white-hot  under  the  influence  of 
the  current. 

1191.  Is  direct  current  or  alternating 
current  used? 

Some  arc  lamps  work  with  direct  cur- 
rent and  others  with  alternating  cur- 
rent. 

1192.  Does  not  the  current  burn  off 
the  ends  of  the  carbons? 

Yes;  the  ends  are  slowly  burned  away; 
the  length  of  the  positive  carbon  is  re- 
duced much  more  rapidly  than  that  of 
the  negative  carbon,  in  a  direct-current 
lamp  with  an  unshielded  arc. 

1193.  Why  does  the  positive  carbon 
burn  more  rapidly  than  the  negative? 

It  does  not  actually  burn  more  rapidly; 
its  length  is  reduced  more  rapidly  be- 
cause some  of  the  particles  of  carbon  de- 
tached from  the  positive  rod  are  carried 
across  the  arc  by  the  current  flowing 
from  the  one  rod  to  the  other  and  are 
deposited  on  the  tip  of  the  negative  rod, 
replacing  an  equal  quantity  of  carbon 
particles  burned  off  by  the  arc. 

1194.  Does  this  have  any  other  effect 
besides  the  difference  in  the  rates  of 
shortening  the  two  rods? 

Yes;  the  flow  of  current  from  the  posi- 
tive to  the  negative  carbon  hollows  out 
the  end  of  the  positive  rod  and  the  de- 
posit on  the  end  of  the  negative  carbon 
builds  up  that  end  into  a  sort  of  peak, 
as  indicated  in  Fig.  398.  The  arc  eats 
away  the  edge  of  the  negative  carbon  tip 
and  gradually  undermines  the  peak, 
which  breaks  off.  A  new  peak  is  then 
formed  gradually  and  later  broken  off, 
and  so  on,  until  the  rod  is  consumed. 

1195.  Which  carbon  furnishes  the 
greater  portion  of  the  light  given  off? 

The  positive  carbon,  which  has  the 
hollowed  end,  or  crater,  as  it  is  called. 

1196.  Is  the  positive  carbon  placed 
above  the  negative  one,  as  represented 
here? 

Yes,  usually;  in  order  that  the  intense 


light   from  its  crater  may  be  cast  down- 
ward, where  it  is  most  needed. 

1197.  What  is  the  color  of  the  light 
from  an  arc  lamp? 

The  color  of  the  light  depends  upon 
the  composition  of  the  carbon  rods.  If 
there  are  impurities  in  the  carbon,  the 
color  will  vary  considerably.  Ordinarily, 
the  light  is  tinged  with  violet  but  is  very 
brilliant,    closely    resembling    sunlight. 

1 198.  How  much  light  does  an  ordi- 
nary arc  lamp  give? 

There  are  two  common  sizes  of  open 
arc  lamps  rated  respectively  at  1200  and 
2000  candlepower. 

1199.  How  much  current  is  required 
by  the  ordinary  direct-current  arc  lamps? 


latter  it  is  inclosed  in  a  small  inner  glass 
globe  that  practically  excludes  the  air, 
and  the  consumption  is  therefore  much 
slower  owing  to  the  restriction  of  oxygen 
in  the  inner  globe.  The  rate  of  con- 
sumption for  an  open  arc  ranges  from 
1   to  2  in.  of  positive  carbon  per  hour; 


Fig.  398 

Direct-current  arc  lamps  in  which  the 
arc  is  not  protected  from  the  surround- 
ing air  require  6.8  amperes  in  the  1200- 
cp.  size  and  the  2000-cp.  lamp  takes  9.6 
amperes. 

1200.  What  voltage  is  required  by  an 
ordinary  arc  lamp  to  force  the  current 
across  the  arc? 

About  46  volts.  This  includes  about 
3  volts  to  overcome  the  resistance  of 
the  carbons  and  about  3  more  to  over- 
come the  resistance  of  the  lamp  magnet 
and  connections,  leaving  about  40  volts 
applied   to   the   arc   itself. 

1201.  How  long  will  the  carbons  in 
an  arc  lamp  burn  before  they  have  to  be 
renewed? 

The  rate  of  consumption  depends 
largely  upon  whether  the  arc  is  "open" 
(not  shielded),  as  in  Fig.  399,  or  in- 
closed, as  in  Fig.  400.  In  the  former 
case  the  arc  is  freely  surrounded  by  air 
and   burns   the   carbons   rapidly;   in   the 


Lllllll     ^°-^ 

Fig.  399.  Open-arc  Lamp 

the  rate  for  an  inclosed  arc  ranges  from 
0.07  to  0.10  in.  per  hour.  The  rate  de- 
pends on  the  size  and  composition  of  the 
carbon  rods  and  the  character  of  the 
current — whether  direct  or  alternating. 

1202.  In  inclosed-arc  lamps  is  the 
inner  glass  globe  perfectly   air-tight? 

No;  because  the  cap  at  the  top  of  the 
globe  is  provided  with  a  hole  in  the  cen- 
ter through  which  the  upper  carbon  can 
move  freely.     The  downward  movement 
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of  the  upper  carbon  is  necessary  in 
order  that  the  proper  distance  may  be 
maintained  between  the  carbon  tips  to 
form  the  arc.  The  fitting  at  the  top  and 
bottom  of  the  inner  globe  is  very  snug, 
however,  and  but  little  air  can  get  in. 

1203.  Does  the  inclosed  arc  possess 
any  advantages  over  the  open  arc  be- 
sides the  lower  rate  of  carbon  consump- 
tion ? 

Yes;  the  light  of  the  inclosed  arc  is 
much  softer  and  steadier  than  that  of 
the  exposed  arc  and  in  consequence  is 
much  preferable  for  interior  illumination. 
Comparing  Fig.  399  with  Fig.  400,  it  will 
be  seen  that  the  large  outer  globe  used 
on  the  open-arc  lamp  is  also  used  on 
the  inclosed-arc  lamp,  in  (addition  to 
the  small  inner  globe  which  incloses 
the  arc.  This  makes  the  fire  risk  from 
sputtering  carbons  considerably  less  with 
the  inclosed-arc  lamp  than  with  the  open- 
arc  lamp.  On  account  of  the  slower 
carbon  consumption  in  inclosed-arc 
lamps,  the  cost  of  carbons  and  of  re- 
plenishing is  less.  To  offset  this  in  a 
measure,  however,  are  the  first  cost  and 
maintenance  of  the  inner  globes  and  the 
additional  labor  of  keeping  them  clean. 
Taking  everything  into  consideration,  the 
inclosed-arc  lamp  is  almost  always  pref- 
erable to  the  ordinary  open-arc  lamp; 
it  has  practically  superseded  the  open 
arc  for  indoor  lighting  and  is  rapidly 
replacing   it   for   outdoor  service. 

1204.  Do  the  ends  of  the  carbons  in 
an  inclosed-arc  lamp  burn  to  the  same 
shapes  as  those  of  an  open  arc? 

No;  the  ends  of  the  carbons  in  an 
inclosed-arc  lamp  burn  almost  flat,  as 
represented  in  Fig.  401.  This  is  due  to 
the  fact  that  the  carbons  are  separated 
farther,  which  causes  the  arc,  instead  of 
maintaining  one  position,  to  shift  con- 
tinually over  the  ends  of  the  carbons. 

1205.  Are  arc  lamps  operated  with 
alternating  current  different  from  the 
others P 

Yes;  arc  lamps  are  made  especially 
for  that  kind  of  current. 

1206.  What  effect  does  the  alternat- 
ing current  have  upon  the  carbons? 

It  causes  both  carbons  to  become 
equally  luminous,  and  both  of  them  are 
consumed  in  about  the  same  time.  In 
the  alternating-current  inclosed-arc  lamp, 
the  upper  and  lower  carbons  are  at 
about  the  same  temperature  when  the 
lamp  is  burning,  in  consequence  of  which 
more  light  is  thrown  upward  than  with 
the  direct-current  arc.  The  appearance 
of  the  carbons  is  very  much  as  shown 
in  Fig.  401,  but  the  ends  are  more  flat 
because  the  arc  travels  around  the  ends 
of  the  carbons  even  more  frequently 
than  in  the  case  of  an  inclosed  direct- 
current  arc  lamp. 

1207.  Of  what  material  are  arc-lamp 
carbon   rods  made? 

Those  for  open-arc  lamps  are  com- 
posed   chiefly    of   petroleum    coke,    pul- 


verized and  mixed  with  tar,  or  a  similar 
binding  material,  and  molded  into  rods. 
The  rods  when  dry  are  baked  at  a  high 
temperature.  Carbons  for  inclosed-arc 
lamps  of  both  direct-current  and  alter- 
nating-current types  must  be  made  of  a 
much  finer  quality  of  carbon  because 
the  impurities  become  vaporized  and  de- 
posited upon  the  inner  glass  globe,  re- 
ducing its  transparency.  Lampblack, 
which  is  practically  pure  carbon,  is  there- 
fore employed.  For  this  reason,  and 
also  because  they  must  be  perfectly 
straight  and  of  uniform  diameter  so  they 
will  pass  easily  through  the  hole  in 
the  cap  of  the  inclosing  globe,  these  car- 
bons cost  considerably  more  than  the 
carbons  used  in  open-arc  lamps. 

Carbons     for    alternating-current    arc 
lamps  are  generally  cored;   that  is,  the 


Fig.  400.  General  Appearance  of  an 
Inclosed-arc     Lamp 


carbon  rod  is  formed  with  a  small  hole 
extending  through  the  center  of  the  rod 
and  this  is  filled  with  a  much  softer 
grade  of  carbon  than  the  main,  tubular 
portion.  In  some  alternating-current 
lamps,  cored  carbons  are  recommended 
for  both  the  upper  and  lower  rods,  while 
in  others  they  are  used  only  for  the 
upper. 

1208.  Why  are  arc-lamp  carbons 
sometimes  plated  with  copper? 

Carbon  rods  used  in  open-arc  lamps 
are  usually  given  a  thin  coating  of  cop- 
per to  increase  their  conductivity  and 
make  them  burn  more  evenly  and  for  a 
longer  time. 


LETTERS 

Why  "Wrong"  Bearing  Heats 

In  the  Jan.  2  issue  there  was  an  article 
by  J.  E.  Latta  entitled  "The  Wrong  Bear- 
ing Heats."  Not  infrequently,  bearings 
are  found  to  heat  without  any  mechanical 
reason  or  explanation  for  so  doing,  and 
much  time  is  wasted  in  scraping,  clean- 
ing and  realigning  without  curing  the 
heating.  In  many  of  these  cases  an  ex- 
amination from  the  electrical  viewpoint 
has  shown  that  the  heating  is  entirely 
due  to  the  passage  of  an  electric  current 
through  the  bearings,  which  though  of 
low  potential  may  be  of  very  great  vol- 
ume, and  this  current,  passing  through 
the  resistance  offered  by  the  oil,  gen- 
erates heat.  This  current  is  itself 
generated  by  the  stray  magnetic  fields 
from  cables  or  from  the  field  magnet 
of  the  machine. 

It  may  be  that  this  is  the  trouble  with 
Mr.  Latta's  machine.  If  so,  it  can  prob- 
ably be  corrected  by  the  insertion  of 
insulating  material  between  the  pedestal 
and  the  foundation  plate,  care  being 
taken  to  insulate  the  bolts  as  well  as  the 
base  itself.  This  insulating  material 
might  readily  be  composed  of  very  thin 
paper  impregnated  with  shellac  or  even 
without  impregnation  if  the  voltage  is, 
as  is  probable,  extremely  low. 

Henry  D.  Jackson. 

Boston,   Mass. 


I  have  noticed  two  or  three  times  the 
heating  described  by  Mr.  Latta;  it  is 
caused  by  the  belt  being  excessively 
tight.  The  belt  lifts  the  journal  clear 
off  the  bottom  of  the  bearing  nearest 
it;  consequently  the  other  or  outside 
journal  bears  only  on  the  outside  edge 
of  its  bearing.  Not  having  sufficient 
bearing  surface,  it  naturally  heats.  If 
it  be  possible  to  scrape  or  adjust  the 
bearing,  with  liners  to  an  inclined  posi- 
tion, it  might  then  bear  for  its  whole 
length  on  the  journal;  otherwise  it  will 
always  heat. 

W.  A.  CooiL. 

Ladysmith,  B.  C. 


I  have  had  the  trouble  described  by 
Mr.  Latta,  and  found  it  to  be  due  to 
the  armature  not  being  centered  (end- 
wise) with  the  field-magnet  pole  faces. 
The  armature  had  been  put  on  the  shaft 
too  near  the  pulley  end  and  the  drag  of 
magnet  poles,  in  the  effort  to  center  the 
armature,  pulled  the  journal  shoulder 
hard  against  the  end  of  the  bearing 
sleeve  at  the  commutator  end,  causing 
it  to  heat. 

In  order  to  get  rid  of  the  heating,  I 
had  to  raise  the  commutator  end  of  the 
whole  machine,  by  means  of  leather 
shims  under  the  sliding  rail,  until  the 
weight  of  the  armature  counteracted  the 
pull  of  the  magnets  enough  to  relieve 
the   friction  at  the  end  of  the  box. 

A.    E.    Kernick. 

Madison,   Neb. 
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Heating  and  Ventilation 

Considered  as  po\A?er-plant  problems.     Layout  and  operation  of  systems  arid  apparatus 


Annual    Convention   of  Heat- 
ing   and    Ventilating 
Engineers 

On  Jan.  2S.  24  and  25  the  American 
Society  of  Heating  and  Ventilating  En- 
gineers hield  its  eighteenth  annual  con- 
vention in  the  Engineering  Societies 
Building.  New  York  City.  Headquarters 
had  been  established  in  the  building  dur- 
ing the  year,  and  as  one  of  the  associated 
engineering  societies  its  first  meeting  was 
a  record  breaker,  the  registration  reach- 
ing 250.  R.  P.  Bolton,  of  New  York  Citv, 
was  in  the  chair  and  with  a  large  num- 
ber of  papers  diversified  in  character  and 
discussion  previously  arranged,  the  con- 
vention was  a  decided  success. 

On  Tuesday  afternoon  the  first  ses- 
sion was  devoted  to  the  president's  ad- 
dress, reports  of  the  secretary,  treasurer, 
board  of  governors  and  numerous  com- 
mittees. That  added  interest  is  being 
taken  in  the  society  was  brought  out  in 
the  report  of  the  board  of  governors, 
which  showed  an  increase  for  the  year 
of  11  per  cent,  in  the  membership,  the 
total  now  reaching  427.  A  noteworthy 
development  was  the  organization  of  a 
New  York  chapter  on  Oct.  24,  the  con- 
stitution and  bylaws  of  which  were  ap- 
proved by  a  mail  ballot  and  formally 
recognized  at  a  board  meeting  held  on 
the   first   day   of  the   convention. 

The  secretary's  report  showed  a  con- 
siderable balance  on  hand  after  the  heavy 
expenditures  made  necessary  in  fitting  up 
the  new  quarters  of  the  society. 

The  president's  address  on  "The  Use 
and  Abuse  of  Fuel"  was  interesting  as 
may  be  gathered  from  the  excerpts  fol- 
lowing: 

Use  and  Abuse  of  Fuel 

The  observant  heating  engineer,  trav- 
eling over  this  country,  Is  naturally  im- 
pressed by  the  opportunities  for  the  util- 
ization of  local  materials  for  combus- 
tion, and  sometimes  observes  incongru- 
ous conditions  accompanying  the  ap- 
parently unnecessary  use  of  coal.  In 
the  wooded  districts,  vast  quantities  of 
unused  lumber  rot  on  the  ground,  and 
along  rivers  and  on  the  seacoast  drift- 
wood and  wreckage  litter  the  shores. 
Such  materials  are  little  utilized,  though 
driftwood  is  sold  in  New  York  City  at 
$6  a  barrel,  and  small  oak  and  hickory 
cut   to  length   bring  ?16    to   $19   a  cord. 

In  portions  of  the  country  where  peat 
could  be  had  for  the  cutting,  coal  is 
brought,  and  I  recently  saw  the  waste 
of  a  wood-working  factory  being  dumped 
into  a  fill,  in  a  mill  using  bituminous 
coal  at  $3.50  per  ton. 

Natural  gas  can  be  obtained  at  so  low 


a  price  as  30c.  per  1000  cu.ft.  even  as  far 
away  from  its  source  of  supply  as  Buf- 
falo, yet  soft  coal  is  being  consumed, 
and  ineffectively,  with  much  accompani- 
ment   of    smoke   in    that   vicinity. 

The  wastage  of  one  industry  or  pro- 
cess may  be  capable  of  supplying  the 
fuel  of  a  lesser,  if  properly  applied,  but 
it  is  not  to  be  forgotten  that  waste  ma- 
terials are  possibly  capalsle  of  utilization 
in   better   form   than   combustion. 

In  the  Northwest,  millions  of  tons  of 
straw  and  cornstalks  are  burned  locally, 
and  in  the  South  vast  quantities  of  cot- 
ton shells  and  fiber,  capable  of  use  either 
in  the  production  of  food  materials  or 
paper. 

Neglect  of  one  large  opportunitj'  is 
taking  place  in  Ne'w  York  and  in  many 
other  cities,  due  to  their  failure  to  utilize 
the  waste  materials  of  the  community, 
which  are  disposed  of  by  common  ex- 
pense instead  of  being  made  the  means 
of  effective  heat  production.  Under 
proper  furnace  arrangements,  the  re- 
jected ashes,  which  contain  a  consider- 
able percentage  of  unburned  carbon, 
combined  with  the  waste  wood  and 
paper,  can  be  utilized  effectively  with 
the  garbage  of  a  city  to  contribute  more 
than  the  cost  of  the  collection  in  pro- 
viding power  for  other  purposes.  The 
waste  materials  of  a  city  the  size  of 
Havana  would,  under  proper  conditions, 
afford  power  for  all  municipal  water 
pumping  and  sewage   disposal. 

The  waste  materials  of  the  Borough 
of  Manhattan,  with  a  population  of  ap- 
proximately 2.300.000  persons,  is  an- 
nually: 

Light,   inflammable  refuse.  2,100,000  cu. yd. 

.-Vshes   3,000,000  cu.vd. 

(Sarbage    220,000  cu.yd. 

The  ashes  contain  approximately  20 
per  cent,  of  unconsumed  carbon,  repre- 
senting a  heat  value  equivalent  to 
168.000  tons  of  coal.  The  annual  value 
of  the  ashes  is  $504,000,  to  which  may 
be  added  $270,000,  the  cost  of  disposition 
at  45c.  per  yard;  this  makes  a  total  of 
$774,000  per  annum.  This  large  propor- 
tion of  wasted  fuel  is  due  to  the  negli- 
gent methods  of  operation  of  domestic 
fires,  to  inefficient  settings  and  propor- 
tions of  boilers  and  furnaces,  and  to  in- 
effective drafts  for  complete  combustion. 

There  is  a  final  element  in  the  pro- 
duction of  coal  which  should  make  a 
special  appeal  for  recognition  of  the 
evils  of  its  unnecessary  waste.  The  cost 
of  coal  is  not  paid  in  money  alone,  but 
in  an  inevitable  price  of  human  life  and 
of  injury  to  our  fellow  creatures.  The 
terrible  percentage  of  the  loss  of  life 
to  the  tonnage  raised  which  obtained  in 
the  p^st  has  been  ameliorated  only  in 
the  mere  proportion  which  the  number 
bears  to  the  increasing  tonnage  raised, 
and  not  in  the  aggregate.  It  remains  a 
fact  that  about  2000  lives  are  sacrificed 
each  year  in  the  production  of  the  550.- 
000,000  tons  of  coal  which  we  partly  use 
and  which  we  partly  waste:  and  that  5000 
persons,  most  of  them  hard-working 
men  having  others  dependent  upon  their 
labor,  are  maimed  and  injured. 


In  the  homes  of  New  York  alone,  in 
which  upward  of  6,000,000  tons  of  coal 
are  annually  burned  for  the  comfort  of 
their  occupants,  the  effect  of  3,000,000 
tons  of  which  is  largely  thrown  away, 
the  waste  represents  a  loss  of  10  human 
lives,  while  the  annual  coal  consumption 
of  Greater  New  York  has  involved  as  its 
share  of  the  annual  loss  of  life  68  per- 
sons killed  and  170  sorely  hurt  or  crip- 
pled. For  no  other  material  in  common 
use  do  we  pay  so  dearly  in  human  life 
and  limb,  yet  in  the  use  of  no  other  ma- 
terial is  so  little  care  exercised,  so  little 
relative  economy  practised,  so  little  edu- 
cative   method   followed. 

At  the  close  of  the  reports  there  was 
still  time  for  the  presentation  of  two 
papers:  One  on  the  "Heat  Exchange 
Diagram;  Its  Application  to  the  Theory 
of  Air  Washers,"  by  N.  W.  Akimoff,  of 
Philadelphia,  and  the  other  on  "Drying 
Apparatus,"  by  H.  C.  Russell,  of  Wash- 
ington. 

Election  of  Officers 

At  the  evening  session  the  tellers  of 
election  reported  as  follows:  president, 
Prof.  J.  R.  Allen,  of  the  University  of 
iVlichigan;  first  vice-president,  John  F. 
Hale,  Camden,  N.  J.;  second  vice-presi- 
dent, E.  F.  Capron,  Chicago;  secretary, 
W.  W.  Macon,  New  York  City;  treasurer, 
James  A.  Donnelly,  New  York  City; 
board  of  governors,  R.  P.  Bolton,  retiring 
president;  Prof.  J.  D.  Hoffman,  Uni- 
versity of  Nebraska;  Samuel  R.  Lewis, 
Chicago;  W.  M.  Mackay  and  D.  D.  Kim- 
ball, of  New  York  City. 

Wednesday  Session 

Wednesday  afternoon  was  devoted  to  a 
session  on  ventilation.  The  following 
papers  were  presented:  "Ventilating 
Questions,"  by  D.  D.  Kimball;  "Dust  in 
Relation  to  Heating,"  by  Konrad  Meier; 
"Effect  of  Humidity  and  Means  for  Con- 
trol," by  J.  I.  Lyle;  "Chemical  Notes  on 
Ventilation,"  by  Percy  Norton  Evans, 
and  a  report  of  the  committee  on  school- 
room ventilation  appointed  to  act  in  con- 
junction with  a  similar  committee  of  the 
American  Association  of  School  Hygiene. 

Invitations  to  attend  and  take  part  in 
the  discussion  of  the  papers  had  been 
previously  issued  and  a  number  of  prom- 
inent physicians  from  New  York  City, 
Boston,  Chicago  and  Springfield,  Mass., 
were  present.  The  doctors,  of  course, 
thought  that  they  were  the  ones  to  de- 
cide on  what  was  necessary  and  that  the 
engineers  were  to  produce  and  install 
the  apparatus  to  furnish  the  results  de- 
sired.     A    great   deal    of   the    discussion 
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hinged  on  the  question  of  humidity.  What 
was  the  proper  and  most  healthful  per- 
centage? This  varied  with  the  tempera- 
ture, but  the  majority  thought  it  should 
range  somewhere  between  30  and  60 
per  cent.  The  entire  discussion,  how- 
ever, revealed  the  fact  that  very 
little  was  known  on  the  subject  and  that 
there  was  lots  of  work  ahead  for  the 
society  on  this  interesting  and  vital  topic. 

In  school  work  it  was  reported  that 
many  ventilating  installations  had  failed 
to  give  satisfaction  and  in  some  cases 
natural  ventilation  by  means  of  the  win- 
dows was  better  than  artificial.  In  the 
majority  of  cases,  however,  this  was 
shown  to  be  due  to  the  ignorance  or 
carelessness  of  the  janitor  in  the  opera- 
tion of  the  system. 

The  committee  was  continued  as  its 
work  for  the  year  had  been  largely  pre- 
liminary and  the  various  chapters  of  the 
organization  were  urged  to  take  up  the 
work  during  the  coming  year  with  the 
hope  that  they  would  have  some  interest- 
ing data  to  present  at  the  next  annual 
gathering. 

Thursday  Session 

An  informal  reception  and  dinner  took 
place  at  Murray's  on  Wednesday  evening, 
and  on  Thursday  both  morning  and  after- 
noon sessions  were  devoted  to  steam  and 
hot-water  heating.  The  following  papers 
were  presented:  "Steam  Heating  Large 
Department  Stores;  Its  Relation  to  Their 
Electrical  Requirements,"  by  Davis  S. 
Boyden;  "Vacuo  Hot-Water  Heating  by 
Forced  Circulation,"  by  Ira  N.  Evans; 
"Auxiliaries  for  Pressure  Systems  of 
Hot-water  Heating,"  by  J.  J.  Wilson; 
"Steam  Heating  from  the  Receiver  of  the 
Compound  Engine,"  by  Auguste  Beaur- 
rienne;  "Heating  of  a  Steam  Foundry," 
by  A.  M.  Feldman;  "Heat  Transmission 
with  Indirect  Radiation,"  by  Frank  L. 
Busey;  "Tests  of  Vacuum  Cleaning  Tools 
and  Exhausters,"  by  M.  S.  Cooley;  "Defi- 
nition of  the  Unit  of  Heat,"  by  Reginald 
Pelham  Bolton,  and  "Heating  a  Swim- 
ming Pool,"  by  Cesar  Feran. 

Due  to  the  number  of  papers  and  an 
extended  discussion  on  amendments  to 
the  constitution,  only  a  brief  interval 
was  permissible  for  the  presentation  of 
each  paper,  so  that  there  was  but  little 
time  for  comment  or  discussion.  Such 
papers  as  will  be  of  interest  to  our 
readers  will  be  presented  in  this  and 
later  issues  of  Power. 

Entertainment 

The  entertainment  program,  which  was 
arranged  specially  for  the  visiting  ladies, 
included  an  inspection  of  the  Chelsea 
docks,  visits  to  the  New  York  Public 
Library,  the  American  Museum  of  Na- 
tural History,  the  Metropolitan  Museum 
of  Art  and  to  Tiffany's.  An  automobile 
ride  through  Central  Park  and  along 
Riverside  Drive,  followed  by  tea  at  the 
Waldorf-Astoria,  was  thoroughly  enjoyed 


and  the  program  was  enlivened  by  two 
matinee  parties.  The  Hippodrome  was 
reserved  for  the  last  evening  of  the  con- 
vention. 


Ventilation   Problems* 
By  D.  D.  Kimball 

There  is  a  large  group  of  men  who 
have  come  to  believe  that  too  much 
emphasis  has  been  placed  upon  the  meas- 
uring of  ventilation  by  either  the  volu- 
metric or  CO;  basis  and  that  such  ele- 
ments as  temperature,  relative  humidity, 
dust,  etc.,  are  of  equal  or  relatively 
greater  importance. 

It  is  unfortunate  for  the  cause  of 
ventilation  that  many  ventilation  systems 
have  been  produced  which  have  given 
dissatisfaction,  some  because  of  the  in- 
experience of  their  designers,  others  be- 
cause of  the  interference  of  the  owners 
or  architects  in  the  placing  or  design 
of  the  apparatus;  often  because  of  a 
penurious  policy  on  the  part  of  the 
owner  or  architect,  which  limits  the  ap- 
propriation and  thus  the  capacity  of  the 
system;  not  infrequently  because  of  the 
poor  installation  of  a  well  designed  sys- 
tem, and  very  frequently  because  of  a 
lack  of  skill  in  the  operation  of  what 
would  otherwise  be  a  satisfactory  system. 

It  may  well  be  doubted  whether  it  is 
known  today  what  are  the  essentials  of 
ventilation;  indeed,  it  may  safely  be 
stated  that  they  are  not  known.  Many 
are  the  supposed  authorities  and  state- 
ments supporting  our  present  ventilation 
standards,  but  actually  little,  almost  no, 
basic  or  conclusive  data  or  authorities 
are  available  which  are  acceptable  to 
the  biologist,  physician  or  inquiring  en- 
gineer. 

Without  any  attempt  to  present  their 
relative  merits,  some  of  the  important 
features  of  ventilation  now  advocated  by 
different  authorities  are  stated  below. 
First  in  general  acceptance  in  the  past, 
and  undoubtedly  in  the  future,  may  be 
mentioned  air  volume.  It  is  only  com- 
paratively recently  that  anything  more 
than  a  certain  volume  of  fresh  air  sup- 
plied and  an  equal  amount  of  vitiated 
air  withdrawn  was  considered  essential 
to  ventilation.  It  cannot  now  be  main- 
tained that  this  in  itself  is  sufficient  to 
constitute  efficient  ventilation,  but  neither 
can  it  be  denied  that  this  is  the  basis  of 
efficient  ventilation,  whether  the  air  be 
supplied  by  natural  or  artificial  means. 
Whether  the  volumetric  standards  gen- 
erally accepted  are  proper  and  essential 
may  be  open  to  question  and  investiga- 
tion. These  standards  hav«  as  their  basis 
the  maintenance  of  a  certain  proportion 
of  CO2  in  the  occupied  apartment.  It 
may  be  possible  that  a  less  volume  of 
air  properly   conditioned   would   give   the 

*.\bstract  of  paper  read  before  the 
.\merican  Society  of  Heatinpr  and  Ven- 
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desired  results,  or  conversely,  it  may  be 
that  because  of  the  desirability  of  air 
movement  or  for  some  other  reason  a 
larger  volume  of  air  may  be  required. 
Herein  lies  a  field  for  study  and  in- 
vestigation by  practical  means  over  a 
long  period  of  time  with  a  large  number 
of  subjects,  but  an  investigation  involv- 
ing   many    difficulties. 

Room  temperature  is  becoming  the 
subject  of  much  study.  It  is  said  that 
70  deg.  are  too  high  as  a  standard  for 
room  temperature.  Of  late  68  deg.  have 
been  gaining  in  favor.  There  are  those 
who  propose  to  lower  the  temperature 
still  further.  Having  dropped  from  70 
deg.  to  68  deg.,  is  there  any  reason  why 
we  should  not  drop  to  66  deg.,  to  64  deg., 
or  even  to  60  deg.?  What  governs  the 
desirable  point  or  how  shall  it  be  deter- 
mined? It  is  suggested  by  Dr.  Gulick 
that  possibly  there  may  be  an  advantage 
in  a  methodical  variation  of  temperature; 
that  is,  having  adopted  68  deg.  as  a 
standard,  the  room  temperature  should 
be  dropped  to,  say,  50  deg.  for  a  few 
minutes,  perhaps  once  in  two  hours  in 
the  case  of  the  schoolroom,  the  oc- 
cupants of  the  room  being  active  during 
this  period.  A  variation  of  temperature 
affects  the  blood  pressure,  tones  up  the 
system  and  is  known  to  be  helpful  in 
the  treatment  of  pneumonia,  typhoid  and 
delirium. 

The  common  demand  for  comfort  may 
be  depended  upon  to  prevent  too  low  a 
minimum  standard,  but  the  effects  of 
too  high  a  temperature,  although  more 
serious,  are  not  so  quickly  noticed  or  so 
well   understood. 

The  question  of  temperature  is  inti- 
mately linked  with  the  question  of 
humidity.  Here  again  there  is  but  lit- 
tle of  agreement  as  to  the  value  or  im- 
portance of  artificial  humidification  or 
proper  degree  of  humidification.  It  may 
be  stated  that  the  normal  relative  humid- 
ity out-of-doors  averages  around  50  to 
70  per  cent,  with  large  and  frequent  vari- 
ations, and  a  desert  would  rarely  be 
found  with  a  relative  humidity  of  less 
than  30  per  cent.  It  is  not  uncommon, 
however,  to  find  schoolrooms,  offices  a^.d 
other  apartments  with  a  relative  humidity 
as  low  as   15  to  20  per  cent. 

It  is  pointed  out  that  to  go  constantly 
back  and  forth  from  such  a  condition  to 
the  outdoors  with  its  much  higher  rela- 
tive humidity  subjects  a  person  to  a 
series  of  extremes  most  trying  and  in- 
jurious. In  refutation  of  this  statement 
an  able  authority  points  out  that  out- 
door air,  when  heated  in  the  respiratory 
tract,  becomes  just  as  lacking  in  rela- 
tive humidity  as  the  dry  air  within  an 
apartment. 

The  nearest  to  an  agreement  obtain- 
able on  the  proper  relative  humidity  is 
that  it  should  not  be  less  than  30  or  over 
80  per  cent.;  50  per  cent,  is  largely  used 
as     the     desirable    standard,     but     with 
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what  real  authority  ?  What  harm  is  done 
when  the  frosting  of  the  windows  com- 
pels a  reduction  to,  say,  30  per  cent.? 
Doubtless  there  is  some  one  point  or 
some  limited  range  better  than  another. 

With  a  higher  humidity  than  has  been 
customary  in  the  past  one  can  doubt- 
less adopt  a  lower  temperature,  but  not 
with  a  resulting  saving  in  fuel,  as  has 
been  stated  in  public  prints.  A  simple 
calculation  will  demonstrate  that  ap- 
proximately four  times  as  much  fuel  is 
required  to  evaporate  the  water  required 
to  produce  50  per  cent,  relative  humidity 
at  68  deg.  temperature  in  the  schoolroom 
as  is  saved  by  reducing  the  room  tem- 
perature 8  deg.  To  the  engineer  design- 
ing ventilating  systems  it  would  be  most 
helpful  if  data  of  acknowledged  re- 
liability were  available  as  to  the  value 
of  humidity  and  the  proper  percentage 
thereof. 

Movement  of  the  air  is  said  to  have 
much  to  do  with  personal  comfort.  Per- 
sons confined  in  a  limited  space  without 
ventilation  until  the  point  of  discomfort 
and  lassitude  was  reached  because  of 
high  humidity  and  high  temperature,  or 
possibly  because  of  the  depletion  of 
oxygen  in  the  air,  have  been  instantly 
revived  by  the  circulation  of  the  air 
within  the  chamber  by  means  of  fans 
therein.  Undoubtedly  a  film  or  envelope 
of  air  may  form  about  the  body,  which, 
undisturbed  by  a  current  of  air,  will 
reach  a  temperature  and  humidity  suffi- 
cient to  produce  serious  discomfort. 
Probably  much  of  the  pleasure  felt  in 
the  summer  breeze  is  due  to  the  carry- 
ing away  of  this  body  envelope  and  the 
tonic  effect  of  the  air  on  the  skin. 

It  is  said  by  some  that  the  heating  of 
air  robs  it  of  some  vital  force,  changes 
it  in  some  mysterious  or  unknown  way, 
or  adds  something  undesirable  to  the 
air,  this  complaint  being  especially  ad- 
dressed to  steam-blast  coils.  It  may  be 
that  a  sufficient  amount  of  fine  dust  con- 
taining organic  matter  will  pass  through 
the  filter  or  otherwise  reach  the  steam- 
heated  surface,  producing  ammonia  in 
harmful  quantities,  or  it  may  be  that 
some  of  the  oxygen  or  ozone  of  the  air 
is  consumed  by  the  process  of  oxidization 
of  the  dust. 

Ordinarily  one  thinks  of  the  air  as 
composed  of  approximately  nitrogen, 
78.30  per  cent.;  oxygen,  20.70  per  cent.; 
carbonic  acid,  0.04  per  cent.;  watery 
vapor,  0.01   per  cent. 

In  reality  the  air  contains  other  con- 
stituents to  which  but  little  considera- 
tion has  been  given  in  the  study  of  ven- 
tilation problems.  One  of  these,  ozone, 
is  known  to  be  a  most  active  element, 
and  it  is  now  being  quite  extensively 
used    in    the   treatment   of   pneumonia. 

In  the  past  a  great  deal  of  dependence 
in  estimating  the  efficiency  of  the  venti- 
lating system  has  been  placed  upon  the 
determination  of  the  amount  of  CO:  in 


the  air,  6,  8  or  10  parts  CO2  in  10,000 
parts  of  air  being  regarded  as  proper 
standards  for  hospital,  school  and  fac- 
tory ventilation,  respectively,  but  since 
it  has  been  discovered  that  a  person  feels 
no  discomfort  in  an  atmosphere  con- 
taining 200  or  more  parts  COj  in  10,000 
parts  of  air  if  the  temperature  and 
humidity  are  kept  within  certain  bounds, 
less  dependence  is  placed  upon  the  CO; 
standard  and  more  emphasis  is  placed 
upon  the  need  of  proper  temperature  and 
humidity. 

Is  it  not  possible  that  -the  full  sig- 
nificance or  effect  of  some  of  the  other 
gases  in  the  air,  or  the  inter-relation 
thereof,  is  still  unknown,  or  that  there 
are  even  other  gases  still  unknown, 
which  in  some  way  or  measure  may  have 
a  bearing  upon  the  subject  of  ventila- 
tion or  the  subject  of  air  warming?  This 
is  essentially  a  subject  of  investigation 
for  the  chemist  or  the  .biologist  rather 
than  for  the  ventilating  engineer,  but 
like  other  problems,  it  can  best  be  solved 
by  a  harmonious  working  together  of 
the  two. 

Recent  experiments  give  substantial 
basis  for  the  belief  that  the  vegetable 
matter  combined  with  the  dust  of  the  air 
coming  into  contact  with  heating  surfaces 
above  160  deg.  or  170  deg.  distils  am- 
monia, carbon-monoxide  and  perhaps 
other  gases,  in  some  cases  to  a  harmful 
degree.  It  would  seem  as  though  this 
could  be  best  prevented  by  proper  wash- 
ing of  the  air  or  by  a  limitation  of  the 
temperature  of  the  heating  surfaces  to 
160  or  170  deg.,  or  by  both  processes. 

The  value  of  direct  radiation,  because 
of  the  effect  of  its  radiant  heat,  which 
is  compared  to  the  radiant  heat  of  the 
sun  as  desirable  and  healthful,  is  a  ques- 
tion worthy  of  serious  thought. 

The  problem  of  the  best  method  of 
testing  the  effect  of  ventilation  and  its 
different  elements  is  not  the  least  of  the 
ventilation  problems.  The  psychological 
element  enters  so  largely  that  calorimeter 
tests  or  measurement  by  means  of 
ergographic  tests  are  not  generally  ac- 
ceptable. No  other  acceptable  method 
of  measuring  the  effect  of  ventilation  up- 
on the  individual  has  been  suggested. 

The  method  of  determining  this  which 
finds  the  most  favor  is  that  proposed 
for  the  work  of  the  special  committee  on 
school  ventilation  in  which  it  is  proposed 
to  take  one  or  more  large  school  build- 
ings occupied  throughout  by  children  of 
the  same  grades  and  condition,  treating 
one-half  of  the  building  in  one  way  and 
the  other  half  in  another  way,  carrying 
on  the  treatment  for  a  period  of  months 
and  measuring  its  effect  by  the  relative 
standing  of  the  pupils  and  their  relative 
condition  as  to  health,  weight,  etc.,  as 
described  in  the  report  of  that  committee. 

Briefly  summarized  the  phases  of  ven- 
tilation now  believed  to  be  worthy  of 
serious  study  are  as  follows: 


Volume  of  Air — The  present  standards 
are  questioned.  By  a  proper  study  of 
temperature  or  humidity  could  they  be 
decreased  or  should  they  be  increased? 

Temperature — The  present  standard 
(68  deg.  for  the  schoolroom  and  home) 
is  said  to  be  too  high.  Shall  it  be  low- 
ered and,  if  so,  to  what  point? 

Variation  of  Temperature — A  period- 
ical reduction  of  temperature  is  said  to 
be  desirable. 

Humidity — Is  artificial  humidification 
of  occupied  apartments  desirable,  and, 
if   so,   to   what  degree? 

Movement  of  Air — This  is  said  to  be 
desirable.  When  can  it  be  employed  and 
to  what  extent  can  it  be  carried  withour 
involving  injurious  drafts?  What  of  a 
frequent  "flushing  out"  or  perflation-" 

Heating  of  the  Air — May  the  air  be 
harmed  or  in  any  way  affected  in  the 
process  (assuming  the  air  to  be  free 
from  dust)  ? 

Cooling  of  the  Air — Is  this  desirable 
in  occupied  apartments  and  will  it  in- 
volve  undesirable   attending   features? 

Dust — It  is  stated  that  dust  is  ex- 
tremely harmful.  What  is  its  effect,  how 
best  eliminated,  and  how  generally  should 
such  means  be  employed? 

Organic  Matter  from  the  Breath  or 
Body — What   is   its   nature   and   effect? 

Chemistry  of  the  Air — Is  there  any- 
thing connected  therewith  worthy  of  fur- 
ther investigation?     What  of  ozone? 

Relation  of  ventilation  to  exercise  and 
work. 

Methods  of  determining  the  effect  of 
ventilation  and  its  different  elements  up- 
on the  individual. 

Although  many  of  the  so  called  fail- 
ures of  ventilating  systems  in  the  past 
may  have  been  due  to  inexperience  of 
the  designer,  and  many  more  were  doubt- 
less due  to  lack  of  skill  in  operation,  it 
is  believed  that  much  of  the  condemna- 
tion of  artificial  ventilation  heard  from 
eminently  reliable  medical  authorities 
and  others  is  due  to  the  failure  of  the 
ventilating  engineer  to  give  as  much  at- 
tention to  the  conditioning  of  the  air  as 
to  its  volume. 

It  cannot  be  denied  that  the  engineers 
are  providing  ventilation  fulfilling  the 
existing  standards,  but  these  standards 
are  not  of  their  creation  but  were  given 
them  by  biologists,  physicians  and 
scientists  in  the  past.  Questions  of  the 
percentage  of  oxygen  required,  percent- 
age of  CO:  permissible,  effect  of  tem- 
perature and  humidity,  question  of  or- 
ganic matter  in  the  air,  etc.,  are  not 
engineering  questions.  It  is  but  the  duty 
of  the  engineers  to  meet  those  standards 
which  are  demonstrated  and  given  to 
them  by  the  biologist,  physician  and 
scientist. 

If,  therefore,  the  apparatus  provided 
by  the  engineer  has  failed  to  give  sat- 
isfaction it  is  not  that  the  apparatus  or 
engineer    has    failed    but    because    the 
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long.     The   time   required   to   empty   and 
clean  this  pool  is  4  to  5  hr. 

The  installation  includes  two  cast-iron 
sectional  boilers,  a  Berryman  service 
heater  and  a  filter.  The  water  is  reduced 
to  30  lb.  pressure  on  entering  the  build- 
ing. It  is  then  heated  in  the  Berryman 
heater  by  steam  generated  in  the  boil- 
ers, and  then  filtered  and  discharged  in- 
-  to  the  pool.     For  filling,  a  main  inlet  is 

.  .  n      ig,     used;   this   enters  the  pool   at  the  deep 

Heating    a     Swimming    Pool*     end    near   the    bottom;    there    is   also    a 

nozzle    above    the    water    line    which    is 


standard  provided  them  has  failed.  If 
this  is  a  fact,  the  biologist  or  physician 
should  determine  wherein  the  existing 
standards  are  wrong  and  they  should 
determine  new  standards  supported  by 
authoritative  tests  and  experiments.  Then 
the  engineers  may  be  trusted  to  provide 
ventilation    fulfilling   the   new    standards. 


By  C.  Teran 

A  swimming  pool  is  generally  a  luxury, 
not  a  necessity.  For  this  reason  not 
many  are  built,  and  a  description  of  the 
system  installed  for  Herbert  Coppell  at 
Tenafly,   N.  J.,  may   prove   of  interest. 

It  is  housed  in  a  building  of  one  story, 
and  includes  the  pool  room,  two  dress- 
ing rooms,  boiler  and  coal  rooms,  all  on 
the  ground  level.  The  pool  is  sunk  be- 
low grade,  is  built  of  concrete,  water- 
proofed    and     lined     with     English     size 


used  to  produce  a  spray  over  the  pool. 
On  account  of  the  proximity  of  the 
walls  of  the  pool  to  the  outside  ground 
a  loss  of  heat  in  the  water  was  antici- 
pated and  provision  made  to  replace  the 
loss.  Careful  consideration  was  given 
to  the  various  methods  that  could  be 
used  to  accomplish  this  purpose,  and 
injecting  water  heated  to  a  high  tem- 
perature into  the  filled  pool  was  de- 
cided upon.  The  reason  for  using  a 
high  temperature  is  that  the  water  is  not 
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The  large  boiler  is  used  to  heat  the 
water  when  the  pool  is  being  filled.  This 
was  computed  as  follows: 

Contents   of   pool ...  3534  cu. ft. 
Water  to  be  heated 

Ijir  hour 353  cu.ft. 

Water  to   be  heated 

per  hour 353  X  62.4  =  22,027  lb. 

Rise  of  temperature 

of  the  water 40  to  75  =  35  deg. 

Heat     units     trans- 
mitted    to     water 

per     hour,     22,063 

X     35 771.000  B.t.u. 

Coal     necessary     to 

be       burned       per 

hour,     771,000      -H 

8000 96  lb. 

Grate     area.     96      -'- 

S    = 12  sq.ft. 

A  boiler  having  a  grate  40  in.  wide 
by  48  in.  long  was  installed.  The  other 
boiler  shown  is  used  to  heat  the  build- 
ing and  the  water  injected  into  the  pool 
to  make  up  the  daily  loss  of  heat;  by 
this  arrangement,  the  necessity  of  keep- 
ing a  fire  in  the  large  boiler  is  avoided. 
As  there  was  no  sure  method  of  pre- 
determining the  loss  of  heat  of  the  water 
in  the  pool,  in  selecting  this  boiler  liberal 
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Plan 

Plan  and  Elevation  Showing  Piping  Connections  to  Pool 


enameled  brick.  It  is  38  ft.  long,  15' j  ft. 
wide  and  6  ft.  mean  depth  below  water 
level.  The  cubical  contents  are,  there- 
fore, 3534  cu.ft. 

The  heating  plant  was  designed  to  heat 
this  volume  of  water  in  10  hr.,  or  at  the 
rate  of  353  cu.ft.  an  hour.  Ten  hours 
is  a  convenient  length  of  time  for  heat- 
ing the  water,  because  the  required  ap- 
paratus is  not  specially  large.  If  the 
apparatus  was  much  smaller  it  would,  of 
course,  require  a  longer  time  to  heat  the 
water,  and  this  time  added  to  that  nec- 
essary to  empty  and  clean  tfhe  pool 
would  make  the  period  of  time  which 
the  pool  would  be  out  of  commission  too 


*A  paper  read  before  the  American 
Society  of  Heating  and  Ventilating  En- 
gineers, New  York  City,  Jan.  25. 


taken  from  the  pool  to  be  reheated,  as 
this  would  necessitate  a  circulating  pump, 
but  fresh  water  is  used,  and  by  heating 
it  to  a  high  temperature  a  minimum  quan- 
tity of  water  is  required  and  less  coal 
burned.  The  water  is  injected  at  four 
points  on  each  side  of  the  pool  near 
the  bottom,  through  nozzles  passing 
through  the  brick  lining  and  flush  with 
it.  This  arrangement  gives  a  good  dis- 
tribution, and  is  neat  in  appearance.  It 
is  found  that  during  the  winter  months 
the  water  loses  2  to  3  deg.  F.  in  24  hr. 

In  filling  the  pool  the  water  is  heated 
to  75  deg.  F.,  which,  on  account  of  heat 
losses  in  transit,  etc.,  gives  an  ulti- 
mate temperature  of  70  deg.  F.  The 
water  injected  to  make  up  the  heat  loss 
is  heated  to  180  deg.  F. 


allowance  was  made  for  this  purpose 
above  what  is  required  to  heat  the  build- 
ing. The  amount  of  direct  radiation  is 
400  sq.ft.,  all  behind  screens;  the  boiler 
is  rated  at  1000  sq.ft.  and  has  a  grate 
21x27  in.  or  about  4  sq.ft. 

The  service  heater  was  specified  of 
proper  size  to  heat  2800  gal.  of  water 
per  hour  from  40  to  80  deg.  F.  with  low- 
pressure  steam,  and  it  was  left  to  the 
manufacturers  who  furnished  it  to  de- 
sign the  proper  size  heater  for  this  duty. 
The  filter  was  specified  in  a  similar  man- 
ner. No  automatic  temperature  control 
was  installed,  and  none  has  been  found 
necessary.  An  even  temperature  of  the 
water  is  attained  by  maintaining  a  steady 
fire-  and  regulating  the  flow  of  water  by 
hand. 
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Corrtigated  Film   Boiler  Feed 
Water  Heater 

Among  the  specialties  recently  brought 
out  by  the  Schutte  &  Koerting  Co.,  of 
Philadelphia,  is  what  is  known  as  the 
spiral  corrugated  film  feed-water  heater, 
views  of  which  are  shown  in  Figs.  1  and  2. 

The  principal  features  of  this  heater 
lie  in  the  concentric  spirally  corrugated 
tubes,  which  construction,  besides  con- 
stantly agitating  the  water  and  prevent- 
ing the  formation  of  cold  cores,  keeps 
the  water  in  a  thin  film  between  two 
heated  surfaces,  thus  making  a  combina- 
tion that  should  give  an  exceedingly  high 
rate   of  heat  transmission. 

In  Fig.  1  is  illustrated  the  arrangement 
of  the  corrugated  tubes  in  the  heater 
and  also  the  path  :>f  the  water  between 
the  two  corrugated  surfaces.  The  outer 
tubes  are  expanded  into  headers,  and 
the  inner  tubes  are  then  screwed  into 
place  and  the  outer  joints  made  tight 
by  nuts  which  are  securely  locked.  This 
construction  is  shown  in  Fig.  1.         ' 

All  expansion  and  contraction  of  the 
tubes  due  to  heating  and  cooling  is  taken 
up  by  the  floating  header,  which  is  free 
to  move  endwise.  This  feature  reduces 
the  possibilities  of  leakage  to  a  mini- 
mum. 

The  steam  enters  through  the  opening 
in  the  center  of  the  shell  and  passes 
through  small  holes  which  are  drilled  in 


the  shell  and  act  as  a  baffle-plate,  thus 
preventing  a  direct  jet  of  steam  imping- 
ing upon  the  tubes.  The  steam  is  there- 
fore distributed  about  the  outer  tubes 
and  inside  of  the  inner  tubes,  the  con- 
densed water  draining  off  through  the 
opening  at  the  right-hand  bottom  end  of 
the  shell.  The  feed  water  enters  at 
the  bottom  of  the  end  connection,  shown 
in  Fig.  1,  and  passes  through  the  film 
formed  by  half  the  tubes  to  the  floating 
header,  and  then  through  the  other  !ialf 
of  the  tubes  and  out  at  the  top  opening 
shown  at  the  end  of  the  sectional  view. 
These  heaters  are  made  in  IG  sizes  in 
both  vertical  and  horizontal  styles. 

Fig.  2  shows  an  end  view  of  a  heater 
and  the  manner  in  which  tht  heads  fit 
in   the    outer   casing. 


Howard  Ball  Valve 

Perhaps  there  is  nothing  in  the  power 
plant  which  is  so  misused  as  the  blowoff 
valve;  it  is  often  hid  away  in  a  most 
inaccessible  place  and  it  is  frequently 
neglected  and  abused.  For  these  rea- 
sons, and  because  of  the  severe  character 
of  the  service  which  it  must  perform,  a 
successful  blowoff  valve  must  be  simple 
and  rugged. 

The  accompanying  illustrations  show 
the  Howard  Ball  Valve  for  blowoff  and 
other  services  where  ordinary  cocks  are 
used.  A  hollow  ball  of  bronze  with  open- 


ings at  opposite  sides  fits  into  a  suit- 
ably formed  body  of  the  same  material. 
The  ball  is  turned  by  means  of  a  box 
wrench  which  fits  over  the  square  head 
of  the  stem.  A  quarter  turn  opens  the 
valve  full  or  closes  it  tight.  The  valve 
is  kept  tight  by  means  of  suitable  pack- 
ing which  is  fitted  into  a  recess  in  the 
discharge  end  and  retained  there.    Thus, 


Fic.   1.  The  Howard  Ball  Valve 

this  packing  is  supported  on  three  sides 
by  bronze. 

The  principal  feature  of  this  type  of 
valve  is  the  fact  that  there  is  no  metal- 
to-metal  friction '  as  the  ball  comes  in 
contact  with  the  packing  only.  Thus 
wear  is  reduced  to  the  minimum  and  the 
life  of  the  valve  is  greatly  increased. 
It  is  claimed  that  under  very  severe  con- 
ditions   it    is    necessary    to    repack    the 


Fig.  1.  How  the  Tubes  Are  Arranged 


Fig.  2.  End  View  of  Tube  Head 
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valve  about  once  a  year,  and  under  more 
favprable  conditions,  less  frequently. 

Some  of  the  other  points  of  superiority 
claimed  for  this  valve  by  its  manufac- 
turers, the  Howard  Iron  Works,  Buffalo, 
N.  Y.,  are  as  follows: 

It  is  made  entirely  of  special  bronze, 
there  is  no  chance  for  the  metal  to  cor- 
rode or  be  affected  by  boiler  or  other 
injurious    compounds.      All    valves    are 


The  large  bearing  surface  of  the  valve 
is  made  for  durability.  The  packing  can 
be  easily,  quickly  and  cheaply  renewed. 


Fig.  2.  Sectional  View 

made  for  a  working  pressure  of  300  lb. 
and  the  fitting  is  designed  to  withstand 
strains  due  to  water-hammer.  Because 
of  its  construction,  the  greater  the  pres- 
sure, the  tighter  the  fitting  becomes.     As 


Improved    Furnace 

An  improved  furnace  has  recently  been 
patented  and  assigned  to  the  Parson 
Manufacturing  Co.,  149  Broadway,  New 
York  City.  It  is  illustrated  in  Figs.  1 
and  2,  the  first  showing  a  front  elevation, 
and  the  second  a  side  elevation. 

The  fuel  is  introduced  into  the  furnace 
at  the  front,  in  which  an  arch  is  con- 
structed. The  fuel-feeding  mechanism 
consists  of  one  or  more  hoppers,  each 
of  which  is  supplied  with  a  fuel  pusher 
consisting  of  a  movable. platform  loosely 
interlocked,  and  given  a  reciprocating  mo- 
tion by  an  eccentric  carried  on  a  shaft 
in    front   of   the    boiler   setting. 

By  means  of  suitable  angular  dis- 
placements of  the  eccentric,  the  push- 
ers can  be  operated  at  predetermined  in- 
tervals. The  shaft  carries  a  ratchet  wheel 
which  is  actuated  by  a  pawl  carried  on 
a  rocker-arm  attached  to  a  reciprocating 
rod.  This  pawl  permits  a  close  adjust- 
ment or  regulation  of  the  angular  motion 
to  be  given  to  the  shaft. 

Fuel  is  discharged  from  each  feeder 
unit  upon  the  platform  set  under  an  arch 
in  the  front  wall  of  the  furnace  where 
the  layers  of  fuel  can  receive  the  full 
lieat  of  radiation. 

The  layer  of  fuel  is  first  coked  on  its 


rear  to  the  front  of  the  ashpits.  At  the 
back  of  the  furnace  there  is  an  inclined 
grate  hinged  at  the  back  and  resting  up- 
on the  chain  grate,  thus  forming  a  part 
of  the  hearth  surface. 

Back  of  this  there  is  a  movable  dump- 
ing grate  that  can  be  moved  into  a  recess 
in  the  bridge-wall.  The  inclined  grate 
guides  the  ash  and  unconsumed  fuel 
upon  the  dumping  grate,  where  the  ac- 
cumulation effects  a  seal  against  the 
bridge-wall.  The  incline  and  the  dump- 
ing grates  may  be  perforated  for  the  ad- 
mission of  air  so  that  combustion  may 
take  place  on  them  and  thus  form  ad- 
ditional active  hearth  surface. 

At  the. front  of  the  grate  beneath  the 
dead  plate  is  a  hinged  apron  which  rests 
upon  the  grate  bars  or  upon  ashes  cover- 
ing them.  The  apron  extends  some  dis- 
tance within  the  furnace  beyond  the  edge 
of  the  dead  plate,  and  the  fuel  is  coked 
p.nd  dropped  upon  the  extension  of  the 
apron;  the  coking  is  completed  there  and 
the  fuel  is  then  drawn  off  upon  the  grate 
bars. as  they  move  toward  the  rear. 

At  one  side  of  the  furnace  there  is  a 
small  ash  conveyor  which  takes  the 
ashes  from  the  bottom  of  the  ashpit  to 
the  grate  under  the  apron  and  deposits 
them  upon  the  grate  as  it  travels  toward 
the  end  of  the  furnace.  Although  a 
certain  amount  of  ^shes  drops  through 
the  grate  opening,  the  artificial  applica- 
tion  of  ash  to  the   grate,  and  the   usual 


Fin.   1.  Front  Elevation 


Fig.  2.  Side  Elevation  of  the  Improved  Furnace 


the  valve  has  no  complicated  adjust- 
ments, there  is  nothing  to  get  out  of 
order,  and  it  does  not  require  the  atten- 
tion of  an  expert  to  keep  it  in  good  con- 
dition. It  is  impossible  for  the  valve  to 
stick,  and  no  sediment  can  lodge  in  it. 
The  valve  is  easily  operated  even  under 
high  boiler  pressure;  it  offers  the  full 
area  of  the  pipe  opening,  when  open, 
and  the  passage  is  straight  through,  thus 
preventing  the  accumulation  of  foreign 
matter.  Sediment  cannot  affect  the  ball 
and  the  seat  is  self-wiping  and  cleaning. 


inner  or  advancing  edge  and  then  pushed 
beyond  the  plate  or  platform,  where  it 
breaks  off  and  drops  in  a  broken  state 
upon  the  hearth  below. 

This  mechanism  consists  of  a  frame 
having  a  chain  grate  running  upon 
sprockets  and  actuated  by  a  ratchet 
and  pawl  mechanism.  The  grate- 
frame  casing  for  the  greater  part 
of  its  length  toward  the  rear  is 
closed  at  the  bottom  so  as  to  form  a 
channel  in  which  the  grate  bars  on  their 
return  convey  the  ash  deposits  from  the 


rate  of  feed  may  be  such  as  to  purposely 
cause  an  accumulation  of  ashes  upon 
the  dumping  grate  against  the  bridge- 
wall.  Here  it  will  normally  be  maintained 
until  it  becomes  excessive,  when  this 
surplus  is  conveniently  discharged  by 
withdrawing  the  dumping  grate. 

The  ash  acts  as  a  seal  at  the  front  and 
rear  of  the  grate,  which  causes  the  air 
supplied  to  the  ashpit  to  pass  up  through 
the  grate.  The  fuel  passes  slowly  through 
the  combustion  area  resting  on  the  layer 
of  ash  deposit. 
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Oster  Bent  Pipe  Threading 
Machine 

The  increasing  use  of  bent  pipe  for 
conduit  and  other  purposes  has  created 
a  demand  for  a  pipe  machine  which  will 
thread  pipe  when  so  bent.  Such  a  ma- 
chine, shown  herewith,  is  developed  by 
the  Oster  Manufacturing  Co.,  Cleveland, 
Ohio. 


Fig.  1.  Top  View  of  Bent-pipe  Thread- 
ing Machine 

Fig.  1  is  a  view  looking  down  on  the 
machine.  The  swivel  vise  will  stand  at 
any  necessary  angle  to  thread  pipe  bent 
on  a  radius  from  6  to  24  in.  This  vise 
is  locked  in  position  and  the  pipe  is 
held  in  its  jaws  in  the  ordinary  manner. 
The  slot  in  which  this  lock  is  placed  is 
so  graduated  as  to  enable  the  operator 
to  place  the  vise  at  any  desired  angle. 


iSt\ 
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as  3  in.  without  the  use  of  any  special 
nipple  jaws.  The  machine  is  also 
equipped  with  an  automatic  knock-off  so 
that  threads  of  a  standard  length  can 
be  easily  made. 

The  present  line  of  machines  is  de- 
veloped up  to  2-in.  pipe  only.  Special 
machinery  will,  however,  be  made  to 
order  up  to  and  including  6-in.  pipe. 


Fig.  2.  Side  View  of  Pipe-trheading 
Machine 

When  threading  straight  pipe,  the  vise 
is  locked  in  its  normal  position,  and  the 
machine  becomes  an  ordinary  pipe- 
threading  outfit,  good  for  all  job  pur- 
poses, even  to  threading  pieces  as  short 


Shim   for  Bearings 

The  halftone  shows  a  new  and  re- 
markably clever  shim,  composed  of  a 
series  of  layers  of  brass  0.002  in.  thick, 
firmly  held  together  by  a  film  of  solder 
of  no  appreciable  thickness.  Adjustment 
is  made  by  lifting  one  end  of  one  or 
more  of  the  layers  and  peeling  off.  The 
rest    of   the    shim    remains    as    solid    as 


Laminated  Shim 

ever  after  the  layers  are  removed.  This 
shim  is  applicable  to  all  classes  of  ma- 
chinery where  split  bearings  are  used. 
This  metal  can  be  obtained  in  sheet  form 
and  cut  to  suit.  It  is  manufactured  by 
the  Lindhe  Shim  Co.,  New  York  City, 
N.  Y. 


United  States  Overfeed  Stoker 

Under  date  of  Jan.  2,  page  24,  a  de- 
scription of  this  overfeed  stoker  was  pub- 
lished, in  which  it  was  stated  that  a  con- 
tinual stream  of  water  passes  through 
that  portion  which  is  in  direct  contact 
with  the  burning  fuel.  This  statement 
was  the  same  as  submitted  by  the 
makers,  who  request  us  to  make  this  cor- 
rection. The  circulation  of  water  is  very 
rapid  and  intermittent,  being  under  con- 
trol of  a  check  valve.  When  the  grates 
are  started  in  operation  the  check  valves 
are  opened;  as  soon  as  the  water  has 
flowed  in  and  filled  the  grates  this  check 
valve  automatically  closes,  preventing 
the  inflow  of  any  more  water  until  that 
which  is  lying  in  the  grates  is  flashed 
into  steam.  When  this  flashing  takes 
place  all  of  the  steam  and  water  in  the 
grates  is  flashed  very  rapidly  into  the 
steam  space  of  the  boiler,  carrying  with 
it  any  foreign  substance  in  the  tubes  that 
are  cast  in  the  grates.  As  soon  as  this 
flashing  takes  place  the  check  valve  is 
again  opened  and  a  fresh  supply  of  water 
taken  in.  The  flashing  is  very  rapid, 
taking  place  at  intervals  of  about  eight 
seconds  when  the  stoker  is  in  operation. 


Important  Boiler  Tests 

To  determine  the  comparative  merits 
of  the  .lacobs-Shupert  sectional  firebox 
and  the  ordinary  type  of  stay-bolt  firebox 
for  locomotive  boilers,  a  comprehensive 
series  of  tests  are  being  conducted  by 
Prof.  W.  F.  M.  Goss  at  the  Jacobs-Shu- 
pert  Co.'s  works  at  Coatesville,  Penn. 

Three  distinct  groups  of  tests  are  to 
be  made.  The  first  consists  of  tests  to 
determine  the  relative  amounts  of  heat 
absorbed  by  the  fireboxes  of  the  two  boil- 
ers under  similar  conditions  of  operation. 
The  original  construction  of  each  boiler 
provides  a  diaphragm  which  separates 
the  water  space  into  two  compartments, 
one  including  the  tube  surface  and  the 
other  the  firebox  surface.  In  the  course 
of  the  tests  these  compartments  are  to 
be  fed  separately  with  weighed  water,  an 
arrangement  permitting  a  separate  deter- 
mination of  the  heat  transmitted  by  the 
firebox  and  by  the  tubes  respectively. 
These  tests  will  also  show  the  relative 
heat-transmitting  capacity  of  a  unit  area 
of  firebox-heating  surface  as  compared 
with  a  unit  area  of  tube  surface. 

The  second  set  of  tests  will  be  made 
with  the  diaphragms  removed.  It  is  also 
expected  that  information  will  be  secured 
concerning  the  circulation  in  the  boilers. 
After  the  completion  of  the  foregoing 
tests  the  boilers  will  be  removed  to  a  lo- 
cation where  their  explosion  will  result 
in  no  harm  to  surrounding  property,  and 
are  to  be  tested  for  strength  under  low- 
water  conditions.  The  instruments  of 
observation  are'  to  be  placed  within 
shelter  and  all  precautions  are  to  be 
taken  to  insure  the  safety  of  the  spec- 
tators. Under  these  conditions  each  boiler 
is  to  be  subjected  to  a  progressive  series 
of  tests  until  the  destruction  or  serious 
deformation  of  the  firebox  occurs,  the 
series  to  be  carried  out  substantially  as 
follows: 

The  boilers  are  to  be  operated  under 
normal  conditions  at  a  predetermined 
rate  of  power  and  the  feed  is  then  to  be 
cut  off  until  the  water  level  reaches  the 
upper  surface  of  the  crown-sheets.  The 
feed  pump  will  then  be  started  again  and 
the  water  level  restored,  after  which  the 
pressure  will  be  reduced  and  a  careful 
examination  made  of  all  parts.  This  will 
be  repeated,  'lowering  the  water  level 
successively  I,  3,  6  and  12  in.  below  the 
crown-sheet. 

In  order  that  the  fire  may  be  under 
control  at  all  times  at  a  safe  distance, 
oil    fuel   has  been   selected. 

The  Jacobs-Shupert  United  States  Fire- 
box Co.  has  announced  that  it  will  be 
glad  to  have  any  engineers  interested 
present  at  the  tests. 

The  first  of  the  tests  was  begun  on 
Feb.  I  and  the  low-water  tests  are 
scheduled  to  begin  about  Apr.  1.  The 
exact  dates,  however,  may  be  had  a  few 
days  in  advance  by  applying  to  the  above 
mentioned  company  at  Coatesville,  Penn. 
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Secretary  Fisher  on  Water 
Power    Development 

The  annual  report  of  the  Secretary  of 
the  Interior,  which  has  just  been  made 
public,  shows  an  intimate  knowledge  of 
the  present  conditions  affecting  water- 
power  development  in  the  United  States 
and  points  out  a  course  whereby  the 
present  chaotic  situation  may  be  elimi- 
nated and  still  preserve  both  Federal  and 
states   rights. 

The  inadequacy  of  the  provision  now 
included  in  Federal  grants,  making  a 
tenure  revocable  at  the  will  of  the  ad- 
ministration, is  pointed  out.  This  theo- 
retically tends  to  increase  the  risk  in- 
volved and  gives  an  excuse  for  demand- 
ing unusually  large  returns  upon  the 
investment,  in  spite  of  the  fact  that  ex- 
perience has  shown  no  such  risk  to  exist. 
Furthermore,  such  a  provision  tends  to 
discourage  water-power  development. 

Mr.  Fisher  is  of  the  opinion  that  the 
Federal  Government  has  ample  constitu- 
tional right  to  control  the  water  powers 
both  on  navigable  streams  and  upon  the 
public  domain;  in  fact.  Federal  control 
is  often  necessary  where  long-distance 
transmission  involves  interstate  com- 
rherce. 

Summed  up  in  a  few  words,  the  report 
recommends  that  the  Government  lease 
water-power  privileges  upon  the  payment 
of  rentals  which  shall  be  adjusted  at 
periodic  intervals.  When  the  period  of 
readjustment  arrives  the  Federal  Govern- 
ment will  inquire  into  the  condition  of 
the  grant,  and  if  the  grantee  has  been 
furnishing  good  service  at  reasonable 
rates  and  making  a  fair,  profit,  there  will 
be  no  reason  for  raising  the  rentals.  If, 
on  the  other  hand,  the  grantee  has  been 
permitted  to  make  an  unduly  large  profit 
at  the  expense  of  the  community,  the 
Federal  Government  can  increase  the 
rental  and  thereby  indirectly  reimburse 
the  public. 

The  question  of  fixing  rates  and  regu- 
lating service  is  to  be  left  entirely  to 
the  state  or  community  and  all  returns 
from  rentals  of  the  power  sites  are  to 
be  used  in  improving  the  flow  conditions 


or  for  other  local  improvements.  In  this 
t\'ay  the  benefits  are  to  revert  to  the  state. 

The  argument  that  rentals  must  neces- 
sarily increase  the  price  paid  for  power 
by  the  consumer,  is  answered  by  point- 
ing out  that  most  towns  supplied  by 
hydro-electric  power  also  have  steam- 
generated  power,  and  that  the  cost  of 
producing  the  latter  will  necessarily  fix 
the  selling  price  of  all  the  power. 

Heretofore,  the  absence  of  any  definite 
policy  has  resulted,  in  some  instances, 
in  the  granting  of  special  privileges  con- 
trary to  the  best  interests  of  the  people, 
while  in  others  it  has  hindered  the  de- 
velopment of  important  water  powers. 
Now  that  the  Federal  Government  has 
signified  a  willingness  to  do  its  part  and 
has  outlined  a  tentative  plan,  it  is  time 
for  the  states  to  step  into  line  and  offer 
their  earnest  cooperation. 


Valves  in  Steam  Lines 

In  a  broad  sense,  valves  in  a  steam 
line  may  rightfully  be  considered  as  a 
necessary  evil.  This  statement  is  rathef 
startling  at  first  thought,  but  when  all 
of  the  difficulties,  disadvantages  and  dan- 
gers in  connection  with  their  use  are 
fully  realized  the  truth  of  the  statement 
will  be  well  appreciated.  Of  course, 
some  valves  are  always  necessary,  but 
the  number  should  be  kept  at  a  minimum. 
Stop  valves  on  the  boilers,  as  well  as  a 
valve  at  the  junction  of  each  branch  to 
the  main  line,  are  always  indispensable, 
but  often  additional  valves  are  inserted 
at  various  points  merely  to  cut  out  a  part 
of  the  steam  main.  Such  valves  are 
usually  superfluous  and  are  more  detri- 
mental to  the  system  than  otherwise. 

The  greatest  disadvantage  resulting 
from  a  multiplicity  of  valves  is,  perhaps, 
their  obstruction  to  the  flow  of  the  steam. 
This  engenders  a  drop  in  pressure  be- 
tween the  boilers  and  the  steam  con- 
sumers which  means  a  certain  efficiency 
and,  therefore,  a  monetary  loss  day  after 
day  as  long  as  the  plant  continues  to  op- 
erate. For  this  reason  such  types  should 
be  installed  that  offer  the  least  impedi- 
ment to  the  free  passage  of  the  steam. 
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Attention  should  also  be  given  to  the 
■question  of  condensation  and,  where  nec- 
essary, the  valves  should  be  properly 
drained  to  prevent  the  accumulation  of 
water  which  might  be  picked  up  by  the 
onrushing  steam  and  perhaps  result  in 
a  blown-out  cylinder  head  or  other  dam- 
age. 

Another  disadvantage  of  a  multiplicity 
of  valves  is  their  constant  care  in  keep- 
'ing  the  packing  tight.  Any  leaks  due  to 
poor  or  loose  packing  can  be  easily 
noticed  and  repairs  made  at  once,  but 
wire  drawing  and  internal  leaks  are  not 
so  noticeable  and  they  sometimes  lead 
to  considerable  trouble  and  even  danger. 
For  instance,  if  there  are  two  valves 
closed  and  the  one  nearest  the  boiler 
allows  steam  to  leak  through  while  the 
other  one  is  perfectly  tight,  the  steam 
pressure  will  build  up  in  the  line  between 
these  two  valves  and  become  a  source 
of  danger,  particularly  as  such  a  condi- 
tion is  usually  unexpected  and,  therefore, 
not  provided  for. 

The  proper,  accessible  location  of  the 
valves  should  always  be  borne  in  mind 
when  laying  out  a  steam  line.  In  many 
plants  the  question  of  proper  valve  lo- 
cation has  been  so  little  considered  that 
his  life  is  endangered  every  time  a  man 
essays  to  close  one,  for  should  there  be 
an  escape  of  steam  while  he  is  operating 
the  valve,  he  would  either  be  scalded  or 
have  to  take  big  chances  and  drop  to  the 
floor.  Oftentimes  a  small  platform  is 
built  directly  over  the  steam  line  to  which 
the  valve  stem  is  carried.  This  is  a 
poor  arrangement  for  in  case  of  acci- 
dent there  is  no  possible  way  for  the 
man  to  escape  as  he  would  be  in  the 
direct  path  of  the  steam  rising  from  the 
break  in  the  line  below. 

The  placing  of  valves  in  pits  should 
also  be  avoided;  if  it  is  absolutely  nec- 
essary to  do  so,  then  the  valve  stem 
should  always  be  extended  to  the  floor 
level  above,  from  which  point  the  valve 
can  be  closed  or  opened  without  any 
danger. 
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Ventilating  engineers  complain  that 
their  work  is  hampered  by  the  interfer- 
ence of  owners  of  buildings  and  archi- 
tects. Operating  engineers  can  sympa- 
thize with  them.  Until  steps  are  taken 
to  prevent  this  ignorant  interference,  fool 
managers  will  continue  to  rush  in  where 
wise  engineers  tread  with  extreme  cau- 
tion. 


How  the  Central  Station  Got 
One  Plant 

The  engineer  looked  over  his  plant  and 
was  proud  of  it.  For  years  he  had  been 
chief  over  nine  or  ten  men  who  were  do- 
ing work  that  could  easily  have  been  done 
by  six  men. 

So  far  as  the  chief  knew,  the  central- 
station  solicitor  had  never  dreamed  that 
there  was  a  chance  to  do  business  with 
the  owners  of  this  plant.  But  Mr.  Solici- 
tor was  merely  biding  his  time,  and  his 
time  finally  came,  much  to  the  surprise  of 
the  engineer. 

This  chief  is  an  every-day,  ordinary 
engineer,  just  like  thousands  of  others 
who  work  in  large  cities.  He  had  allowed 
his  boilers  to  become  dirty,  the  tubes 
were  covered  with  scale  and  the  efficiency 
of  his  plant  ran  behind  in  other  respects. 
One  day  the  inevitable  accident  hap- 
pened; the  entire  plant  was  shut  down 
and  things  were  at  sixes  and  sevens.  Cur- 
rent for  light  and  power  was  in  urgent 
demand. 

Here  was  the  chance  for  which  the 
central-station  solicitor  was  waiting;  he 
could  put  m  motors  and  electrical  con- 
nections in  a  few  hours,  and  he  did.  The 
engineer  had  his  excuses  ready  as  to  the 
cause  of  the  accident,  but  the  thing  of  the 
greatest  moment  to  all  concerned  was  that 
the  central  station  had  gained  a  foothold, 
with  the  probability  that  its  service  would 
remain  in  that  plant,  and  that  the  engi- 
neer would  have  to  go. 

And  he  did;  he  is  now  looking  for  a 
position.  The  central  station  is  changing 
all  of  the  useful  steam-driven  machineryto 
motor  drive,  and  many  of  the  old  ma- 
chines are  being  removed  and  discarded; 
useless  lengths  of  piping  are  being  taken 
away,  and  one  of  the  two  boilers  has 
been  condemned.  In  a  short  time  this 
plant  will  be  electrically  equipped 
throughout,  and  the  chances  are  very 
strong  that  the  central  station  will  re- 
main as  the  dominating  factor  in  its  op- 
eration. 

The  story  has  been  told — nothing  add- 
ed, nothing  withheld — and  there  is  but 
one  conclusion  to  reach:  The  engineer 
of  that  plant  was  inefficient;  he  either 
did  not  know  his  business  or  he  was 
blind  to  his  opportunities  and  to  his  own 
interests.  He  lay  back,  took  things  easy; 
in  fact,  sold  his  birthright  for  a  mess 
of  pottage. 

How  many  more   are  there   like  him? 
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"To  Earn  More,  Learn  More" 

"Learning  while  getting  a  living"  is 
the  headline  on  a  newspaper  story  of 
how  some  young  Westerners  do  both 
while  paying  their  way  in  college  and 
acquiring  industrial  knowledge  in  a  shop. 
And  there  are  500  applications  for  150 
vacancies  in  the  freshman  class  this  term. 
"To  earn  more,  learn   more." 


A  five-ton  fire  engine  recently  did  duty 
on  the  streets  of  New  York  sandwiched 
between  two  huge  placards  warning 
people  against  throwing  away  lighted 
matches.  This  may  seem  spectacular, 
but  it  drew  an  attentive  crowd.  It  might 
be  well  to  mount  the  next  exploded 
boiler  on  a  four-horse  truck  and  draw 
it  through  the  streets  placarded  with  the 
cause  of  the  explosion.  Perhaps-  it  would 
decrease  the  number  of  boiler  accidents. 


The  New  York  physician  who  said  re- 
cently that  there  is  no  such  thing  as 
artificial  ventilation  seems  to  agree  with 
the  college  professor's  celebrated  lecture 
on  the  snakes  in  Ireland:  "There  is 
none."  If  the  medico  will  revise  his 
opinion  by  stating  that  in  his  hospital 
practice  he  has  not  always  met  with  the 
best  of  ventilation,  he  will  appear  to 
agree  with  many  of  the  ventilating  en- 
gineers. 


Power  is  in  receipt  of  a  number  of 
articles  on  "Running  a  Steam  Turbine," 
but  more  are  wanted.  Send  in  a  clear, 
brief  story  of  how  you  would  run  a 
steam  turbine;  illustrate  it  with  rough 
sketches.  The  editors  will  put  the  article 
in  shape,  if  necessan.',  and  the  artists 
will  attend  to  the  drawings.  You  may 
win  the  fifty-dollar  prize.  Turn  back  in 
your  file  to  Dec.  26  and  study  the  con- 
ditions of  the  contest. 


Old  steam  boilers  under  sidewalka 
are  a  menace  to  the  public  which  the 
boiler-inspection  department  of  New  York 
City  is  supposed  to  safeguard.  Better 
put  some  of  them  out  on  the  scrap-heap. 


If  your  employer  still  believes  that 
the  beginning  and  end  of  your  vocation 
is  keeping  the  water  boiling,  it  is  prob- 
ably your  own  fault.  It  may  be  that 
this  is  the  reason  why  he  turns  a  deaf 
ear  when  you  want  more  money. 
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Readers  with  Something  to  Say 

A  letter  good  enough  to  print  will  be  paid  for.     Ideas,  not  mere  words,  wanted 


Sampling  and  Analyzing  Coal 

When  samples  of  other  than  small  coal 
are  to  be  taken,  some  difficulties  arise 
which  cause  considerable  work.  The 
sample  should  be  a  fair  specimen  of  the 
coal  in  general,  and  fair  to  both  dealer 
and  consumer. 

With  one  engineering  firm  it  was  cus- 
tomary to  tell  the  coal  agent  that  an 
analysis  of  the  coal  would  be  made  and 
if  the  contract  was  let  the  coal  delivered 
must  be  kept  up  to  the  analysis.  The 
agent,  to  be  obliging,  would  send  as  a 
sample  a  lump  of  coal  that  would  grace  a 
mineralogist's  cabinet  but  be  absolutely 
useless  for  analysis,  or  a  letter  of  intro- 
duction would  be  given  to  some  consumer 
who  out  of  courtesy  would  insist  on  get- 
ting the  sample  from  the  coal-pile  him- 
self, which  would  be  equally  ill  fitted. 

If  the  coal  to  be  tested  was  lump  coal 
and  in  the  car  the  sample  was  taken 
while  the  car  was  being  unloaded;  if  one 
of  the  smaller  grades,  thesample  could 
be  taken  by  digging  along  the  sides  and 
middle  of  the  car,  straight  down  to  the 
bottom.  If  taken  from  the  boiler  room  I 
usually  managed  to  be  there  while  the 
coal  was  being  delivered  and  thus  got  a 
sample  from  the  pile  as  well  as  from  the 
wagon.  The  amount  varied  with  the  size 
and  the  condition  of  the  coal.  For  lump 
and  block  more  was  taken,  until  a  sample 
containing  a  fair  run  of  the  coal  was  ob- 
tained. If  the  coal  showed  seams  of  slate 
the  pile  was  thoroughly  gone  over  to  esti- 
mate about  what  percentage  of  the  lumps 
contained  slate.  The  sample  was  then 
placed  in  a  pile  and  mixed,  broken  into 
pieces  about  3  or  4  in.  square  and  the 
pile  quartered.  Opposite  quarters  were 
taken  and  the  process  continued  until  the 
coal  was  broken  into  pieces  about  ■  j  in. 
square.  For  taking  the  coal  to  the  labora- 
tory a  tin  pail  holding  about  5  lb.  and 
fitted  with  a  tight  cover  was  used. 

In  the  laboratory  the  coal  was  again 
broken  into  pieces  of  about  '4  in.  and 
exactly  5  grams  weighed  and  placed  in 
the  oven  at  a  temperature  of  225  deg.  F. 
for  one  hour  to  expel  the  moisture.  Up 
to  the  time  of  placing  the  coal  in  the  oven 
the  work  was  done  as  rapidly  as  pos- 
sible as  in  breaking  the  coal  more  op- 
portunity was  offered  for  the  loss  of 
moisture.  A  fair  sample  of  the  coal  in 
the  bucket  was  taken  and  ground  in  a 
Parker  mill  and  2  or  3  oz.  pulverized  in 
a  mortar  till  fine  enough  to  pass  through 
a  100-mesh  sieve.  This  is  mixed  and 
quartered  and  about  1  oz.  retained  for 
the  final  analysis  of  volatile  matter,  fixed 


carbon  and  ash.  Two  tests  are  made  by 
which  to  check. 

The  calorific  value  of  the  coal  was 
found  with  a  Parr  standard  calorimeter 
for  B.t.u.  per  pound  of  coal,  for  the 
B.t.u.  per  Ic.  and  the  B.t.u.  per  pound 
of  hydrocarbons.  From  these  readings 
calculations  were  made  to  determine  the 
heating  value  of  the  coal  as  it  was  de- 
livered, with  the  moisture  still  in  it,  and 
also  on  the  coal  with  the  moisture  ex- 
pelled. The  third  calculation  was  for 
pure  coal;  that  is,  coal  containing  only 
volatile  matter  and  fixed  carbon. 

The  difference  between  the  B.t.u.  per 
Ic.  for  dry  coal  and  wet  coal  shows  how 
much  can  be  lost  by  a  fireman  continually 
wetting  the  coal.  The  tests  made  were 
for  coal  used  in  18  or  20  buildings  and 
were  made  without  notice  to  the  engi- 
neers or  firemen,  but  when  the  log  sheets 
showed  the  manager  that  the  coal  was 
falling  off  in  quality. 

The  report  of  the  analysis  was  made 
on  a  card  similar  to  the  one  shown  and 
filed  for  reference. 


accompanying  sketch.  This  method,  I 
was  told,  was  a  common  practice  among 
old-timers  in  Lancashire  30  years  ago. 
My  friend  had  it  down  to  a  standard,  the 
flats  being  made  li  of  the  shaft  diam- 
eter wide  and  the  lengthwise  cut  was 
within  's  of  the  shaft  diameter  of  the 
journal  ends.  That  is,  for  an  8-in.  diam- 
eter   journal,    the    flats    should    be    1    in. 
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Flat  Places  on  the  Shaft 

wide,  and  extending  to  1   in.  of  the  jour- 
nal ends. 

My  friend  also  said  that  this  method 
was  applied  on  new  machinery  made  in 
the  north  of  England  about  this  time.  Is 
there  any  reason  why  it  should  not  be 
adopted  today  ? 

F.    P.    Strachan. 

Belfast,  Ireland. 


Wet       Dry-    |  Pure 

Jloioture    

Ash           

Total               

B.t.u.  per  pound  of  hydro- 

REivrARKS: 

Thomas  H.  Watson. 


Chicago,  III. 


Cure    for   a    Hot  Bearing 

A  short  time  ago,  one  of  the  main 
bearing  journals  of  a  large  Corliss  en- 
gine under  my  charge  gave  considerable 
trouble  by  warming  up. 

Many  and  various  remedies  were  tried 
for  preventing  it  without  any  real  suc- 
cess until  I  happened  to  tell  my  troubles 
to  a  neighbor  engineer  who  gave  me  a 
cure  for  hot  bearing  journals  which,  when 
applied,  proved  successful  and  stopped 
further  bearing  troubles. 

The  cure  consisted  of  cutting  three  flat 
places  along  the  shaft  as  shown  by  the 


Sheet  Packing  and  Gaskets 

The  two  principal  points  regarding  a 
good  packing  job  are  the  cutting  of  the 
packing  and  the  putting  it  into  place; 
after  that  comes  the  quality  of  the  pack- 
ing. Have  the  packing  as  thin  as  pos- 
sible; a'j  and  t's  in.  are  best,  though  H 
in.  is  good  in  some  places. 

Do  not  load  up  on  all  the  varieties 
made,  even  to  please  a  salesman,  for 
just  as  sure  as  this  is  done  the  waste 
will  grow  proportionally.  One  salesman 
will  advise  a  red  packing  and  another 
black,  and  both  will  prove  that  they  are 
right.  Because  a  packing  tears  easily 
in  the  hand  is  no  real  proof  of  its  poor 
quality. 

Do  not  buy  packing  suitable  for  super- 
heated steam  for  medium  steam  pres- 
sures, 100  lb.  and  less,  because  it  is  a 
waste  of  money.  In  cutting  sheet  pack- 
ing into  gaskets  for  flanges,  steam  and 
water  cylinders,  steam  chests,  etc.,  use 
the  knife  more  and  the  hammer  less. 
Under  equal  conditions,  a  poor  quality 
of  packing  cut  with  a  knife  will  give 
better  satisfaction  than  a  better  grade 
cut  with  the  hammer  in  the  flange.     Do 
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not  be  afraid  to  use  the  dividers,  rule 
and  pencil  in  laying  out  packing. 

It  is  all  right  to  place  the  packing 
against  the  flange  and  tap  it  lightly  with 
the  hammer  for  marking,  but  on  no  ac- 
count hit  sufficiently  hard  to  cut  the 
gasket;  use  the  knife  for  that,  as  the 
hammer  tears  it.  To  save  time,  men 
u'ill  sometimes  cut  the  bolt-holes  out 
with  the  peen  end  of  the  machinist's 
hammer.  This  is  bad  practice  and  is  the 
cause  of  many  blowouts  at  the  bolt-holes. 

Never  place  one  gasket  on  top  of  an- 
other to  make  a  tight  joint.  If  the  flanges 
do  not  face  properly,  a  gasket  will  not 
answer  the  purpose.  That  is  what  a 
"dutchman"  is  for. 

As  to  what  constitutes  a  good  sheet 
packing  or  gasket,  here  is  an  instance 
that  will  verify  what  I  stated  at  the  be- 
ginning of  my  letter,  it  depends  upon 
the  one  putting  it  in:  The  valve  in  ques- 
tion was  a  3-in.  globe  valve,  the  steam 
supply  to  a  fire  and  general-service  pump 
of  750  gal.  per  min.,  and  using  steam 
at  80  lb.  pressure. 

This  pump  runs  24  hours  a  day  for 
about  six  weeks,  when  its  companion 
takes  the  next  shift,  and  they  have  both 
been  doing  so   for   12  years. 

It  was  necessary  to  remove  the  valve 
bonnet  to  replace  the  valve  disk;  and 
this  was  the  first  time  it  was  removed 
in  all  that  period.  The  gasket  on  it  was 
a  single  loop  of  common  cotton  string, 
the  ends  simply  crossing  one  another  in 
the  form  of  an  "X." 

Equally  as  important  as  cutting  the 
gasket  and  putting  it  in  place  is  the 
coming  up  on  the  bolts  with  the  nuts. 
It  is  understood  that  the  faces  of  the 
flanges  are  thoroughly  cleaned  for  this 
operation. 

Just  watch  a  first-class  engineer  come 
up  on  the  bolts  on  his  engine  cylinder 
head  or  steam  chest  when  replacing  them. 
Note  how  carefully  he  comes  up  on  them 
all,  little  by  little,  paying  particular  at- 
tention to  each  one  in  turn  as  the  task 
is  nearly  done.  One  or  two  bolts  are 
not  put  under  a  severe  strain  while  the 
rest  are  being  brought  up  to  proper 
tension,  but  the  pressure  is  divided 
equally  and  gradually  on  them  all.  The 
inclination  to  come  up  tight  first  on  one 
bolt,  then  follow  with  the  next,  and  so 
on,  is  the  cause  of  many  blowouts  at 
the  bolt-holes.  The  cheapest  part  about 
any  gasket  is-  its  original  cost;  putting 
it  in  is  the  expensive  part.  Graphite 
mixed  with  cylinder  oil  is  an  old  and 
excellent  thing  to  apply  to  the  face  of 
one  of  the  flanges,  so  the  valve  bonnet  or 
steam  chest  may  be  easily  removed  with- 
out destroying  the  gasket. 

Many  users  of  sheet  packing  call  for 
packing  with  cloth  insertion  for  cold- 
water  service,  but  equally  good  results 
may  be  had  of  packing  without  it,  as 
well  as  saving  the  expense  of  an  extra 
line  of  packing.  Watch  the  dollars;  pack- 
ing runs  into  dollars  very  quickly. 


A  noticeable  fact  is  that  nearly  every 
time  an  expert — one  of  the  maker's  own 
men  sent  to  make  good  a  machine  or 
appliance — has  a  job  of  this  kind,  es- 
pecially on  engines  and  pumps,  and 
either  end  of  the  latter,  he  seems  more 
anxioiis  to  get  heavy  wrapping  paper  for 
gasket  material.  As  these  men  are  work- 
ing on  their  companies'  own  time,  they 
must  certainly  know  what  is  best  both 
for  service  and  lasting  qualities.  Sales- 
men have  actually  laughed  at  such  ab- 
surd purchases  as  ;4-in-  thick  sheet 
packing,  and  say  that  there  is  absolutely 
no  gain  in  its  use.  Of  course,  diaphragm 
packing   requires   a   special   packing. 

An  excellent  tool  for  cutting  bolt-holes 
in  a  gasket  is  a  punch  made  of  a  short 
piece  of  pipe  having  one  end  ground  to 
a  sharp  edge.  Place  the  gasket  on  a 
board  and  hit  the  punch  with  the  ham- 
mer. It  is  best  to  have  a  set  of  these 
punches  to  suit  the  various  size  bolt-holes 
needed. 

By  using  ring  gaskets  there  is  cer- 
tainly a  saving  on  material.  The  aver- 
age mechanic  in  using  sheet  packing 
wastes  a  great  deal  of  it,  and  instead 
of  using  the  scraps,  which  at  times  are 
amply  large  for  small  work,  he  will  hack 
off  a  generous  piece  from  the  roll  and 
in  turn  add  to  the  junkpile.  Make  sure 
the  gasket  is  a  good  fit,  no  crimping  in 
it;  see  that  the  bonnet  or  flange  fits  even- 
and  comes  up  uniformly  on  the  bolts, 
and  a  good  job  is  assured. 

Scott  Norton. 

Springfield,  Ohio. 


A    Deranged  Governor 

I  had  an  interesting  experience  some 
years  ago  down  in  western  Tennessee,  in 
a  small  lighting  plant;  the  engine  was  a 
small  high-speed  affair  and  it  was  giving 
trouble  from  racing. 

I  had  been  sent  for  to  indicate  the  en- 
gine and  try  to  locate  and  remedy  the 
trouble.  When  I  arrived  at  the  plant,  at 
about  9  p.m.,  the  superintendent  was  at 
the  switchboard  and  the  engineer  at 
the  throttle  valve,  trying  to  maintain  suf- 
ficient light  to  "pull  off"  a  show  which 
was  in  progress  in  a  theater  of  the  town. 
After  midnight  we  shut  the  engine  down 
to  ascertain  the  trouble.  I  found  only 
one  governor  weight  on  the  engine,  and 
asked  the  engineer  where  the  other  one 
was.  He  said  it  was  over  in  the  corner; 
they  had  tried  the  weights  every  way 
they  could  think  of  and  got  better  re- 
sults without  the  other  one.  I  looked 
the  engine  over  and  found  the  eccentric 
to  be  only  about  30  deg.  ahead  of  the 
crank.  At  this  I  was  not  surprised,  but 
when  I  discovered  that  the  eccentric  was 
keyed  to  the  shaft  in  this  position  I  be- 
gan to  wonder,  for  I  knew  the  engine  had 
previously  run  in  a  power  plant  at  Nash- 
ville, Tenn.,  and  was  bought  by  these 
people  second-hand. 

I   asked  the  engineer  if  the  eccentric 


was  keyed  to  the  shaft  when  they  got 
it  and  he  informed  me  that  it  was.  I  then 
asked  if  they  had  made  any  repairs  on 
the  engine;  he  informed  me  that  a  local 
machinist  made  a  new  crank  disk  for 
the   engine. 

This,  of  course,  made  matters  clear, 
for  I  knew  then  just  what  had  happened. 
The  machinist  who  repaired  the  engine 
paid  no  attention  to  the  position  of  the 
keyway  in  the  old  disk,  or  to  the  relation 
of  the  eccentric  to  the  disk  when  he  came 
to  cut  the  new  keyway,  but  just  cut  it 
any  place  that  came  handy.  Fortunately, 
there  were  two  setscrews  in  the  eccentric 
over  the  key,  so  we  took  out  the  key,  set 
the  eccentric  in  proper  position  and  put 
in  the  other  governor  weight.  After  a 
few  adjustments  we  had  a  nice-running 
engine  and  secured  some  good  indicator 
diagrams. 

H.  R.  Rockwell. 

Alton,  111. 


Starting   a    Plant  Shut   Dow  n 
for  a  Year 

Rules  to  observe  by  an  engineer  on 
taking  charge  of  a  steam  plant  that  has 
been  shut  down  for  one  year  are  as 
follows: 

Remove  all  boiler  manhole  and  hand- 
hole  plates,  get  into  the  boiler  and  look 
for  signs  of  grooving  and  pitting;  then 
see  that  all  braces  are  sound,  testing 
them  by  tapping  with  a  hammer.  The 
feed  pipe  should  be  examined  to  see  that 
it  is  not  filled  with  scale;  also  see  that 
the  discharge  is  not  directly  on  the  tubes 
or  against  the  shell. 

Remove  all  scale  from  the  shell  and 
tubes  and  before  coming  out  of  the 
boiler  examine  the  blowoff  pipe  and 
know  that  it  is  sound  and  not  filled  with 
scale.  The  outside  inspection  con- 
sists of  examining  the  brickwork,  and 
repairing  the  setting  if  necessary;  also 
put  new  sections  in  the  grate  if  they 
are  needed. 

Examine  and  test  the  steam  gage  and 
safety  valve  and  know  that  they  are  in 
good  working  order,  also  examine  the 
the  pipes  leading  to  the  water  column 
and  clean  them  out.  The  water  column 
may  or  may  not  be  set  properly  with  re- 
spect to  the  boiler  tubes.  Set  it  so  that 
when  the  water  is  2  in.  over  the  top  row 
of  tubes  it  will  just  begin  to  show  in 
the  glass.  The  feed  pump  should  be 
newly  packed  and  put  in  good  condition. 
The  feed  water  heater  requires  atten- 
tion for  it  may  be  filled  with  scale;  the 
pipe  connecting  with  it  may  also  be 
badly  scaled. 

When  the  engine  is  reached  take  off 
the  cylinder  head,  and  the  steam-chest 
cover.  If  the  cylinder  is  rusted  it  should 
be  cleaned  by  the  use  of  oil  and  the 
rust  removed.  The  valves  should  be 
set  properly   and   the   seat  put   in   good 
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condition,  and  all  old  packing  on  the 
piston  rod  and  valve  stems  should  be 
removed  and  new  packing  substituted. 
Examine  the  bearings  of  the  engine  be- 
fore starting  up  and  if  they  are  cut  or 
scored,  scrape  them  until  they  present 
a  smooth  surface  and  adjust  them  until 
they  are  a  proper  fit. 

When  everything  has  been  put  in  run- 
ning order,  proceed  to  start  up  as  under 
ordinary  circumstances. 

William  Goal. 

Gibsonburg,  Ohio. 


What  Changes  Are  Necessary? 

I  would  like  to  have  readers  of  Power 
tell  me  what  they  think  of  the  accom- 
panying diagrams  and  what  change  would 
be   necessary  to   obtain   the  best   results. 


Is  Valve  Adjustment  Necessary? 

The  diagrams  were  taken   from  an  Atlas 
four-valve    engine. 

J.      D.     GiLMORE. 

Hillsboro,  111. 


New  Water  Finder 

Technical  papers,  when  they  make  a 
news  item  of  any  miraculous  scheme,  in- 
variably make  the  write-up  so  as  to  ex- 
pose the  "nigger  in  the  wood  pile."  It 
is  thus  that  these  papers  have  built  up 
for  themselves  a  character  of  solid  worth 
and  they  can  be  depended  upon  by  the 
readers.  But  a  recent  number  of  a  sup- 
posedly technical  paper  gave  me  an  acute 
attack  of  "spinal  come  and  git  us."  The 
caption  of  the  article  was  "A  New  Water 
Finder,"  and  when  I  read  that  "for  find- 
ing water  up  to  a  depth  of  200  ft.  the 
instrument  costs  $150,"  I  instinctively 
turned  to  the  "Buyers'  Guide"  and  "In- 
dex to  Advertisements"  to  learn  the  price 
of  stock,  the  bonus  of  "common"  with 
the  purchase  of  each  share  of  "pre- 
ferred," etc.  The  instrument  can  be 
readily  used  by  unskilled  persons,  of 
course.     The  article  said  in  part: 

The  principle  on  wliich  tlie  instrument 
worlds  is  the  indicating-  of  the  presence 
of  currents  which  flow  between  the 
eartli  and  the  atmosphere,  and  which, 
seeking-  the  path  of  greatest  conductiv- 
ity, are  always  strongest  in  the  vicinity 
of  subterranean  water  courses,  the 
-waters  of  which  are  charged  to  a  certain 
degree. 

Would  not  that  frost  the  pipes  of  your 
vertebral  refrigeration  system?  If  not, 
how  is  this? 

The  instrument  indicates  water  courses 
flowing  underground  in  a  natural  state, 
and  not  water  pipes  and  sources  that 
have    sprung    up    to    daylight 


Observations  should  always  be  taken  on 
a  fine,  calm,  clear  day  between  8  and 
12  in  the  morning  and  2  and  5  in  the 
afternoon,  these  being  the  hours  of 
greatest  activity  of  the  vertical  earth 
currents. 


F.  Webster. 


Philadelphia,  Penn. 


What  Caused  the   Rod  to 
Wear? 

I  have  a  spare  16x36-in.  engine  which 
has  run  daily  from  about  5  p.m.  to  11 
p.m.  for  the  past  five  years.  The  piston 
rod  got  so  I  could  not  make  the  pack- 
ing hold  when  the  engine  was  loaded, 
and  upon  examination  I  found  that  the 
part  of  the  rod  in  the  cylinder  when  the 
engine  was  standing  was  smaller  than 
the  rest.  I  always  stopped  the  engine 
with  the  crank-end  crankpin  over  the 
center  on  the  lower  quarter  as  the  en- 
gine ran  over.  This  left  about  12  in. 
of  the  rod  in  the  cylinder. 

The  rod  is  round  and  in  fine  shape;  the 
part  in  the  cylinder  is  also  round,  but  it 
has  become  smaller  than  the  other  part, 
and  when  the  steam  valve  opens  on  the 
crank  end  the  steam  will  blow  out  in 
a  puff  and  the  rest  of  the  stroke  will 
be  all  right. 

The  rod  has  had  the  best  of  care,  it 
never  was  hot,  and  it  was  packed  with 
four  rings  of  soft  packing  which  is 
never  run  tight.  Why  should  the  sec- 
tion of  rod  in  the  cylinder  wear? 

A.    E.    Kernick. 

Madison,   Neb. 


An  Inexcusable    Loss 

Why  is  it  that  when  the  manufacturer 
has  studiously  designed  his  engine  with 
the  least  possible  clearance  practicable, 
that  the  erecting  man  will  so  often  care- 
lessly put  in  long  nipples  between  the 
cylinders  and  the  drain  cocks? 

I  know  of  two  high-speed  engines  run- 
ning at  275  r.p.m.  which  have  a  -U-in. 
nipple  6  in.  long,  an  ell,  and  a  12-in. 
nipple  on  each  drain  between  the  cylin- 
der and  the  drain  valves.  In  10  years  of 
service  the  loss  on  each  of  these  en- 
gines, with  coal  at  $3  or  $3.50  per  ton, 
will  amount  to  quite  a  sum. 

The  above  is  an  example  where  the 
nipples  are  unusually  long.  But  '2-in. 
nipples  from  6  to  10  in.  long  are  common 
in  the  usual  work  of  pipe-fitters,  with  a 
loss  of  steam  due  to  condensation  during 
the  life  of  the  engine.  Where  there  are 
many  auxiliary  engines  about  a  plant, 
the  combined  loss  is  a  big  item. 

At  a  speed  of  20O  r.p.m.,  with  10  years 
the  running  life  of  an  engine,  both  nip- 
ples will  uselessly  be  filled  with  steam 
at  full  boiler  pressure  2,102,400,000 
times. 

Therefore,  the  nipples  should  be  made 
as    short    as    practicable,    or   better   still, 


drain    cocks    should    be    provided    and 
screwed    directly    into    the   cylinder. 

ROSCOE  S.  Helvie. 
Havana,  Cuba. 


Does   Cold   Air  Cause  Leaky 
Pipe  Joints? 

I  have  often  heard  that  a  draft  of  cold 
air  in  the  vicinity  of  steam  pipes  will 
.make  the  joints  leak.  The  only  explana- 
tion that  I  have  ever  heard  is  that  the 
flanges  contract;  no  mention  of  the  bolts 
also  contracting. 

If  cold  air  really  makes  pipe  joints 
leak,  I  would  like  to  have  it  explained. 
1  have  studied  the  matter  somewhat  and 
from  experience  I  can  arrive  at  but  one 
conclusion — it  is  a  fallacy. 

A  good  joint  does  not  leak,  cold  air 
or  not,  but  a  joint  may  be  leaky  and  the 
leak  may  not  be  visible  on  account  of 
the  small  amount  of  escaping  steam,  in 
a  very  hot,  dry  atmosphere,  when  the 
steam  is  absorbed  by  the  air  before  it  is 
condensed.  If  cold  air  is  admitted  near 
the  same  joint,  the  steam  is  condensed 
before  it  is  absorbed  by  the  cold  air. 
Wilfrid  Normand. 

New   Bedford,   Mass. 


What   Cracked  the  Ells? 

The  accompanying  sketch  shows  the 
arrangement  of  the  steam  connection  to 
the  high-pressure  cylinder  of  a  30,  60 
and  90  by  66-in.  triple-expansion  engine. 
The  ell  at  the  bottom  cracked  all  the 
way  around  with  the  exception  of  about 


Showing  Where  the  Ell  Cracked 


5   in.,   the   break   coming   in   the   fillet   to 
the  Range. 

This  is  the  second  ell  breaking  at  the 
same  place,  but  on  different  engines. 
Can  some  reader  of  Power  suggest  a 
reason  for  these  breaks?  The  cylinders 
are  steam-jacketed. 

H.  R.  Blessing. 

Philadelphia,  Penn. 
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Questions  Before  the  House 

Comment,  criticism,  suggestions  and  debate  upon  various  articles, 
letters   and   editorials    which  have  anpeared  in  previous  issues 


Erecting  Steel  Stacks 

:  saw  an  article  recently  in  Power  on 
raising  steel  stacks.  The  following  plan 
is,  I  think,  far  superior  to  using  a  gin 
pole;  in  fact,  a  stack  can  be  raised  by 
this  plan  about  as  quickly  as  a  gin  pole 
can  be  raised. 

Use  is  made  of  three  or  four  sets  of 
chain  blocks  and  a  band  of  as  many 
pieces,  which,  after  being  clamped  on 
the  stack,  will  leave  room  enough  be- 
tween the  ends  to  hook  the  chain  blocks 
to  the  bolts.  Each  course  of  the  stack 
is  riveted  on  the  longitudinal  seam  and 


Showing  Stack  in  Course  of  Erection 

[he  band  is  clamped  upon  the  first  course, 
which  is  raised  high  enough  to  clear  the 
second  course.  This  course  is  then  put 
in  place,  and  riveted  at  the  roundabout 
seam  to  the  first.  The  bol:3  of  the  band 
are  then  slackened  and  the  band  is  low- 
ered to  the  under  side  of  the  roundabout 
seam  where  it  is  again  clamped  to  the 
stack  and  the  stack  is  raised  to  allow  a 
third  course  to  be  riveted  on  at  the  bot- 


tom.     This    process    is    continued    until 
the  stack  is  completed. 

At  the  proper  places  the  guy  bands 
are  riveted  and  the  guy  wires  anchored 
to  steady  the  stack.  As  each  course  is 
put  in  place  the  guy  wires  will  have  to 
be  slackened  in  order  that  the  stack  may 
be   raised. 

The  accompanying  figure  shows  the 
erection  of  a  60-in.  by  75-ft.  stack  ac- 
cording to  the  plan   just  outlined. 

H.   A.   TiTCOMB. 

Bellingham,  Wash. 


never  happens  with  wire  and  a  dollar's 
worth  of  it  is  sufficient  in  a  big  mill  for 
a  year. 

V.  L.  Ballou. 
Shirley,  Mass. 


Belt  Lacing 

I  have  noticed  that  in  all  of  the  dis- 
cussions on  lacing  belts  the  use  of  wire 
is     regarded     as    rather    unsatisfactory. 

I  know  from  long  experience  that  if 
belts  up  to  8  or  9  in.  wide  are  properly 
laced  with  small  soft  iron  wire  it  is  not 
possible  to  get  as  good  results  in  any 
other  way. 

Holes  should  be  punched  with  a  small 
awl  or  the  end  of  a  file  about  ii  in- 
apart  and  not  over  {>.  in.  from  the  edge. 
The  wire  may  then  be  sewed  in  by  hand, 
going  twice  through  each  hole  and  leav- 
ing it  straight  on  the  inside  of  the  belt 
with  the  ends  looped  under  one  of  the 
strands  at  the  finish.  Then  the  lacing 
should  be  put  on  the  smallest  pulley  and 
pounded  well  into  the  leather.  Failure 
to  do  this  is  what  makes  the  wire  break 
off. 

There  is  no  need  to  have  a  machine  to 
do  this  work;  it  can  be  done  just  as  well 
and  more  quickly  with  the  belt  hanging  on 
the  shaft.  With  a  little  practice,  one  can 
get  a  joint  that  cannot  be  noticed  with  the 
belt  either  running  or  idle,  and  the  re- 
sults will  be  fully  equal  to  those  se- 
cured with  an  endless  belt. 

The  belts  on  woodworking  machines 
are  subject  to  very  hard  usage,  but  I 
liave  had  5-in.  belts  running  at  5000 
ft.  per  minute  over  5-in.  pulleys  work 
for  three  months  and  the  wire  still  show 
no  signs  of  wear;  in  fact,  all  of  the 
belts  had  to  be  taken  up  long  before  the 
wire  gave  out. 

To  put  in  new  lacing,  take  a  pair  of 
snips  and  cut  across  the  belt,  then  pull 
out  the  ends  with  pinchers,  using  one 
set  of  holes  over  again  if  the  belt  is  to 
be  shortened. 

When  rawhide  lacing  is  used  the  holes 
pull  out  and  an  otherwise  good  belt  be- 
comes   too    short    and    worthless.      This 


Home    Made    Damper 
Regulator 

In  Power  for  Jan.  2,  A.  Seimes  in- 
quires for  the  design  of  a  home-made 
damper  regulator.  The  accompanying 
figure  shows  one  that,  while  it  will  not 
control  to  a  fraction  of  a  pound,  will 
nevertheless  work  fairly  well. 


Showing  Construction  of  Regulator 

Referring  to  the  figure,  /I  is  a  cast- 
iron  flange  about  8  or  9  in.  in  diam- 
eter, drilled  through  the  center  and 
tapped  for  1-in.  pipe.  Two  il^-in.  holes 
are  drilled  on  a  line  through  the  center 
and  at  a  distance  of  S'i  in.  from  it  for 
the  yi-'w.  guide  rods,  H.  The  cylinder  B 
is  of  1-in.  brass  pipe  and  about  12  in. 
long.  One  end  is  threaded  and  screwed 
into  the  flange  A   and  the  other  end  is 
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fitted  with  a  small  stuffing-box  C.  (A 
bonnet  from  an  old  valve  will  answer 
nicely.)  The  hole  in  the  stuffing-box 
should  be  ^4  in.  in  diameter  for  the 
piston  rod  D.  This  rod  should  be  of 
brass,  fs  in-  '"  diameter  and  about  14 
in.  long.  Both  ends  are  threaded,  and 
on  one  end  is  a  leather  disk  F  securely 
fastened  and  of  a  neat  fit  for  the  1-in. 
pipe.  The  other  end  is  screwed  through 
a  small  piece  of  square  iron  G  and  then 
locked  by  screwing  a  piece  of  iron  rod  £ 
on  top.  This  piece  in  turn  has  a  small 
hole  drilled  through  it  for  connecting 
the  damper  wire. 

The  ,top  piece  C  also  has  two  ri'j-in. 
holes  drilled  7  in.  apart  for  the  ;4-in. 
guide  rods,  which  are  of  sufficient  length 
to  allow  a  clearance  of  about  4  in.  when 
the  piston  is  all  the  way  up.  The  bottoms 
of  the  rods  are  threaded  and  screwed 
into  another  square  piece  of  iron  C,  as 
shown.  This  iron  has  a  .'.--in.  hole  drilled 
through  the  center  and  an  eye-bolt  fitted 
in  to  carry  sufficient  weight  to  balance 
the  boiler  pressure. 

Below  the  flange  A  there  should  be 
a  lx'4-in.  bushing  screwed  into  the  1- 
in.  pipe  and  a  small  '4-in.  nipple  and 
elbow  for  the  steam  connection.  Two 
'/<-in.  holes  should  be  drilled  through 
the  flange  A  before  assembling  so  that 
it  can  be  bolted  to  a  bracket  when  com- 
plete. 

George  H.  Handley. 

Newburgh,  N.  Y. 


The  accompanying  figure  illustrates  the 
design  of  a  simple  and  easily  constructed 
damper  regulator  which  I  have  used  in 
my   plant   with   good   results. 


Easily  Constructed  Regulator 

The  main  cylinder  -4  is  a  piece  of  1-in. 
brass  pipe  12  in.  long  with  the  cap  of  an 
old  globe  valve  fitted  onto  one  end.  The 
other  end  is  capped  and  a  }i-in.  pipe 
is  screwed  into  this  cap  to  form  the 
connection  with  the  boiler.  A  >:4-in.  drain 
pipe  is  connected  into  the  top  end  of  the 
cylinder  to  get  rid  of  any  water  that  may 


collect  on  top  of  the  piston.  The  piston 
rod  is  of  'j-in.  round  iron.  A  leather- 
cup  piston  is  held  in  place  on  the  end  of 
the  rod  by  suitable  washers  and  nuts. 

The    construction    of    the    other    parts 
of  the  regulator  is  self-explanatory. 

Martin  McGerry. 

Hollev,  N.  Y. 


Breakage  of  Separator  Gage 
Glasses 

In  the  Jan.  9  issue,  J.  W.  Dickson  com- 
plains that  he  cannot  get  glasses  to  hold 
in  separator  gages  and  wonders  if 
other  engineers  are  having  the  same 
trouble. 

In  my  plant  there  are  two  separators 
and  we  have  found  it  almost  impossible 
to  get  glasses  to  hold  in  them;  the  traps 
that  discharge  them  blow  glasses  as  fast 
as  the  separators.  My  reason  for  the 
trouble  is  the  higher  temperature  to 
which  the  glass  in  a  separator  is  sub- 
jected. The  water  stands  in  a  boiler 
glass  and  I  believe  it  cools  to  a  much 
lower  temperature  than  a  separator  glass 
for  the  separator  is  constantly  getting 
a  new  supply  of  steam,  thus  having  less 
time  in  which  to  cool.  We  have  not  broken 
a  boiler  glass  in  two  years,  but  the  same 
kind  of  glass  will  not  hold  in  a  separator. 
Edgar  Altman. 

Cincinnati,  Ohio. 


Brick  for  Boiler  Walls 

In  reply  to  the  inquiry  of  Lewis  L. 
Scheiderer  as  to  hollow  brick  for  boiler 
settings,  I  would  say  that  I  have  been 
for  two  years  in  a  plant  having  four 
150-hp.  return-tubular  boilers.  Two  of 
them  have  been  installed  14  years  and 
the  other  two  8  years. 

The  settings  of  the  first  two  have  an 
obiter  wall  12  in.  thick  and  an  inner 
wall,  17  in.  thick,  with  an  air  space  be- 
tween.    The  other  two  settings  are  solid. 

The  settings  with  the  air  space  radiate 
less  heat,  "draw"  better  and  stand  ex- 
treme changes  of  temperature  and  fre- 
quent applications  from  the  hose  better 
than  the  solid  settings,  which  are  all 
cracked  and  warped. 

If  I  were  installing  boilers,  I  would 
prefer  hollow  settings. 

C.  R.  Warren. 

McArthur,  Ohio. 


In  answer  to  Mr.  Scheiderer's  question 
in  the  Jan.  9  issue  concerning  hollow 
brick  for  boiler  settings,  I  will  say  that 
in  our  plant  two  300-hp.  water-tube  boil- 
ers in  a  battery  are  set  as  follows:  On 
one  side  there  is  an  8-in.  concrete  wall 
cast  in  one  piece  against  an  8-in.  firebrick 
wall.  Building  paper  was  placed  between 
the  two  walls  to  prevent  a  bond  and  to 
allow  the  brickwork  to  expand  without 
cracking  the  concrete.  On  the  other  side 
there  is  an  8-in.  concrete  'wall  cast 
against  a  4-in.  hollow-tile  partition  wall 


which    separates    the    concrete    from    an 
8-in.  firebrick  wall. 

The  load  carried  is  very  regular  and, 
as  far  as  I  have  been  able  to  tell,  there 
is  no  difference  in  outside  temperatures 
between  the  two  walls.  The  hollow  parti- 
tion tile  are  laid  so  that  there  can  be 
no  air  currents  circulating  in  them.  In 
both  cases  the  firebrick  only  go  to  the 
second  row  of  tubes  from  the  bottom; 
above  this  point  a  solid  16-in.  concrete 
wall  is  carried.  The  concrete  does  not 
rest  on  top  of  the  firebrick.  A  space  of 
2  in.  or  more  is  left  for  expansion  and  to 
allow  for  variations  in  thickness  of  the 
firebrick  when  it  comes  to  replacing  them. 
The  partition  wall  between  the  two  boil- 
ers  is  of  solid   firebrick. 

B.  B.   Hood. 

Winona,   Mich. 


License   Laws 

In  the  Jan.  9  issue,  J.  C.  Hawkins 
states  that  the  license  laws  are  not  what 
they  should  be  because  too  little  atten- 
tion is  given  to  the  applicant's  knowl- 
edge of  safely  operating  engines  and 
boilers.  Mr.  Hawkins  chooses  as  an  ex- 
ample the  safe  speed  of  flywheels  and 
the  safe  operation  and  faults  of  different 
kinds  of  governors.  He  asks  how  many 
engineers  are  ever  examined  on  these  two 
subjects. 

In  Massachusetts  there  is  seldom,  if 
ever,  an  examination  in  which  the  ap- 
plicant does  not  have  to  show  his 
knowledge  of  the  safe  speed  of  flywheels. 
Not  everyone  is  required  to  figure  the 
bursting  speed  of  a  rim,  but  the  ques- 
tion is  asked  in  some  way  so  that  by 
his  answer  the  examiner  will  know  what 
his  knowledge  is  of  the  speed  of  a  given 
engine. 

If  an  applicant  in  this  state  was  ex- 
amined and  granted  a  license  without 
answering  questions  on  different  types 
of  governors,  their  operation,  etc.,  he 
would  think  the  examiner  let  him  off 
easily.  We  are  not  only  asked  the  prin- 
ciples of  governors,  but  what  effect  dif- 
ferent changes  would  have  in  the  run- 
ning of  the  engine,  what  the  effect  would 
be  if  the  cause  were  a  break  in  some 
part,  and  where  to  look  for  cause  when 
the  effect  is  given  by  the  running  of 
the  engine. 

Valve  setting  is  about  the  only  real 
work  the  applicant  can  do  in  the  ex- 
aminer's office,  and  when  he  is  examined 
on  this  subject  it  is  to  find  out  how 
thoroughly  he  is  acquainted  with  the 
practical  duties  of  his  vocation. 

Mr.  Hawkins  also  says  that  the  ex- 
aminations on  boilers  and  piping  should 
be  more  strict.  I  cannot  see  how  they 
could  be  more  so,  in  this  state,  and  give 
a  just  examination.  We  are  examined 
on  the  proper  placing  of  piping  to  al- 
low for  expansion  and  drainage,  and 
the  proper  placing  of  valves  on  all  lines 
leading   to    and    from    the    boiler. 
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Massachusetts  bases  its  classification 
of  licenses  on  the  size  and  number  of 
boilers  in  the  plant,  and  pressure  is 
also  taken  into  consideration  in  the  fire- 
man's clause. 

I  do  not  agree  with  Mr.  Hawkins  when 
he  states  that  old  boilers  should  be  un- 
der the  care  of  the  higher  class  engi- 
neers. An  applicant  is  examined  on  the 
care  and  repair  of  old  boilers  and  given 
a  license  only  when  the  examiner  thinks 
he   is  competent   to   handle   them. 

G.    B.    LONCSTREET. 

Somerville,  Mass. 


Knocking  in  Air  Compressor 

In  the  last  paragraph  of  the  letter  un- 
der the  above  title,  by  Frank  Richards, 
published  in  the  Jan.  30  issue,  on  page 
165,  the  word  "switched"  referring 
to  the  crosshead  should  have  been 
"swiveled." 


Water  Softeners 

I  read  the  letter  by  J.  C.  Hawkins  in 
the  Jan.  9  issue  in  which  he  asks  for 
information  in  regard  to  water  softeners. 

Like  other  pieces  of  apparatus,  a  water 
softener  has  no  brains,  and  it  is  neces- 
sary to  put  in  certain  chemicals,  in  cer- 
tain proportions,  at  certain  times.  The 
quantity  is  determined  by  an  analysis 
of  the  water.  If  the  water  softener  is 
properly  looked  after,  and  properly  de- 
signed, it  should  be  able  to  soften  the 
water  so  that  there  will  be  no  scale  in 
the   boilers   using   the   softened   water. 

Analyses  of  samples  of  water  from 
points  not  far  from  Hyattsville,  Md., 
show  that  the  cost  of  softening  the  sam- 
ples submitted  was  in  the  neighborhood 
of  Ic.  per  1000  gal.  for  the  lime  and 
soda  ash  required.  Probably  'the  aver- 
age throughout  the  United  States  would 
be  from  Ic.  to  2c.  per  1000  gal.  Of 
course,  many  hard  well  waters  go  con- 
siderably above  this,  but  if  it  is  nec- 
essary to  use  a  hard  water  for  boiler 
purposes,  the  cost  of  softening  is  more 
than  repaid  by  the  saving  made  in  fuel, 
boiler  repairs,  etc. 

There  are  several  records  of  waters 
treated  where  their  scale-forming  ma- 
terial was  so  high  that  it  cost  over  15c. 
per  1000  gal.  to  soften  them,  yet  the 
expenditure  was  more  than  repaid. 

A  water  if  only  partly  treated,  say,  by 
some  so  called  purifying  and  heating 
processes,  in  which  the  carbonates  might 
be  removed  and  the  sulphates  left,  might 
give  rise  to  an  extremely  hard  scale 
which  would  be  difficult  to  remove,  but 
by  Prst  analyzing  a  water  and  then  using 
the  proper  proportions  of  lime  and  soda 
ash,  the  scale-forming  sulphates  are  en- 
tirely removed  and  the  carbonates  re- 
duced to  such  a  point  that  they  will 
not  give  rise  to  scale.  When  using  such 
a    water    it    is    only    necessary    to    oc- 


casionally shut  down  for  washing  out 
the  very  small  amount  of  soft  mud  which 
comes  from  the  treated  water. 

A  careful  investigation  of  water  soft- 
ening and  an  inspection  of  plants  where 
first-class  softeners  are  in  operation  will 
show  that  the  boilers  are  entirely  free 
from  scale  when  the  softener  is  properly 
operated,  and  that  in  a  properly  con- 
structed machine  very  little  time  or  at- 
tention is  required  to  look  after  it. 
F.  S.  Dunham, 
With  The  Kennicott  Co. 

Chicago,  111. 


It  is  my  opinion  that  the  operating  en- 
gineer has  a  very  small  chance  to  im- 
prove the  economy  of  steam  engines,  his 
field  being  limited  to  the  correction  of 
derangements  of  valve  setting  which  may 
occur  in  service,  and  that  the  only  place 
where  a  material  improvement  is  pos- 
sible is  on  the  builder's  drawing-board, 
where  the  prime  factors  of  economy — 
clearance  and  valve  events — are  laid 
down   rather   inflexibly. 

Charles  F.  Prescott. 

Philadelphia,   Penn. 


Value  of  Compression 

Referring  to  the  editorial  in  the  issue 
of  Jan.  9  and  the  recent  discussions  on 
the  subject  of  compression  in  steam-en- 
gine cylinders,  I  would  say  that  in  all 
steam  engines,  except  straight-line  air 
compressors  and  pumps  which  have  suffi- 
cient resistance  at  the  ends  of  their  pis- 
ton strokes,  compression  is  a  necessity, 
not  only  to  secure  quiet  running  but 
also  to  minimize  repair  bills.  These 
are  really  the  only  valid  excuses  for 
its  employment. 

In  filling  clearance  space  by  means  of 
compression,  the  result  can  never  be  any- 
thing but  net  loss.  We  first  generate 
power,  by  the  transformation  of  heat,  a 
portion  of  which  is  transmitted  as  the 
output  of  the  engine,  while  the  remainder 
is  stored  in  the  flywheel  and  other  mov- 
ing parts;  we  then  exhaust  the  heat-car- 
rying medium,  with  the  exception  of  a  por- 
tion, which  is  retained  for  cushioning,  and 
proceed  to  employ  the  power  stored  in 
the  flywheel  to  compress  this  low-ten- 
sion steam  into  the  clearance  space,  thus 
regenerating  heat.  The  question  is  then: 
How  can  we  reasonably  expect  to  get 
back  as  much  heat  as  we  have  expended 
in  the  process?  The  fact  is,  we  can- 
not, as  that  would  mean  perpetual  motion. 

I  do  not  doubt  that  heat  is  invariably 
less  costly  than  its  equivalent,  in  me- 
chanical power.  True,  they  are  mutual- 
ly ■  convertible,  but  not  without  loss 
whichever  way  we  attempt  the  conversion; 
therefore,  in  our  efforts  to  produce  power 
economically  we  would  probably  do  bet- 
ter if  we  devoted  more  time  to  the  study 
of  how  to  get  rid  of  that  which  has  been 
spent.  In  other  words,  when  the  steam 
has  once  given  up  its  useful  energy,  it 
should  be  exhausted  as  quickly  and  com- 
pletely as  is  consistently  possible. 

Recognizing  that  compression  is  one 
of  the  necessary  evils,  I  have  always 
limited  its  production  in  a  steam  engine 
to  such  an  amount  as  would  just  insure 
quiet  running. 

The  work  of  various  experimenters  has 
conclusively  demonstrated  that  not  only 
is  there  no  gain  with  compression,  but 
that  as  it  is  increased,  the  losses  due  to 
it  increase  proportionately,  which  is  just 
the  result  which  I  have  observed  in  prac- 
tice. 


Value  of  CO2  Recorder 

While  I  agree  with  Mr.  Weaver  in  his 
letter  in  the  issue  of  Jan.  9,  that,  in 
general,  recording  instruments  are  in- 
ductive as  well  as  necessary  to  the  eco- 
nomical operation  of  power  plants  and, 
while  I  believe  in  CO-  recorders  for  test 
work,  I  differ  with  him  in  regard  to 
their  use  in  gaging  the  work  done  by 
the  men  in  the  fireroom.  I  base  my 
statement  on  observations  made  in  a 
plant  containing  10  water-tube  boilers 
of  4500  total  horsepower. 

When  the  CO-  instruments  were  intro- 
duced an  expert  ran  a  test  on  one  boiler 
and,  if  my  memory  serves  me,  16  per 
cent,  of  COl-  was  obtained.  Of  course, 
the  expert  operated  the  damper  and 
hauled  it  down  as  far  as  possible.  As 
all  of  the  boilers  were  on  one  steam 
main,  the  partial  closing  of  the  damper 
in  one  case  did  not  materially  affect  the 
total  output  of  steam.  After  the  test 
was  finished  and  due  allowances  made,  a 
standard  of  11.5  per  cent,  of  CO;  was  es- 
tablished. Sampling  bottles  were  put  on 
all  of  the  boilers  and  then  commenced 
the  work  of  living  up  to  that  11.5  per 
cent. 

The  firemen  were  instructed  to  run 
with  partly  closed  dampers;  this  they  did 
and  the  result  was  that  the  steam  pres- 
sure came  down.  Of  course,  the  men 
then  opened  up  on  the  dampers  and  when 
the'  samples  were  analyzed  at  the  end 
of  the  first  day  there  were  all  sorts  of 
CO:  averages  ranging  from  6  to  10  per 
cent.  These  conditions  prevailed  for  a 
few  days  and  then  the  men  tumbled; 
they  found  that  with  the  dampers  closed 
and  the  blowers  going  full  speed  they 
could  obtain  a  large  percentage  of  CO2. 
Consequently,  they  would  fill  the  sam- 
pling bottles  in  a  few  minutes  and  then 
shut  them  off  entirely;  of  course,  this 
could  only  be  done  on  the  night  watch 
when  there  were  no  bosses  watching. 

The  result  was  that  the  night  watch 
was  praised  and  the  day  watch  "got  the 
dickens."  After  that  the  day  watch  would 
wait  until  noon  and  make  their  samples 
when  the  bosses  went  to  lunch  and  there 
was  a  let-up  on  the  steam. 

On  the  whole,  the  office  received  sat- 
isfactory legitimate  CO;  samples.    Tnese  . 
came  to  average   12  and  often  times  14 
per  cent.    This  went  on  for  a  few  weeks 
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when  things  began  to  happen;  tubes 
commenced  to  drop  and  doors  and  fur- 
naces burned   out. 

I  then  did  a  little  experimenting  on  the 
oil-burning  boilers,  of  which  there  are 
four  in  this  plant.  I  found  that  by  set- 
ting the  damper  so  that  smoke  could 
be  faintly  seen  coming  from  the  stack, 
keeping  the  flame  some  6  in.  below  the 
bottom  tubes  and  by  opening  the  sight 
shutters  just  far  enough  to  look  into  the 
furnace  I  could  obtain  a  percentage  of 
COs  as  high  as  13.2.  Also,  after  sev- 
eral trials,  I  found  that  by  reducing  the 
air  space  around  the  burners  where  they 
entered  the  furnace,  better  results  were 
produced  as  I  was  then  able  to  get  an 
average  of  14  per  cent. 

A.    POHLMAN. 

Brooklyn,   N.  Y. 


Feed  Water  Regulators 

In  the  Jan.  2  issue,  Mr.  Rockwell 
quotes  the  question,  "What  is  the  use 
of  keeping  the  water  level  constant?"  If 
the  water  level  is  not  constant,  how  can 
a  fireman  regulate  the  fires  to  keep  the 
steam  pressure  constant? 

This  in  most  plants  is  more  or  less 
essential,  and,  although  I  am  not  as 
familiar  with  the  subject  as  others,  I 
should  think  that  if  the  water  level  varies 
much  a  plant  would  require  a  percent- 
age of  surplus  boiler  capacity  equal  to 
the  percentage  of  variation  of  water  level 
plus  the  percentage  of  load  variation,  in 
order  to  maintain  uniform  steam  pres- 
sure. 

W.  R.  Smith. 

Alton,    111. 


In  further  reference  to  the  above  sub- 
ject, I  wish  to  say  that  a  regulator  which 
does  not  permit  of  a  constantly  graduated 
feed  to  the  boiler  in  proportion  to  the 
amount  of  evaporation  is  more  detrimental 
to  economical  operation  than  hand  feed- 
ing. There  is  considerable  saving  at- 
tached to  the  use  of  an  arrangement 
which  will  perform  the  functions  as 
stated  above,  while  there  is  a  proportion- 
ate loss  where  the  controlling  device  af- 
fords an  intermittent  feed.  This  point 
was  very  forcibly  brought  out  in  a  pre- 
vious article  on  this  subject,  and  it  was 
not  my  purpose  to  oppose  or  in  any  way 
contradict  any  statements  which  have 
preceded  mine. 

When  1  referred  to  a  good  regulator 
in  my  letter  in  the  Jan.  30  number,  I  had 
reference  to  one  which  does  not  neces- 
sitate the  valve  being  slotted  in  order  to 
allow  enough  water  to  pass  the  valve 
during  the  closed  period  to  keep  the  tem- 
perature of  the  water  from  the  heater 
as  nearly  uniform  as  possible.  There  is 
a  regulator  which  does  this  automatical- 
ly and  I  believe  that  if  engineers  will 
see  all  the  regulators  before  purchasing 
they    will    be    well    rewarded    for    their 


trouble.  I  do  not  wish  to  go  on  record, 
however,  as  recommending  any  regulator 
which  does  not  permit  of  a  graduated 
feed. 

C.  L.  Johnson. 
Newark,   N.  J. 


A  Collegian's  Come  Back 

In  reading  over  some  of  the  back  num- 
bers of  Power,  I  came  across  (in  the 
number  of  Feb.  14,  1911,  page  269)  a 
filler  relating  the  troubles  of  a  certain 
college  graduate  in  figuring  out  the  in- 
crease of  power  required  to  double  the 
output  of  a  fan  in  his  uncle's  dry  kiln. 
He  made  the  mistake  of  assuming  that 
to  double  the  output  of  the  fan  he  would 
have  to  cube  the  power  input,  thereby 
increasing  the  input  from  5  to  125  hp. 
He  then  had  to  suffer  the  humiliation 
of  being  corrected  by  "Jim,"  who  said 
that  all  they  would  need  was  another 
5-hp.    fan. 

This  article  was  evidently  intended  to 
satirize  the  lack  of  "horse  sense"  of  the 
average  college  graduate.  But  is  it  not 
possible  that,  in  his  eagerness,  the  author 
overstepped   himself? 

According  to  the  figuring  credited  to 
"Bill,"  if  the  original  horsepower  had 
been  one,  then  the  new  horsepower  re- 
quired would  be  one  (1'  =  1).  Evi- 
dently there  is  something  wrong. 

The  theory  the  college  graduate  would 
naturally  have  in  mind  is  not  as  stated 
in  the  article;  he  would  argue  that  as 
the  input  varies  as  the  cube  of  the  out- 
put, to  double  the  output  would  require 
an   input   of 

5  X  2'  =  40  hp. 

As  the  article  is  evidently  fictitious, 
the  verdict  of  too  much  theory  which  the 
author  intended  to  pronounce  on  the 
college  graduate,  finally  reverts  back  on 
the  author  himself  in  the  shape  of  in- 
correct  theory. 

After  all,  is  it  not  fairer  to  assume 
that  the  liability  to  carelessness  and  that 
type  of  mistake  depends  on  the  man  him- 
self, and  not  on  the  fact  that  he  is  a 
college   graduate? 

H.  E.  Ralph. 

Ithaca,  N.  Y. 


Some  Load 

Answering  H.  T.  Fryant's  inquiry  in 
the  Jan.  9  issue  as  to  the  amount  of 
loss  in  an  18.\42-in.  engine  taking  steam 
full  stroke,  I  will  say  that  I  have  made 
some  appro.ximate  calculations  which 
plainly  show  up  the  losses.  The  most 
economical  cutoff  for  a  simple  Corliss 
engine,  all  things  considered,  is  about 
one-quarter  stroke. 

According  to  Mariotte's  law,  relating 
to  expansion  of  gases,  the  mean  effective 
pressure  would  be  0.597  times  the  initial 
pressure.  Allowing  about  4  per  cent, 
for    clearance    and    compression    and    a 


card  factor  of  0.90,  there  is  had  for  the 
final  mean  effective  pressure,  as  shown 
by  the  indicator, 

0.597   X   0.96   X   0.90  =  0.52 
of  the  initial  pressure,  with  one-quarter 
cutoff. 

From  Mr.  Fryant's  diagram  there  is 
found  a  mean  effective  pressure  of  about 
0.71  of  the  initial  pressure  for  four- 
quarters  cutoff;  hence,  the  ratio  of  work 
per  pound  of  steam  in  each  case  is 
0.52 


0.71 


X  4  = 


•93 


that  is,  it  takes  about  three  times  as 
much  steam  per  foot-pound  of  useful 
work  for  the  longer  cutoff. 

I  say  about,  because  the  figure  0.52 
for  one-quarter  cutoff  is  not  strictly  cor- 
rect, as  the  ratio 

M.e.p. 
initial  press. 
should  be  figured  from  absolute  instead 
of  atmospheric  pressure  as   I   have  done 
because  the  scale  of  the  indicator  spring 
is  not  given. 

B.  S.  Nelson. 
Bayonne,  N.  J. 


Mr.  Fryant's  indicator  diagrams  on 
page  64  of  the  Jan.  9  issue  certainly  in- 
dicate some  load,  and  I  imagine  the 
owner  pays  some  coal  bills. 

The  information  is  very  meager  so  that 
only  a  general  idea  of  the  saving  in 
steam  that  can  be  effected  by  running 
the  engine  with  proper  cutoff  can  be 
stated.  If  the  cutoff  were  25  per  cent., 
the  amount  of  power  would  be  about  60 
per  cent,  of  what  is  obtained  with  100 
per  cent,  cutoff,  but  at  the  same  time  the 
steam  consumption  would  be  decreased 
to  about  25  per  cent.,  depending  on  the 
clearance. 

Thus,  approximately  the  same  power 
could  be  obtained  with  only  40  per  cent, 
of  the  present  steam  consumption.  This 
figure  would  vary,  of  course,  depending 
on  the  load  on  the  engine  and  the  set- 
ting of  the  governor,  but  there  is  no 
doubt  that  a  very  large  saving  could  be 
obtained. 

W.     L.     DURAND. 

Brooklyn,   N.   Y. 


Using  the  Firm's  Stationery 

It  is  a  most  natural  thing  for  the  pur- 
chasing agent  or  the  superintendent  to 
"feel  sore"  at  an  engineer  who  goes  over 
his  head  and  orders  some  samples  of  oil, 
etc.,  to  be  tried  out.  A  case  in  point  is 
J.  C.  Hawkins'  experience  as  related  in 
the  Jan.  16  issue;  it  was  because  of  the 
fact  that  the  engineer  incurred  the  dis- 
pleasure of  the  superintendent,  that  the 
oil  was  not  ordered. 

Would  it  not  have  been  far  better  for 
the  engineer  to  make  a  suggestion  to 
either  of  the  aforementioned  to  write 
officially   for  a  sample   instead  of  going 
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ahead  himself  and  writing  on  the  firm's 
stationery  ?        . 

We  must  appreciate  that  a  "live"  con- 
cern— taking  the  oil  and  grease  company 
as  an  example — is  in  business  to  "get 
the  business,"  and  when  an  engineer 
writes  for  samples,  and  later  sends  in 
a  testimonial  as  to  the  worth  of  the 
material,  the  oil  company  will  use  this 
to  get  that  firm's  business.  It  is  riot  a 
question  with  it  whether  the  engineer 
took  the  sample  merely  for  personal  ex- 
periments; it  is  purely  a  case  of  "here  is 
a  prospective  user  who  has  found  our 
grease  good  for  his  service,  and  now  it 
is  up  to  us  to  get  his  business."  For 
this  reason,  the  firm  was  followed  up 
carefully  with  a  request  for  the  business 
and  the  engineer's  recommendation 
of  their  product  was  sent  with  the  re- 
quest. 

On  the  whole,  everybody  employed  by 
a  concern  should  not  be  allowed  to  use 
the  firm's  stationery  as  a  matter  of  prin- 
ciple. There  is  a  head  to  each  depart- 
m.ent,  and  it  would  have  to  be  a  mighty 
good  purchasing  agent  who  could  not 
take  suggestions  from  the  operating  engi- 
neer or  superintendent  to  get  a  sample 
of  an  article,  the  person  recommending 
it  believing  that  such  requested  ma- 
terial was  for  the  benefit  of  the  con- 
cern. 

The  concern  itself  ought  to  make  a 
specialty  of  following  up  these  requests, 
for,  when  an  engineer  takes  the  time  to 
look  up  trade  papers  and  advertisements 
to  keep  abreast  of  improvements,  he 
shows,  to  my  mind,  an  interest  in  his 
job. 

Nathan  Owitz. 

New  York  City. 


Sand  for  Hot  Boxes 

The  discussion  following  the  editorial 
on  the  use  of  sand  in  hot  bearings  has 
proved  both  interesting  and  instructive. 
It  has  served  clearly  to  establish  the 
facts  that  sand  undoubtedly  has  been 
used  to  advantage  in  heated  bearings 
and  that  the  engineers  of  today  are 
afraid  to  use  it,  though  frequently  using 
the  finer  grits  like  grindstone  dust  and 
Sapolio.  However,  no  attempt  has  been 
made  to  analyze  the  action  of  sand  to 
show  the  conditions  under  which  it  may 
be  safely  used  and  what  conditions  would 
render    its    use    disastrous. 

The  instances  noted  where  it  has  been 
used  to  advantage  have  all  been  in  con- 
nection with  marine  work,  mostly  pro- 
peller-shaft bearings.  These,  of  course, 
are  large  shafts  running  at  low  speed 
and  are  more  than  likely  to  have  large 
clearance  and  some  chucking  motion  from 
the  direct  action  of  the  engine.  If  sand 
and  oil  are  admitted  to  such  a  bearing, 
the  sand  will  be  instantly  crushed  to  a 
powder  and  each  grain  will  form  for  a 
moment  a  little  oil  stone,  smoothing  and 
polishing  the  shaft  where  it  touches,  and 


then  be  carried  away  by  the  oil.  This 
process  soon  accomplishes  the  very  sat- 
isfactory grinding  of  the  shaft,  when,  of 
course,  the  heat  abates. 

The  condition  for  successful  use,  then, 
is  that  each  grain  of  sand  shall  be  in- 
stantly crushed  to  powder  as  soon  as  it 
enters  the  bearing,  when  it  forms  a  patch 
of  grinding  surface. 

In  a  light,  high-speed  bearing,  where 
the  sand  grains  might  not  be  crushed, 
some  of  them  would  likely  get  jammed 
in  such  a  position  as  to  present  a  cut- 
ting edge  to  the  shaft.  This  would  not 
only  score  the  shaft,  but  would  add  small 
steel  chips  to  further  aggravate  the 
trouble.  Doubtless  sand  has  its  place 
in  the  care  of  large,  loose  bearings,  but 
the  engineer  operating  in  the  modem 
power  plant  does  well  to  be  distrustful 
of  it. 

G.  M.  Wesley. 

LaFayette,  Ind. 


On  two  occasions  I  have  used  sand 
for  large  bearings,  and  on  many  for 
small  ones.  On  a  large  passenger  steamer, 
trading  between  Glasgow  and  New  York, 
the  crankshaft  was  lined  with  new  white 
metal.  On  the  first  trip  after  the  over- 
haul, the  two  after-bearings  gave  a  lot 
of  trouble  with  heating,  so  we  broke  up 
an  old  grindstone  and  fed  the  dust  into 
these  bearings,  running  at  low  speed 
during  the  operation.  The  results  were 
most  satisfactory. 

The  other  large  job  was  on  a  2000-hp. 
horizontal  compound  engine.  One'  of  the 
main  bearings  fired  and  the  metal  ran 
before  the  engine  was  stopped.  The  shaft 
was  badly  scored,  owing  to  the  weight 
coming  on  the  narrow  brass  strips  which 
held  the  white  metal  from  flowing.  We 
filed  up  the  shaft  and  fitted  in  the  spare 
set  of  bearings.  The  new  bearings  ran 
very  hot  and  so  we  fed  in  grindstone  dust 
and  ran  the  engine  at  low  speed.  This 
was  kept  up  all  night,  and  the  bearings 
were  repeatedly  washed  out  with  the 
hose.  At  7  a.m.  we  ran  the,  engine  at 
full  speed  and  under  full  load,  and  it 
never  gave  any  further  trouble. 

There  is  no  necessity  to  use  sand  for 
every  hot  box,  but  there  are  cases  where 
drastic  remedies  have  to  be  adopted,  and 
in  such  cases  I  would  not  hesitate  to 
sand  a  bearing  in  order  to  bring  it  back 
to  its  normal  condition. 

W.  Dick  Maclean. 

Paisley,    Scotland. 


Home  Made  Water  Heater 

Surely  Hugh  S.  Russell  must  have  con- 
siderable trouble  with  his  home-made 
water  heater  as  described  in  the  Dec. 
26  issue.  If  the  water  pressure  is  40 
lb.,  the  steam  pressure  45  lb.,  and  there 
is  an  unlimited  supply  of  steam  fur- 
nished to  the  heater,  it  is  certain  that 
nothing  but  steam  will  be  delivered  at 
the  water  outlets.     He  says  that  it  works 


satisfactorily  at  all  times.  This  is  hard 
to  understand.  Further,  I  would  not 
imagine  this  heater  to  be  a  pleasant 
thing  to  have  around  for  the  steam  en- 
tering directly  into  the  cold  water  must 
make  a  very  disagreeable  noise. 

In  large,  uptodate  heaters  the  water- 
temperature  regulating  valve  some- 
times gets  out  of  order,  allowing 
the  water  to  attain  a  temperature 
above  the  boiling  point,  corresponding  to 
a  steam  pressure  of  20  lb.  When  this 
happens,  the  water  at  the  outlets  will 
instantly  flash  into  steam  as  soon  as  it 
reaches  the  open  air.  If  the  water 
reaches  a  higher  temperature  it  will  flash 
a  little  quicker,  and  this  is  what 
will  probably  happen  to  Mr.  Russel's 
heater. 

If  a  thermostatic  valve  were  attached 
to  the  hot-water  tank  to  automatically 
close  off  the  steam  supply  when  the 
water  reached  a  temperature  of,  say,  200. 
or  even  212,  deg.  F.,  the  heater  would 
be  satisfactory. 

Where  I  am  employed  there  are  water 
heaters  delivering  water  600  and  700 
ft.  away  from  the  heaters  and  it  is  not 
satisfactory  if  the  water  attains  a  greater 
temperature  than  212  deg. 

John  Thorn. 

Toronto,   Ont. 


A  \'acuum   Puzzle 

In  the  issue  of  Jan.  2,  entitled  "A  Vac- 
uum Puzzle,"  is  an  article  by  Leighton 
Johnson. 

Mr.  Johnson  neglects  to  state  how  the 
high-speed  engine  was  connected  in  ser- 
vice with  the  Corliss  engine,  and  also 
the  location  of  the  vacuum  gage.  It 
might  have  been  that  the  vacuum  at  the 
condenser  was  as  high  and  possibly  even 
higher  than  before  the  high-speed  en- 
gine exhausted  into  it,  and  with  the  vac- 
uum gage  located  at  or  near  the  small 
engine,  or  even  at  or  near  the  large  en- 
gine, the  gage  could  show  but  24  or  25 
in.  This,  however,  would  not  explain  the 
rise  in  speed  of  the  Corliss  engine.  It 
w^ould  seem,  therefore,  that  the  governor 
was  not  sensitive  enough  and  could  not 
control   the  speed  of  the  engine. 

It  may,  however,  be  that  if  the  high- 
speed engine  were  connected  to  the  same 
line  shaft  as  the  big  engine,  that  the  rela- 
tive speeds  would  be  such  that  the  high- 
speed engine,  having  a  slightly  higher 
belt  speed  than  the  Corliss,  would  tend 
to  speed  up  the  line  shafting.  It  is  also 
quite  possible  that  as  some  high-speed 
engines  are  large  steam  eaters,  the  ex- 
cess steam  used  by  this  engine,  carrying 
an  excessive  overload  due  to  its  higher 
speed  and  thus  taking  a  larger  propor- 
tion of  the  load  than  it  was  supposed  to, 
is  responsible  for  both  the  increased 
speed  of  the  Corliss  engine  and  the 
decreased  vacuum  at  the  condenser. 
Henry  D.  Jackson. 

Boston,  Mass. 
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Refrigeration  for  Cold  Storage 

What  is  the  refrigeration  required  for 
a  cold-storage  room  50  ft.  long,  75  ft. 
wide  and  10  ft.  high,  if  40,000  lb.  of 
pork  are  daily  placed  in  the  room  to  be 
chilled  from  95  to  35  deg.  F.  if  the  at- 
mospheric temperature  is  80  deg.  F.  ? 
F.  M.  H. 

The  determination  of  refrigeration  re- 
quired in  a  given  case  may  be  calculated 
by  allowing  first  for  the  refrigeration 
necessary  to  keep  the  storage  at  a  cer- 
tain given  temperature  in  consequence 
of  the  radiation  through  the  walls.  Sec- 
ond, for  the  refrigeration  required  to  cool 
the  articles  from  the  temperature  at 
which  they  enter  the  storage  room  down 
to  its  temperature.  The  rule  to  find  the 
refrigeration  to  replace  the  cold  lost  by 
transmission  through  the  walls  is: 

The  quotient  of  the  product  of  the  dif- 
ference of  the  outside  temperature  and 
the  temperature  required  in  the  cold 
room  and  the  number  of  square  feet  of 
surface  of  the  ceiling,  side  walls  and 
floors  and  the  factor  3,  for  average  con- 
struction and  conditions,  divided  by  284,- 
000. 

The  factor  changes  according  to  the 
character  and  construction  of  the  walls, 
it  being  5.5  B.t.u.  for  a  brick  wall  4'/' 
in.  thick  to  2.2  for  one  36  in.  thick;  from 
6.2  B.t.u.  for  a  stone  wall  6  in.  thick  to 
4.1  for  one  36  in.  thick.  The  surface 
of  the  walls  is 

2    X    50    X    10    +   2  X  75  X  10  =     2,500  sq.ft. 
The  surface  of  the  ceiling 
and  floor   is 

2  X  50  X  75  =     7,500 

10,000  sq.ft. 

Substituting  figures  for  the  rule,  it  would 
be  expressed  thus: 

10,000  X  3  (80°  —  35°) 

5 -^^^-^  =  4.7  tons 

284,000 

The  additional  refrigeration  required  to 
chill  the  meat,  assuming  its  specific  heat 
to  be  0.8,  is  expressed  in  the  following 
formula: 

40,000  X  (95°  —  35°) 
355.000 

The  total  refrigeration   required  is 

4.7  +  6.76  =  11.46  tons 


■  6.76  tons 


Stea??i  E?igine  Efficiency 

What  is  the  efficiency  of  a  noncon- 
densing  engine  which  on  a  test  took  26 
lb.  of  steam  per  horsepower-hour,  with 
an  initial  pressure  of  115  lb.,  the  steam 
containing  2  per  cent,  moisture  and  the 


temperature  of  the  feed  water  being  210 
deg.  F.? 

G.  D.  K. 
The  heat  of  evaporation  of  steam  at 
1 15  lb.,  or,  say,  130  lb.  absolute,  is  872.3 
B.t.u.  Since  the  quality  of  the  steam  is 
98  per  cent,  or  only  0.98  is  in  the  form 
of  steam,  it  will  take 

872.3  X  0.98  =  854.85  B.t.u. 
to  evaporate  this  quantity.     The  heat  of 
the  liquid  at  130  lb.  is  318.6  B.t.u.  There- 
fore, the  heat  carried  to  the  cylinder  with 
each  pound  of  vapor  is 

854.85  +  318.6  =  1173.45 
the  water  at  32  deg.  being  considered 
as  a  base.  The  temperature  of  the  feed 
water  is  210  deg.  F.,  but  the  heat  of  the 
exhaust  is  capable  of  heating  the  feed 
water  to  212  deg. 

212  —  32  =   180  B.t.u. 
The    heat    supplied    to    the    engine    per 
pound  of  steam   is  therefore 

1173.45  —  180  =  993.45  B.t.u. 
and    26    lb.    per   hour   will    bring    to   the 
engine 

26   X   993.45  =  25,829.70  B.t.u. 
A  horsepower-hour  is 

33,000  X   60  =    1,980,000  ft.-lh. 
or 

1,980,000  ^  778  =  2545  B.t.u.  per  hour. 
To  produce  the  equivalent  of  2545  B.t.u. 
of  work,  25,829.7  B.t.u.  were  used.  The 
thermal  efficiency  is 

B.t.u.  of  1  hp.       2545 


B.t.u.  used  by  engine       25,829.7 


=  9-8 


Factor  of  Safety 

What  is  meant  by  the  factor  of  safety? 
G.  R.  R. 

The  factor  of  safety  is  the  ratio  of 
the  strength  of  the  material  to  the  maxi- 
mum load  put  on  it;  that  is,  if  the  factor 
of  safety  of  a  boiler  is  5,  the  maximum 
load  allowed  is  '5  the  ultimate  strength 
of  the  weakest  part. 


Soldering  Cast  Iron 

Can  cast  iron  be  soldered? 

L.   G.   M. 

Yes;  but  it  is  a  difficult  job.  The  fol- 
lowing method  will  give  good  results: 
Clean  the  parts  well  with  emery  or  a 
file.  Coat  the  parts  to  be  joined  with  a 
soldering  flux  having  a  high  proportion 
of  zinc  and  bind  them  together  tightly 
with  iron  wire.  Then  pack  the  edges  of 
the   joint    with    a   thick   paste   of   borax 


and  water.  Put  the  assembled  pieces 
into  a  clear  charcoal  fire  and  as  soon 
as  they  become  dark  cherry  red,  add 
finely  divided  solder  and  more  borax. 
When  the  solder  has  run  well  through 
the  joint,  remove  the  piece  from  the  fire 
and  let  the  joint  cool  slowly.  Do  not 
clean  off  the  surplus  solder  until  the 
piece  is  quite  cold. 


Reversing  an  Engine 

In  bringing  a  large  reversing  engine 
to  a  standstill,  is  it  good  practice  to 
reverse  the  engine  with  the  throttle  open 
to   hasten   the   stop? 

B.  F.  G. 

This  should  not  be  done  except  in  ex- 
treme cases.  Shut  the  throttle  and  then 
throw  over  the  reversing  lever,  utilizing 
the  compression  in  the  cylinder  to  facili- 
tate the  stopping. 


Shunt  and  Compound  Wound 
Generators  in  Parallel 

What  would  happen  if  a  compoand- 
and  a  shunt-wound  generator  were  run 
in  parallel  ? 

A.  L. 

Nothing  very  harmful;  they  would  not 
divide  the  load  proportionally. 


Comparative  Efficiency  of  Boilers 

What  factors  should  be  considered  in 
gaging  the  relative  merits  of  water-tube 
and  return-tubular  boilers?  With  good 
water,  what  should  be  their  comparative 
efficiency? 

B.    D.    H. 

Equally  well  proportioned  to  the  work, 
set  and  operated,  there  should  be  no  dif- 
ference in  their  efficiency;  one  will  evap- 
orate as  much  water  per  pound  of  coal 
as  the  other  under  equally  favorable 
conditions.  The  advantage  of  the  water- 
tube  boiler  is  the  possibility  of  getting 
larger  capacity  into  a  single  unit,  and 
immunity  from  disastrous  explosions. 


Brake  Horsepower 

What  is  meant  by  brake  horsepower? 
N.  P. 

Brake  horsepower  is  the  power  being 
delivered  to  the  shaft.  It  differs  some- 
what from  the  power  being  produced  in 
the  cylinder  because  of  the  friction  of 
the  engine.  It  is  the  indicated  horse- 
power less  the  frictional  power  of  the 
engine  itself. 
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French  Boiler  and  Steam 
Receiver  Accidents 

The  boiler  catastrophe  statistics  of 
other  countries  are  always  instructive 
and  salutary,  but  they  are  not  altogether 
nattering  to  national  vanity  as  may  be 
seen  in  the  following  figures  taken  from 
the  bulletin  of  the  French  labor  office: 

In  1909  there  were  reported  29  acci- 
dents occasioned  by  the  use  of  steam, 
five  of  them  causing  only  damage  to 
inanimate  objects  or  slight  personal  in- 
juries. From  the  24  others  there  re- 
sulted 15  deaths  and  26  injured  serious- 
ly enough  to  occasion  20  days'  incapacity 
for  work.  There  were  28  accidents  and 
13  killed  and  41  injured  in   1908. 

If  the  number  of  accidents  and  the 
number  of  victims  are  compared  with 
that  of  apparatus  in  use,  the  following 
averages  are  obtained  for  each  10,000 
pieces  of  apparatus  named  for  the  last 
two   years: 

Accidents         Killed  Injured 

1909  190S      1909   1908      1909   1908 
Steam  boUers  19     19       10     13       2   1     08 

Receivers 1'      1^       "«     "•> 

It  will  be  noticed  that  the  receiver  ac- 
cidents in  1909  were  more  numerous 
and   disastrous   than   in    1908. 

In  the  table  following,  during  the  per- 
iod 1890  to  1909,  it  is  shown  that  the 
frequency  of  accidents  did  not  greatly 
vary  until  1899;  thence  until  1904  there 
was  a  decrease,  after  which  there  was  a 
further  decrease  from  1905  to  1909: 

ACCIDENTS    REPORTED    TO    E.\CH  10,000 
PIECES  OF   APP    R.^VTUS 

Accidents  Killed  Injured 

1890-94      3.0  1.8  16 

1895-99      3.2  1  »  %  ^ 

1900-04      2.^  \l  J   J 

1905-C9      1.8  ^^ 
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As  a  result,  the  city  was  left  in  dark- 
ness and  the  street-car  service  at  a 
stand.still.  Nobody  was  hurt  in  the  acci- 
dent, but  the  plant  presented  a  scene  of 
wreckage,  with  one  of  the  switchboards 
out  of  commission  along  with  wires  and 
poles.  

Locomotive  Boiler  Bursts 

By  the  bursting  of  the  boiler  of  a 
freight  engine  on  the  Lehigh  Valley  R.R. 
near  Somerville,  N.  J.,  on  Feb.  4,  the 
engine  was  thrown  across  the  track  of 
an  approaching  freight  train  and  both 
engines  were  completely  wrecked.  The 
rear  brakeman  was  killed  and  an  engi- 
neer and  a  fireman  injured.  Four  freight 
cars  were  derailed. 

Engineers  of  "Diamond" 
Suspended 

Following  evidence  given  at  the  cor- 
oner's inquest  and  the  investigation  of 
the  United  States  inspectors  of  steam 
vessels  into  the  explosion  of  the  boilers 
on  the  towboat  "Diamond"  in  the  Ohio 
River  near  Pittsburg,  Dec.  3,  Chief  En- 
gineer Charles  Martin  and  Second  En- 
gineer Frank  Price,  of  the  boat's  crew, 
were  suspended  for  a  period  of  six 
months.  Five  men  lost  their  lives  in  the 
explosion.  The  body  of  Captain  Edward 
Swaney  was  never  found.  According  to 
Inspectors  Isaac  B.  Williams  and  Charles 
G.  Thomas,  the  engineers  may  get  an- 
other suspension  of  their  licenses  when 
they  make  new  applications. 
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Air  Reservoirs  Explode 

The  air  reservoirs  in  the  Charlotte 
(N.  C.)  Electric  Ry.  Co.'s  power  plant 
exploded  about  11  o'clock  p.m.  on  Feb. 
2  and  nearly  wrecked  the  building.  No 
one  was  hurt.  The  reservoirs,  located  in 
the  engine-room  basement,  were  used 
for  starting  the  gas  engines. 

The  head  of  one  of  the  tanks,  about 
9  ft.  long  and  5  ft.  in  diameter,  was 
blown  out  and  the  cement  floor  above 
the  basement  was  torn  up  for  10  or  15 
ft.;  the  windows  were  blown  out,  and 
the  water  pipes  on  No.  1  engine  were 
stripped. 

Only  a  short  time  ago  one  of  the  boil- 
ers in  the  producer  plant  exploded  and 
killed  a  fireman. 


Rhode  Island  Coal  Co.  in 
Receiver's  Hands 

John  T.  Burnett,  of  Southboro,  Mass., 
was  on  Feb.  1  appointed  receiver  for  the 
Rhode  Island  Coal  Co.  under  bonds  of 
850,000  by  Judge  Dodge  in  the  United 
States  District  Court,  at  the  request  of 
Henry  M.  Whitney,  the  president.  Its 
coal  mine  is  located  at  Portsmouth,  R.  I. 
The  company,  which  owes  S704,337,  is 
organized  under  the  laws  of  Maine  with 
a  capital  stock  of  S5,000,000.  Shortly 
after  it  came  onto  the  market  the  stock 
sold  for  S12  a  share,  but  recently  it  fell 
below  a  dollar,  and  sold  on  the  curb  for 
30  cents. 

President  Whitney  is  the  principal 
creditor,  having  loaned  S500,000  on 
notes.  There  is  a  mortgage  on  the  prop- 
erty amounting  to  SI 20,000.  Notes  out- 
standing amount  to  S666,902. 


Power  Plant  Wrecked 

On  Jan.  30,  the  power  plant  of  the 
Consolidated  Ice  &  Power  Co.,  at  Val- 
dosta,  Ga.,  was  wrecked.  A  car  of  coal 
being  pushed  up  on  the  coal  chute  by  a 
switch  engine  caught  a  guy  wire,  pulhng 
down  two  smokestacks,  two  poles  and 
completely  demolishing  the  wire  system. 


OBITUARY 


George  H.  Clark  died  at  his  residence 
in  Brooklyn,  N.  Y..  on  Feb.  5.  He  was 
in  his  eightv-third  year,  and  for  over  ha.f 
a  centurv  had  been  the  managing  owner 
of  the  Salamander  Grate  Bar  Co.,  New 
York  City. 


J.  G.  Rossman,  general  manager  of  the 
Civic  Light  &  Power  Plant,  at  Winnipeg, 
Man.,  has  resigned  this  S6000  position. 
It  is  said  that  Mr.  Rossman  objected  to 
the  interference  of  the  Board  of  Control 
in  his  department. 

Joseph  F.  Carney  has  been  appointed 
chief  engineer  of  the  plant  in  the  Hotel 
McAlpin,  New  York  City,  which,  when 
completed,  will  be  the  largest  hotel  in 
the  world.  Mr.  Carney  is  a  past  presi- 
dent of  the  National  Association  of  Sta- 
tionary Engineers  and  for  years  has  been 
chief  engineer  at  Sherry's. 

E.  P.  Roberts,  president  of  the  Cleve- 
land Engineering  Society,  has  been  ap- 
pointed smoke  inspector  of  that  city  by 
Mayor  Baker.  Mr.  Roberts  says  that 
the  department  under  his  charge  will  not 
bring  about  abruptly  the  changes  de- 
sired, and  that  educational  work  will  be 
an  important  feature  of  the  work.  He 
favors  the  establishment  of  a  smoke-ob- 
servation station  on  the  top  of  a  sky- 
scraper, and  this  plan  may  be  worked  out 
later  in  connection  with  the  general  re- 
organization scheme.  The  salary  is  S3600 
a  year. 

Charles  C.  Moore,  president  of  the 
Panama-Pacific  Exposition  of  1915,  in  his 
recent  visit  to  New  York  City,  said  that 
everything  points  to  a  most  successful 
exposition.  Twenty  states  have  already 
manifested  their  willingness  to  partici- 
pate, and  diplomats  at  Washington  are 
deeply  interested  and  are  likely  to  recom- 
mend' that  their  respective  countries  be 
represented.  Mr.  Moore  is  anxious  that 
the  opening  of  the  exposition  be  simul- 
taneous whh  that  of  the  canal  and  also 
that  everv  foreign  land  may  participate 
and  thus  make  the  affair  a  really  great 
universal  exposition. 

Charles  H.  Garlick,  past  president  of 
the    National    Association    of    Stationary 
Engineers   and  prominently   identified  in 
industrial    enterprises    in    western    Penn- 
sylvania,  on    Feb.   2   was    appointed   in- 
spector of  steam  engines  and  steam  boil- 
ers  for  Allegheny  County  by  Governor 
John  K.  Tener.     He  succeeds  J.  J.  Kelly, 
who    has   held    the    poshion    about    four 
years.     Mr.    Garlick   was  born   in   Ohio 
50  years  ago  but  has  resided  in  Pittsburg 
nearly    all    his   life.      For   more    than    a 
quarter  of  a  century  he  has  been  actively 
engaged  as  a  mechanical   engineer,  and 
for  the  last  15  years  as  consuhing  engi- 
neer for  the  Atlantic  Refining  Co.     Pre- 
viously he  was  employed  as  chief  engi- 
neer of  the  Howard  Plate  Glass  Co.  and 
the  Pittsburg  Plate  Glass  Co.     He  is  a 
member    of    the    Engineers    Society    of 
Western  Pennsylvania,  a  member  of  the 
Ohio  Society  of  Electrical  and  Mechan- 
ical   Engineers    and    past    chief    of    the 
Universal  Council  of  Craftsmen  and  En- 
gineers. 


Vol.  35 


NEW  YORK,  FEBRUARY  20,    1912 


No    8 


R 


KCRNTLY  one  of  our  readers  related 
the  following  story  which  points  its 
own  moral ; 


"The  owners  of  a  plant  I  visited  a  few 
weeks  ago  look  upon  their  engineer  as  a 
necessary  evil — which  they  endured  at  the 
hnvcst  possible  cost'  to  themselves.  This  engi- 
neer is  paid  wages  barely  enough  to  keep 
him  on  the  job,  but  not  enough  to  satisfy 
him  that  he  is  receiving  fair  pay  for  what 
he  knows  and  the  amount  of  work  he  per- 
forms. Consequently,  he  cannot  settle  down 
and  take  the  interest  in  his  work  that  he 
should  and  would  if  he  were  getting  slightly 
better  wages  and  a  little  considerate  atten- 
tion. 

"He  has  to  order  supplies — waste,  oil, 
packing,  etc. — weeks  ahead,  keep  after  the 
owners  until  he  gets  them,  and  then  the 
material  is  always  of  the  very  cheapest  grade. 

"Once,  this  engineer  requested  to  be  sup- 
plied with  a  steam-engine  indicator.  He  was 
llatly  refused.  No  amount  of  argument 
would  convince  the  owners  that  such  a  thing 
was  at  all  necessary. 

"Now,  these  same  owners  often  wondered 
why  a  neighboring  plant  of  about  the  same 
capacity  and  equipment  can  run  with  oper- 
ating expenses  40  per  cent,  lower.  I  learned 
that  the  engineer  of  this  other  plant  had 
been  discharged  by  the  first  people  two  or 
three  years  ago — for  incompetence,  so  they 
told  me.  Having  the  time  to  spare,  I  decided 
to  visit  the  other  plant.  I  would  that  the 
owners  of  the  first  plant  had  gone  with  me. 
They  would  have  learned  a  lesson  which 
would  have  been  worth  hundreds  of  dollars 
to  them. 

"  I  found  the  engineer,  a  young  man  in 
the  early  thirties,  sitting  in  the  engine  room 


looking  over  his  technical  paper.  He  gladly 
showed  me  about.  Everything  about  the 
plant  was  clean  and  neat.  The  engines  were 
running  quietly  and  the  boiler  settings  and 
the  piping  seemed  to  be  in  the  pink  of  condi- 
tion. A  neat  steel  locker  stood  in  one  corner 
and  contained  such  supplies  as  packing  and 
waste. 

"A  barrel  of  oil  was  delivered  while  I  was 
present.  The  engineer  tested  a  sample  and 
the  barrel  was  rejected  as  not  up  to  previous 
grade.  He  explained  that  the  policy  of  this 
plant  was  to  get  good  oil,  packing,  etc.,  as 
they  cut  down  repair  work  and  expense. 

"The  engineer  handed  me  a  set  of  indicator 
diagrams  that  had  been  taken  only  a  few 
days  before;  they  showed  that  the  engines 
were  properly  adjusted  and  in  good  operat- 
ing condition. 

"He  said  that  he  had  only  to  explain  to 
the  owner  the  purpose  of  the  indicator  when 
one  was  gotten  at  once.  Not  only  this,  but 
the  owner  has  become  quite  an  indicator 
expert  himself  and  can  take  a  diagram,  figure 
the  horsepower  and  understand  what  the 
diagram  tells. 

"This  engineer  receives  $5  per  week  more 
than  the  other.  I  could  see  long  before  I 
left  how  the  people  at  this  plant  are  able  to 
Qperate  it  for  so  much  less  than  it  costs  the 
other  people.  In  the  one  plant  they  buy 
cheap  supplies,  and  are  buying  all  the  time. 
In  the  other,  they  buy  the  best  for  their  con- 
ditions and  hence  buy  seldom.  In  one  plant 
the  engineer  is  always  making  repairs — his 
work  is  never  done.  In  the  other,  the  engi- 
neer has  time  in  which  to  studv  and  better 
fit  himself  to  look  out  for  his  emplover's 
interest." 
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Water  Power  Development  in  Ohio 


When  the  present  comprehensive  plans 
of  the  Auglaize  Power  Co.  have  been 
fully  developed,  five  hydro-electric  plants 
will  have  been  erected  and  for  their 
power  will  draw  on  the  waters  of  the 
Mauniee  River  and  its  tributaries,  which 
have  their  outlet  in  Lake  Erie,  These 
waters  constitute  the  drainage  for  an 
area  of  more  than  6000  square  miles  and 
this  enormous  power,  which  has  here- 
tofore gone  to  waste,  will  then  be  utilized 
for  driving  machinerx-  in  factories  in 
the   various   municipalities   all   along   the 


By  E.  F.  Baker 


.\  series  of  five  plants  totaling 
14,000  kw.  in  capacity  will  be 
erected  on  the  Maumee  River  and 
its  tributaries.  The  energy  de- 
veloped will  be  sold  within  a  ra- 
dius of  50  miles  from  Columbus. 


Fic.  1.  Generating  Equipment  at  Maumee  Plant 


valley,  and  to  the  operation  of  numerous 
interurban  electric  roads  which  traverse 
this  territory. 

The  first  of  the  series  of  hydro-electric 
plants  has  already  been  constructed  at 
Maumee,  Ohio,  about  10  miles  from 
Toledo,  and  is  now  in  successful  op- 
eration. The  next  plant  was  erected  on 
the  Auglaize  River,  near  Defiance,  and 
is  still  in  the  course  of  construction, 
while  the  others  will  be  located  at  Oak- 
wood,  Melrose  and  .Antwerp.  Not  only 
are  the  waters  of  the  Maumee  and 
Auglaize  Rivers  utilized  but  also  the 
surplus  waters  of  the  Grand  and  Loramie 
reservoirs,  near  St.  Mary's,  Ohio,  the 
former  being  the  largest  artificial  body 
of  water  in  the  world,  and  the  surplus 
waters  of  the  Miami  &  Erie  Canal. 

.■\  few  years  back,  a  company  was 
formed  and  the  old  Detwiler  water-power 
plant  near  Maumee,  a  one-wheel  water 
unit  with  an  auxiliary-  steam  plant  of 
approximately  800  hp.,  was  installed  and 
for  some  time  operated  an  interurban 
belt-line  railroad  and  other  properties  in 
that  vicinity.  The  project  was  not  wholly 
successful,  however,  and  the  plant  was 
finally  shut  down.  The  Maumee  Val- 
ley Electric  Co.  was  then  organized  and 
secured    this    plant    which    became    the 


nucleus  of  the  first  development  and  the 
site  of  the  first  hydro-electric  plant.  Some 
of  the  machinery-  originally  installed  was 
used  in  the  new  venture. 

From  the  broad  reaches  of  the  Maumee 
River  at  Toledo,  the  Miami  &  Erie  Canal 
ascends    around    the    rapids    above    the 


city  by  a  series  of  locks  leading  to  a 
level  section  23  miles  in  length  and 
fed  from  the  storage  reserx'oir  impounded 
by  the  New  Grand  Rapids  dam  built  by 
the  state  a  couple  of  years  ago.  The 
location  of  the  Miami  &  Erie  Canal, 
about  1800  ft.  from  the  Maumee  River, 
made  a  natural  site  for  the  hydro-elec- 
tric plant  which  was  ideally  perfect, 
cutting  down  expense  in  a  most  obliging 
manner,  as  the  Grand  Rapids  dam  made 
a   dam   at   the   plant  unnecessary. 

The  canal  bed  was  dredged  to  a  uni- 
form depth  of  7  ft.,  the  entire  distance 
between  Grand  Rapids  and  Toledo.  The 
company  also  blasted  out  a  rock  bar 
which  impeded  the  flow  of  water  in  the 
canal  near  Waterville.  thus  gaining  a 
material  increase  in  volume. 

There  is  a  drop  of  621  ft.  in  the  ISOii 
ft.  between  the  canal  and  the  Maunit. 
River.  The  level  from  which  the  wate: 
IS  drawn  for  the  plant  is  18  miles  long 
from  the  intake  at  Grand  Rapids  to 
Lock  45,  which  is  a  mile  below  the  plant. 
This  gives  a  reservoir  of  about  18  miles 
in  length.  .\  new  forebay  was  built 
with  the  necessary  headgates  for  hand- 
ling the  water  from  the  canal.  From 
the  headgates  the  water  passes  through 
iron  pipes  7'.>  in.  in  diameter  directly 
into  the  wheels,  their  draft  tubes  dis- 
charging into  the  river. 

The  power  house  includes  the  new 
waterwheel  structure,  110x30  ft.,  and 
the  old  combination  plant  building,  70x 
200  ft.,-  containing  the  boilers  and  en- 
gines originally  installed.  The  new  build- 
ing has  concrete  foundations  set  solidly 
upon  bedrock,  with  walls  of  brick  and 
steel  trusses  supporting  the  roof. 

In  this  building  were  installed  two 
750-  and  one  450-kw.  Allis-Chalmers 
three-phase,    60-cycle,    2300-volt    gener- 


FiG.  2.  Switchboard  at  Mau.mee  Plant 
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ators.  The  VSO-kw.  machines  are  direct- 
connected  to  Allis-Chalmers  horizontal 
hydraulic  turbines  of  1000  hp.  capacity 
each.  The  450-kw.  machine  is  direct- 
connected  to  a  Leffel  wheel  of  650  hp. 
capacity  and  also  to  a  countershaft  op- 
erated by  a  600-hp.  Hamilton  Corliss 
tandem-compound    engine.      The    engine 


in  case  of  urgent  necessity,  is  equipped 
with   four  200-hp.   boilers. 

At  Defiance,  Auglaize  development  No. 
1,  which  is  located  about  3'S  miles  above 
the  city  on  the  Auglaize  River,  is  near- 
ing  completion  and  will  be  in  opera- 
tion, it  is  expected,  within  a  few  months. 
The  installation  has  not  yet  been  made 


into  the  blue  limestone  which  forms  the 
river  bed  by  concrete  walls  1 1  ft.  deep 
and  has  a  reinforcement  of  steel  rods. 
Throughout  the  length  of  the  dam  ver- 
tical supports  are  placed  every  15  ft., 
with  an  angle  on  the  upstream  side  of  45 
deg.  On  the  angle  there  is  placed  the 
deck  which  is  2  ft.  thick.  The  crest  of 
the  dam  is  6  ft.  wide  and  2'j   ft.  thick. 

Below  the  power  plant  now  under  con- 
struction will  be  installed  an  auxiliary 
steam  plant  to  be  used  in  case  of  trouble 
with  the  hydro-electric  plant. 

As  previously  stated,  the  Auglaize  de- 
velopment No.  1  at  Defiance  has  a  capa- 
city of  4000  kw.,  and  the  plant  at 
Alaumee,  2000  kw.  The  next  plant  to  be 
built,  that  at  Oakwood,  will  have  a 
capacity  of  2500  kw.,  the  Melrose  in- 
stallation will  have  a  capacity  of  2500 
kw.  and  the  one  at  Antwerp  3000  kw. 
The  cost  of  the  plant  at  Defiance,  in- 
cluding the  transmission  lines  5  miles 
above  the  city,  is  $125  per  kw. 


Fic.  3.  AuciAizE  River  in  Flood 


and  Leffel  wheel  can  be  operated  singly 
or  together  at  will.  The  exciters  for 
the  small  machine  are  belt-driven  while 
those  for  the  two  larger  units  are  di- 
rect-connected to  their  own  generators. 

The  operating  platform  is  situated  at 
one  end  of  the  power  house  and  here 
are  located  one  500-  and  one  300-kw. 
60-cycle  General  Electric  rotaries  which 
supply  current  for  the  Maumee  Valley 
belt-line  interurban  railroad,  18  miles 
long,  which  passes  in  front  and  in 
close  proximity  to  the  plant.  All  the 
leads  from  the  generators  are  carried 
through  fiber  conduits  under  the  floor  of 
the  switchboard  gallery  which  is  part  of 
the  operating  platform.  These  cables 
are  carried  up  through  the  floor  into 
type  K  three-pole  General  Electric  oil 
switches. 

The  current  is  carried  to  the  2300-volt 
busbars  located  above  and  at  the  rear 
of  the  board  from  the  oil  switches.  The 
feeders  from  the  busbars  pass  through 
the  same  type  of  oil  switches  to  the 
transformers  for  the  rotaries  and  the 
high-tension  distribution.  The  alternat- 
ing-current operating  voltage  of  the  ro- 
taries is  370.  The  outgoing  high-tension 
lines  carry  13,200  volts.  There  are  two 
banks  of  these  high-tension  transform- 
ers and  each  bank  is  provided  with  dis- 
connecting switches.  The  recording  in- 
struments were  furnished  by  the  West- 
inghouse  Electric  &  Manufacturing  Co., 
<and  all  other  instruments  on  the  board 
jby  the  Wagner  Electric  Manufacturing 
Co. 

The  operation  of  the  Allis-Chalmers 
'hydraulic  turbines  is  controlled  by  the 
'  new  type  I  oil  governor.  The  Leffel 
wheel  is  controlled  by  an  old  type  Lom- 
bard governor.  The  steam  plant,  in- 
stalled as  an  auxiliary  and  to  be  used 


as  the  machinery  is  only  partly  finished. 
The  power  house  is  230x35  ft.  and  45 
ft.  to  the  roof  trusses.  Here  four  1000- 
kv.-a.  Allis-Chalmers,  three-phase,  25- 
cycle  generators  will  be  installed  and 
provision  will  be  made  for  an  extension 
of  the  plant  to  another  unit  of  the  same 
capacity  as  the  first. 

At    this    place    it    was    necessary    ito 


Pittsburg  Smokeless 

Because  of  the  substitution  of  hydro- 
electric power  for  coal,  a  smokeless 
future  is  predicted  for  Pittsburg.  There 
have  been  reports  that  Niagara  Falls, 
under  the  international  waterways  treaty 
which  goes  into  effect  Mar.  1,  would 
furnish  the  power,  but  coal  is  too  cheap 
in  Pittsburg  for  Niagara-generated  elec- 
tricity    to     compete     with     successfully. 

Joseph    R.    Paull,    of    the    Joseph    R. 


Fig.  4.  Eastern  End  of  Dam  at  Dhi-iancf 


erect  a  dam  600  ft.  long  with  an  800- 
ft.  retaining  wall  on  the  west  side  of  the 
river.  The  dam  will  be  35  ft.  high  and 
the  power  house  will  be  located  at  its 
eastern  end.  This  dam  will  back  up  the 
water  for  about  15  miles,  where  the 
waters  of  the  Grand  and  Loramie  reser- 
voirs will  empty  into  the  reservoir.  This 
will  assure  plenty  of  water  at  the  times 
of  the  year  when  the  river  is  low.  The 
dam  itself  is  of  hollow-concrete  con- 
struction, which  is  considerably  cheaper 
than  the  solid  concrete  and  pronounced 
by  experts  just  as  safe.  This  is  anchored 


Paull  Investment  Co.,  predicts,  however, 
that  the  water  of  local  rivers  will  provide 
plenty  of  power.  It  is  planned,  among 
other  things,  to  dam  the  Clarion  and 
Tionesta  rivers  for  power  uses.  Three 
dams  are  to  be  built  to  form  a  reservoir 
or  lake  52  miles  long  on  the  Clarion 
River.  The  plans  which  are  now  being 
considered  by  the  water-supply  commis- 
sion at  Harrisburg  contemplate  an  expen- 
diture of  .'?  10,000.000.  It  will  be  several 
years,  however,  before  power  can  be 
supplied  after  work  on  the  reservoirs  is 
begun. 
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Firebrick    Furnace     Arches 


Trouble  with  arches  when  exposed  to 
intense  heat  is  usually  due  more  to  the 
fact  that  few  bricklayers  are  posted  on 
the  laying  of  firebrick,  than  to  the  fire- 
brick itself.  The  inexperienced  brick- 
layer seems  to  have  the  idea  that  his 
trowel  is  necessary  on  firebrick  work, 
when  in  reality  all  that  he  needs  is  his 
"scutch"  or  hammer. 

Fireclay  mortar  must  be  very  thinly 
mixed.  Occasionally  an  attempt  to  de- 
scribe it  in  the  specifications  reads: 
"Mixed  to  the  consistency  of  a  thin 
gruel."  Within  limits,  the  thinner  it  is, 
the  better.  A  thin  batter  that  will  flow 
readily  is  a  better  description.  Pails  are 
used  to  carry  this  mortar  and  the  brick- 
layers should  be  supplied  with  tubs. 

The  brick  should  be  dipped  in  the  mor- 
tar in  such  a  way  that  the  surface  to  be 
exposed  to  the  flame  or  heat  and  two- 
thirds  of  the  surface  in  the  wall  do  not 
receive  any  mortar.  The  back  of  the 
brick  and  the  rear  third  of  the  wall  sur- 
face only  are  covered  with  the  mortar. 
The  bricks  must  be  hammered  up  tight  to 
each  other  and  the  seams  on  the  face  of 
the  wall  fhould  be  very  thin — too  thin  to 
admit  a  jack-knife  blade;  the  fire-face  of 
all  seams  must  be  slightly  open.  These 
open  seams  are  necessary  in  order  to 
permit  the  fire-face  of  the  brick  to  ex- 
pand slightly  when  heated. 

Fireclay 

The  fireclay  used  for  mortar  should 
be  the  same  clay  as  used  in  the 
brick.  Ka^  or  unburnt  clay  is  frequently 
used,  but  the  best  mortar  is  made  from 
a  mixture  ranging  from  20  to  30  per  cent. 
of  raw  clay  and  70  to  80  per  cent,  from 
old  firebrick  ground  for  this  purpose. 
The  two  kinds  of  clay  are  thoroughly 
mixed  before  they  are  wet.  The  mortar 
should  be  mixed  with  water  in  a  tank  or 
tub  and  allowed  to  stand  at  least  48  hours 
before  it  is  used. 

Boiler  Furnaces 

Taking  a  lesson  from  heating-furnace 
construction,  it  has  frequently  seemed  to 
the  writer  that  boiler  furnaces  could  with 
advantage  be  constructed  along  similar 
lines,  the  face  of  the  walls  from  the  grate 
to  the  top  of  the  fire,  or  a  few  inches 
more,  being  faced  with  either  chrome  or 
magnesite  brick.  These  bricks  are  ex- 
tremely refractory,  and  for  boiler  use  the 
chrome  brick  would  probably  be  the  bet- 
ter. Chrome  brick  sho  Id  be  laid  in  a 
mortar  of  ground  chrome  ore  and  mag- 
nesite brick  in  magnesite  cement;  they 
should  be  laid  in  the  same  manner  as 
firebrick.  Both  chrome  and  magnesite 
brick  are  extremely  hard  and  cannot  be 
cut  or  broken  easily.     An  emery  or  car- 


By  A.  E.  Dixon 


M;  ny  failures  of  firebrick 
arches  are  due  to  poor  workman- 
ship in  building  them.  Sugges- 
tions are  given  as  to  the  proper 
mortar  to  use  and  how  to  lay  the 
brick,  together  with  calculations 
for  determining  the  various  di- 
mensions. 


borundum  wheel  will  grind  them  slowly, 
but  it  is  nearly  as  hard  on  the  wheel  as 
it  is  on  the  brick. 

Firebrick  Arches 

In  building  arches,  centers  are  neces- 
sary. These  should  be  made  long  enough 
to  take  1  'A  arch  rings,  two  or  more  being 
provided  to  get  the  length  desired.  The 
amount  of  centering  required  will  de- 
pend upon  whether  the  arch  rings  are 
bonded  or  keyed  into  each  other.  Straight 
rings  generally  give  less  trouble  in  con- 
struction and  repair  than  keyed  arches. 
The  brick  for  an  arch  should  be  selected 
so  that  they  will  fit  in  without  any  cut- 
ting, though  rubbing  the  tapered  sides  of 


Fig.   1.    Showing  Straight  and  Shaped 
Bricks 

two  or  three  bricks  may  be  necessary. 
Preferably  arches  should  be  designed  as 
shown  in  Fig.  1.  The  skewbacks  should 
be  kept  away  from  the  face  of  the  wall 
and  when  possible  they  should  be  sup- 
ported entirely  independently  of  the  walls 
and  buckstays  provided  to  take  the  thrust 
of  the  arch;  then  the  walls  can  be  finish- 
ed off  so  as  to  protect  the  lower  part  of 
the  skewbacks,  as  shown  at  A.  The  brick- 
layer should  be  provided  with  a  dia- 
gram showing  the  number  of  shape  and 
straight  brick  required  in  each  ring  and 
their  location,  as  is  marked  on  a  part  of 
the  arch  in  Fig.  1. 

Firebrick  arches  generally  have  a  rise 
of  from  Wi  to  Zyi  in.  per  foot  of  span. 
The  flatter  the  arch,  the  greater  the  thrust 
upon  the  skewbacks  and  buckstays  and 
the  greater  the  pressure  on  the  bricks 
near  the  spring  of  the  arch.  As  fire- 
brick are  not  adapted  to  carry  great 
weights,  particularly  when  exposed  to 
high  temperatures,  an  arch  should  be 
given  as  great  a  rise  as  possible,  particu- 
larly   if   of    any    great    length    of   span. 


Spans  under  4  or  5  ft.,  however,  can  be 
made  very  flat.  The  thrust  of  an  arch 
under  a  uniform  load  may  be  computed 
by  the  formula: 

h 
in   which 

T  =  Thrust    in    pounds    per    square 
foot  of  cross-section  per  foot 
of  length  of  arch; 
p  =  Load    on    arch    in    pounds    per 

square  foot; 
d  =  Span    of    arch    in    feet,    skew- 
back   to  skewback; 
h  z=  Rise  of  arch   in  inches. 
In    the   case    of    firebrick    arches,    the 
weight  per  cubic  foot  can  be  assumed  as 
130  lb.;  this  will  be  the  load  per  square 
foot  if  the  arch  is  12  in.  thick.  The  values 
of  p  for  thicker  or  thinner  arches  are  pro- 
portionate.     The    thrust    per    lineal    foot 
T    and     the    spacing    of    the    buckstays 
should  be  such  that  the  tie-rods  are  not 
stressed   higher  than  9000  to   10,000  lb. 


iV'-'-'o.Bd—  -|-  -0.5d~:;^i^/' 


Fig.  2.    Diagram  Showing  Meaning  of 
Letters  Used  in  the  Formulas 

per  square  inch.  Skewback  supports  are 
desirable  to  carry  the  arch-thrust  be- 
tween the  buckstays.  Heavy  angle  or 
channel  irons  are  frequently  employed. 
These  are  subjected  to  bending  stresses 
and  should  be  worked  at  very  low  fiber 
stresses  in  order  to  avoid  the  racking  of 
the  brickwork  which  would  be  occasioned 
if  they  deflected  or  sprung  very  much 
under  the  loads  placed  upon  them. 

Rise  of  Arch  upon  Thrust 

In  order  to  illustrate  the  effect  of  the 
rise  of  an  arch  upon  the  thrust,  the 
thrust  of  an  arch  12  in.  thick  with  a 
span  of  12  ft.  6  in.,  has  been  computed 
for  four  different  rises.  This  span  is 
approximately  the  width  of  the  firebox 
under  a  fiOO-hp.   water-tube  boiler. 

Thrust, Povinds 
Rise  per  per  Linear 

Foot.  Inches  Foot 

I    n  2.420 

1  r,  1.630 
•J  n  i,2:'0 

2  .'i  AT.". 

The  total  rise  for  these  four  cases 
would  be  12.5,   18.75,  25.0  and  31.25  in., 
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respectively,  and  while  the  first  is  so 
flat  that  it  gives  a  pressure  on  the  skew- 
backs  of  16.8  lb.  (2420  ^  144)  per 
square  inch,  it  is  not  unreasonably 
high.  The  other  rises  would  be  too 
high  for  a  coking  arch  under  the 
tubes  of  a  water-tube  boiler,  but  they 
would  be  all  right  in  a  dutch  oven.  It 
is  not  desirable  to  run  the  pressure  on 
firebrick  much  over  25  lb.  per  square 
inch  or  3600  lb.  per  square  foot. 

Method  to  Determine  Number 
OF  Brick 
Knowing  the  rise  of  the  arch  and  the 
span,  the  following  method  can  be  used 
to  determine  the  number  of  shape  and 
straight  brick  required  for  each  ring. 
The  lettering  in  the  formulas  and  on 
Fig.  2  is  the  same.  The  radius  of  the 
arch  is  found  as  follows: 

2  h 
d,  h  and  r  being  taken  in  the  same  units, 
either   feet   and   decimals  of   a    foot,   or 
inches. 

The  sine  of  half  the  angle  of  which  d 
is  the  chord  when  the  radius  equals  r 
is   found    from 


Sine 


(-•) 


Reference  to  a  table  of  the  natural  trig- 
onometrical functions  will  give  half  the 
angle  a,  and  this  multiplied  by  2  will 
give  the  angle  a.  If  a  table  of  chords  is 
available,  the  angle  can  be  found  by 
dividing  the  chord  d  by  the  radius  r.  The 
accompanying  table  gives  the  angles  of 
which  the  chord  is  the  length  of  span, 
corresponding  to  various  rises  per  foot 
of   span. 

Inches  Inches 

Rise  per  Rise  per 

One  One 

Foot  of              Ave,  Foot  of  .\rc, 

.Span  Degrees  Span  Degrees 

J  37°    0'  1   :  63°  45' 

H  39°    0'  1|  65°    0' 

i  41°    0'  Itt  66°     0' 

H  42°  30'  2.0  67°  15' 

J  44°     0'  2-A  68°  15' 

H-  45°  30'  2i  69°  15' 

1.0  47°    0'  2A  70°  15' 

l-h  48°  30'  -   2i  71°  30' 

U  50°    0'  2t%  72°  30' 

It's  51°  30'  2^  73°  30' 

IJ  52°  45'  2fe  74°  15' 

1ft  54°  15'  24  75°  15' 

15  55°  30'  2A  76°  15' 

1/.  56°  45'  2i  77°  15' 

U  58°    0'  2tt  78°  15' 

lA  59°  15'  2i  79°  15' 

U  00°  30'  2-H  80°  15' 

IK  61°  30'  2i  81°    0' 

li  62°  30'  ^-H     ■  82°     I  ' 

The  lengths  of  the  arcs  measured  along 
the  upper  and  lower  surfaces  of  the  arch 
are  found  by  the  same  formula,  the 
radius  in  one  case  being  that  of  the 
under  side  of  the  arch  and  in  the  other 
that  of  the  upper  surface  of  the  arch. 
The  formula  given  here  is  for  the  under 
surface. 

6.28.3  r  X  a.  (in  degrees) 


1  = 


360 


(.1) 


(6) 


the  amount  which  must  be  taken  up  by 
the  taper  of  the  total  number  of  shape 
brick  required;  denote  this  difference  by 
k.     Then 

I'        I  =  k  (4) 

and 

'■    -  f  =  g  (5) 

In  which: 

e  =  Thickness     of     large     end     of 

tapered  brick. 
/  =  Thickness  of  thin   end   of  tap- 
ered   brick. 
g  =   Difference     in     thickness     be- 
tween   the    two    ends    of    the 
brick. 
Furthermore 

k 

g 

the  number  of  shape  brick  required  for 
the  arch.     And 

-  --  n  (7) 

e 

the  total  number  of  brick  required  for  the 
arch. 

n  —  n'  =  n"  (8) 

are  the  number  of  straight  brick  required 
for  the   arch. 

The  shape  brick  should  be  arranged 
to  form  a  symmetrical  curve  by  separat- 
ing them  from  each  other  by  straight 
brick;  that  is,  if  an  equal  number  of 
shape  and  straight  brick  are  required, 
they  will  be  placed  alternately,  but  in 
flat  arches  two  or  three  straight  brick 
may  have  to  be  placed  between  each 
shape  brick.  That  shape  brick  should  be 
selected  which  will  give  the  smallest 
number  of  straight  brick,  as  it  is  not 
desirable  to  separate  the  shape  brick 
with  more  than  two  straight  ones. 


If  r  is  in  feet,  /  will  be  in  feet.  For 
convenience  in  figuring,  a  should  be  in 
degrees  and  decimals  of  a  degree. 

The   difference    in    the    lengths   of   the 
inner  and  outer  surfaces  of  the  arch  is 


Troubles  with  White-Mefal 

Bearings 

By  E.  F.  Butler  and  J.  N.  Kilby 

A  large  steel  works,  having  experienced 
trouble  from  bearings  run  with  anti-fric- 
tion metal,  called  in  the  writers  to  investi- 
gate and  rectify  the  trouble.  The  principal 
faults  were  short  life,  spreading  or 
pounding  out,  breaking  up  in  the  shell 
and  cutting  and  scoring  of  the  shafts. 

The  practice  of  the  firm  was  to  buy 
its  bearing  metals  on  a  given  chemical 
analysis.  Therefore,  a  number  of  bear- 
ings that  had  failed  during  service  were 
analyzed  to  see  if  they  came  up  to  speci- 
fications, and  various  results  were  found 
in  bearings  from  the  same  delivery.  To 
push  the  matter  still  further,  samples 
were  taken  from  one  bearing  and  found 
to  differ  from  end  to  end.  As  a  typical 
example,  a  bearing  which  should  have 
contained  2  per  cent,  antimony  had  only 
0.5  per  cent.;  the  tin  also  varied. 

We  resolved  to  effect  some  improve- 
ment in  melting  and  running  up,  and 
built  a  furnace  for  that  purpose.  This 
consists  of  four  cast-iron  plates  clamped 
together  and  lined  with  a  good  quality 
of  firebrick.    Across  the  bottom,  bars  are 


placed,  and  near  the  top  of  the  back 
wall  a  short  flue  connects  with  a  stack 
which  should  not  be  much  less  than  20 
ft.  long  and  6  in.  diameter.  The  cover 
is  formed  by  several  firebrick  laid  side 
by  side  and  clamped  together,  and  the 
metal  is  melted  in  a  plumbago  crucible 
with  a  lid  of  the  same  material.  For 
ordinary  sizes  the  inside  of  the  furnace 
can  be  three  times  the  diameter  of  the 
crucible  in  width  and  twice  its  height. 
The  furnace  should  be  started  by  a  coal 
fire  and  half  filled  with  2-in.  hard  coke 
free  from  dust.  The  cover  is  placed  on 
and  when  the  coke  has  taken  fire  thor- 
oughly, all  traces  of  the  coal  should  be 
removed.  Next  break  up  the  white  rnetal 
and  place  it  in  tlie  crucible  with  alternate 
layers  of  charcoal  and  cover  the  top 
with  more  charcoal.  Place  the  lid  on 
and  put  in  the  furnace,  ram  the  coke 
tightly  and  put  the  cover  on  the  fur- 
nace. Forty  pounds  were  melted  easily 
in  as  many  minutes,  although  air  un- 
der pressure  between  the  bars  will  hasten 
the  action.  It  may  be  mentioned  that 
this  is  the  stage  at  which  more  bear- 
ings  are   spoiled   than  at  any  other. 

Even  in  important  concerns,  the  run- 
ning of  bearings  is  often  left  entirely 
to  the  workman.  Metal  from  the  stores 
is  used  with  trimmings  from  previous 
casts,  borings  from  the  lathe  often  mixed 
with  brass  and  other  turnings  are  all 
melted  in  a  dirty  ladle  at  the  first  fire 
that  comes  handy.  The  metals  which 
melt  first  will  vaporize  and  a  loss  of 
metal  will  result.  This  is  particularly 
so  in  the  case  of  tin,  which  has  a  very 
low  melting  point,  and  as  it  has  high 
lubricating  qualities  and,  moreover,  is 
comparatively  expensive,  it  is  worth  while 
going  to  some  trouble  to  retain  it  unal- 
tered. 

Another  disadvantage  of  melting  in  an 
open  ladle  is  the  forming  of  a  scum 
(oxide)  which  is  sufficient  in  the  finished 
bearing  to  score  the  shaft.  By  melting 
in  a  covered  crucible,  as  described,  all 
these  disadvantages  are  done  away  with, 
the  result  being  that  the  finished  bear- 
ing gives  the  same  analysis  as  the  un- 
used metal. 

As  regards  the  actual  running,  little 
need  be  said.  Warm  the  shell  of  the 
bearing  previously  so  that  it  can  barely 
be  touched.  The  larger  the  shell  the 
more  important  this  is.  When  a  core  is 
used  have  it  as  smooth  as  possible.  By 
holding  it  over  a  smoky  flame  until  it 
becomes  covered  with  soot  it  will  leave 
a  smoother  surface  and  not  stick  to  the 
metal.  Pour  the  metal  as  slowly  as  pos- 
sible; this  lessens  the  chance  of  blow- 
holes and  gives  a  solid  bearing. 

By  these  methods  most  of  the  diffi- 
culties were  overcome.  In  some  places, 
particularly  in  the  rolling  mills,  the  life 
of  the  bearings  was  not  as  long  as 
could  be  desired,  but  an  improvement 
was  effected  by  replacing  some  of  the 
softer  metals  by  an  addition  of  aluminum. 
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Confession    of   an    Engineer 


My  work  and  Manager  Wood  gave 
me  no  trouble  for  several  weeks  after 
putting  the  strainers  on  the  pump-suction 
pipes.  In  the  meantime  cold  weather 
had  come,  the  boilers  were  necessarily 
fired  harder,  and  occasionally  the  fire- 
man got  careless  and  there  was  some 
smoke. 

Violating   the   Smoke    Ordinance 

Wood  had  cautioned  me  to  watch  the 
firemen  more  closely  and  to  try  and 
pacify  the  smoke  inspector,  who,  hav- 
ing complained  several  times,  had  at 
last  forced  the  company  to  pay  a  fine 
for  violating  the  smoke  ordinance.  We 
had  talked  the  matter  over  and,  although 
I  admitted  that  the  firemen  occasionally 
made  some  smoke,  I  did  not  believe  that 
conditions  were  as  bad  as  had  been 
claimed  by  the  inspector. 

"Well,  how  are  you  going  to  prove 
it?"  was  the  way  Wood  came  back  at 
me,  and  I  had  to  admit  that  I  could 
not. 

"Since  these  complaints  began  about 
excessive  smoke,  I  have  done  a  little 
smoke  inspecting  myself,"  said  Wood, 
"but  the  smoke  issuing  from  our  stack  is 
not  enough  to  warrant  a  fine.  I  am  in- 
clined to  believe  that  the  inspector  of 
this  district  is  attempting  to  hold  us  up 
and  that  his  interest  in  the  smoke  prob- 
lem is  not  based  solely  on  his  desire 
to  keep  the  atmosphere  clear  and  clean." 

"Smoke  has  been  made  for  a  good 
many  years,"  said  I,  "and  we  are  not 
the  first  to  be  troubled  by  this  nuisance. 
There  have  been  smokeless  furnaces 
built  in  which  supposedly  perfect  com- 
bustion took  place,  but  the  smoke  prob- 
lem is  with  us  just  the  same.  Someone 
who  has  taken  the  trouble  to  find  out 
claims  that  nearly  2500  patents  have 
been  issued  during  the  past  20  years  on 
smokeless  furnaces,  and  yet  with  all  this 
display  of  genius  smoking  chimneys  are 
by  no  means  abolished." 

"Well,  you  don't  mean  to  say  that 
these  patent  furnaces  are  of  no  account, 
do  ybu?" 

"By  no  means,"  I  hastened  to  reply. 
"Many  of  them  are  exceptionally  meri- 
torious and  are  built  with  but  few  faults, 
if  such  a  thing  can  be  said  of  any  fur- 
nace, but  no  one  of  them  seems  to  cure 
everything,  like  a  patent  medicine,  and 
they  never  will." 

"Why  not?"  asked  Wood.  "I  have 
noticed  that  when  a  man  knows  what  he 
wants,  he  usually  gets  it.  I  don't  see 
why  a  smokeless  furnace  cannot  be  built 
just  as  well  as  other  perfected  devices." 

Carelessness    and    Ignorance 

"There  are  two  elements  which  will 
always  be  found  in  the  average  boiler 
room,   carelessness    and    ignorance,    and 


By  R.  O.  Warren 


Using  information  publislied 
in  an  advertisement,  the  engi- 
neer is  enabled  to  stiow  Manager 
Wood  that  he  is  onto  his  job. 

He  also  puts  one  over  on  the 
smoke  inspector  by  challenging 
his  reports  and  proving  that  they 
were  false  by  means  of  a  chart 
taken  from  an  automatic  smoke 
recorder. 


they  are  the  two  greatest  causes  for 
smoking  chimneys.  Ignorant  firemen — 
and  by  that  term  I  mean  men  who  do 
not  understand  the  principles  of  combus- 
tion, how  much  air  to  supply  to  the  fur- 
nace, and  how  to  handle  their  fires — are 
usually  the  result  of  failure  to  properly 
instruct  them  in  their  duties." 


him.  Of  course,"  I  added,  glad  to  get 
a  come-back  at  Wood,  "you  can't  expect 
to  have  the  highest  type  of  experienced 
firemen,  men  who  understand  combustion 
in  all  its  phases,  for  $1.65  per  day." 

"No,  I  don't  expect  anything  out  of 
reason  for  that  money,  but  I  do  expect 
that  the  chief  engineer  will  be  on  the 
job  and  will  get  the  best  service  out  of 
the  men  in  the  fireroom."  With  this  shot. 
Wood  looked  at  his  watch,  closed  the 
case  with  a  snap  and  disappeared  through 
the  engine-room  door  toward  his  office. 

Warren    Gets    an    Idea 

I  was  somewhat  dazed  for  a  few  mo- 
ments after  Wood's  retirement.  Here 
was  a  chance  to  do  something  to  regain 
the  ground  I  had  lost  through  neglecting 
my  opportunities  and  do  things  that  would 
count.      I    knew    that   our   slight   smoke 


I  Told  thl  Chief  Fireman  that  the   New  Smoke-recording  Device  Would 
Help  Us  Get  One  Over  on  the  Smoke   Inspector 


"Then  that  disposes  of  one  of  the  ob- 
jectionable elements  which  work  against 
smokeless  combustion,"  said  Wood,  as  he 
seated  himself  in  a  more  comfortable 
position. 

"Yes,  but  there  is  the  element  of  care- 
lessness, and  this  is  a  mighty  hard  thing 
to  eliminate.  It  is  human  nature  and 
that  is  difficult  to  govern.  The  one  wa-y 
to  decrease  the  carelessness  of  firemen 
is  to  make  them  understand  that  their 
work  must  come  up  to  a  certain  stand- 
ard; that  there  is  a  means  of  showing 
when  and  where  they  are  careless  and 
that  their  work  is  constantly  under  super- 
vision. 

"If  a  man  is  habitually  careless,  then 
there    is    nothing    to    do    but    discharge 


violation  did  not  warrant  a  fine,  but  I 
could  not  prove  it.  And  I  said  to  myself: 
"How  can  I  get  one  over  on  the  smoke 
inspector,  cut  in  ahead  of  Wood  and 
perhaps  secure  an  increase  in  wages  for 
the   fireman?" 

As  I  sat  thinking  over  the  matter,  un- 
able to  formulate  any  feasible  plan  for 
checking  the  inspector's  report,  the  morn- 
ing mail,  containing  a  copy  of  Power, 
was  brought  in  by  the  office  boy.  In 
looking  over  the  advertising  pages,  I  saw 
this  headline  in  an  advertisement:  "Watch 
Your  Stack   and   Check   Your   Fireman!" 

That  advertisement  was  inserted  by  a 
company  making  a  smoke-recording  de- 
vice, and  it  claimed  that  one  could  tell 
at   a  glance   how  much   or  how   little  a 
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chim.ney  smoked  and  that  a  constant 
record  was  made  as  to  just  how  iense 
was  the  smoke  issuing  from  the  chimney. 
"Just  the  thing!"  I  exclaimed  as  I 
finished  reading  the  advertisement.  I 
wrote  for  a  catalog,  which  came  in  due 
time.  Then  I  familiarized  myself  with 
its  contents  and  came  to  the  conclusion 
that  the  device  was  just  what  I  needed, 
as  it  would  make  the  firemen  more  at- 
tentive to  their  work.  It  would  also  show 
them  where  and  when  they  were  making 
smoke,  how  much  was  being  made,  when 
it  happened  and  who  was  responsible. 

Putting  It  Up  to  Wood 

When  I  had  the  details  of  the  device 
well  in  hand,  I  sent  word  for  Wood  to 
come  down  to  the  engine  room  and 
greeted  him  with,  "I've  got  a  stunt  to 
pull  off  on  that  smoke  inspector  that 
will  make  him  dizzy  if  you  are  game 
enough  for  the  price.  It's  a  smoke-re- 
cording device  and,  as  far  as  I  can  judge 
from  what  the  catalog  says,  it  will  save 
its  original  cost  in  a   /ery  short  time." 

"1  don't  see  that  a  smoke  recorder 
will  save  us  any  money,"  said  Wood. 
"If  the  firemen  do  their  work  properly 
after  being  carefully  instructed,  there 
should  be  no  fine  for  smoke-ordinance 
violation." 

"Well,  that  isn't  the  only  way  to  save 
money.  It  occurs  to  me  that  you  came 
in  here  once  upon  a  time  and  delivered 
quite  a  lecture  on  the  money  that  was 
wasted  through  careless  firemen.  This 
device  will  make  the  men  more  careful 
as  it  records  the  amount  of  smoke  going 
up  the  chimney.  Smoke  is  a  sure  sign 
of  incomplete  combustion;  I  believe  I 
heard  you  make  this  remark  some  months 
ago." 

"What  will  this  machine  cost?"  asked 
Wood,  with  a  slight  grin. 

"About  a  couple  of  hundred,  I  sup- 
pose." 

"I'll  think  it  over.  There  may  be  some- 
thing  in   what  you   say." 

The  Smoke  Recorder  Arrives 

I  heard  no  more  about  the  matter 
until  the  machine  arrived.  It  was  set 
up  and  continuous  charts  were  produced 
each  day  and  filed  for  future  reference. 
The  firemen  took  kindly  to  the  idea  and 
a  friendly  rivalry  sprang  up  as  to  who 
would  produce  the  clearest  chart.  In  a 
few  weeks  the  smoke  issuing  from  the 
stack  was  so  much  reduced  that  Wood 
said  it  sent  a  chill  up  and  down  his  spine 
whenever  he  returned  to  the  plant  after 
being  downtown  as  the  smokeless  chim- 
ney gave  the  impression  that  the  plant 
was  shut  down. 

The  smoke  inspector,  however,  was 
still  on  the  job.  The  old  complaints  came 
in  at  intervals  and,  finally,  a  stiff  protest 
and  warning  came  from  the  chief  in- 
spector. 

"Now  is  the  time  for  you  to  make  good 
with    your    smoke    record,"    hnnounced 


Wood  the  next  morning  after  receiving 
the  notice.  "I  have  objected  to  the  re- 
ports of  the  inspector  and  have  offered 
to  prove  that  they  are  false.  Get  those 
charts  and  we  will  go  down  to  the  chief's 
office  and  have  thi*  smoke  business 
settled  so  far  as  we  are  concerned." 

The  Inspector  Wilts 

We  proceeded  to  the  chief  inspector's 
office,  to  which  the  local  inspector  had 
been  summoned.  After  the  greetings  of 
the  day,  the  chief  said:  "Mr.  Sawum, 
the  inspector  for  your  district,  reports 
that  on  Dec.  17  smoke  issued  from  your 
stack  for  a  matter  of  30  minutes  be- 
tween 12  and  12:30  noon  in  excessive 
quantities,  and  on  Def.  21  a  similar 
violation  occurred  for  20  minutes,  or 
from   2:20   to   2:40   p.m." 

As  each  case  was  cited  I  laid  aside  the 
chart  taken  on  that  date  and  was  grati- 
fied to  observe  that  Inspector  Sawum 
looked  considerably  disconcerted  at  the 
sight   of  them. 

Something  like  a  dozen  dates  when 
smoke  violation  occurred  were  read  off 
and  then  the  chief  inspector  finished  by 
asking  what  excuse  we  had  to  offer. 

"None  at  all,"  I  answered;  "there  is 
none.  If  there  is  any  explanation  needed, 
it  looks  to  me  as  if  it  were  to  come 
from  your  side  of  the  house.  For  in- 
stance, on  Dec.  17,  between  12  and  12:30, 
there  was  no  smoke  issuing  from  the 
stack  of  our  plant,"  and  I  produced  the 
chart  for  that  date,  wfiich  showed  that 
a  very  thin  film  of  smoke  had  issued 
from  the  stack  but  a  short  portion  of 
the  30  minutes  stated  by  the  inspector. 
The  chart  for  Dec.  21  showed  but  a 
trace  of  smoke  for  the  20  minutes  the 
inspector  had  reported  the  chimney  to 
have  been  in  a  smoky  condition. 

In  every  other  instance  the  charts 
showed  that  the  inspector  had  faked  his 
report.  After  the  operation  of  the  ma- 
chine had  been  explained  to  the  chief 
inspector,  he  halted  the  proceedings  and 
promised  to  further  examine  the  in- 
spector's reports. 

I  think  he  did,  for  nothing  more  was 
ever  heard  of  the  matter  and  a  new 
smoke  inspector  was  detailed  to  our  dis- 
trict a  short  time  afterward. 

Wood's  severe  lessons  deeply  im- 
pressed me  and  with  the  smoke  recorder 
1  was  enabled  to  save  the  company  from 
an  unjust  fine,  show  up  the  smoke  in- 
spector, and,  best  of  all,  find  that  the 
coal  consumption  had  been  greatly  re- 
duced since  the  device  had  been  in  op- 
eration. Wood  felt  so  good  over  the  show- 
ing that  it  was  an  easy  matter  for  me 
to  get  an  increase  for  the  firemen. 


Would  Lease  Alaskan  Coal 
Lands 

In  his  annual  report,  recently  made 
public,  Secretary  of  the  Interior  Fisher 
recommends  "a  liberal  but  carefully 
guarded  leasing  law  for  the  development 
of  its  mineral  resources,  and  especially 
of  Alaska's  coal  lands.  Its  greatest  re- 
sources are  her  minerals,  and  in  the  de- 
velopment of  these  the  precious  metals 
still  hold  the  predominant  place.  Careful 
consideration  of  the  provisions  of  an  ap- 
propriate leasing  law  for  the  coal  lands 
of  Alaska  is  being  continued  through  the 
Director  of  the  Bureau  of  Mines,  with  a 
view  to  suggesting  such  changes  in  or 
substitutes  for  bills  on  this  subject, 
which  are  now  pending  in  Congress,  as 
may  be  desirable." 

The  Secretary  urges  also  the  construc- 
tion by  the  government  of  a  central 
trunk-line  railroad  from  tidewater  to  the 
Tanana  and  Yukon;  the  reservation  of  a 
sufficient  amount  of  the  coal  lands  to 
provide  for  the  future  needs  of  the  na\^', 
this  coa!  to  be  mined  by  the  government. 

"The  whole  subject  of  water-power  de- 
velopment and  control  should,  in  my 
judgment,  receive  the  immediate  consid- 
eration of  Congress,"  says  the  Secretary, 
"and  constructive  legislation  should  be 
adopted  without  further  delay.  I  believe 
the  Federal  government  has  adequate 
constitutional  power  to  control  water- 
power  development,  both  in  navigable 
streams  and  upon  the  public  domain,  and 
to  exact  compensation  and  to  impose 
proper  conditions  in  either  case.  It  is 
apparent  that  the  Federal  government 
can  act  more  effectively  than  the  states 
in  many  cases.  No  correct  or  permanent 
solution  of  the  water-power  question  can 
be  reached  until  the  interests  of  the  state 
and  of  the  nation  have  been  reconciled." 


Norway's  great  water-power  advan- 
tages are  the  means  whereby  its  increas- 
ing electrochemical  industries  will  be 
conducted  on  a  scale  impossible  in  any 
other  European   country. 


Long    Acre    Co.    to    Use 
Diesel   Engines 

The  Long  Acre  Electric  Light  &  Power 
Co.,  of  New  York  City,  expects  to  have 
its  second  power  plant  in  operation  within 
five  months.  The  Diesel  internal-combus- 
tion engine  is  the  type  of  prime  mover 
to  be  used,  and  the  first  one  to  be  in- 
stalled will  be  of  3600  hp.  capacity. 

It  is  the  intention  of  the  company  to 
install  power  plants  in  several  parts  of 
the  city  rather  than  one  central  plant 
with  substations. 

The  Long  Acre  Electric  Light  &  Power 
Co.  expects  to  become  an  active  factor 
in  the  lighting  field  on  Manhattan  Island 
and  in  the  Bronx  within  a  few  months^ 
The  Public  Service  Commission  has  au- 
thorized a  bond  issue  of  S50,000,000,  of 
which  S4,000,000  has  been  approved  for 
sale.  Within  a  year  the  company  plans 
to  have  in  operation  five  or  six  plants 
with  an  aggregate  horsepower  of  between 
25,000  and  30,000. 
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The   Sturtevant    Steam    Turbine 


When  we  last  described  the  Sturte- 
vant steam  turbine  it  had  just  made  its 
appearance  upon  the  market.  Experience 
and  use  have  led  to  the  usual  adaptations 


Neglecting  the  effect  of  friction,  it  will 
leave  the  bucket  in  the  reverse  direction, 
with  a  velocity  of  1800  ft.  per  second 
relatively  to  the  bucket.     But  since  it  is 


is  only  1800  —  200  =  1600  ft.  pe.  sec. 
ond.  With  this  velocity  it  passes  through 
the  reversing  bucket  and  is  turned  around 
to  impinge  again  upon  the  wheel. 

The  energy  stored  in  a  moving  body 
is  proportional  to  the  square  -of  its 
velocity.  To  get  all  the  energy  out,  the 
body  must  be  brought  completely  to  rest, 
but  if  the  velocity  is  reduced  to  one- 
half,  three-quarters  of  the  energy  will 
have  been  extracted.  The  relations  of 
the  velocities  and  energies  in  the  ab- 
stract case  which  is  being  considered 
would  be  as  follows: 


Energy 
Ab- 
stracted. 
Ft.-Lb. 


First  impact 

Second  impact 

Third  impact 

Fourth  impact 

Fifth  impact 

Discharge    from    fifth 
bucket 


Veloc- 
ity. Ft. 

Energ5- 

per 

Pound  of 

Steam 

2000 

62,189 

1600 

39,801 

1200 

22,388 

800 

9,950 

400 

2,487 

0 

0 

22,388 
17,413 
12.438 
7,463 

2.487 


Fic.   1.  Showing  Course  of  Steam 


and  development,  and  it  will  be  interest- 
ing to  review  it  in  its  latest  form. 

This  turbine,  it  will  be  remembered, 
is  of  the  Riedler-Stumpf  type,  where  a 
single  wheel,  with  but  one  row  of  buck- 
ets, is  made  to  serve  for  several  velocity 
stages  by  returning  the  steam  upon  the 
wheel  by  means  of  reversing  chambers, 
as  shown  in  Fig.  1,  the  relation  of  which 
to  the  actual  turbine  will  be  made  ap- 
parent by  an  inspection  of  Fig.  2.  The 
steam  enters  through  a  nozzle  which  is 
designed  to  expand  it  to  the  exhaust 
pressure.  With  the  velocity  acquired  by 
this  expansion,  it  enters  the  bucket  B, 
compelling  by  its  impact  the  rotation  of 
the  wheel  of  which  the  bucket  is  a  part, 
and  leaving  the  far  side  of  the  moving 
bucket  with  its  velocity  reduced  in  pro- 
portion to  the  differenct  in  the  velocity 
of  the  jet  and  the  wheel. 

Suppose  the  velocity  of  the  jet  as  it 
leaves  the  nozzle  to  be  2000  ft.  per 
second,  and  that  of  the  bucket  to  be  200. 
Since  the  bucket  is  running  away  from 
the  steam  at  a  speed  of  200  ft.  per  sec- 
ond, the  steam  will  overtake  it  and  pass 
through  it  with  a  velocity,  relative  to  the 
bucket,  of  2000  —  200  =  1800  ft.  per 
second. 


being  carried  forward  at  the  rate  of  200 
ft.,  its  movement  relatively  to  the  sta- 
tionary bucket,  which  it  is  now  entering, 


Of  course,  in  the  actual  turbine  the 
steam  cannot  be  brought  absolutely  to 
rest,  and  the  velocity  is  reduced  by  other 
causes  than  abstraction  by  the  wheel. 
The  energy  abstracted  by  the  last  impact 
is  relatively  unimportant  (only  about 
one-tenth  of  that  by  the  first  in  the 
above  table).  The  number  of  reversals 
employed  will  be  determined  by  the 
initial  velocity  of  the  steam,  which  in 
turn  is  dependent  upon  the  initial  and 
exhaust  pressures  and  upon  the  bucket's 
velocity,  fewer  reversals  being  required 
for  the   faster  running  turbine. 


Fig.  2.  Interior  of  Sturtevant  Turbine 
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In  explaining  a  turbine  of  this  type 
a  sl<etch,  like  Fig.  1,  is  usually  made 
with  the  edges  of  the  bucket  and  revers- 
ing chamber  drawn  line  and  line. 
This  is,  however,  only  a  momentary 
or  instantaneous  condition.  The  greater 
part  of  the  time  the  edge  a  of 
the  first  admission  chamber  will  be 
opposite  some  part  of  the  bucket 
entrance,  so  that  a  portion  of  the  steam 
could  blow  back,  as  indicated  by  the 
dotted  arrowf,  generating  pressure  and 
inducing  leakage  into  the  exhaust  cas- 
ing if  its  motion  is  stopped  by  mak- 
ing the  nozzle  block  solid  at  this  point. 
Some  builders  meet  this  condition  by 
canting  the  edges  of  the  stationary  re- 
versing bucket  so  that  the  discharge  end 
leads  to  the  center  of  the  next  wheel 
bucket. 

One  feature  of  the  new  Sturtevant  tur- 
bine is  a  supplemental  chamber  back  of 
the  nozzle  chamber,  so  that  any  steam 


in  case  it  is  necessary  to  remove  it.  The     openhearth  steel,  made  to  the  following 
semicircular   gaps    in    the   partition    sep- ■    specifications; 
arating  the  chambers  of  the  nozzles  serve 
no  usefi'l  purpose,  but  are  incidental  to 
the    machining    process,    affording    room 
for  the  arbor  of  the  milling  cutter. 
The   interior  surfaces  of  these  cham- 


Phosphorus.  not  o 
.Siilpluir.  not  ove' 
Manffanese.  ,  , 


n.04  per  cent. 

0.04  per  cert. 

0.40  to  0.60  percent. 

Carbon 0  .  20  to  0.25  per  cent. 

TiMisile  strengtli 65,000  lb.  ' 

Klastic  limit .35,000  lb. 

Elongation  in  2  in ...     ..     25  to  35  per  cent. 


Fig.  4.  The  Rotor 

which  is  diverted  in  this  way  will  be 
reversed  and  thrown  back  into  the  wheel. 
This  supplemental  chamber  is  that  shown 
at  the  right  in  Fig.  3,  the  rectangular 
space  at  the  bottom  of  the  next  cham- 
ber being  the  outlet  or  mouth  of  the 
nozzle.  Its  use  is  said  to  have  added 
considerably  to  the  efficiency,  especially 
at  the  lower  speeds  or  higher  steam  pres- 
sures. 

The  nozzle  blocks,  of  Tobin  bronze, 
are  cast  in  the  form  shown  in  Fig.  3,  and 
are  bolted  to  an  annular  chamber,  form- 
ing an  integral  part  of  the  steam  head, 
as  shown  in  Fig.  2. 

This  annular  chamber,  a  section  of 
which  is  visible  'ii  Fig  5  and  the  ex- 
terior in  Fig.  6,  is  the  only  portion  of 
the  turbine  to  which  live  steam  is  ad- 
mitted. It  has  no  openings  except  those 
to  the  nozzles,  which  are  controlled  by 
valves,  as  shown  in  the  two  views  just 
referred  to,  and  no  joints  except  that 
of  the  entering  steam  flange;  the  flanges 
of  the  nozzles  are  made  up  metal  to 
metal  and  provided  with  dowels,  so  that 
the    nozzle    will    be    accurately    replaced 


C3  1// 


Fic.  5.  Section   Sturtevant    Turbine 


Fig.  6.  Sturtevant  Turbine  Attached  to   Blower 


bers  and  partitions  are  highly  polished 
to  reduce  frictional  losses,  and  the  cross- 
section  of  the  chamber  is  progressively 
increased  to  take  care  of  the  same  vol- 
ume of  steam  with  the  diminished  veloc- 
ity. 


By  an  ingenious  process  of  milling, 
in  which  the  cutter  is  one  of  a  pair  of 
spur  gears,  the  front  of  the  teeth  being 
formed  as  cutters,  the  central  notch  is 
avoided  and  the  edge  of  the  bucket  par- 
tition js  reduced  to  a  sharp  straight  line. 


The  rotor.  Fig.  4,  is  a  solid  forging  of     The  same  process  can,  and  probably  will 
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and  87  of  lead  molded  under  heavy 
pressure  into  rings  which  are  afterward 
split.  For  use  with  a  condenser  the  pack- 
ing has  a  water-sealing  groove. 


Fig.  7.  Spherical  Bearing 

be,  applied  to  the  milling  of  the  nozzle 
segments.  The  side  flanges  project  slight- 
ly above  the  edges  of  the  buckets,  shield- 
ing them  from  injury  in  case  of  contact. 
The  wheel  runs  against  the  faces  of  the 
nozzle  blocks  (as  will  be  seen  if  the 
parts  shown  in  Fig.  2  are  imagined  to 
be    put   together)    with    a    clearance    of 


Fig.  3.  Nozzle  Blocks 


one  side  of  the  exhaust  casini;  {that 
shown  in  the  front  af  Fig.  6)  and  plugged 
holes  in  the  casii.g  oermit  inspection  of 
the  clearances  Two  threaded  thrust  col- 
lars  on   the   governor   end   of  the   shaft 


The  bearings  are  spherical,  self-align- 
ing and  split  horizontally,  as  seen  in 
Fig.  7  and  in  the  longitudinal  section, 
Fig.  5.  They  are  lined  with  an  alloy 
containing    91     parts     of    tin,    4J4     of 


SIZES  AND    CAPACITIES   OP  TURBINE  NOW   BUILT 


Diameter 

of  Rotor 

in  In. 

Normal  Speed, 
R.p.m. 

N  ormal  Cap- 
acity, 
B.Hp. 

Turbine-driven 
Generating  Unit, 

Weight 

Pipes  fob  Maximum 
.    Capacity 

Turbine 

Turbine 
Only 

Generating  Set.  Lb. 

Steam,  In. 

Exhaust, 
In. 

A    5 
B    5 
C    5 
D   5 

E    5      

12 
18 
24 
30 
36 

2000  to  5000 
1800  to  4000 
1600  to  3500 
1400  to  3000 
1200  to  2500 

25 
50 

too 

ISO 
200 

3    to  10 

7J  to  35 

15    to  50 

50    to  57 

600 
1200 
1800 
2400 
3000 

1500  to  2085 
2250  to  3970 
3685  to  5600 

6600 

7500 

I' 
2\ 
3i 
4 

4 
6 
8 
8 
10 

is  of  an  inch,  and  as  the  runner  is  nicely 
balanced  and  the  design  is  not  such  as 
to  allow  of  unequal  expansion,  contact 
of  the  running  parts  or  injury  to  the 
solid  integral  rotor  appears  most  improb- 
able.    The  wheel  is  highly  polished  all 


•:^^^^^ 

^j 

^ 

i 

make     it     possible     to     adjust     for     any 
changes  in  longitudinal  register. 

The  rotoi  is  carried  upon  a  3.5  per 
cent,  nickel-steel  shaft,  which  is  ground 
after  being  turned.  The  brackets  for  the 
bearings  are  of  a  part  with  the  casing, 
as  shown  in  Figs.  5  and  6.    The  stuffing- 
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antimony  and  4'j  of  copper.  They  are 
ring  oiling,  the  rings  being  of  channel- 
shaped  section,  with  a  deflector,  showii 
in  Fig.  8,  to  scoop  the  oil  out  of  the 
channel  and  lead  it  to  the  bearings  under 
a  considerable  pressure  due  to  its  veloc- 


^    90 


ii::qiiii:iz;g^ii:iiiii  I  i  i  I  r- 


FiG.  8.  Deflector  in  Oil  Ring 

over,  an  emery  belt  running  upon  a  pul- 
ley narrow  enough  to  be  introduced  into 
the  bucket  spaces  permitting  even 
these  interior  surfaces  to  be  thoroughly 
finished.  The  runner  may  be  inspected 
in  position  through  the  blank  flange  on 


1500  2000 

Revolutions     per 

FiC.    9 


2500         3000 
■     Minute 


4000  4500 

Po«/.» 


boxes    are    required    to    carry    only   the  These   turbines   are  now  built   in  the 

difference  between  the  atmospheric  and  sizes  and  capacities  shown  by  the  accom- 

exhaust   pressures  and   are  of  a  special  panying  table. 

floating  type,  filled  with  a  metallic  pack-  With  a  given  size  of  runner  the  capa- 

ing    consisting    of    shreds    of    an    alloy  city  is  varied  within  the  limits  shown  by 

containing  5  parts  of  antimony,  8  of  tin  the  table  and  curves,  by  putting  in  more 
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or  less  nozzles.  The  capacity  increases 
with  the  speed  up  to  the  limit  of  the 
nozzles,  and  the  attainable  efficiency  with 
the  greater  speed  is  higher.  The  dia- 
gram. Fig.  9,  gives  the  maximum  horse- 
power which   the   several   sizes   will   de- 


quality  0.97 — that  is,  carrying  3  per  cent, 
nf  moisture — would  lower  the  capacity 
6  per  cent,  and  increase  the  water  sup- 
plied to  the  boiler  per  horsepower-hour 
a  like  amount;  for  the  water  supplied 
but  not  evaporated  is  not  only  practically 
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tained  capacity  of  16,000  kw.,  with  a 
power  factor  of  0.8.  With  an  overall 
efficiency  of  about  90  per  cent.,  this 
would  call  for  the  development  of  24,000 
hp.   by   the    turbine. 

The   generator    is    of    the    well    known 
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pck  Pressure,  Pounds 


velop  at  different  speeds,  with  125  lb. 
gage  initial  pressure,  dry  saturated 
steam  and  atmospheric  exhaust,  and  Fig. 
10  the  steam  consumption  per  brake 
horsepower  at  the  best  load  under  the 
same  conditions.  Fig.  1 1  gives  the  steam 
consumption  of  the  various  sizes  at  dif- 
ferent capacities.  From  these  three  dia- 
grams it  is  seen  that  there  is  a  wide 
range  of  choice  of  a  turbine  to  drive 
a  given  load,  especially  if  one  is  not 
tied  to  a  given  speed.  With  a  given 
speed,  minimum  steam  consumption  will 
call  for  the  larger  and  more  expensive 
unit.  But  if.  as  in  cases  where  the  ex- 
haust is  used  for  heating  feed  water  or 
in  manufacturing  processes,  the  steam 
rate  is  of  secondary  importance,  a  con- 


useless,  but  is  a  drag  upon  the  turbine. 
The  maximum  horsepower  is  practically 
proportional  to  the  absolute  pressure,  so 
that  it  may  be  easily  computed  for  pres- 
sures other  than  the  125  lb.  for  which 
the  diagrams  are  plotted.  This  water 
rate  would  be  lowered  about  1  per 
cent,  for  each  10  lb.  additional  pres- 
sure, and  for  every  10  deg.  of  superheat. 

A  government  test  of  a  36-in.  E5  tur- 
bine developing  125  hp.  noncondensing 
gave  the  following  results:  1260  r.p.m., 
51.5  lb.  steam  per  b.hp.,  125  lb.  gage 
pressure,  2  per  cent,  moisture. 

An  acceptance  test  of  a  25-hp.  gen- 
erator unit,  2500  r.p.m.,  72.6  lb.  steam 
per  kw.-hr.,  47.6  b.hp.,  88  per  cent,  gen- 
erator efficiency,   97.5   lb.   gage-  pressure 
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siderable  saving  in  weight,  space  and 
investment  may  be  made  by  choosing  a 
smaller  unit. 

The  supplementary  chart  at  the  right 
of  Fig.  10  gives  an  approximation  to 
the  effect  upon  the  water  rate  of  back 
pressures  up  to  10  lb.,  under  various 
initial  pressures,  the  ordinates  be- 
ing decrease  in  capacity  or  increase  in 
water  rate,  expressed  in  per  cent.  Mois- 
ture in  the  steam  will  lower  the  maxi- 
mum horsepower  and  raise  the  water  rate 
practically  2  per  cent,  for  every  per  cent. 
of    moisture.       For    instance,    steam    of 


atmospheric  exhaust.  It  was  guaranteed 
not  to  exceed  50  lb.  per  brake  horse- 
power. 


A  24,000  Horsepower  Turbine 

From  the  Schlesischen  Elektrizitiits- 
und  Gas-Aktien-Gesellschaft,  of  Clei- 
witz,  the  present  proprietor  of  the  Ober- 
schlesischen  Elektrizitiitswerke,  estab- 
lished in  1896  by  the  Allgemeine  Elek- 
tricitats  Gesellschaft,  the  latter  company 
has  ordered  for  the  central  station  at 
Chorzow  a  turbo-generator  having  a  sus- 


A.  G.  E.  type,  designed  to  generate  cur- 
rent at  from  6000  to  6450  volts,  and  50 
frequency,  when  running  at  1000  r.p.m. 
Steam  of  from  12.5  to  13  atmospheres 
(upward  of  200  lb.  gage)  pressure  and 
superheated  to  300  or  350  deg.  C.  (572 
to  662  F.)  is  to  be  used.  This  is  a 
superheat  of  188  to  278  deg.  F. 

In  view  of  the  fact  that  the  condensing 
water  is  supplied  from  a  cooling  tower 
and  deposits  a  hard  scale,  the  generous 
amount  of  400  sq.m.  (4305.6  sq.ft.)  of 
cooling  surface  has  been  provided  in  the 
condensers,  of  which  there  are  two  of 
2000  sq.m.  surface  each,  in  order  that 
the  turbine  may  be  run,  with  perhaps  a 
somewhat  impaired  vacuum,  with  one 
condenser  while  the  other  is  being 
cleaned.  The  heating  surface  consists 
of  3670  tubes,  each  about  20  ft.  in 
length,  and  amounts  to  2.69  sq.ft.  per 
kilowatt,  or  1.37  sq.ft.  per  horsepower. 
Greater  accessibility  for  the  expectedly 
frequent  cleaning  has  been  gained  by 
placing  the  condensers  in  an  annex  to 
the  turbine  room  and  upon  the  same 
floor  level. 

Provision  is  made  for  handling  4500 
cu.m.  (about  159,000  cu.ft. )  of  cooling 
water  per  hour.  This  is  something  over 
400  lb.  per  horsepower-hour.  The  pumps 
are  divided  into  two  units,  each  driven 
by  a  direct-connected  electric  motor,  but 
a  steam  turbine  is  installed  between  them 
in  such  way  that  either  or  both  may  be 
driven  by  it  in  case  a  short-circuit  should 
disable  the  motor. 

The  Zeitschrift  fiir  das  gcsamte  Tiir- 
binenwesen,  from  which  our  information 
is  derived,  does  not  give  any  particulars 
as  to  the  guaranteed  or  expected ,  effi- 
ciency, but  says  that  turbines  of  nearly 
as  great  capacity  are  being  built  for 
the  central  station  at  Oberspree,  the  Ber- 
liner Elektrizitats-Werke  and  for  the 
Zentrale  Reisholz  des  Rheinisch-West- 
falisehen  Elektrizitatswerke  at  Essen. 
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Some  Boulton  and  Watt  Letters 


The  writer,  in  an  article  which  appeared 
in  the  June  21,  1910,  issue  of  Power, 
gave  an  account  of  a  few  of  the  relics 
of  early  British  steam-engineering  prac- 
tice, etc.,  which  have  been  stored  by 
George  Tangye  in  the  Watt  Museum,  a 
special  room  forming  part  of  the  Tangye 
Works  at  Soho,  Birmingham.  Among  the 
miscellaneous  items  of  this  collection 
may  be  noted  a  number  of  letters  bear- 
ing various  dates,  written  by  Boulton, 
Watt  and  their  London  and  Cornish 
agents,  all  of  particular  interest  to  the 
engineer,  although  not  necessarily  from 
the  purely  technical  standpoint. 

Early  Work 

As  a  preliminary,  one  or  two  remind- 
ers, chiefly  as  regards  dates,  may  be 
advisable.  In  1765,  Watt  invented  the 
separate  condenser  and  air  pump,  turned 
the  atmospheric  engine  into  a  steam  en- 
gine and  used  the  steam  jacket.  A  patent 
was  taken  out  in  connection  with  these 
matters  in  1769  and  it  was  Roebuck's 
rights  in  this  patent  that  Boulton  after- 
ward acquired.  The  patent  was  special- 
ly extended  to  1800,  and  in  1776  ex- 
pansive working  was  employed  at  Soho. 
In  17S1,  Watt's  second  patent,  relating 
to  the  sun  and  planet  motion,  etc.,  was 
taken  out,  to  be  followed  by  the  third 
patent  in  1782  on  the  double-acting  en- 
gine. Then,  during  1784  Watt  worked 
out  the  parallel  motion,  which  was  first 
put  into  practice  in  1785.  Probably  this 
will  be  sufficient  to  elucidate  the  matters 
that  follow. 

Flywheel  Calculation 

Boulton's  method  of  calculating  fly- 
wheels, if  a  little  out  of  date,  may  yet 
afford  some  interest.  It  is  shown  in  a 
letter  to  James  Watt  at  Truro  and  dated 
Soho,  Sunday,  Jan.  13,  1781.  After  dis- 
cussing the  sun  and  planet  gear  and 
suggesting  that  "it  is  a  desirable  thing 
to  have  the  pull  of  the  engine  as  near 
the  bearing  part  of  the  neck  of  the 
gudgeon  or  axis  as  possible,"  and  show- 
ing how  he  would  arrange  for  this,  Boul- 
ton continues: 

In  all  Tlotative  Motions  derived  from 
the  Reciprocating  ones,  the  Fly  must  be 
the  equalizer.  But  let  me  see  if  I  under- 
stand how  to  calculate  ye  effect  of  a 
fly  of  any  given  wt. 

1st.  I  will  suppose  a  stout  man  will  raise 
1  hogd  of  water,  alias  600  lb,  ten  feet 
high  in  one  Min't  or  600  pounds  one  foot 
high  per  Mt.  wch  -h  by  60"  =  100  lb  one 
ft  high  per  second.  Thus  16  Men  will 
raise  100  lb  to  the  height  of  16  feet  per 
"  from  w'ch  height  it  will  fall  in  one 
second  &  will  have  acquired  at  ye  end 
of  its  fall  a  Velocity  of  32  feet.  Hence 
100  lb  in  ye  rim  of  a  Ply  moveing  with 
a  velocity  of  32  feet  per  "  would  require 
the  force  of  16  Men  to  stop  it  in  a  second 
but  I  will  suppose  ye  wt.  in  our  fly  to 
move  only  16  ft  per  "  &  in  that  case  will 
require  only  S  Men  to  stop  it. 


By  S.  W.  Chubb 


Extracts  froM  a  collection  of 
letters  at  the  Watt  museum  at 
the  Tangye  Works,  Soho,  Bir- 
mingham, throwing  light  upon 
early  British  steam  engineering 
practice. 


Hence  a  fly  of  one  Ton  say  2000  w'd  re- 
quire 8  X  20  =  160  Men.  but  as  a  Fly 
ought  to  have  a  sufficient  Momentum  to 
prevent  the  smallest  degree  of  retarda- 
tion from  being  perceived,  I  therefore 
suppose  that  where  a  Mill  is  required  =; 
in  power  to  160  men  that  the  fly  .should 
be  400  lb    at  least. 

When  you  want  to  amuse  yourself  with 
these  subjects  do  tell  me  if  I  am  right 
in  my  above  reasoning  —  I  am  aware  ye 
Engine  acts  J  of  ye  time. 

A  Business  Letter 

The  following  letter,  dated  Bimiing- 
ham,  June-  18,  1781,  addressed  by  the 
James  Watt  Co.  to  James  Woodmason, 
London,  is  merely  an  example  of  a  busi- 
ness letter.  The  Woodmason  firm,  of 
course,  were  agents  for  the  sale  of  copy- 
ing machines: 

Birmingham   June   IS.    1781 
To  Mr.  James  Woodmason. 

London. 
Sir, 

We  have  received  your  favour  of  the 
13th  and  are  sorry  to  find  that  the  terms 
we  proposed  to  you  are  not  agreeable. 
Your  being  responsible  for  the  payment 
was  the  principal  ground  of  our  offer  of 
the  4  per  cent  on  retail  &  2%  on  Whole- 
sale. You  must  remember  that  when 
you  first  applied  for  an  allowance,  when 
Mefsrs  Boulton  &  Keir  were  in  your 
Shop  about  three  Months  ago,  and  when 
you  was  asked  what  allowance  would  be 

satisfactory,   you    mentioned on    all 

sold  retail,  and  that  you  woul*  be  an- 
swerable for  the  payment  of  all  the  ma- 
chines so  sold,  and  fhat  as  to  those  sold 
in  wholesale,  you  would  not  expect  any 
thing  for  your  trouble,  but  you  did  not 
say  nor  intimate  that  you  would  be  re- 
sponsible for  the  payment  of  these  latter, 
"^^hen  we  had  considered  your  proposal, 
we  thought  as  you  were  well  acquainted 
with  the  Merchants  to  whom  you  had 
sold  machines  in  wholesale,  that  it  might 
have  been  agreeable  to  you  to  take  their 
debts  also  upon  yourself  for  an  allow- 
ance of  2%  per  cent.  But  since  we  find 
our  proposal  is  not  agreeable,  we  shall 
accede  to  what  you  made  to  us  about 
three  months  ago.  namely,  to  allow  you 
5  per  cent  on  all  machines  that  have 
been  sold  in  retail,  upon  condition  of 
your  being  responsible  for  the  payment 
of  all  that  have  been  so  sold.  .\nd  we 
request  that  you  will  accordingly  draw 
out  your  account  to  this  time  in  that 
manner,  that  we  may  know  what  bal- 
lance  to  draw  for,  as  we  are  much  in 
want  of  cash,  and  that  we  may  collect 
any  of  the  wholesale  debts  that  may  be 
due,    which    will    be    a    very    troublesome 


affair  to  us  to  do.  To  this -mode  of  set- 
tling the  account  of  what  is  past,  we 
agree,  but  as  Mr.  Watt  came  from 
Cornwall  the  day  before  your  last  letter 
arrived,  we  shall  say  nothing  of  any 
future  plan,  till  we  have  had  time  to 
consult  him.  Only  we  request  that  if  any 
applications  be  made  to  you  for  ma- 
chines in  wholesale,  that  you  will  please 
to  consult  us,  or  refer  them  to  us,  & 
we  should  at  the  same  time  be  obliged 
lo  you  for  your  opinion  of  the  persons 
applying. 

We   are 
Sir 

Your   obdt.    Serv'ts 

James    Watt    &    Comp'y 

Steam  Corn  Mill 

A  letter  addressed  to  Watt  by  Boulton 
from  Soho  on  Jan.  18,  1782,  and  quoted 
below  shows  that  the  idea  of  a  steam, 
corn-mill  was  in  the  minds  of  the  firm 
some  time  before  the  celebrated  Albion 
mill,  at  Southwark  in  South  London,  had 
been  started.  This  engine,  which  was 
double-acting,  of  course,  was  the  first 
rotating  engine  with  parallel  motion 
erected  in  London.  The  scheme  had  been 
opposed  because  it  was  claimed  that 
steam  would  throw  wind  and  water-mills 
out  of  work,  take  away  employment  from 
the  laboring  classes,  and,  most  extraordi- 
nary of  all,  reduce  the  price  of  bread. 
From  the  arguments  used  against  him, 
Boulton  easily  deduced  that  all  grinding 
should  be  done  by  hand.  The  letter  also 
illustrates  Boulton's  method  of  calculat- 
ing the  sun  and  planet  motion.  It  was 
as  follows: 

A  person  is  coming  from  Liverpool  Ex- 
pressly to  treat  about  a  Steam  Corn  Mill 
&  I  think  we  must  consent  to  erect  one 
somewhere  before  long  that  we  may 
know  how  to  act  in  our  business  &  to 
give  answers.  I  think  ye  revolving 
wheel  would  make  a  good  Corn  Mill  as 
you  gain  Velocit.v  in  ye  1st  instance.  I 
observe  that  what  ever  number  of  teeth 
there  is  in  the  Spear  Wheel.  The  Central 
Wheel  will  make  one  revolution  +  that 
number  of,  teeth.  You  desire  that  I 
would  try  two  of  ye  little  Engines  with 
2  of  the  rotative  motions  in  order  to  see 
which  looses  the  least  power.  Pray  how 
did  you  think  of  applying  the  power?  — 
did  you  mean  to  erect  2  pumps  of  = 
sizes  or  what.  When  you  have  done 
with  drawings  you  sent  of  Rotative  Mo- 
tions &  wch  I  returned  to  you  I  should 
be  glad  to  receive  any  you  can  spare.  I 
see  a  great  field  in  Mill  work  open  to  us 
&  I  shall  make  a  point  of  becoming  an 
accurate  Mill  wright.  We  have  no  news 
here:  very  Stormy  weather  &  a  great 
Snow,   all  nature  seems   torpid 

God  preserve   you   and  yours 
M  B 

A  postscript  adds: 

In  some  cases  where  you  want  to  gain 
Velocity  in  the  1st  Wheel  you  may  make 
ye  Spear  wheel  twice  ye  diamtr  of  ye 
Central  Wheel  by  wch  means  it  will 
make  3  rev'tns  for  each  stroke  of  ye 
Engine.  I  think  in  general  the  wheels 
should  be  of  as  large  a  diamtr  as  con- 
venient  &  also  that   the  Mill   end  of  en- 
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Bine  Beam  should  be  longer  than  ye 
lOnglne  End  by  wch  you  ballance  ye  pis- 
ton cS:  you  get  wheels  of  a  larger  Dianitr. 

MuRDOCK  AND  Symington 

The  next  letter,  also  to  Watt,  sent 
from  Truro  under  date  of  Sept.  2,  1786, 
introduces  the  name  of  William  Murdock, 
the  man  whose  inventive  ability  has  not 
altogether  received  a  fair  measure  of 
appreciation — the  sun  and  planet  gear 
being  still  ascribed  to  Watt.  It  will  be 
seen  that  Boulton  met  Murdock  on  his 
way  to  London  for  the  purpose  of  tak- 
ing out  a  patent  for  his  steam  car.  The 
Simmington  referred  to  is  W.  Syming- 
ton, who  was  developing  road  locomotion 
as  early  as  1784,  although  certain  of  his 
proposals  had  been  anticipated  by  Evans 
in  America. 

In  or  about  1786,  Symington  showed  a 
steam  carriage  at  Edinburgh,  but,  it  is 
said,  was  deterred  by  the  state  of  the 
Scottish  roads  from  proceeding  and 
transferred  his  attention  to  the  use  of  the 
steam  engine  for  marine  purposes.  The 
small  three-wheeled  locomotive  which 
Murdock  made  was  actually  exhibited  at 
a  meeting  of  the  English  Institution  of 
Mechanical  Engineers,  held  at  Birming- 
ham in  1850.  On  this  occasion,  W. 
Buckle,  formerly  of  the  Soho  works,  read 
a  paper  on  the  inventions  of  Murdock 
and,  describing  the  noncondensing  steam 
locomotive,  stated  that  the  engine  was 
constructed  according  to  Watt's  specifica- 
tions of  1769. 

The  copper  boiler  had  an  oblique  flue 
tlirough  it  and  a  spirit  lamp  was  used 
for  heating  purposes.  The  vertical  cyl- 
inder was  •i4  in.  in  diameter  and  had  a 
2-in.  stroke;  it  was  placed  on  top  of  the 
boiler  and  was  connected  to  a  single-arm 
vibrating  beam  which,  by  means  of  a 
connecting-rod,  actuated  a  crank  on  the 
driving  wheel.  A  double  cylindrical 
slide  valve  was  used,  actuated  somewhat 
roughly  by  means  of  the  beam  which  in 
its  motion  struck  shoulders  on  the  valve 
spindle.  The  steam  was  exhausted  from 
the  center  of  the  valve. 

It  will  be  seen  that  Boulton  was  quite 
aware  of  the  value  of  Murdock's  services 
and  of  his  possibilities  even  at  the  date 
m.entioned.    He  says: 

I  arrived  at  Exeter  on  Wednesday 
night  and  set  out  from  there  on  Thurs- 
day afternoon  to  sleep  at  Oakhampton  — 
about  1  mile  on  this  side  of  Exeter.  I 
met  3  of  the  Poxes  going  to  a  general 
Quakers  meeting  at  Gloscester  and  in 
the  same  coach  was  Wm.  Murdock.  He 
got  out  and  we  had  a  parley  for  some 
time.  He  said  he  was  going  to  London 
to  get  men,  but  I  soon  found  he  was  go- 
ing there  with  his  steam  car  to  shew  it 
and  to  take  out  a  patent.  He  having 
been  told  by  Mr.  Wm.  Wilkinson  what 
Sadler  had  said  and  he  had  likewise  read 
in  the  newspaper  Simmington's  puff 
which  had  rekindled  all  Wm's  fire  and 
impatience  to  make  steam  carriages. 
However  I  prevailed  upon  him  readily  to 
return  to  Cornwall  by  the  next  days 
dilligence  and  he  accordingly  arived  here 
this    day    at    noon    since    which    he    hath 


unpacked  his  car  and  made  travel  a  mile 
or  two  in  River's  great  room  in  a  circle 
making  it  carry  the  fire  shovel  poker 
and  tongs.  I  think  it  fortunate  that  I 
met  him  as  I  am  perswaded  I  can  either 
cure  him  of  the  disorder  or  turn  the  evel 
to  good  at  least;  1  shall  prevent  a  mis- 
chief that  would  have  been  a  conse- 
quence  of   his  Journey   to   London. 

Murdock's    Compressed-air    Pump 

A  letter  written  from  Chasewater, 
on  Mar.  5,  1788.  by  Thomas  Wilson, 
Cornish  agent  of  the  firm,  shows  what 
is  perhaps  not  well'known,  that  Murdock 
had  devised  a  compressed-air  pump.  The 
account  does  not  call  for  any  explana- 
tion and  is  confirmed  in  a  second  letter 
in  the  same  hand  twelve  days  later,  in 
which  Wilson  states  that  Murdock  prom- 
ises to  write  to  Mr.  Watt,  "if  it  does 
well,"  anticipating  great  savings  in  erect- 
ing new  engines,  in  rods,  working  pieces, 
buckets  and  gear  "and  fifty  other  things 
I  can  fancy  both  in  erection  and  work- 
ing." 

Murdock's  interest  in  compressed  air 
continued,  for  in  1802  he  used  it  in  con- 
nection with  the  blast  engine  at  Soho 
to  blow  cupolas,  for  driving  a  lathe,  etc., 
and  also  for  a  lift.  According  to  Buckle 
he  had  a  piston  working  in  a  water  cyl- 
inder 10  ft.  in  diameter  with  a  lift  of  12 
ft.;  the  water  being  raised  by  forcing  in 
air  from  a  small  blowing  cylinder  12  in. 
in  diameter  with  an  18-in.  stroke,  which 
was  worked  by  gearing  on  the  boring 
mill.  He  also  employed  compressed  air 
for  the  bell  system  in  his  own  house  at 
Handsworth,  a  system  which  Sir  Walter 
Scott  copied  for  Abbotsford.  Particulars 
can  be  found  in  the  Buckle  paper  pre- 
viously  mentioned. 

Chasewater    March    5th    1T88 
D'r  .Sir 

Enclosed  is  the  aec'ts  of  Engines  &ce 
for  last  Month,  It  was  not  untill  the 
2Sth  upon  sending  to  Consol'd  Mines  to 
settle  the  accfs  that  I  found  the  people 
at  the  Mine  had  ommitted  charging  your 
savings  in  Jan'y;  it  appears  since  that 
this  was  not  done  by  any  order  from 
Mr.  Daniell,  but  as  they  were  not 
charged  in  Deer,  they  took  it  for  granted 
the  ommission  was  to  be  continued.  T 
shall  mention  this  to  Mr.  Daniell  tomor- 
row who  I  believe  is  ignorant  of  it,  but 
am  afraid  it  will  be  diflicult  to  get  it 
charged  next  acct.  as  the  Loss  will  be 
10  or  £1200.  The  last  Mo  was  near  £800. 
T  went  yesterday  to  see  Wm  Murdock,  he 
is  better,  but  is  still  very  poorly,  he 
apprehended  a  Consumption,  but  I  fancy 
it  has  been  only  a  Very  bad  Cold,  which 
is  now  loosened  &  is  going  of.  He  let 
me  see  his  new  method  of  raising  Water; 
it  is  by  Compressing  Air  at  the  surface 
which  is  forced  down  small  pipes,  to  the 
Bottom  of  the  Shaft  &  there  communi- 
cates with  the  main  pumps  &  forces  up 
the  water.  What  Machinery  he  has  at 
the  Bottom  I  cannot  tell,  only  there  is 
no  Bucket,  but  there  is  a  Clack  to  pre- 
vent the  water  falling  Back.  His  pres- 
ent Machinery,  is  a  Copper  Tube  of  1 
inch  Diamr.  &  9  Inches  Long,  in  this 
he  works  a  Wooden  Plug;  from  the  side 
is  a  Very  small  Tube,  which  goes  from 
the  Top  of  his  House  to  his  Well  40  feet. 
&    another   larger    Tube    by    the    side    up 


which  the  water  ascends  .&  runs  of  con- 
tinually in  an  equal  Stream.  You  know 
I  am  a  terrible  poor  hand  at  Mechanics. 
&  therefore  will  not  venture  an  Opinion; 
but  I  think  at  any  rate  there  should  be 
a  patent  got  for  it.  He  proposes  writ- 
ing to  you  on  the  Business.  He  says 
Pipes  of  3  Inches  Diameter  will  do  for 
forcing  down  the  Air.  to  work  17  Inch 
pumps.  If  so  there  must  be  a  great 
saving  in  erections  for  deep  Mines.  He 
has  a  very  small  string  which  goes  down 
to  the  Bottom,  which  he  pulls  when  he 
sets  to  work,  I  suppose  to  open  a  Valve. 
D.  Watson  has  seen  it  &  I  believe  we  are 
the  only  people.  He  says  that  he  does 
not  doubt  his  Brother  being  able  to  put 
any  Engine  together  &  that  he  will  have 
no  objection  to  agree  with  you  for  (3) 
Years. 

I   am   D'r  Sir 

Y'r    Very    H'ble    Se't 

Thos    Wilson 


London's  76,000  Tons  of  Soot 

According  to  an  investigation  by  the 
London  Lancet,  a  medical  paper,  more 
than  76,000  tons  of  soot  fell  in  that 
city  last  year.  This  vast  quantity,  all 
of  which  emanated  from  chimneys,  con- 
tained over  6000  tons  of  ammonia,  about 
8000  tons  of  sulphates  and  .^000  tons  of 
chlorine  in  chlorides,  to  say  nothing  of 
the   carbon   and   tar. 

It  is  further  contended  by  this  paper 
that  the  London  rainfall  in  foggy  weather 
is  also  distinctly  destructive  to  metal 
surfaces,  such  as  steel  stacks,  roofs, 
etc.,  inasmuch  as  decided  traces  of  tin 
and  lead  were  found  in  the  specimens 
examined. 

The  heavy  soot  fall  has  been  at- 
tributed to  faulty  combustion  in  coal 
fires.  While  the  contamination  of  the  air 
is  mainly  due  to  factories  and  power 
plants  in  the  industrial  centers,  the  fires 
in  dwelling  houses,  especially  in  winter, 
have  largely  contributed  to  this  serious 
nuisance. 


Utilizing  Sudd  as  Fuel 
Sudd,  an  impenetrable  mass  of  vege- 
tation which  obstructs  the  White  Nile 
River  in  the  Sudan,  can  be  readily  con- 
verted into  fuel  by  a  briquetting  process, 
says  the  Scientific  American. 

The  Sudan  government  has  granted  a 
10-year  monopoly  for  the  manufacture 
of  solid  fuel  from  the  sudd,  and  the 
conces'sionaires  will  have  the  exclusive 
right  to  cut  sudd  over  an  area  of  93 
miles,  and  25  acres  of  land  along  the 
banks  of  the  river  have  been  granted  on 
which  to  erect  a  factory.  The  govern- 
ment stipulates  that  its  needs  shall  have 
the  preference  and  prescribes  a  minimum 
output  of  25,000  tons  per  year.  The 
concessionaires  say  they  expect  that  50,- 
000  tons  will  be  produced. 


It  is  Thomas  A.  Edison's  opinion  that 
storage-battery  locomotives  in  Chicago's 
large  terminal  yards  would  do  much  to 
abate  that  city's  smoke  nuisance. 


256 


POWER 


February  20,   1912 


Electrical     Department 

Conducted  to  be  of  service  to  the  men  in  charge  of  electrical  equipment  in  the  power  house 


Catechism  of  Electricity 

Construction  and  Operation  of  Car- 
bon Arc  Lamps 

1209.  How  many  kinds  of  arc  lamps 
are  there? 

Four  general  types,  namely:  constant- 
potential  lamps  for  operation  in  parallel 
on  direct-current  circuits;  constant-po- 
tential lamps  for  parallel  operation  on 
alternating-current  circuits;  constant- 
current  lamps  for  series  connection  on 
direct-current  circuits;  constant-current 
lamps  for  series  connection  on  alternat- 
ing-current circuits.  The  only  essential 
differences  between  these  four  types  are 
in  the  construction  and  operation,  of  the 
mechanism. 

1210.  For  ivhat  purpose  is  mechan- 
ism needed? 

To  control  the  relative  positions  of 
the  two  carbons. 

1211.  How  does  the  mechanism  con- 
trol the  positions  of  the  carbons  and  why 
is  this  necessary? 

The  carbons  must  first  be  in  contact 
with  each  other,  to  allow  the  current 
to  flow  through  the  lamp;  then  they 
must  be  separated  slightly  to  form  the 
arc  between  their  ends.  As  the  ends 
waste  away,  the  gap  between  them  must 
be  adjusted  so  as  to  keep  the  length 
of  the  arc  about  the  same  throughout 
the  burning  period.  The  mechanism  per- 
forms these  two  operations  of  "striking" 
the  arc  when  the  lamp  is  first  put  into 
the  circuit  and  regulating  the  length  of 
the  arc  during  its  activity. 

i212.  How  far  apart  should  the  Car- 
lsons be  separated? 

For  currents  up  to  hYi  amperes,  which 
is  the  usual  limit  of  constant-potential 
inclosed-arc  lamps,  the  separation  should 
be  from  s's  to  -h  of  an  inch.  For  6  to 
IV2  amperes,  usual  with  constant-current 
inclosed  arcs,  the  separation  is  from  Yg, 
to  54  of  an  inch. 

1213.  Explain  the  operation  of  the 
constant-potential  direct-current  arc 
lamp. 

Referring  to  Fig.  402,  which  is  a  dia- 
grammatic view  of  a  lamp  of  this  type, 
M  and  M  represent  the  two  coils  of 
a  plunger-type  magnet  which  is  provided 
with  a  U-shaped  armature  A,  consisting 
of  two  plungers  joined  by  a  yoke.  The 
coils  are  connected  in  series  with  each 
other  and  with  the  brass  tube  B  contain- 
ing the  upper  carbon;  therefore,  the  cur- 
rent entering  the  lamp  at  P  passes 
through  the  magnet  coils  M  to  the  tube 
B,  thence  down  through  the  carbons  and 


the  wire  n  to  a  sliding  contact  F  on  the 
resistance  coil  R,  and  out  at  the  binding 
post  A^.  When  current  is  first  turned  on, 
the  magnet  coils  lift  the  armature  A, 
which  slides  on  the  tube  B.  The  upward 
movement  of  the  armature  causes  p. 
clutch  C,  which  is  linked  to  it,  to  raise 
the  upper  carbon  rod  and  "strike"  the 
arc.  As  the  upper  carbon  is  lifted  away 
from  the  lower  one  the  arc  lengthens 
and    its    resistance    therefore    increases 


Fig.  402.  Diagram  of  Constant-poten- 
tial Direct-current  Lamp 

and  the  current  decreases,  weakening  the 
magnets,  until  a  point  is  reached  where 
the  weight  of  the  armature  and  the  car- 
bon is  just  equal  to  the  upward  mag- 
netic pull  on  the  armature.  As  the  lamp 
continues  to  bum,  the  carbons  become 
shorter,  thereby  increasing  the  length  of 
the  arc  and  reducing  the  current,  which 
weakens  the  magnetic  pull  on  the  arma- 
ture; the  latter  therefore  drops  until  the 
resistance  of  the  arc  becomes  normal, 
when  the  magnetic  pull  again  balances 
the  weight  of  the  moving  parts. 

1214.  Does  the  armature  drop  sud- 
denly in  adjusting  the  arc? 

No;  the  "feeding,"  as  it  is  called,  is 
made  very  gradual  by  attaching  a  dash- 


pot  to  the  armature,  and  thereby  pre- 
venting any  sudden  movement  or  see- 
sawing. 

1215.  Show  the  actual  arrangement 
of  the  parts  of  the  constant-potential  di- 
rect-current arc  lamp  illustrated  diagram- 
maiically  in  Fig.  4CE 

Fig.  403  is  a  picture  of  this  mechan- 
ism. The  magnet  coils  are  shown  at  M 
and  Nl;  they  are  wound  on  brass  spools 
which  are  attached  to  the  central  tube  B. 
The  resistance  coil  is  shown  at  R  and  the 
sliding   contact   at   F. 

1216.  What  is  the  reason  for  using 
the  resistance  coil  and  sliding  contact? 

To  take  up  the  excess  voltage  of  the 
circuit,  to  steady  the  arc  and  to  provide 
means  for  adjusting  the  voltage  at  the 
arc.  The  sliding  contact  F  cuts  more  or 
less  of  the  resistance  coil  into  the  cir- 
cuit;  the   more   of  the   coil   there   is   cut 


Fig.  403.  Constant-potential  Direct- 
Current  Arc  Lamp 

in,  the  less  will  be  the  voltage  at  the 
arc,  because  of  the  increased  drop  in 
the  coil. 

1217.  Why  is  it  necessary  to  adjust 
the  voltage  at  the  arc? 

Because  constant-potential  circuits  are 
not  all  of  exactly  the  same  voltage,  even 
when  rated  the  same.  The  actual  volt- 
age of  a  so-called  110-volt  circuit  may 
be  anywhere  from  105  to  115  volts,  or 
even  120.    As  the  arc  requires  only  about 
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75  volts,  some  extra  resistance  is  nec- 
essary anyhow,  and  by  making  this  ad- 
justable, the  voltage  at  the  arc  can  be 
made  normal  no  matter  what  the  actual 
circuit  voltage  may  be. 

1218.  How  does  the  resistance  coil 
steady  the  arc? 

By  the  increase  in  the  voltage  drop  in 
it  when  the  current  through  it  increases. 
An  increase  in  the  current  flowing  through 
the  arc  would  decrease  the  resistance 
of  the  arc  because  the  larger  current 
increases  the  cross-section  of  the  arc 
and  also  decreases  the  resistance  of 
the  carbon  particles  in  the  arc.  A  de- 
crease in  the  current  flowing  through 
the  arc,  therefore,  would  increase  the 
resistance  of  the  arc.  Consequently,  if 
the  supplied  voltage  was  just  equal  to 
that  required  by  the  arc,  and  the  arc 
resistance  should  be  increased  by  the 
burning  away  of  the  carbons,  the  cur- 
rent would  decrease,  causing  a  further 
increased  resistance  of  the  arc,  and  this 
would  cause  a  further  decrease  of  cur- 
rent and  increase  of  resistance,  with  the 
ultimate    result    that    the   arc    would    be 


Fig.  404.  Diagram  of  Constant-poten- 
tial Alternating-current  Arc 
Lamp 

broken.  Likewise,  an  increase  of  current 
causing  a  decrease  in  arc  resistance 
would  still  further  increase  the  current 
and  result  in  a  similar  unstable  condi- 
tion. 

With  the  wire  resistance  in  series  with 
the  arc  and  properly  adjusted  so  as  to 
make  the  arc  voltage  correct  when  the 
normal  current  is  flowing  through  the 
lamp,    a    decrease    in    the    current    will 


diminish  the  drop  through  the  resistance 
and,  as  the  line  voltage  remains  con- 
stant, the  voltage  across  the  arc  will 
increase  and  compensate  for  the  increase 
in  resistance  of  the  arc.  Likewise,  an 
increase  of  current  causing  a  .larger 
drop  through  the  resistance  will  lower 
the  voltage  across  the  arc  and  maintain 
equilibrium. 

1219.  Describe  the  other  important 
parts  of  the  arc  lamp  in  Fig.  403. 

The  dashpot  D  is  attached  to  the  arma- 
ture of  the  regulating  magnet  for  the 
purpose  described  already.  The  upper 
end  of  the  top  carbon  is  set  in  a  metal 
socket  which  is  electrically  connected  to 
the  central  tube  B  by  a  flexible  stranded 


Fig.  405.  Mechanism  of  Constant- 
potential  Alterating-current 
Lamp 

wire.  The  inner  globe  !s  of  clear  glass 
for  outdoor  service,  and  semi-transparent 
so  as  to  diffuse  the  light  for  indoor  ser- 
vice. It  is  supported  by  a  spring  bail  H 
suspended  from  the  cap  G  of  the  inner 
globe.  An  upward  projection  formed  by 
a  few  turns  of  the  wire  of  which  the 
bail  is  made,  rests  in  a  depression  in 
the  lower  end  of  the  globe  and  exerts  a 
steady  upward  pressure  which  keeps  the 
upper  edge  of  the  globe  at  all  points  in 
close   contact  with   the  cap   G. 

1220.  Is  a  constant-potential  arc  lamp 
for  alternating  current  exactly  like  the 
direct-current  lamp? 

Not  quite.  The  alternating-current 
lamp  is  provided  with  a  magnet  armature 
made  up  of  thin  sheets  of  soft  steel 
riveted  together,  instead  of  solid  plung- 


ers fastened  to  a  solid  yoke;  also  with  a 
"choke"  coil  instead  of  the  simple  resist- 
ance coil  of  the  direct-current  lamp.  Fig. 
404  is  a  diagram  of  the  parts,  in  which 
the  "choke"  coil  Rx  is  substituted  for 
the  resistance  coil  R  in  Fig.  402  and  the 
laminated  armature  A  is  shown. 

1221.  Why  is  a  "choke"  coil  used  in- 
stead of  a  resistance  coil? 

Because  it  wastes  much  less  energy. 
A  "choke"  coil  is  a  coil  wound  around 
a   soft   iron   core   which    forms   a   closed 


Fig.  406.  Diagram  of  Constant-current 
Series  Arc  Lamp 

magnetic  circuit.  An  alternating  cur- 
rent passing  through  this  coil  produces 
a  rapidly  alternating  magnetism  in  its 
core  which  induces  a  counter-electromo- 
tive force  in  the  coil.  This  counter 
e.m.f.  serves  the  same  purpose  as  the 
drop  in  the  resistance  coil  used  in  the 
direct-current  lamp,*  but  does  not  absorb 
any  energy.  There  is  some  energy  loss 
due  to  the  resistance  of  the  coil  but  it  is 
very  small  because  the  resistance  ,is 
extremely  small. 

1222.  //  the  choke  coil  wastes  less 
energy  than  a  resistance  coil,  why  is  it 
not  used  in  the  direct-current  lamp? 

Because  direct  current  flowing  through 
it  cannot  produce  the  alternating  mag- 
netism in  its  core  necessary  to  induce  a 
counter  e.m.f.  in  the  coil. 

1223.  Illustrate  a  constant-potential 
alternating-current  arc  lamp. 

The  mechanism  of  such  a  lamp  is 
shown  in  Fig.  405.  The  general  outside 
appearance  is  similar  to  that  of  the  di- 
rect-current lamp.  Fig.  403.  The  entire 
lamp  is  built  around  the  central  brass 
tube  B.  The  top  or  hood  of  the  case  is 
attached  to  the  upper  end  and  the  floor 
plate  /  and  radiating  plate  /  to  the  lower 
end  of  the  tube.    The  choke  coil  is  shown 
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at  Rx;    the  other  parts  are  lettered  the 
same  as  in  Fig.  403. 

1224.  What  is  the  radiating  plate  for? 
To  radiate  the  heat  developed  by  the 

arc  and  thereby  protect  the  magnets  and 
mechanism   from  it. 

1225.  How  is  the  mechanism  of  the 
constant-current   series   lamp   arranged? 

A  diagram  of  the  mechanism  and  cir- 
cuits of  this  type  of  lamp  for  direct 
current  is  shown  in  Fig.  406.  Two  sep- 
arate magnets  are  used,  one  connected 
in  series  with  the  arc  and  another  con- 
nected in  shunt  to  the  arc.  The  series 
magnet  is  shown  at  M  and  the  shunt 
magnet  at  m.  The  armature  A  in  this 
lamp  is  pivoted  to  the  central  tube  B 
instead  of  sliding  on  it,  and  it  is  tilted 
one  way  by  the  series  magnet,  to  lift 
the  clutch  C  and  the  upper  carbon,  and 
pulled  the  other  way  by  the  shu..t  mag- 
net to  release  the  clutch  and  drop  the 
carbon.  The  switch  S  is  used  to  cut  the 
lamp  out  of  circuit  by  short-circuiting 
the   terminals. 

1226.  Explain  the  operation  of  the 
mechanism  in  detail. 

When  the  lamp  is  first  put  in  circuit, 
the  armature  A  is  tilted  to  the  position 
shown,  by  the  weight  of  the  clutch  C 
and  its  linkage;  the  clutch  is  then  open, 
allowing  the  upper  carbon  to  rest  on 
the  lower  one.  The  current  passes  from 
the  positive  terminal  P  to  the  series  mag- 
net M,  the  starting  resistance  and  the 
regulating  resistance  and  divides  between 
the  three,  but  most  of  it  goes  through 
the  magnet  and  the  carbons  and  the 
return  wire  n,  because  that  path  has  the 
lowest  resistance.  The  magnet  M  lifts 
the  armature  and  clutch,  and  the  latter 
engages  the  upper  carbon  and  carries  it 
upward,  striking  the  arc  between  the 
two  carbons.  As  soon  as  the  link  E 
starts  upward,  it  opens  the  contacts  of 
the  cutout  and  that  part  of  the  current 
which  at  first  was  shunted  through  the 
starting  resistance  now  passes  through 
the  carbons.  As  the  upper  carbon  is 
lifted  away  from  tl\e  lower  i)ne  the 
lengthening  of  the  arc  increases  the  volt- 
age across  the  carbons  and  this  increases 
the  strength  of  the  magnet  m  which  is 
connected  in  parallel  with  the  carbons; 
when  the  arc  is  at  normal  length,  the 
pull  of  the  magnet  m  is  sufficient  to 
prevent  the  magnet  M  from  lifting  the 
carbon  any  farther.  As  the  carbons  burn 
away,  the  lengthening  of  the  arc  shunts 
more  current  through  the  magnet  m,  and 
the  magnet  M  is  correspondingly  weak- 
ened; the  armature  is  therefore  tilted 
slightly  the  other  way,  lowering  the 
clutch  C  to  the  point  where  it  trips  and 
feeds  the   upper  carbon   downward. 

1227.  What  is  the  starting  resistance 
for  ? 

To  prevent  the  cutout  from  putting  a 
dead  short-circuit  across  the  lamp  when 
it  is  closed  by  the  extreme  downward 
travel  of  the  link  E.  Such  a  short-circuit 
would   make   it   impossible   for  the   lamp 


to  restart  its  arc  automatically  when  next 
cut    into    circuit. 

1228.  What  is  the  need  for  the  cut- 
out? 

To  close  the  circuit  around  the  lamp 
if  the  upper  carbon  should  hang  up  or 
burn  so  short  that  it  could  not  be  fed 
downward  any  farther.  In  either  case, 
the  arc  "becomes  excessively  long  and  the 
magnet  m  pulls  its  end  of  the  armature 
up  so  far  that  the  cutout  is  closed  and 
cuts  the  rest  of  the  lamp  mechanism 
out  of  circuit. 

1229.  What  is  the  regulating  resist- 
ance for? 

To  adjust  the  strength  of  the  lifting 
magnet  M  and  thereby  regulate  the  length 
of  arc  necessary  for  the  feed  magnet  m 
to  overcome  the  lifting  magnet  and  feed 
the  carbon.  The  regulating  resistance  is 
in  shunt  to  the  series  magnet  coil  and 
shunts   more   or  less   current   out   of  it. 


lamps  the  shunt  coil  opposes  the  series 
coil  magnetically  instead  of  mechanical- 
ly. Magnetic  opposition  is  obtained  by 
winding  the  series  and  shunt  coils  on 
the  same  core;  any  increase  in  the  cur- 
rent in  the  shunt  coil  weakens  the  mag- 
net as  a  whole,  because  the  magnetizing 
effects  of  the  two  coils  are  in  opposition 
to  each  other.  In  most  cases,  however, 
the  magnets  are  separate  and  their  pull- 
ing efforts  are  opposed  mechanically, 
as  in  the  lamp  described. 

1232.  Is  the  series  alternating-current 
lamp   like  the  direct-current  lamp? 

Yes;  in  all  essential  features,  except 
that  the  magnet  cores  and  armatures 
are  laminated  instead  of  solid  and  choke 
coils  are  used  instead  of  resistance  coils, 
as  explained  in  the  discussion  of  con- 
stant-potential  lamps. 


Fig.  407.  Mechanism  of  Constant-cur- 
rent Series  Arc  Lamp 

according   to   the   position   of  the   sliding 
contact  F. 

1230.  Illustrate  the  actual  meclianism 
of  the  constant-current  arc  lamp  repre- 
sented by  the  diagram. 

Fig.  407  shows  the  mechanism  of  this 
type  of  lamp.  The  cutout  is  shown  at  K, 
the  starting  resistance  at  Rx  and  the 
regulating  resistance  at  Rr.  The  other 
parts  are  lettered  the  same  as  in  Fig. 
406. 

1231.  Are  all  constant-current  lamp 
mechanisms  like  the  one  fust  described? 

Not  in  all  the  details,  but  they  all  work 
on  the  differential  principle;  that  is,  a 
series  magnet  pulls  the  carbons  apart 
and  it  is  opposed  by  a  magnet  coil  con- 
nected   in   shunt   to   the    arc.      In   some 


LETTERS 

Mr.  McGinnitie's  Rattling 
Exciter 

I  have  had  several  cases  of  rattling 
such  as  Mr.  McGinnitie  described  in 
the  Jan.  2  issue,  and  in  each  case  I 
found  it  due  to  the  oil  rings.  The  bear- 
ings being  worn,  the  small  pin  which 
bridges  the  oil-ring  slot  to  keep  the  ring 
in  place  would  be  found  to  be  either 
broken  off  or  bent  up  so  that  the  ring 
had  a  chance  to  jump  up  and  down  on 
the  shaft,  due  to  the  vibration  per- 
mitted by  the  loose  bearing.  When  the 
guide  pin  was  replaced,  keeping  the 
ring  down  on  the  shaft,  the  rattle  stopped. 
L.  M.  Johnson. 

Glenfield,   Penn. 


Mr.  McGinnitie's  exciter  trouble  re- 
minds me  of  the  case  of  a  25-hp.  motor 
I  once  installed.  It  was  used  to  drive 
a  large  fan  and  as  first  installed  had  a 
very  poor  foundation  of  timber  and 
planks  and  the  vibration  was  ascribed  to 
that  condition,  but  after  being  placed  on 
a  concrete  foundation  it  did  no  better. 
Although  it  had  been  paid  for,  the  man- 
ufacturer sent  a  man  to  investigate  the 
trouble  and  remedy  it  if  possible,  but  he 
did   not  succeed   in   locating  it. 

Finally,  someone  suggested  that  the 
shaft  was  not  round.  This  was  hardly 
taken  seriously,  but  as  everything  else 
that  anyone  could  think  of  had  been 
tried,  the  shaft  was  taken  out  and  jneas- 
ured  with  a  micrometer;  it  was  found 
to  be  0.002  of  an  inch  out  of  round. 
The  maker  was  apprised  of  this  fact 
and  supplied  us  with  a  new  shaft;  after 
this  was  substituted  for  the  old  one,  no 
further  trouble  was  experienced. 

This  might  possibly  be  the  trouble  with 
Mr.  McGinnitie's  machine;  it  would  be 
worth  while  to  caliper  the  shaft,  at  least, 
to  see  if  it  is  dead  round. 

Victor  Jump. 

Caledonia,   Ohio. 
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Gas   Power   Department 

Worth-while  gas-engine  and  producer  information  treated  in  a  way  that  can  be  of  practical  use 


World's  Production  of  Crude 
Petroleum 

The  world's  production  of  crude 
petroleum  for  the  five  years  from  1906 
to  1910,  inclusive,  in  barrels  of  42  gal., 
by   countries,   was   as   follows: 

The  production  in  1910,  as  a  simple 
arithmetical    process    will    show,    was,   in 


this  typt  a  fuel  economy  approaching 
that  of  a  high-compression  engine  with 
adequate  air  supply  and  fuel  injection 
at  beginning  of  the  power  stroke  cannot 
reasonably  be  expected,  but  even  taking 

into  account  the  load   factor  of  —     or 

0.72,  the  oil  consumption  should  not  have 
exceeded    1.1   lb.  per  brake  horsepower- 


Country 

United  States 

Russia    

Galicia 

Dutch  East  Indies 

Roumania 

India 

Mexico 

.lapan 

Peru 

Clermany 

Canada 

Italy 

Other  countries  (estimated) 

Total    


1906 


126,493,! 
58,897,; 
5,467,' 
8,180,( 
6,378,1 
4,015,i 


>12,912,860 


1907 


166,095,335 

61,860,734 

8,455,841 

9,982,597 

8,118,207 

4,344,162 

1,000.000 

2,010.639 

756,226 

756,631 

788,872 

59,875 

30,000 


264,249,119 


1908 


178,527,3.55 

62,186,447 

12,612,295 

10,283,357 

8,252,157 

5,047,038 

3,481,410 

2,070,145 

1,011,1 

1,009,278 

527,987 

50.966 

30,000 


285,089,615 


1909 


183,170,874 

65,970,350 

14,932,799 

11,041,852 

9,327,278 

6,676,517 

2,488,742 

1,689,563 

1,316,118 

1,018,837 

42o,755 

42,388 

30,000 


298,326,073 


1910 


209,556,048 

70,336,574 

12,673,688 

11,030,620 

9,722,958 

3,137,890 

3,332,807 

1,930,661 

1,330,105 

1,032,522 

315,896 

42,388 

30.000 


327,472,256 


round  numbers,  13,753,835,000  gal., 
aggregating  about  100,815,600,000  lb. 
This  quantity  would  fill  a  pipe  50  in. 
in  diameter  extending  entirely  around 
the  surface  of  the  earth  at  the  equator, 
and  would  maintain  in  continuous  ser- 
vice, 24  hours  per  day,  for  a  year  Diesel- 
type  engines  delivering  23,017,000  hp. 


The  Cost  ot  Oil  Power 

By  Chas.  H.  Herter 

Referring  to  the  discussion  on  the 
above  subject  in  the  issue  for  Jan.  2,  the 
following  explanation  seems  to  be  war- 
ranted in  order  to  prevent  the  perform- 
ance of  the  engine  in  question  from  be- 
ing taken  as  representative  of  oil  en- 
gines in  general.  The  writer  is  familiar 
with  the  engine  referred  to;  but  is  not 
interested  commercially  in  any  engine  or 
power  whatsoever. 

The  oil  engine  at  New  Haven  is  a 
Hornsby-Akroyd,  of  the  type  of  English 
origin  which  has  been  on  the  market  over 
20  years.  The  compression  is  usually 
between  50  and  60  lb.  per  square  inch, 
the  maximum  pressure  after  ignition  140 
to  170  lb.  and  the  mean  effective  pres- 
sure 40  to  45  lb.  The  exhaust  valve  is 
not  water-cooled  and  the  incoming  air 
Is  heated  by  passing  over  it,  thereby  re- 
ducing the  weight  taken  in.  In  the  case 
of  the  New  Haven  engine  the  average 
brake  horsepower  is  reported  to  have 
been  90,  and  so  the  fuel-oil  consump- 
tion on  the  basis  of  oil  weighing  7i< 
lb.  per  gallon  figures  up  1.59  lb.  per 
brake  horsepower-hour. 

With  a  simple  low-pressure  engine  of 


hour,  the  consumption  at  full  load  being 
guaranteed  not  to  exceed  1  lb.,  and  hav- 
ing been  found  in  some  sizes  to  be  less 
than  0.9  lb.  It  is  possible  that  too  much 
heat  was  carried  off  by  the  jacket  water. 
At  light  load  the  discharge  temperature 
can  safely  be  carried  higher  than  at 
full    load. 

It  will  be  clear  from  the  foregoing 
that  the  oil  engine  at  New  Haven  is  not 
in  the  same  class  with  the  more  modern 
high-compression  De  La  Vergne  and 
Diesel  oil  engines,  the  fuel  consumption 
of  which  is  but  one-half  of  that  of  the 
type   built  years   ago. 

The  overall  efficiency  of  the  plant  in 
question  could  perhaps  be  improved  by 
utilizing  the  waste  heat  by  means  of  a 
water  heater  utilizing  the  heat  of  the 
exhaust  gases  and  that  usually  lost  in 
jacket  water.  About  3600  B.t.u.  per 
brake  horsepower-hour  have  been  re- 
covered at  full  load  from  the  exhaust 
and  5000  B.t.u.  from  the  jacket  water  of 
a  natural-gas  engine.  To  what  extent 
the  carbon  carried  in  the  exhaust  would 
reduce  the  efficiency  of  the  surface  of 
such  heater  remains  to  be  seen.  In  the 
Hornsby-Akroyd  engine  the  heat  radiated 
by  the  glowing  vaporizer  cannot  be  re- 
covered, of  course. 


California's  petroleum  production  in 
1911  is  estimated  by  David  T.  Day,  of 
the  United  States  Geological  Survey,  as 
reaching  a  possible  83,000,000  bbl,  as 
compared  with  73,010,560  bbl.  in  1910. 
The  increased  production  was  chiefly 
from  the  Sunset  and  McKittrick  region, 
from  the  pools  already  developed  in 
1910. 


The    Oil     Power    Vessel 
"Jutlandia" 

The  twin-screw  oil-engined  vessel 
".lutlandia,"  recently  built  by  a  British 
firm  to  the  order  of  the  East  Asiatic  Co., 
of  Copenhagen,  was  launched  on  Dec. 
11.  Her  dimensions  are  384  ft.  length, 
53  ft.  3  in.  breadth,  30  ft.  depth.  Her 
displacement  is  10,000  tons  at  23  ft.  6 
in.  draft,  and  the  dead-weight  capacity 
7000  tons,  with  a  registered  gross  ton- 
nage of  5000.  She  will  be  supplied  with 
two  sets  of  Diesel  oil  engines  capable  of 
developing  3000  indicated  horsepower. 
She  will  have  three  masts,  and  the  ex- 
haust gases  from  the  engines  will  be  led 
up  inside  the  mizzen  mast  ^nd  exhausted 
at  a  height  of  48  ft.  above  the  deck,  so 
that  no  separate  stack  will  be  needed. 
A  noteworthy  and  economically  very  im- 
portant feature  is  that  the  machinery 
space  is  only  about  a  third  of  that  which 
would  have  been  necessary  for  steam  en- 
gines and  boilers,  and  that  the  absence 
altogether  of  boilers  and  boiler  casings 
leaves  a  large  amount  of  hold  and  'tween- 
deck  space  for  the  storage  of  cargo  and 
the  accommodation  of  passengers.  The 
siren,  on  the  mainmast,  will  be  operated 
by  compressed  air.  It  is  expected  that 
the  "Jutlandia"  will  be  ready  for  speed 
trials  some  time  next  month. — Exchange. 


LETTERS 

Two  Gasoline  Engine  Wrecks 

In  the  Jan.  9  issue,  L.  Earle  Browne 
and  R.  E.  Wall  describe  two  gasoline-en- 
gine smash-ups.  In  Mr.  Browne's  case 
the  first  question  which  occurs  to  one 
is:  Did  the  explosion  take  place  above 
or  below  the  piston?  If  it  took  place 
above  the  piston,  that  is  to  say,  in  the 
combustion  chamber,  it  may  have  been 
due  to  the  ignition  of  a  very  rich  mixture 
while  exactly  on,  or  very  nearly  on,  dead 
center.  The  last  time  the  engine  was 
stopped,  the  driver  may  have  switched 
off  but  left  his  throttle  wide  open,  which 
would  allow  the  engine  to  take  several 
inspirations  of  a  rich  mixture,  the  gaso- 
line content  of  which  would  condense 
on  the  cylinder  walls  and  piston  head. 
On  cranking  over  for  starting  up  the 
next  time — the  time  of  the  accident — thi; 
throttle  would  be  fairly  wide  open  and 
the  mixture  obtained  therefrom,  in  ad- 
dition to  that  already  in  the  cylinder, 
may  have  been  sufficiently  explosive  to 
cause  the  wreck.  It  will  be  observed  that 
the  engine  had  been  cranked  around 
twice,  through  a  complete  cycle. 
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If,  however,  the  explosion  took  place 
in  the  cc^bustion  chamber,  one  would 
expect  the  pieces  to  have  been  blown 
more  vertically  than  horizontally,  as  they 
apparently  were.  Also,  it  is  hard  to  see 
why  the  bottom  half  of  the  crank  case 
should  have  been  blown  into  "a  hundred 
or  more  pieces."  I  am  inclined  to  think 
that  the  explosion  took  place  in  the 
crank  case  and  that  No.  1  and  No.  4  pis- 
tons were  descending  at  their  maximum 
velocity  at  the  time  of  the  explosion,  the 
tendency  then  being  to  destroy  the  crank 
case  and  to  wreck  No.  1  and  No.  4  cyl- 
inders. No.  1,  being  the  weakest,  went 
in  this  case.  The  pieces  would  also  be 
thrown  in  the  manner  described  in  this 
event. 


rings  and  an  ignition  in  one  of  the  cylin- 
ders, and  it  is  possible  that  a  tongue  of 
flame  may  have  found  its  way  between 
the  stuck  rings  and  the  dry  cylinder  wall 
and  fired  the  mixture  in  the  crank  case. 
Alternately,  the  accidental  striking  of  one 
metal  part  by  another  metal  part  inside 
the  crank  case  may  have  caused  a  spark 
which  ignited  the  explosive  mixture. 

With  regard  to  Mr.  Wall's  smash,  he 
says  that  when  the  engine  got  "fairly 
started"  he  turned  the  ignition  timing  to 
the  running  position.  This  sounds  rather 
as  if  he  shifted  the  timing  lever  from 
starting  up  to  full-load  position  all  at 
once.  If  so,  an  ignition  on  center,  or 
early,  may  have  caused  the  engine  to 
give  way  along  the  line  of  least  resist- 


Mr.  Browne's  Automobile-engine  Explosion 


Then  comes  the  query:  How  did  the 
explosive  mixture  find  its  way  into  the 
crank  case?  The  answer  is  simple. 
Many  automobile  owners  are  troubled  by 
gasoline  leaking  past  the  pistons  and 
mixing  with  the  lubricant  in  the  crank 
case,  causing  trouble  by  thinning  the 
oil  with  which  it  becomes  emulsified. 
Now  the  engine  had,  in  this  case,  been 
standing  for  four  days.  This  left  ample 
time  for  the  gasoline  and  the  oil  to  sep- 
arate out,  the  gasoline  floating  on  the 
top  by  virtue  of  its  lower  specific  gravity. 
Its  presence  being  accounted  for,  next 
comes  the  question  of  how  the  mixture 
got  ignited.  As  the  engine  had  beer, 
standing  for  four  days,  the  cylinder  walls 
:and  internal  mechanism  generally  had 
been  drained  ■comparatively  dry  of  oil. 
(3iven  one  or  two  stuck   or  badly  worn 


ance  as  he  suggests.  Ignition  timers 
should  always  be  gradually  moved  on 
gasoline  engines,  and  the  engines  should 
be  more  than  "fairly  started" — as  I  read 
it — before  the  spark  is  set  to  occur  in 
advance  of  center. 

John   S.  Leese. 
Manchester,  Eng. 


On  page  54  of  the  issue  of  Jan.  9,  L. 
Earle  Browne  asks  for  opinions  as  to 
what  caused  the  explosion  of  a  gasoline 
engine.  On  looking  at  the  photograph 
it  will  be  noticed  that  the  most  damage 
was  done  beneath  the  explosion  cham- 
ber, and  Mr.  Browne  says  that  the  crank 
case  was  broken  into  a  hundred  or  more 
pieces  and  that  both  Nos.  1  and  2  cylin- 
ders were  torn  away  from  the  bottom 
casing. 


My  theory  is  that  in  some  way  an  ex- 
plosive mixture  got  into  the  crank  case 
and  exploded  there;  this  could  be  ac- . 
counted  for  by  there  being  a  hole  or 
Raw  through  the  piston  face.  This  mix- 
ture would  have  a  tendency  to  fire  from 
a  spark  at  the  spark  plug  in  the  com- 
bustion chamber.  On  the  other  hand, 
some  one  may  have  injected  some  gaso- 
line into  the  crank  case,  thinking  to  play 
a  joke  on  the  operator  and  not  realizing 
the  possibility   of  serious   consequences. 

However,  I  am  sure  the  explosion  was 
caused  by  gas  in  the  crank  case  as,  if 
any  of  the  parts,  such  as  the  connecting- 
rod  or  crankshaft  had  been  bent,  there 
would  not  have  been  so  many  broken 
parts.  It  would  be  well  to  thoroughly 
examine  the  piston  and  cylinder  infernal- 
ly to  find  if  there  was  any  flaw  showing 
where  gas  could  escape  into  the  crank 
case.  If  no  flaw  is  found,  it  might  be 
worth  while  to  look  over  the  electric  con- 
nections thoroughly  to  find  out  how  a 
spark  got  into  the  crank  case. 

G.  H.  Handley. 

Newburgh,  N.  Y. 


I  showed  Mr.  Browne's  article  to  Mr. 
James  H.  Fennon,  an  expert  on  gas  en- 
gines and  a  mechanical  engineer  of  rare 
ability,  and  asked  him  to  solve  the  prob- 
lem. The  engine  was  evidently  a  water- 
cooled  machine,  and  in  Montana  at  this 
time  of  the  year  the  climate  is  more  than 
cold;  Mr.  Fennon  suggests  that  the 
water  jackets  froze  with  the  intense  cold 
and  cracked  the  cylinder  in  a  hundred 
places,  and  when  the  gasoline  explosion 
occurred,  it  simply  blew  out  these  cracked 
pieces  and  wrecked  the  machine. 

Stephen  C.  Brown. 

Natick,  Mass. 


Curing  Hot  Bearings 

Several  weeks  ago  on  account  of  low 
water  our  station  was  called  on  to  take 
our  street-railway  load.  ■  We  have  two 
800-hp.  gas  engines  and  were  doing  some 
repair  work  on  them;  therefore  we  were 
not  in  good  shape  to  run.  However,  we 
managed  to  get  both  engines  going,  but 
in  about  30  minutes  the  left-hand  main 
bearing  on  No.  2  engine  was  smoking 
hot.  We  had  a  very  big  load  and  could 
not  shut  down  without  overloading  the 
other  engine.  After  tr>'ing  every  kind  of 
"dope"  I  could  think  of,  without  any  im- 
provement, I  slowed  the  engine  down  as 
slow  as  it  would  run  and  tightened  the 
quarter  boxes  a  little  at  a  time  until  they 
were  jam  up,  keeping  them  well  flooded 
with  cylinder  oil  and  a  little  flake  graph- 
ite. I  let  it  run  that  way  for  a  few 
minutes  and  then  began  to  loosen  up  a 
little  on  the  boxes.  After  it  cooled  down 
to  a  running  temperature,  I  gave  the  en- 
gine the  load  again  and  that  was  the 
end  of  that  box  getting  hot. 

J.  B.  Linker. 

Charlotte,   N.   C. 
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Refrigeration  Department 

Principles  and  operation  of  ice-making  and  refrigerating  plant  and  machinery 


Cold  Storage  of  Furs  and 
Fabrics 

By   E.  F.  Tweedy 

The  placing  of  furs  and  such  fabrics 
as  carpets,  tapestries,  clothing,  woolens, 
etc.,  in  cold  storage  to  protect  them 
against  insects  during  certain  portions 
of  the  year,  is  now  generally  recognized 
as  the  most  satisfactory  method  of  deal- 
ing with  this  important  problem.  The 
annual  loss  arising  from  the  destruction 
of  the  above  classes  of  merchandise  by 
the  moth  and  the  beetle  cannot  be  even 
appro.ximately  estimated,  but  the  yearly 
toll  is  unquestionably  tremendous,  and 
any  means  of  reducing  this  loss  is  there- 
fore worthy  of  serious  consideration. 

The  first  storage  warehouse  in  this 
country  to  Undertake  the  cold  storage  of 
furs,  carpets  and  other  fabrics  was  ap- 
parently that  of  the  American  Security 
&  Trust  Co.,  of  Washington,  D.  C,  which 
provided  cold-storage  facilities  for  goods 
in   1894. 

For  two  years  thereafter,  the  manager 
of  the  cold-storage  department  of  this 
company,  Albert  M.  Read,  assisted  by 
Dr.  L.  O.  Howard,  chief  of  the  bureau 
of  entomology  of  the  United  States  De- 
partment of  Agriculture,  carried  on  a 
series  of  extremely  interesting  and  valu- 
able tests  to  determine  the  effects  of 
various  temperatures  upon  the  larvs  of 
the  moth  and  beetle.  These  were  probably 
the  first  tests  ever  conducted  along  similar 
lines,  and  the  results  secured  served 
largely  as  a  basis  for  the  subsequent 
commercial  development  in  the  use  of 
cold  storage  for  the  protection  of  furs 
and  fabrics. 

The  cold  storage  of  furs  at  first  was 
opposed  by  many  furriers,  who  had  de- 
rived a  considerable  income  from  caring 
for  their  customers'  furs  during  the  sum- 
mer months,  such  care  usually  involving 
a  frequent  brushing  and  shaking  of  the 
furs,  separated  by  intervals  during  which 
they  were  packed  away  with  camphor, 
tar  paper  or  some  other  moth-repelling 
substance. 

But  such  opposition  gradually  disap- 
peared and  today  the  leading  furriers 
either  operate  their  own  cold-storage 
vaults  or  else  rent  storage  space  in  cold- 
storage  warehouses.  The  latter  are  rare- 
ly so  located  as  to  be  conveniently 
reached  by  the  furriers'  patrons,  and 
':his  is  doubtless  the  reason  the  majority 
of  the  furriers  and  department  stores 
maintain  their  own  refrigerated  rooms  for 
storing    furs. 


In  the  experiments  referred  to  it  was 
found  that  any  temperature  below  45 
deg.  F.  was  sufficient  to  keep  the  larvse 
of  the  moth  and  the  beetle  from  doing 
any  damage,  although  the  larva  were 
capable  of  sluggish  movement  at  a  tem- 
perature as  low  as  42  deg.  F.  Below 
40  deg.  all  movement  was  suspended 
and  the  larvs  became  entirely  dormant, 
while  above  45  deg.  activity  of  the  larv» 
began  and  increased  with  each  degree 
up  to  55  deg.  when  a  normal,  active  con- 
dition  was   reached. 

It  was  found  that  the  larval  condition 
was  the  one  in  which  the  damage  oc- 
curred, as  the  grease  and  animal  juices 
in  the  fiber  of  the  fur  and  wool  serve 
as  food  for  both  the  moth  and  the  beetle 
larvs  while  these  insects  are  passing 
through  this  stage.  The  larvK,  it  was 
found,  could  withstand  as  low  as  18 
deg.  F.  for  a  long  period  without  harm- 
ful effects  and  they  changed  back 
from  a  dormant  to  an  active  condition 
when  the  temperature  again  became  nor- 
mal. However,  if  rep-atedly  exposed  to 
considerable  changes  in  temperature,  the 
larva!  vitality  was  considerably  reduced 
— a  fact  which  should  cause  a  winter 
composed  of  alternating  periods  of  cold 
and  mild  weather  to  be  followed  by  a 
summer  of  decreased  insect  life.  Also 
that  the  miller  and  the  beetle  were  soon 
killed  when  subjected  to  temperatures 
below  32  deg.  F.  and  that  they  gradually 
died  if  exposed  to  between  32  and  40 
deg.   F. 

While  these  investigations  showed  that 
cold-storage  rooms  for  preservation  of 
furs  and  fabrics  may  be  kept  at  40  deg.  F. 
with  perfect  safety,  the  temperatures  most 
commonly  carried  in  cold-storage  rooms 
today  range  from  20  to  26  deg.  F.  At 
these  lower  temperatures  the  furs  retain 
a  fresh  and  glossy  appearance,  and  the 
flexibility  of  the  skins  is  preserved  by 
a  lessening  of  the  evaporation  of  their 
natural    oils. 

Two  methods  of  applying  mechanical 
refrigeration  to  the  cold  storage  of  furs 
and  fabrics  are  in  general  use;  one  is 
the  direct  system  and  the  other  the  in- 
direct, each  system  possessing  advan- 
tages as  well  as  disadvantages.  In  the 
direct  system  the  refrigerating  coils — 
either  arranged  for  direct  expansion  or 
for  the  circulation  of  brine — are  placed 
within  the  storage  room  itself,  being 
mounted  upon  the  side  walls  or  ceiling, 
or  upon  both.  The  indirect  system  com- 
prises an  air-cooling  room  or  bunker 
space  in  which  are  the  refrigerating  coils, 


this  space  being  entirely  separate  from 
the  room  to  be  refrigerated  but  connected 
with  it  by  a  system  of  ducts  through 
which  the  refrigerated  air  is  circulated 
by  means  of  a  fan. 

The  advantages  of  the  direct  system 
are  that  it  is  somewhat  cheaper  to  install 
and  also  to  operate:  the  first,  because 
of  the  elimination  of  the  air-cooling 
chamber  and  air-circulating  fan,  although 
this  is  partially  offset  by  the  somewhat 
greater  cost  of  the  piping  for  the  cool- 
ing coils;  the  second,  because  it  is  unnec- 
essary to  operate  an  air-circulating  fan, 
which  requires  an  appreciable  amount  of 
energy.  With  either  system,  using  brine 
as  the  cooling  medium  adds  materially 
to  the  first  cost  of  the  installation,  and 
likewise  increases  the  cost  of  operation 
due  to  the  necessity  of  constantly  cir- 
culating the  brine. 

The  use  of  brine  arises  from  the  fear 
of  a  leak  in  the  ammonia  piping,  with 
a  consequent  damage  to  the  goods  in 
storage.  Where  the  ammonia  piping  is 
carefully  installed  and  tested  before  be- 
ing placed  in  operation,  danger  from 
the  leakage  of  ammonia  gas  is  probably 
not  great,  as  the  successful  operation  of 
the  large  number  of  plants  employing 
ammonia  as  the  refrigerating  agent  bears 
witness. 

However,  in  view  of  the  heavy  financial 
responsibility  usually  involved  where 
furs  in  any  quantity  are  held  in  storage, 
this  question  is  of  considerable  import- 
ance, and  where  ammonia  is  employed  as 
the  refrigerating  agent,  the  indirect  sys- 
tem, with  brine  as  the  secondary  cool- 
ing medium,  offers  the  greatest  amount 
of  security  against  damage  from  the  re- 
frigerating medium  itself.  The  indirect 
system  is  further  advantageous  in  free- 
ing the  storage  space  of  the  moisture 
which  collects  as  frost  on  the  piping  and 
which  melts  and  drips  from  the  pipes 
if  the  temperature  rises  above  the  freez- 
ing point.  The  air  in  the  storage  space 
is  therefore  drier  where  the  indirect 
system  is  used;  this  is  also  an  advantage, 
provided  the  percentage  of  moisture  is 
not  reduced  too  far,  a  condition  which 
can  easily  be   prevented. 

One  of  the  arguments  advanced 
against  the  indirect  system  is  that  it  in- 
volves an  increased  fire  risk,  as  the 
movement  of  the  air  in  the  storage  space 
might  tend  to  fan  a  fire  if  one  should 
occur.  This  belief  was  considerably 
strengthened  by  a  fire,  involving  a  heavy 
financial  loss,  which  occurred  in  the  fur 
cold-storage  room  of  a  large  department 
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store  in  Brooklyn  a  few  years  ago.  The 
origin  of  this  fire  was  unknown,  but  it 
has  been  generally  contended  that  the 
system  of  air  circulation  that  was  in  use 
was   responsible   for  the   fire. 

As  a  result,  the  New  York  Fire  Insur- 
ance E,\change  made  certain  recommen- 
dations as  to  the  manner  in  which  the 
indirect  system  of  refrigeration  for  fur- 
storage  rooms  should  be  installed.  These 
recommendations  call  for  the  air  duct 
or  ducts  to  be  equipped  with  automatic 
dampers,  arranged  to  be  controlled  by 
fusible  links  properly  installed;  the 
blower  or  fan  to  be  equipped  with  an 
automatic  controller  arranged  to  be  op- 
erated either  by  electric  thermostats  hav- 
ing a  low  fusing  point,  or  by  thermom- 
eters having  proper  attachments  installed 
within    the    cold-storage    room,    and    that 

TABLE    1.     CHARACTER    OF    INSULATION 

B.t.u.  per  sy.ft. 
per  24  hr.  per 
deg.  dif.  b  e  - 
tween  outside 
and  inside  temp. 

Double  l-in.  boards  and  paper, 

1-in.    air    space,    5-in.    sheet 

cork,  paper  and  J-in.  board.  U.9() 

Double  4-in.  boards  and  paper. 

1-in.   air   space,    4-in.    sheet 

cork,  paper  and  |-in.  board.  .  1  20 

Two   J-in.   boards  and   paper, 

8-in.  mill  shavings,  two  l-in. 

boards  and  paper 1  35 

Same  slightly  moist l .  80 

Same  damp 2.10 

Double  5-in.  boards  and  paper, 

4-in.  granulated  cork,  double 

J-in.  boards  and  paper 1   70 

One  J-in.  board  and  paper,  3-in. 

sheet  cork,  paper,  one  J-in. 

board  and  paper 2.10 

One   J-in.   board,  6-in.   patent 

silicated      strawboard      (air 

cell),  finished  with  thin  layer 

of  patent  cement 2 . 4.S 

Four  double  J-in.  boards  with 

paper  between  (eight  boards  . 

in   all)    and   three   8-in.   air 

spaces ■■-■  2.70 

One   J-in.   board,   paper,   2-in. 

sheet  cork,  two  J-in.  boards 

and  paper 3 .  00 

Two  J-in.  board  and  paper,  1- 

in.    sheet    cork,    two     J-in. 

boards  and  paper 3 .  30 

Two   J-in.   double   boards   and 

two    papers,    l-in.    hair   felt 

between 3  32 

One  J-in.  board  and  paper,  2*- 

in.  mineral  wool,  paper  and 

J-in.  board 3.62 

Two  J-in.  boards  and  paper,  1- 

in.  air  space,  two  J-in.  boards 

and  paper 371 

One  J-in.  Doard,  2-in.  pitch,  one 

J-in.  board 4  2.'i 

One  J-in.  board,  l-in.  pitch,  one 

J-in.  board _ 4  uo 

these  devices  be  adjusted  to  operate  the 
controller  on  the  blower  so  that  when 
the  temperature  rises  to  100  deg.  F.  the 
blower  will  shiut  down.  Where  these 
recommendations  are  observed,  this  sys- 
tem apparently  offers  no  material  in- 
crease in  fire  risk  over  the  direct  system. 
The  refrigerating  requirements  for 
given  outside  temperature  conditions,  and 
for  a  given  maintained  temperature  with- 
in the  cold-storage  space,  are,  of  course, 
directly  dependent  upon  the  insulation 
provided  for  the  floor,  walls  and  ceiling 
of  the  room  to  be  refrigerated.  As  the 
insulation  in  different  installations  varies 
greatly  in  its  effectiveness  in  limiting  the 
passage  of  heat  from  the  outside  to  the 
inside  of  the  refrigerated  space,  it  is  im- 
possible to  even  approximately  estimate 


the  refrigerating  requirements  for  a  given 
volume  of  cold-storage  space  without  a 
knowledge  of  the  character  of  the  in- 
sulation   to   be    employed. 

This  is  particularly  evident  when  one 
considers  that  with  some  of  the  dif- 
ferent combinations  of  insulating  ma- 
terials in  ordinary  commercial  use  varia- 
tions may  be  obtained  in  heat  transmis- 
sion from  less  than  1  to  nearly  5  B.t.u. 
per  24  hr.  per  square  foot  of  exposed 
surface  for  each  degree  of  difference  be- 
tween the  inside  and  outside  tempera- 
tures. Table  1  shows  the  approximate 
number  of  B.t.u.  transmitted  per  square 
foot  per  24  hr.  for  each  degree  of  tem- 
perature difference  for  several  different 
types  of  insulation  commonly  met  with  in 
practice. 

The  number  of  cubic  feet  of  refrig- 
erated space  per  ton  of  refrigeration 
naturally  varies  with  the  size  of  the 
space  refrigerated,  other  conditions  re- 
maining the  same,  inasmuch  as  the  ex- 
posed surface  through  which  the  gain  of 
heat  occurs  does  not  increase  in  propor- 
tion to  the  increase  in  the  volume  of  the 


were  in  actual  operation  only  during 
some   seven   or  eight  months. 

It  is  somewhat  surprising  to  observe 
how  low  the  load  factor  is  in  these 
plants,  even  during  midsummer.  Based 
on  the  rating  of  the  motor  which  drives 
the  compressor,  plant  1  operated  at  rated 
load  for  only  10  per  cent,  of  the  time 
during  July,  the  month  of  greatest  con- 
sumption; while  for  the  entire  period 
(May  to  October,  inclusive)  it  operated 
at  its  rated  capacity  only  6'j  per  cent. 
of  the   time. 

Upon  the  same  basis,  plant  2  showed 
a  30  per  cent,  load  factor  for  September, 
and  a  27  per  cent,  load  factor  for  the 
seven  months  ending  with  December. 
Plant  3  had  a  load  factor  of  16  per  cent, 
during  June,  and  a  load  factor  of  12  per 
cent,  for  the  period  beginning  with  March 
and  ending  with  October;  while  plant  4 
had  a  maximum  load  factor  of  21  per 
cent,  during  July,  and  16  per  cent,  for 
the  seven  months  ending  with  December. 
The  load  factor  thus  based  upon  the 
rated  capacity  is,  of  course,  dependent 
upon    the    relation    of    the    size    of    the 


TABLE  2..    CAPACITY  OF  PLANT  AND  VOLUME  OF  REFRIGERATED  SPACE 


Sq.Ft.  Sur- 

Gii.FI. Stor- 

face (Floor, 

Capacity , 

Motor  Driv. 

Contents 

age  Spice 
per  Ton 
Refrig. 

Ced.,  Side 

Tons 

Refrig^  Plant, 

Storage 

Walls)  per 
Ton  Refrig, 

Refrigeration 

Space,  Cu.Ft. 

System 

50 

155,000 

3,100 

Indirect — brine  coils 

20 

35 

60,000 

3,000 

74S 

Indirect — ammonia  coils 

15 

25 

40, .500 

2,700 

651 

Indirect — ammonia  coils 

10 

15 

32,700 

3,270 

805 

Direct — ammonia  coilc 

4 

n 

5,720 

1,430 

569 

Direct — ammonia  coils 

refrigerated  space.  It  is  also  somewhat 
affected  by  the  system  of  refrigeration 
employed;  that  is,  whether  the  direct  or 
the  indirect  system  and  whether  brine 
is  used  as  a  secondary  cooling  medium. 
As  in  all  other  refrigeration  problems 
this  question  of  insulation  is  of  para- 
mount importance,  and  the  saving  in  the 
cost  of  power  required  will  almost  in- 
variably pay  a  large  return  upon  the 
money  invested  in  a  high  grade  of  in- 
sulation. 

Table  2  shows  the  capacity  of  the  re- 
frigerating plant  installed,  the  cubical 
contents  of  the  space  refrigerated,  the 
volume  of  refrigerated  space  and  the 
total  exposed  surface  per  ton  of  re- 
frigerating plant  capacity,  together  with 
the  system  of  refrigeration  employed,  for 
a  number  of  electrically  driven  refrig- 
erating plants  used  in  connection  with 
the   cold   storage   of   furs   and    fabrics. 

Table  3  gives  some  figures  on  power 
required  for  motor-driven  refrigeratiiig 
plants  used  exclusively  for  the  cold  stor- 
age of  furs.  In  cases  2  and  4,  the  com- 
pressor motors  were  not  separately 
metered  prior  to  June,  so  that  the  kilo- 
watt-hour consumptions  for  the  preced- 
ing months  were  not  available.  In  cases 
1  and  3,  the  consumption  figures  cover 
an    entire    year,    although    these    plants 


plant  to  the  actual  refrigerating  require- 
ments. 

While  it  is  quite  usual  to  provide  re- 
frigerating capacity  sufficient  to  permit 
the  plant  being  closed  down  during  12 
or  14  hr.  out  of  the  24,  even  at  a  time 
when  the  refrigerating  requirements  are 
at  a  maximum,  it  would  appear  that  all 
of  these  plants,  with  the  possible  ex- 
ception of  No.  3,  have  capacities  con- 
siderably in  excess  of  those  actually 
needed   to   meet  present  requirements. 

It  is  somewhat  difficult  to  accurately 
predict  what  the  consumption  of  elec- 
trical energy  will  be  for  a  proposed  fur- 
storage  plant  unless  there  is  detailed 
information  as  to  the  character  of  the 
insulation  to  be  employed  and  unless  the 
type  of  refrigerating  plant  that  is  to  be 
installed  is  known.  The  method  of  op- 
eration will  also  affect  the  consumption 
materially,  as,  for  instance,  whether 
manual  or  thermostatic  control  of  the 
compressor  is  employed.  From  an  ex- 
amination of  the  data  given  in  Table  3, 
it  would  appear  that  the  kilowatt-hours 
per  square  foot  of  exposed  surface  (in- 
cluding floor,  ceiling  and  side  walls) 
varies,  for  these  particular  plants,  from 
a  little  under  1  to  about  3,  this  varia- 
tion being  due  not  only  to  the  character 
of   the    insulation   employed   but   to    the 
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type  of  plant  and  to  the  method  of  its 
operation. 

The  operation  of  plant  3,  in  Table  3, 
is  briefly  described  as  being  typical  of 
the  modern  fur-storage  plant.  It  is  op- 
erated about  eight  months  of  the  year, 
usually  from  Mar.  1  to  Nov.  1,  but  some- 
times for  a  longer  period,  according  to 
the  weather  conditions.  The  storage 
vaults  contain  about  60,000  cu.ft.,  and 
about  15,000  fur  garments  are  stored 
during  the  summer  months.  The  am- 
monia expansion  pipes  are  located  in  a 
cooling  room  containing  approximately 
2700  cu.ft.  A  system  of  ducts  connects 
this  room  with  the  cold-storage  vaults, 
and  the  air  is  kept  in  circulation  by 
means  of  a  blower  operated  by  a  4'j- 
hp.  motor. 

Brine  is  allowed  to  trickle  over  the 
ammonia   pipes    to    keep    them    free   of 


ranging  from  26  deg.  in  the  early  morn- 
ing to  about  14  deg.  just  before  the 
plant  is  closed  down  in  the  afternoon. 
From  6  p.m.,  when  operation  is  ordinarily 
discontinued,  until  8  the  next  morning, 
when  it  is  usually  started  again,  the  rise 
in  temperature  is  about  12  deg.  On 
Monday  mornings,  the  plant  having  been 
sh'it  down  over  Sunday,  the  temperature 
is   generally   about  30   deg.   F. 

The  storage  vaults  and  the  cooling 
room  are  well  insulated.  The  floor  in- 
sulation consists  of  1  in.  of  paving  ce- 
ment, two  2-in.  layers  of  cork,  a  layer 
of  felt,  6  in.  of  ordinary  cement  and 
finally  3  ft.  of  slag  cement.  The  ceiling 
comprises  J^  in.  of ■  plaster,  four  2-in. 
layers  of  cork,  a  4-in.  air  space,  and 
above  this  a  layer  of  firebrick.  The 
walls  are  composed  of  firebrick  with 
cork  insulation  embedded  in  tar.     From 


T.\BLE  3.     POWEd  REQUIRED  BY  COMPRESSORS  OF  VARIOUS  CAPACITIES 


1 
4-ton       Comp., 
belt-driven, 
7i-hp.  motor; 
drect  system; 
ammonia  coils 

Consump., 
Kw. -hours 
(Comp.  only) 

10-ton     Comp., 
cha  n-driven, 
15-hp.  motor; 
d. reel  system; 
aramoniacoils 

Consump., 
Kw.-hours 
(Comp.  only) 

3 
20-ton     Comp., 
belt-driven, 
35-hp.  motor; 
indirect     sys- 
tem ;     ammo- 
n  a  CO  Is 

Consump., 
Kw.-hours 
(Comp.  only) 

4 
15-ton    Comp.,  belt-dr  yen,    25- 
hp.    motor;    indirect    s.vstem; 
ammonia   coils:   thermo.    con- 
trol;    5  hp.  motor  drives  fan 
for  circ.  air. 

Consump.,  Kw.-hours 

Month 

Compressor 

Fan 

Jan 

Feb 

Mar 

'  '    5 
19.3 
o74 
507 
396 
387 
68 
1 

2,088 
2,876 
2,708 
2.945 
2,093 
2,550 
2,087 

1,872 
3,056 
3,344 
3,384 
3,224 
3,264 
2,656 
936 

'3,195 
3,550 
3,390 
3,165 
2,594 
1,490 
586 

May             .    .    . 

July       

Aug 

513 

Total 

Kw.-hours  yer  yr. 
per  sq.ft.  sur- 
face (comp. 
only ) 

1,931 
0  S.5 

18,547  (7  mos.) 
2.3   (7  mos.) 

21,736 
1  .4.5 

17,970   (7  mos.) 
1    84   (" 

2,769 
mos.) 

frost,  and  its  circulation  is  effected  by 
means  of  a  1-hp.  motor-driven  centri- 
fugal purrip.  This  brine  is  not  employed 
as  a  secondary  cooling  medium,  as  in 
the  brine  system  proper,  but  simply  for 
the  purpose  stated.  In  thus  keeping  the 
external  surfaces  of  the  cooling  coils 
free  from  frost,  the  transfer  of  heat 
from  the  air  of  the  cooling  chamber  to 
the  expanding  ammonia  gas  within  the 
coils  is  facilitated  and  the  operating 
efficiency  is  thereby  increased. 

During  the  winter  months  the  plant  is 
not  operated  as  there  are  few  furs  in 
storage  and  the  outside  air  is  sufficiently 
low  to  maintain  them  in  a  satisfactory 
condition.  During  this  period  the  blower 
circulates  the  outside  air  through  the 
vaults,  which  are  thus  maintained  at 
about  10  deg.  above  that  of  the  outside 
air. 

After  the  plant  is  started  in  the  spring 
and  until  it  is  shut  down  in  the  fall,,  the 
temperature  in  the  storage  vaults  is 
never  allowed  to  rise  above  32  deg.  F. 
During  this  period  the  average  tem- 
perature   is    approximately    20    deg.    F., 


the  actual  kilowatt-hours  consumed  dur- 
ing the  summer  months,  taken  in  con- 
nection with  the  recorded  mean  tempera- 
tures of  the  outside  air  during  the  same 
period,  it  would  appear  that  the  average 
loss  through  the  floor,  ceiling  and  walls 
of  this  vault  is  approximately  1,25  B.t.u. 
per  square  foot  per  24  hr.  per  degree 
difference  in  temperature,  which  shows 
that,  a  high  quality  of  insulation  has 
been    provided. 


In  New  Zealand,  boiler  explosions  are 
almost  unheard  of.  Reference  to  the 
last  annual  report  of  the  Inspection  of 
Machinery  Department  discloses  the  re- 
markable record  made  in  that  country. 
"During  the  21  years  I  have  been  in 
the  department,"  says  the  chief  inspector, 
"only  two  explosions  have  occurred.  This 
is  a  very  fine  record  for  in  that  time 
over  10,000  boiler  inspections  have  been 
made  and  boiler  pressures  have  increased 
50  per  cent."  This  high  efficiency  is 
in  marked  contrast  to  the  numerous  ex- 
plosions that  yearly  occur  in  the  States. 


LETTER 

Removing   Rubber  Packing 

Now  is  the* time  when  refrigerating 
engineers  should  start  their  annual  re- 
pairs and  for  this  work  the  accompany- 
ing letter  may  be  of  some  use.  I  have 
just  removed  the  coils  from  a  condenser 
and  absorber  of  the  shell  type  and  found 
it  slow  work  drawing  the  lead  and  rubber 
rings  with  regular  packing  tools  from 
around  the  tails  of  the  coils.  The  repair- 
men from  the  shops  may  have  some 
tools  for  quick  work,  but  I  have  never 
heard   of  them. 

After  several  experiments  with  hooks 
and  chisels,  I  started  on  a  different  plan 
which  was  very  successful.  Take  a  piece 
of  pipe  one  size  larger  than  the  tail 
of  the  coil  and,  when  not  large  enough 
to  slip  over  the  tail  easily,  split  it  on 
one  side  far  enough  to  allow  it  to  reach 
the  bottom  of  the  recess. 


Power. 

Tool  for  Removing  Packing 

At  one  end  of  the  pipe  drill  a  M-in. 
hole  clean  through  and  with  a  hacksaw 
cut  out  the  pipe,  as  shown  in  the  draw- 
ing, leaving  the  end  of  the  pipe  with  two 
projections  very  similar  to  the  old  "hook- 
tooth"  saw.  With  the  side  of  a  tee 
on  the  other  end  and  a  short  stick  or 
pipe  through  the  run  of  the  tee  as  a 
handle,  the  tool  is  used  as  an  auger. 

In  working  the  lower  ends  of  the  coils 
take  off  the  tee  and  use  a  pipe  wrench  to 
turn  the  tool.  Care  should  be  used  when 
cutting  the  lead  at  the  top  and  the  bot- 
tom of  the  recess  that  the  tool  does  not 
"hog"  in  and  bite  off  more  than  can  be 
pulled  out.  When  cutting  the  rubber 
the  work  is  easier  if  the  tool  is  lifted  out 
occasionally  to  allow  the  chips  to  fall 
out  of  the  holes.  To  remove  the  pack- 
ing from  sixteen  1'4-in.  and  four  1-in 
coils  I  estimated  the  time  as  three 
days.  I  made  two  tools,  one  of  P4-in- 
pipe  for  the  l-in.  coils  and  one  of  I '/2-in. 
pipe,  which  I  had  to  split  for  the  1'4- 
in.  coils,  and  was  through  with  the  job 
on  the  second  day. 

W.  C.  Reed. 

Pittsfield.  Mass. 
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LETTERS 

Temperature    of  •Ammonia 
Compressor  Discharge 

Referring  to  D.  E.  Aden's  comments 
in  the  Dec.  12  issue,  page  898,  on 
T.  L.  D.'s  questions  on  the  above  sub- 
ject,  I  submit  the   following: 

The  temperature  of  the  gas  in  the  dis- 
charge pipe  of  an  ammonia  compressor 
is  not  directly  related  to  the  condenser 
pressure,  but  is  more  related  to  the  back 
pressure  and  to  the  temperature  of  the 
suction  gas  at  the  compressor,  as  on 
these  two  (suction  temperature  and 
pressure)  depend  the  quality  (degree  of 
wetness)  and  the  quantity  of  gas  to  be 
compressed. 

E.  N.  Friedmann,  retiring  president  of 
the  American  Society  of  Refrigerating 
Engineers,  submitted  the  following  ten- 
tative figures,  in  a  paper  read  before 
the  St.  Louis  meeting  of  that  society,  in 
October,  1911: 

Back  Temperature  Discharge 
pressure  of  single-act-  gas,  double- 
gage,  ing  comp.,  acting  comp., 
lb.  per  sq.in.  deg.  F.  deg.  F. 
5.0  260  300 
15.0  240  2S7 
25.0  213  253 

The  temperature  of  the  suction  gas  is 
not  given  in  the  table,  but  Mr.  Friedmann 
mentioned  in  the  same  paper  that  the 
suction-gas  temperature  should  he  close 
to  the  saturation  temperature  at  the  given 
pressure. 

As  to  the  dissociation  of  ammonia  gas, 
authorities  claim  that  it  does  not  begin 
to  dissociate  until  a  temperature  of  900 
deg.  F.  is  reached.  This  is  far  higher 
than  any  temperature  existing  in  refrig- 
erating machinerj'. 

Albert  J.  Gill. 

Washington,  D.  C. 


Ammonia  Packing  Gives 
Trouble 

In  the  plant  where  I  am  employed 
there  is  a  10  and  4  by  10-in.  ammonia 
pump  used  in  connection  with  an  absorp- 
tion refrigeration  system.  We  have  a 
good  deal  of  trouble  in  keeping  the  am- 
monia end  of  the  piston  rod  packed.  The 
packing  lasts  but  a  short  time,  being 
eaten  out,  so  to  speak,  making  it  neces- 
sary to  pack  the  pump  very  frequently. 
Ordinary  ammonia  packing  is  used.  It 
comes  in  both  solid  and  diagonally  split 
rings,  and  in  packing  the  pump  the  rings 
are  alternated.  We  tried  taking  the  spool 
out  and  filling  the  entire  box  with  pack- 
ing; also,  inserting  rings  of  lead  be- 
tween the  rings  of  packing,  but  with  no 
success  in  either  case. 

If  any  of  the  readers  of  Power  have 
had  like  difficulties,  I  would  like  to  know 
how  they  were  remedied. 

H.  G.  Gibson. 

Washington.  D.  C. 


Nugent  Oil  Filter 

The  new  oil  filter  recently  gotten  out 
by  William  W.  Nugent  &  Co.,  220  West 
Huron  St.,  Chicago,  111.,  is  illustrated 
herewith. 

Referring  to  Fig.  1,  oil  is  poured  into 
a  tray  D,  or  if  the  filter  is  connected  to 


Fig.  1.  NbCENT  Oil  Filter 

an  oiling  system,  the  water  and  oil  is 
piped  to  A.  In  the  bottom  of  this  tray 
is  an  opening  about  which  an  inverted 
cone  of  reticulated  material  is  placed. 
The  heavy  or  coarse  particles  of  grit  are 
here    removed   and   separated.     The   oil 


Fig.  2.  Removing  a  Filtering  Bag 

passes   through    the   drips   F   into    three 
funnel-shaped  filtering  bags  /. 

There  are  four  sets  of  these  bags  and 
they  are  attached  to  three  independent 
rings  or  holders  to  each  set.  Each  ring 
with  its  respective  bag  may  be  removed 
for  cleaning  independent  of  each  other. 
Each  set  of  bags  or  rings  is  provided 
with  a  hook  /,  Fig.  2,  that  engages  a  hub 


H  which,  with  the  four  sets  of  bags,  ro- 
tates at  will  on  the  center  support.  Conse- 
quently when  the  two  sets  of  bags  in 
front  become  foul  and  will  not  filter,  they 
may  be  thrown  around  to  the  back  of 
the  filtering  chamber  and  there  left  to 
drain  until  they  can  be  cleaned.  The  door 
is  then  closed. 

The  operation  of  the  oil  filtration  may 
be  seen  and  the  filtering  bags  cleaned 
or  examined  at  any  time  without  inter- 
fering with  the  workings  of  the  filter. 
An  electric-light  globe  M  is  also  pro- 
vided for  the  proper  illumination  of  the 
filtering  chamber.  Steam  coil  O,  Fig.  1, 
encircles  the  filtering  chamber,  but  the 
oil  never  comes  in  contact  with  this  coil. 
After  the  oil  is  filtered  through  the  bags, 
it  passes  on  into  the  water-separating 
chamber,  where  the  water  is  automatical- 
ly separated  from  the  oil  by  precipita- 
tion and  flows  to  the  sewer  through  a 
suitable  connection. 

The  upper  water  glass  shows  when 
there  is  water  in  the  oil,  before  it  over- 
flows to  the  sewer.  The  gage-glass  U 
indicates  the  amount  of  clean  oil  in  the 
filter;  the  faucet  V  is  for  drawing  off 
the  clean  oil,  and  the  opening  Q  is  a 
pipe  attachment  for  an  oiling  system. 
The  valve  K  lets  the  water  out  of  the 
water  chamber  and  is  for  cleaning.  About 
2  in.  of  water  should  always  be  in  the 
water  glass  to  sea!  the  automatic  water- 
separating  device  and  keep  it  in  work- 
ing order. 

By  removing  the  tray  in  the  top  of 
the  filter  and  the  bags  attached  to  this 
tray,  the  filter  can  be  seen  down  to  the 
bottom  and  examined  and  cleaned. 


RoybeJ   Packing 

A  new  metallic  packing  has  recently 
been  placed  on  the  market  by  the  Roybel 
Packing  Co.,  30  Church  St.,  New  York 
City.  Anti-friction  metal  is  used  as  a 
base  for  its  composition  to  which  is  added 
a  liberal  quantity  of  graphite,  also  a 
small  percentage  of  asbestos  fiber,  in 
order  to  thoroughly  mix  the  metal  and 
the  graphite.  It  is  said  that  the  metal 
has  the  desired  density,  heat  resisting, 
wearing  and  noncorrosive  quality  neces- 
sary for  a  successful  packing,  and  that 
the  liberal  use  of  graphite  in  its  com- 
position improves  its  wearing  qualities 
and  supplies  the  necessary  lubrication  to 
the   piston   rod. 

This  packing  is  made  for  use  with 
steam,  air,  gas,  ammonia  and  water  and 
for  packing-valve  stems,  of  various  kinds. 


Under  the  auspices  of  the  Coal  Smoke 
Abatement  Society  of  England,  an  inter- 
national smoke-abatement  exhibition  will 
be  held  in  London,  Mar.  23  to  Apr.  4. 
Preliminary  prospectuses  of  the  exhibi- 
tion will  be  loaned  by  the  United  States 
Bureau  of  Manufactures  to  those  in- 
terested. 
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An   Evenly  Balanced  Power 
"  Plant 

To  operate  it  economically  and  suc- 
cessfully, an  industrial  plant,  such  as  a 
steel  works,  lumber  or  textile  mill,  must 
of  necessity  be  evenly  balanced  as  to  its 
machinery  and  the  capacities  of  its  dif- 
ferent departments,  For  instance,  in  a 
plant  where  the  raw  material  is  worked 
up  through  the  various  phases  of  its 
manufacture  into  the  finished  product,  it 
would  show  poor  judgment  to  have  one 
of  the  intervening  departments  capable 
of  handling  twice  the  amount  of  material 
that  the  preceding  one  could  furnish  or 
the  following  one  take  care  of. 

In  a  similar  way  and  for  the  same  rea- 
sons, a  power  plant  must  be  evenly  bal- 
anced. While  there  may  not  be  many 
phases  or  departments  in  the  manufac- 
ture of  power,  there  are  always  two 
points  that  must  receive  consideration, 
the  fuel  intake,  or  boilers,  and  the 
power  output,  or  steam  engines,  gen- 
erators, etc.  Where  a  new  power  plant 
is  to  be  installed  it  is  an  easy  matter 
to  so  design  and  select  proper  equip- 
ment that  everything  will  harmonize  as 
to  capacity,  steam  pressures,  voltage, 
etc.,  so  that  a  perfect  balance  will  re- 
sult, but  making  alterations  or  additions 
to  an  old  station  is  quite  a  different 
matter. 

The  rapid  progress  made  in  power  en- 
gineering during  the  last  few  years  has 
made  it  very  difficult  to  keep  an  old 
plant  uptodate  in  every  respect.  Not 
many  years  ago  100  pounds  steam  pres- 
sure was  considered  very  good  for  an 
average  boiler  house,  while  today  150  to 
185  pounds  is  quite  common.  A  power 
plant  built  several  years  ago,  therefore, 
usually  has  engines  suitable  for  only 
comparatively  low  pressures,  and  should 
new  boilers  be  necessary  to  replace  the 
old  ones  they  should  be  selected  with 
this  fact  in  view.  Of  course,  boilers 
built  for  high  pressures  could  be  in- 
stalled and  operated  at  such  pressures 
as  the  engines  would  determine,  but  un- 
less conditions  indicate  that  a  higher 
steam  pressure  can  be  used  in  the  near 


future,  it  is  doubtful  if  it  would  pay 
to  tie  up  a  lot  of  money  in  the  more  ex- 
pensive high-pressure  boilers.  On  the 
other  hand,  suppose  one  of  the  engines 
gives  out  and  must  be  replaced,  then  the 
low  steam  pressure  available  will  deter 
the  purchase  of  a  high-pressure,  high- 
power  economical  machine.  This  natural- 
ly prevents  the  owners  from  obtaining 
the  economical  results  that  modern  prac- 
tice should  give,  and  is  particularly  true 
of  steam  turbines,  where  high  pressures 
are  always  desirable. 

In  considering  the  purchase  of  a  low- 
pressure  steam  turbine  to  utilize  the  ex- 
haust steam  from  a  reciprocating  engine, 
it  is  always  advisable  to  thoroughly  ex- 
amine the  engine  to  make  sure  that  its 
probable  life  will  justify  the  addition  of 
the  turbine.  This  point  is  sometimes 
overlooked  in  the  great  desire  to  increase 
the  power  supply  at  very  little  additional 
operating  cost,  with  the  result  that  after 
two  or  three  years  the  engine  is  ready 
for  the  scrap  pile  and  the  question  arises 
as  to  what  is  the  best  thing  to  do.  In- 
vestigations then  usually  result  in  find- 
ing that  the  purchase  of  the  turbine  was 
made  without  careful  consideration  of 
the  situation  and  that  the  only  thing  to 
do  now  is  to  get  a  new  engine  to  work 
in  combination  with  the  turbine,  whereas 
it  might  have  been  possible  to  get  a 
machine  more  suitable  for  the  conditions 
in  the  first  place  and,  perhaps,  at  con- 
siderably less  outlay  of  money. 

In  such  instances  it  is  always  well  to 
look  ahead  a  year  or  two  and  do  a  little 
figuring  to  see  if  the  economies  effected, 
as  well  as  the  better  operating  conditions 
that  would  result,  will  not  justify  a 
broader  consideration  of  the  question  at 
hand.  It  has  even  been  found  that  it  is 
real  economy  to  relegate  to  the  scrap  pile 
some  particular  machine  or  equipment 
that  might  still  be  in  good  condition  but 
has  been  superseded  by  something  that 
realizes  a  greater  decrease  in  the  cost 
of  production  and,  consequently,  a 
greater  saving  in  the  investment.  It  is. 
also  a  fact  that  any  particular  part  of  a 
power  plant  that  tends  to  retard  the  op-. 
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eration  of  the  rest  of  it  at  its  highest  effi- 
ciency, is  an  expense  that  should  be 
avoided  by  bringing  this  part  of  the 
equipment  up  to  the  same  standard  as 
the  rest. 


Get-Rich-Quick  Schemes 

Anything  which  would  materially 
diminish  the  cost  of  production  of  power 
would  be  of  incalculable  value  in  this 
industrial  age.  This  is  so  obvious  even 
to  the  layman  that  it  opens  an  inviting 
field  for  the  exploitation  of  discoveries 
and  inventions  which  are  to  revolutionize 
present  methods  and  make  barrels  of 
money  for  all  concerned. 

Every  little  while  we  receive  from  an 
interested  or  derisive  reader  a  prospectus, 
catalog  or  newspaper  advertisement  of 
some  wonderful  invention  or  discovery, 
stock  in  which  is  obtainable  at  extremely 
moderate  prices  and  profits  upon  which 
are  imminent  and  enormous. 

If  these  things  were  worth  one-half 
what  their  promoters  make  them  out  to 
be,  they  would  not  be  peddled  out  in 
this  fashion.  There  is  plenty  of  money 
waiting  for  profitable  investment  and  any 
m.an  with  an  invention  or  discovery  of 
re..;  \  alue  in  the  power  field  can  capital- 
^e  i;  to  any  reasonable  amount  when  it 
It   indorsed   by   competent   engineers. 

A  frequent  subject  of  this  kind  of  ex- 
ploitation is  the  rotary  engine.  It  is 
not  difficult  to  persuade  the  man  un- 
versed in  mechanics  that  there  are  enor- 
mous losses  involved  in  the  roundabout 
way  in  which  the  reciprocating  engine 
gets  its  power  to  the  shaft;  that  the 
dead  center  is  a  source  of  frightful 
waste,  and  that  the  "gain  of  leverage" 
in  the  rotary  type  is  an  important  ad- 
vantage. 

The  knowing  ones  appreciate  that  the 
dead  center  and  the  reversal  of  motion 
involve  no  loss  aside  from  their  slight 
effect  on  bearing  friction,  and  that  no 
power  was  ever  made  or  gained  by  lever- 
age. If  the  rotary  engine  ever  beats  the 
reciprocating  engine  in  steam  economy  it 
will  be  because  of  less  friction,  less 
clearance  and  less  interchange  of  heat 
between  the  steam  and  the  containing 
surfaces. 

The  rotary  engine  promises  no  large 
improvement  in  steam  efficiency.  What- 
ever advantages  this  type  may  possess 
are  to  be  found  in  high  rotative  speed, 
lightness,  freedom  from  vibration,  adap- 
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tation  to  certain  purposes  and  perhaps 
low  cost  of  manufacture.  It  is  impos- 
sible to  condemn  it  as  one  would  a 
perpetual  motion,  for  one  may  be  evolved 
which  may  find  a  profitable  if  limited 
field  of  application;  but  they  will  never 
realize  the  rosy  dreams  of  their  inventors, 
who  usually  gain  the  opprobrium  which 
goes  with  a  lot  of  disappointed  stock- 
holders rather  than  the  proud  place  by 
the  side  of  Watt  and  Corliss  in  the  in- 
ventors' hall  of  fame  to  which  they  are 
already  elevated  by  the  prospectuses, 
most  of  which  read  like  mechanical  joke 
books  to  the  initiated. 

When  you  are  tempted  to  invest  in 
anything  of  this  kind,  get  the  advice  of 
a  competent  mechanical  en;gineer.  It 
may  cost  you  a  few  dollars,  but  may 
save  you  many. 

Another  favorite  get-rich-quick  scheme 
is  the  magical  compound  which,  sprinkled 
over  the  coal  pile,  will  make  it  burn 
without  smoke  and  evaporate  more  water 
than  it  is  supposed  to  be  responsible  for. 
From  a  Salem  (Mass.)  paper  we  learn 
that  the  American  Carbonine  Co.  is  now 
visiting  North  Shore  manufacturers  for 
the  purpose  of  demonstrating  the  merits 
of  "Carbonine."  They  mix  a  pound  of 
chemicals  in  a  bucket  of  water,  spray 
the  solution  on  the  coal  pile,  shovel  the 
coal  into  the  furnace  and  make  the 
victim  think  they  save  him  25  to  30  per 
cent. 

It  is  needless  to  say  that  if  there  is 
any  chemical  which  will  do  this  it  costs 
more  than  the  coal  that  it  would  save 
and  that  the  game  is  older  than  "Kem- 
Kom"  and  the  host  of  other  names  that 
the  various  compounds  so  advanced  have 
borne.  We  advise  the  tanners  of  the 
North  Shore  not  to  get  in  too  deeply 
before  seeking  competent  advice. 
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In  a  letter  to  the  New  York  Times  of 
Feb.  7,  Mr.  George  Westinghouse  says 
that  there  is  no  reason  to  fear  an  oil- 
engine navy.  In  its  present  stage  of  de- 
velopment, he  contends,  the  internal- 
combustion  engine  cannot  operate  with 
the  same  freedom  from  accidents  and 
interruptions  as  does  the  modern  steam' 
engine,  turbine  or  reciprocating.  Bpt 
danger  awaits  the  navy  of  that  country 
which  is  depending  upon  the  develop-  • 
ment  of  this  type  of  engine  rather  than 
availing  itself  of  the  present  class  of 
machinery. 


That  the  value  of  artificial  ventilation 
is  practically  ignored  by  the  lay  public, 
and  its  many  hygienic  and  commercial 
advantages  are  regarded  with  hostility 
by  most  supervisors  of  public  institutions 
and  large  office  buildings,  are  very  good 
reasons  why  ventilating  engineers  should 
redouble  their  efforts  to  make  plain  their 
necessity  in  engineering. 


England's  Alarming  Dis- 
covery 

With  loud  acclaim,  a  London  press 
dispatch  of  Feb.  5  announces  the  dis- 
covery by  the  British  Admiralty  of  the 
fact  that  a  recent  German  engine  de- 
velopment threatens  Britannia's  naval 
prestige. 

This  "perfected  type  of  internal-com- 
bustion engine,  which  -  will  make  the 
dreadnaught  obsolete  and  give  Germany 
control  of  the  seas,"  turns  out  to  be  the 
Diesel  engine. 


Operators  and  owners  of  isolated 
plants  are  frequently  criticized  for  not 
knowing  the  value  of  their  plants  and 
not  having  the  necessary  data  upon  which 
to  base  the  fixed  charges.  If  we  are  to 
judge  by  the  testimony  of  some  of  the 
New  York  Edison  Co.'s  officials  in  the 
rate  hearing  now  going  on  before  the 
Public  Service  Commission,  it  would  ap- 
pear that  the  small  plants  are  not  the 
only  offenders  in  this  respect. 


The  British  Admiralty  appears  to  have 
quite  successfully  solved  the  problem  of 
corrosion  in  condenser  tubes.  Notwith- 
standing the  large  number  of  British 
warships  in  service,  the  number  of  cases 
of  pitting  or  localized  corrosion  is  very 
small,  and  frequently  tubes  last  from 
ten  to  twelve  years. 


In  the  Atlantic  fleet,  620  men  learned 
to  swim  in  one  week — they  were  com- 
pelled to  do  this.  If  you  compel  your- 
self to  do  something  to  increase  your 
efficiency,  it  may  mean  better  wages,  a 
more  responsible  position. 


Two  cats  were  killed  at  the  last  boiler 
explosion  in  New  York  City.  Men  would 
have  shared  the  same  fate  had  they  been 
in  the  same  place. 


Sand  for  a  hot  box  and  "s?nd"  (and 
grit)  in  an  engineer — well,  you  can  draw 
a  ready  inference. 
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Readers  with  Something  to  Say 

A  letter  good  enough  to  print  will  be  paid  for.     Ideas,  not  mere  words,  wanted 


Pump  Diagrams 

The  accompanying  diagrams  were 
taken  from  one  side  of  a  16,  28  and 
6;/'  by  24-in.  compound,  duplex  pump 
running  noncondensing  and  exhausting 
direct  to  the  atmosphere.  The  pump  runs 
at  a  speed  of  from  32  to  34  strokes  per 
minute,  and  pumps  against  a  head  of 
300  to  400  lb.  The  boiler  pressure  ranges 


extended  down  behind  the  wedges  with 
a  right-angle  bend  and  fitted  into  holes 
in  the  wedges  which  were  tapered  '4  in. 
per  inch.  This  extreme  taper  caused  the 
wedge  to  slide  down,  springing  the  wedge 
bolts,  sometimes  breaking  them  and  caus- 
ing the  shells,  wedges  and  cap  to  move 
and  wear  the  frame  jaws. 

This  trouble  was  overcome  by  fitting  a 
bar  between  the  wedge  top  and  the  cap 


Pump  Diagrams 


between  105  and  110  lb.  per  square  inch. 
The  pump  makes  an  actual  stroke  of  but 
22'_;   in. 

I  run  two  100-hp.  return-tubular  boil- 
ers when  running  the  pump  at  32  to  34 
strokes  per  minute,  and  burn  from  32 
to  40  bbl.  (of  42  gal.  each)  of  oil  of 
15.6  deg.  Baume,  each  24  hours,  as  fuel. 
The  feed  water  enters  the  feed  pump  at 
138  deg.  F. 

I  would  like  to  hear  what  some  other 
engineer  thinks  of  the  plant's  efficiency 
and  the  accompanying  diagrams. 

Frank  Willis. 

Reward,  Calif. 


Dashpot  Repair 

The  accompanying  sketch  shows  how 
a  set  of  dashpots  which  had  acted  badly 
since  the  engine  was  first  erected,  were 
improved.  It  was  found  that  when  origi- 
nally bored  they  had  not  been  cleaned 
up  all  around,  which  prevented  the 
plunger  from  fitting  close  enough  to  -on- 
fine   sufficient   air   to   cushion    it. 

To  overcome  this  trouble  the  engineer 
had  to  partially  break  the  vacuum  in  the 
vacuum  chamber,  which  caused  a  bounc- 
ing action  to  the  plunger.  The  pot  was 
trued  up  and  two  grooves  for  leather 
rings  were  turned  as  shown  in  the 
lower  sketch.  An  ell-shaped  ring  was 
turned  and  secured  with  cap  screws  to 
the  plunger.  Leather  strips  were  fitted  in 
the  grooves  and  a  disk  of  leather 
was  placed  in  the  bottom  of  the  pot  to 
prevent  the  plunger  making  a  disagree- 
able noise  when  the  two  metallic  parts 
came  in   contact. 

This  change  resulted  in  nice  working 
dashpots. 

The  quarter  boxes  on  this  same  en- 
gine gave  trouble.     The  adjusting  bolts 


and  tightening  the  cap-bolt  nuts  down 
as  hard  as  prudence  allowed  without 
breaking  the  cap.  This  makes  some 
trouble  when  it  is  necessary  to  take  up 
the  bearing,  but  this  is  not  done  oftener 
than  once  in  12  or  18  months. 


How  THE  Dashpot  Was  Repaired 

Two  young  engineers  have  been  broken 
in  on  this  engine  and  each  melted  out  a 
main  bearing.  "  In  one  case  the  shop  was 
very  busy  and  a  shutdown  was  not  to 
be  thought  of,  as  it  was  only  three  weeks 
away  from  the  annual  shutdown  for 
stock  taking.  I  concluded  to  cut  oilways 
in    the   shaft.      This   enabled    the    engine 


to   run   until    it   was   convenient   to    raise 
the  shaft  and  rebabbitt  the  box. 

Shaft  grooves  should  be  cut  in  the 
shape  of  a  number  of  crescents  joined 
together  spirally  around  the  shaft,  but 
never  parallel  with  the  shaft  or  a  flat 
surface  will  wear  on  the  shaft.  Care 
must  be  taken  to  dress  the  metal  near  the 
oil  groove  to  a  true  circle,  either  with  a 
fine  file  or  an  oilstone.  If  the  shaft  is 
not  smoothed  properly,  the  ridges  will 
scrape  the  bearing  metal  and  ruin  the 
box. 

I  believe  that  oil  is  distributed  better 
when  the  grooves  are  in  the  shaft  than 
when  they  are  in  the  babbitt. 

J.  O.   Benefiel. 

Anderson,  Ind. 


Fool  Proof  Barring  Lever 

With  the  small  high-speed  engine  it  is 
a  very  common  practice  to  supply  a 
barring  lever,  as  shown  in  Fig.  1.  The 
guard  A  is  fixed  on  in  various  ways. 
While  this  lever  may  answer  the  pur- 
pose, it  is  far  from  being  fool-proof, 
and  one  engineman  I  know  spent  some 


weeks  nursing  several  smashed  toes  be- 
fore he  realized  that  the  lever  should  not 
be  used  as  shown  at  B. 

A  much  more  reliable  lever,  which  I 
came  across  recently,  is  shown  in  Fig.  2. 
As  will  be  seen,  it  is  simply  a  double- 
pointed  bar,  easily  forged  to  shape  and 
quite  fool-proof.  Either  point  may  be 
inserted  in  the  barring  hole  of  the  fly- 
wheel; there  is  no  wrong  way.  If  an  at- 
tempt is  made  to  apply  it  sideways,  as 
at  B,  Fig.  1,  on  applying  any  pressure 
it  swings  to  the  correct  position  or  the 
reverse  and  comes  out. 

J.    Parnelu 

Belfast,  Ireland. 
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Drain  for  Exposed,  Steam 
Whistle 

In  many  factories  the  whistle  valve  D 
s  in  the  boiler  room  while  the  whistle  C 
is  outside  the  building,  of  course,  and 
several  stories  higher. 

In  such  cases  there  is  a  small  valve 
attached  to  the  steam  pipe,  operated  by 
hand,  which  is  opened  after  the  whistle 
is  sounded  and  closed  while  sounding. 
Sometimes  the  operator  forgets  to  open 
the  drain  valve,  and  if  the  whistle  valve 
D  should  leak  ever  so  little,  the  steam 
pipe  will  gradually  fill  with  water.  When 
the  lever  is  pulled  there  is  a  great 
splatter  of  water  blown  from  the  whistle 
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Design  of  Water  Intake 

The  writer  was  engaged  to  operate  a 
certain  plant  before  it  was  completed, 
and  consequently  he  watched  its  con- 
struction closely  with  a  view  to  making 
any  change  that  would  improve  operating 
conditions. 

One  such  change  had  to  do  with  the 
water  intake.  This  was  intended  to  be 
built  as  shown  in  Fig.   1,  taken  from  the 
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account  of  the  water  level  being  lowered, 
to  place  elbows  on  the  pipes.  This  was 
done  without  interfering  with  the  op- 
eration of  the  plant  in  any  way.  For 
several  weeks  this  fall,  great  quantities 
of  leaves  were  carried  along.  A  boom 
placed  in  the  position  shown  in  Fig.  3 
helped  to  divert  a  great  many  and  it 
was  necessary  to  keep  a  nian  at  the 
screen  almost  continually  a?,  it  would  be 
completely  covered  in  an  hour.  In  spite 
of  this  extreme  condition,  not  an  in- 
stant's delay  in  operation  occurred. 
0.  M.  Samuels. 
Albany,  N.    If. 


Fig.   1.  Original  Design  of  Intake 

consulting  engineer's  sketch.  This  ar- 
rangement would  be  all  right  at  tide- 
water or  for  a  large  lake,  but  it  is  r.ot 
a  suitable  design  to  be  used  in  i  small 
stream  running  through  many  miles  ct 
■woodland.     The  engineer,  on  pointing  out 


Supplementary  Exhaust  Valves 

In  a  certain  woodworking  factory  there 
is  an  18,\28-in.  double-eccentric,  slide- 
valve  engine,  running  at  1?£  r.p.m.  that 
has  been  in  service  for  12  years. 

About  'ive  years  ago  a  new  engineer 
took  charpe,  who  cloSely  investigated 
verything  pertaining  to  the  mechanical 
branch  of  the  plant.  In  due  course  of 
time  he  indicated  the  engine  and  found 
ihat  a*  normal  load  the  back  pressure 
amounted    to    13    lb.      He    conducted    a 


Improved 

the  conditions  that  might  be  expected 
and  asking  to  be  allowed  to  change  the 
construction,  wr",  told  by  the  superin- 
tendent: "Go  ahead  and  build  it  to  yuit 
yourself."  Fig.  2  shows  how  lie  built 
it.     The  pie'.s,  extended  out   as  shown. 


Arrangement  of  Check  Valve  for 
Draining   Whistle   Pipe 

for  some  seconds  before  it  will  begin 
to  sound.  If  the  weather  is  cold  the 
water  in  the  pipe  is  liable  to  freeze  and 
burst  the  pipe. 

In  the  accompanying  figure  it  will  be 
seen  that  a  small  check  valve  is  at- 
tached upsidedown  with  the  outlet  side 
toward  the  steam  pipe.  When  the  lever 
is  pulled  the  steam  piessure  rushing 
into  the  pipe  will  close  the  check  and 
keep  it  closed  until  the  lever  valve  closes. 
The  pipe  is  then  empty  of  water  and 
the  pressure  suddenly  drops,  allowing  the 
check  to  open.  A  sm^^.ll  drip  pipe  can  be 
attached  to  A  and  run  to  some  convenient 
point  if  desired 

Harold  Beecher 

Toronto,   Ont. 


Fig.  3.  Boom  foi:  DivERTiNC  Leaves 

were  provided  witli  si  its  S  fr.-  the  recep- 
tion of  the  screens,  the  pie,  in  the  cen- 
ter being  reinforced  by  a  steel  rail,  in 
order  to  guard  against  possible  damage 
when  struck  by  the  large  masses  of  ice 
which  are  carried  along  v;ith  considerable 
speed  during  the  spring  thaws. 

After   the    plant    had    been    in    opera- 
tion some  time,  it  became  sacessary,  on 


Supplementarv   Exhaust   Valve    Ap- 
plied TO  Cylinder 

series  of  tests,  in  order  to  ascertain  the 
cause,  but  arrived  at  no  conclusion  until 
he  measured  the  exhaust  pgrt  and  found 
that  it  was  too  small. 

An  extended  correspondence  between 
the  engine  builders  and  the  firm  who 
owned  it  ensued,  which  terminated  by  the 
engine  company  as  good  as  advising  the 
owners  to  get  a  new  engineer,  as  the 
present  one  did  not  know  what  he  was 
talking  about. 

The  engineer  kept  his  job  nevertheless, 
and  devised  a  set  of  supplementary  ex- 
haust valves,  which  he  figured  would 
reduce  the  back  pressure.  He  tried  to 
induce  the  owner  to  finance  his  scheme, 
explaining  that  while  the  improvement 
would  not  cost  much  it  would  reduce 
the  fuel  bill  about  25  per  cent. 

During  the  past  five  years  he  used 
every  possible  argument,  but  the  old 
man  would  not  be  convinced  until  it  was 
necessary  to  install  new  machinery  to 
the  extent  of  about  30  hp.  Since  the 
engine  was  already  overloaded,  and  it 
was  imoossible  to  put  up  a  new  engine 
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while  runn^g,  owing  to  the  already 
cramped  space,  and  the  fact  that  they 
could  not  afford  to  shut  down,  the  old 
man  told  the  engineer  that  the  only  way 
out  of  it  was  to  put  in  an  electric  motor 
and  run  it  on  central-station  power  for 
the  overload.  The  engineer,  not  having 
much  love  for  the  central  station,  told 
the  old  man  that  if  he  carried  out  this 
plan,  he  would  quit. 

By  this  time  the  old  man  thought  well 
enough  of  him  to  keep  him,  and  after 
a  lengthy  argument  he  told  the  engi- 
neer to  try  his  supplementary  exhaust 
scheme.  The  result  was  that  the  back 
pressure  was  reduced  to  about  3  lb., 
thereby  increasing  the  power  of  the  en- 
gine about  36  hp.  and  doing  away  with 
the  necessity  of  installing  a  motor  and 
paying  the  monthly  power  bills.  The 
expenses  for  the  improvement  amounted 
to  about  $95. 

The  accompanying  sketch  will  explain 
the  working  of  the  supplementary  ex- 
haust valve.  An  opening  of  7  sq.in.  was 
made  through  the  cylinder  crown  into 
the  clearance  space.  Over  this  opening 
or  port  the  valve  casting  rested,  the 
lower  part  of  which  conformed  to  the 
shape  of  the  cylinder.  The  upper  part 
of  the  casting  consists  of  two  cylindrical 
sections,  the  larger  one  containing  the 
piston  valve,  the  smaller  one  being  drilled 
for  a  drip  pipe,  to  lead  off  any  steam 
that  might  leak  by  the  piston.  The  ex- 
haust pipe,  which  is  flanged  to  the  valve 
heads,  branched  out  from  the  center  as 
shown.  Both  pistons  are  on  the  same 
rod,  which  is  attached  to  the  main  ex- 
haust-valve slide,  and  are  therefore  actu- 
ated  by   the   exhaust   eccentric. 

Victor  Bonn. 

New  York  City. 


Backwoods  Steam  Fitting 

Some  days  ago  I  was  in  a  regular  Rip 
Van  Winkle  of  a  steam-power  plant  away 
back  in  the  woods.  The  husky  in  charge 
of  the  outfit  looked  as  if  he  did  not  know 
that  he  was  alive,  but  that  was  where 
my  observations  led  me  astray.  Another 
husky,  noticeable  for  the  size  and  height 
of  his  boots,  strolled  up  and  said:  "Ike, 
I  want  to  use  some  steam  for  a  few 
hours  over  across  the  room  to  limber  up 
some   wood    from   the   ice." 

"O.  K.,"  said  Ike,  "she  will  be  there 
in  a  giff." 

I  had  learned  before  this  that 
Ike's  tool  outfit  for  pipe-work  con- 
sisted of  several  disreputable-looking  pipe 
wrenches  and  some  chisels,  and  I  won- 
dered how  he  was  going  to  get  in  that 
pipe. 

There  was  a  2-in.  steam  pipe  close  at 
hand  connected  with  flanges.  Ike  re- 
moved the  bolts  and  separated  the  flanges, 
placed  a  '4 -in.  board  between  them,  and 
marked  the  holes  and  circumference  of 
the  flanges  on  it  with  a  lead  pencil.  Then 
he  walked  over  to  a  handsaw,  and   in  a 


few  minutes  had  two  wooden  flanges  cut 
out  as  shown  at  B  in  the  accompanying 
figure.  He  placed  them  together  between 
the  jaws  of  a  wooden  vise  and  bored  a 
hole  so  that  half  of  it  came  in  the  face 
of  each  board  as  at  A.  There  was  room 
to  separate  the  iron  flanges  without  dan- 
ger of  springing,  and  he  placed  the  two 
wooden    Ranges    between    the    iron    ones. 


C)      B       c 


Wooden  Fiances  for  Steam-pipe 
Connections 

He  then  placed  a  nipple  with  a  valve 
attached  as  at  C  in  the  hole,  and  used 
four  long  bolts  to  connect  all  together 
tightly. 

When  steam  was  turned  on  there  was 
no  sign  of  a  leak.  Next,  he  screwed  a 
length  of  pipe  into  the  valve  and  this 
brought  the  other  end  over  to  where  the 
steam  was  wanted.  The  whole  operation 
did  not  take  up   15  min. 

Ike  told  me  that  he  often  ran  in  a 
temporary  steam  pipe  in  this  style,  but 
he  had  to  make  new  wooden  pieces  each 
time,  as  the  ones  in  use  warped  very 
much  after  they  were  removed  and  al- 
lowed  to   dry. 

J.  James. 

Toronto,   Ont. 


Flue  Brush  Extension  Rod 

In  taking  charge  of  a  plant  some  time 
ago,  I  found  that  the  distance  between 
the  boiler-room  wall  and  the  boiler  fronts 
was  a  little  over  half  the  length  of  the 


Extension  Rod  for  Flue   Brush 

tubes.  When  cleaning  the  tubes  the  fire- 
man pushed  in  one  section  of  the  brush 
handle  and  then  screwed  the  other  end 
in  a  coupling,  which  made  slow  work  of 
the   job. 

On  looking  over  the  scrap  pile  I  found 
some    old   duplex   pump-valve   rods    and 


welded  them  in  each  section  of  the  brush 
handle,  as  shown,  using  the  same  bolt 
to  secure  the  joint.  By  making  a  double 
joint  the  end  rod  can  be  moved  sidewise 
as   well   as   up   and  down. 

Robert  B.  Masters. 
Mount  Vernon,  Mo. 


Good    Record    from    Pressure 
Gage 

The  inclosed  chart  was  taken  from  our 
recording  pressure  gage.  I  consider  it 
a  record  of  a  very  exceptional  perform- 
ance. There  are  six  water-tube  boilers 
in  the  plant,  and  the  chart  was  taken 
from  the  main  steam  header  in  the  en- 
gine  room.     It  shows  what   firemen   can 


An   Ideal  Steam  Chart 

do  by  careful  attention  and  education. 
The  load  ranges  from  200  to  1400  kw. 
during  the  24  hours'  run.  The  boilers 
are  equipped  with  mechanical  stokers,  in 
which  Youghiogheny  screening  coal  is 
burned.  The  chart  is  duplicated  nearly 
every  day. 

L.  C.  Topping. 
Fargo,  N.  D. 


Knock  in  Boiler  Feed  Pump 

The  piston  rod  of  an  outside-packed 
boiler-feed  pump  stripped  its  thread  on 
the  end  that  screwed  into  the  crosshead, 
also  the  thread  in  the  crosshead,  and  a 
new  rod  and   crosshead  were  made. 

When  they  were  made  and  assembled 
the  pump  developed  a  very  hard  knock  in 
the  inward  end  of  the  side  having  the 
new  rod.  The  rod  was  supposed  to  be 
of  the  exact  length  of  the  old  one  and 
the  crosshead  travel  when  running  slow- 
ly coincided  with  the  marks  on  the  frame. 

There  was  no  way  to  change  the  valve 
setting  as  the  valve  stem  was  turned 
out  of  stock  large  enough  to  form  the 
tappet  and  was  connected  to  the  rocker- 
arm  by  a  link;  there  was  no  way  to 
change  the  length  of  the  piston  rod.  The 
engineer  tried  placing  washers  with  one 
side  cut  out  between  the  tappet  and  valve 
ears  to  reduce  the  lost  motion  and  there- 
by shorten   the  stroke  on  that  end,  b-'t 
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it  did  no  good.  Tlien  the  wrought-iron 
rocker-arm  was  bent  so  as  to  shift  the 
valve,  but  the  pound  still  remained. 

There  was  a  54 -in.  hole  from  the  steam 
port  into  the  exhaust  port  to  gradually 
release  the  cushion  after  the  exhaust 
port  was  closed.  The  one  on  the  end 
where  the  pound  occurred  was  plugged 
with  soft  copper  which  caused  a  higher 
cushion  or  compression  on  that  end  and 
made  the  pump  run  quietly  except  at 
high  speed,  and  it  was  run  in  this  man- 
ner for  some  time. 

Shortly  after  I  took  charge  of  the 
plant,  in  removing  the  piston  to  examine 
the  rings,  I  found  that  the  piston  showed 
evidence  of  striking  the  front  head.  I 
pushed  the  piston  up  against  the  head 
and  measured  the  distance  from  the  pis- 
ton to  the  end  of  the  cylinder  and  sub- 
tracting the  length  of  the  stroke  I  found 
there  should  be  ]'<  in.  clearance  on  each 


Step    Bearing     Pressure 
Regulator 

The  accompanying  illustration  shows 
an  automatic  regulator  for  step-bearing 
pressure  pumps  which  is  simple  and  re- 
liable, has  been  in  use  for  three  years 
and  has  given  entire  satisfaction.  It 
is  here  shown  in  connection  with  three 
pumps. 

In  the  steam  line  of  each  step-bearing 
pump  and  above  the  hand  throttle  (al- 
though the  drum  may  be  placed  on  the 
hand  throttle,  but  this  is  not  advisable) 
is  placed  the  automatic  throttle  D,  which 
is  opened  and  closed  by  drum  A,  around 
which  is  wound  one  or  more  times  the 
rope  (or  cable)  E,  which  is  looped  around 
the  pin  /,  to  prevent  slipping.  On  the 
lower  end  of  rope  £i  is  a  weight,  such  as 
B,.    which    closes    valve    D    if    ir   is    not 


Details  and  Arrangement  of  System   for  Control  of  Step-rearing  Pumps 


end.  The  distance  rods  and  the  plunger 
were  disconnected,  the  rod  taken  out  and 
a  collar  made  %  in.  thick  to  fit  the  rod 
between  the  shoulder  and  the  crosshead 
which  made  the  rod  5^  in.  longer.  The 
copper  plug,  which  stopped  the  knock 
hut  did  not  remove  the  cause,  was  taken 
out  and  when  the  pump  was  started  it 
ran  as  quietly  as  one  could  wish.  Upon 
looking  up  the  sketch  of  the  new  rod 
given  to  the  machinist,  the  length  was 
given  as  ii   in.  too  short. 

J.  C.  Hawkins. 
Hyattsville,  Md. 


Rhode  Island  Coal 

It  may  be  of  interest  to  know  that 
the  Rhode  Island  Coal  Co.  has  passed 
into  the  hands  of  a  receiver.  I  will  add 
that. among  some  of  the  "philistines"  in 
this  vicinity  there  has  been  a  feeling  that 
it  ifiight  be  a  good  purchase  for  starting 
an  industry  for  making  a  fireproofing 
material  out  of  the  product. 

Warren  B.  Lewis. 

Providence,  R.  I. 


over-balanced  by  the  weight  W,.  The 
weights  F,  and  F:  are  to  take  up  the  slack 
in    ropes   E.   and   E,   respectively. 

A  little  experimenting  with  the  pump 
running  and  the  accumulator  up  deter- 
mines the  proper  adjustment  of  the  rope 
around  the  drum  A. 

Assume  that  the  throttles  and  pumps 
correspond  as  follows:  .4,  to  pump  No. 
1;  A~  to  pump  No.  2,  and  A,  to  pump 
No.  3;  also,  that  pump  No.  1  is  running 
and  pumps  Nos.  2  and  3  are  held  as 
auxiliaries. 

The  method  of  regulation  is  as  fol- 
lows: If  the  accumulator  weight  G 
drops,  the  weight  H,  drops  with  it,  pulls 
on  rope  E-.  and  opens  the  throttle  wider 
on  pump  No.  1  and  causes  the  pump  to 
speed  up  and  raise  the  accumulator  and 
weights  to  the  normal  position,  thus 
maintaining  a  constant  pressure.  If  for 
any  reason  pump  No.  1  does  not  keep  up 
the  pressure  and  the  accumulator  and 
weights  are  further  lowered,  the  slack 
in  rope  £..  is  taken  up  and  pump  No.  2 
is  started.  If  both  of  these  pumps  fail, 
or  if  the  pressure  is  still  further  lowered 


for  any  reason,  pump  No.  3*ls  started  in 
the  same  manner. 

When  it  is  desired  to  run  either  pump 
No.  2  or  3  alone  and  hold  the  other 
two  pumps  as  auxiliaries,  all  that  is 
necessary  is  to  take  up  the  slack  in 
the  rope  on  the  pump  to  be  started,  open 
the  throttle  and  adjust  the  rope  on  the 
drum  and  around  pin  /  to  the  proper 
running  position  (which,  for  convenience, 
has  been  determined  and  marked  before- 
hand) and  let  the  slack  in  the  rope  of 
the  pump  to  be  shut  down  equal  that 
of  the  rope  of  the  pump  just  being 
started. 

T.  H.  Payne. 

Worcester,  Mass. 


Boiler    Sheet  Bagged 

A  slight  distortion  was  noticed  on 
the  fire  sheet  of  a  return-tubular  boiler, 
and  as  the  boiler  was  free  of  scale  and 
oil,  the  cause  was  a  mystery.  Everybody 
about  the  plant  agreed  that  overheating 
the  plate  was  the  cause,  but  the  boiler 
was  never  working  beyond  three-fourths 
of  its  capacity. 

The  boiler  is  inspected  regularly  and 
the  distortion  is  getting  larger  and  deeper. 
It  now  has  an  area  of  about  1  sq.ft., 
starting  about  6  in.  from  the  front  head, 
and  is  fully  '4  in.  deep.  The  inspectors, 
however,  seem  to  be  satisfied  as  to  its 
safety. 

I  was  visiting  the  plant  one  Sunday 
when  the  engineer  was  washing  out  the 
boiler,  and  before  he  closed  the  front 
manhole  he  put  in  an  ordinary  water 
bucketful  of  boiler  compound  without 
first  dissolving  it  in  hot  water  and  right 
in  the  depression  caused  by  the  bag. 
Since  then  there  has  been  no  mystery 
about  the  formation  of  that  bag.  The 
compound  does  not  readily  dissolve  in 
cold  water  and  when  a  fire  is  started  un- 
der the  boiler,  overheating  the  plate  oc- 
curs, as  the  water  does  not  come  in 
contact  with  the  sheet  under  the  com- 
pound. 

Adolf  Rathman. 

Chicago,  111. 


Finger  Prints 

Finger-print  evidence  shows  whether 
the  men  around  the  power  plant  take 
an  interest  in  reading  the  engineering 
literature  that  comes  to  the  engine  room. 
A  well  thumbed  file  of  Power  in  the 
engineer's  office  should  please  any  man- 
ager. 

Finger  prints  on  the  bright  work  in  the 
plant  is  an  evidence  of  carelessness,  but 
when  they  are  on  the  pages  of  a  trade 
paper  or  on  catalogs  they  show  that  the 
owner  of  the  fingers  is  trying  to  keep 
uptodate.  In  other  words,  for  some  fin- 
ger prints  it  is  not  necessary  to  be 
ashamed. 

A.   S.   Merrill. 

Easton,    Penn. 
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Questions  Before  the  House 

Comment,  criticism,  suggestions  and  debate  upon  various  articles, 
letters   and   editorials    which  have  appeared  in  previous  issues 


Underfeed    Stoking    vs. 
Overburning 

Orosco  C.  Woolson  made  some  state- 
ments in  his  letter  under  the  above  title 
in  the  Dec.  12  issue  which  do  not  "gee" 
with   my  observations   and   experience. 

He  seems  to  fear  that  the  method  of 
supplying  air  exclusively  from  below  the 
fire  is  bound  to  result  in  incomplete  com- 
bustion because  "whatever  the  quantity 
of  air  admitted  through  the  grate,  it 
would  expend  itself  on  the  coke  only" 
to  form  CO  and  no  oxygen  would  be 
left  to  complete  the  combustion  to  CO2 
above  the  fire.  His  fear  might  be  sub- 
stantiated if  the  air  were  perfectly  and 
rapidly  diffused  throughout  the  fuel  bed, 
but  such  is  not  the  case.  With  any  kind 
of  furnace  and  any  kind  of  firing,  the 
tendency  of  the  air  is  to  find  channels 
of  least  resistance  through  the  fire  bed 
and  hence  when  the  draft  is  sufficiently 
strong,  an  ample  air  supply  can  easily 
be  maintained. 

The  importance  of  an  intimate  mixture 
of  an  ample  supply  of  air  with  the 
volatilized  combustible  matter  of  the  fuel 
is  emphasized  in  one  of  Mr.  Woolson's 
paragraphs.  In  what  better  way  could 
this  be  accomplished  than  by  forcing  the 
air  up  through  the  fire  along  with  the 
combustible  volatile  matter?  This  is 
what  takes  place  in  the  underfeed  stoker; 
the  air  enters  the  fuel  bed  at  the  lower 
side  of  the  combustion  zone  along  with 
the  gasified  hydrocarbons  that  have  been 
distilled  from  the  green  fuel  underneath 
by  radiant  heat.  The  air  and  hydro- 
carbons pass  upward  together  through 
the  fire,  intermingling  as  they  go. 

The  probable  reactions  are  as  follows: 
The  hydrocarbons  burn  to  CO::  and  H:0 
and  are  immediately  broken  down  again 
to  CO  and  H  while  passing  through  the 
fire  zone.  In  the  fire  zone  there  is,  then, 
incandescent  solid  carbon,  CO,  H,  free 
O  and  N.  Emerging  from  the  fire  zone, 
the  gases  cool  until  the  hydrogen  burns 
to  H;0  again  and  the  CO  to  C0=. 

When  combustion  takes  place  at  or- 
dinary rates,  excess  air  must  be  supplied 
or  else  the  diffusion  will  not  be  rapid 
enough  for  each  molecule  of  oxygen  to 
find  and  combine  with  its  molecule  of 
CO  before  the  gases  cool  beyond  the 
combining  temperature. 

In  conclusion,  I  should  like  to  point 
out,  as  proof  that  underfeed  stoking  is 
as  efficient  as  practically  any  other  meth- 
od of  firing,  that  good  results  are  being 


obtained  with  such  installations  in  plants 
all  over  the  coal-burning  sections  of 
the  country.  To  cite  just  one  case,  a 
recent  test  of  a  540-hp.  boiler  equipped 
with  underfeed  stokers  in  a  large  power 
plant  in  the  Middle  West  indicated  a 
combined  efficiency  of  over  80  per  cent. 
Phil  Lichte. 
Woodhaven,  N.  Y. 


What  Means  the  Dome .? 

A.  A.  Blanchard,  in  the  Jan.  23  issue, 
tries  to  explain  the  purpose  of  the  dome 
on  a  logging  engine  shown  in  Power 
for  Dec.  26,  but  I  do  not  believe  that  Mr. 
Blanchard's  explanation  is  the  true  one. 

If  a  dome  of  unusual  height  were 
necessary  for  the  little  hill  climber,  why 
was  it  necessary  to  go  to  the  expense  of 
cutting  and  drilling  the  boiler  sheet  when 
the  builder  or  owner  could  have  easily 
increased  the  height  or  removed  the  one 
shown  near  the  cab  and  riveted  a  longer 
one  in  its  place? 

If  Mr.  Blanchard  will  examine  the 
picture  again  he  will  see  a  heavy  flange 
riveted  on  the  side  of  the  dome  near  the 
top.  Judging  from  its  appearance,  this 
flange  was  tapped  for  a  2-in.  pipe  at 
least,  which,  I  think,  was  for  some  other 
purpose  than  to  relieve  the  boiler  of 
steam  when  cooling  down  for  repairs. 
J.   W.    Dickson. 

Memphis,  Tenn. 


Engine    Load   Not    Equalized 

In  regard  to  Mr.  Gordon's  compound- 
engine  diagrams  in  the  issue  of  Jan.  23, 
I  suggest  that  he  shorten  the  cutoff  in 
the  low-pressure  cylinder,  thereby  giving 
it  a  larger  share  of  the  total  work  and 
decreasing  that  done  by  the  high-pres- 
sure  cylinder. 

By  making  the  low-pressure  cutoff 
earlier,  the  receiver  pressure  is  raised 
and  consequently  the  back  pressure  in 
the  high-pressure  cylinder  is  increased, 
decreasing  the  work  done  in  that  cylin- 
der. The  adjustment  of  the  low  pres- 
sure cutoff  does  not  affect  the  engine's 
total  work,  as  this  depends  upon  the 
amount  of  steam  admitted  to  the  high- 
pressure  cylinder  and  the  total  number 
of  expansions  occurring  in  the  entire  en- 
gine, both  of  which  factors  are  constant 
with  constant  high-pressure  cutoff. 

The  receiver  pressure  which  gives 
equal    distribution   of  work   between   the 


cylinders,  may  be  determined  by  the  cut- 
and-try  method  of  taking  diagrams  for 
several  adjustments  of  the  low-pressure 
cutoff  until  one  is  found  which  gives 
diagrams  showing  equal  power. 

Henry  E.  Chambers,  Jr. 
Buffalo,  N.  Y. 


Setting    Valves    on    Corliss 
Engine 

In  the  article  under  the  above  heading 
in  Po\x'ER  for  Jan.  23,  the  setting  of  the 
safeties  is  not  considered.  I  think  that 
the  proper  adjustment  of  the  governor 
so  that  the  safeties  will  operate  at  the 
right  time  is  much  more  important  than 
the   equalization  of  the  points  of  cutoff. 

When  I  adjust  the  governor  on  a  Cor- 
liss engine,  I  first  raise  the  governor  to 
its  highest  position  and  block  it  there. 
I  then  adjust  the  governor  rods  until 
the  knock-off  cams  will  just  prevent  the 
latches  from  hooking  on  when  the  wrist- 
plate  is  rocked  back  and  forth.  Then,  I 
lower  the  governor  to  the  running  posi- 
tion and  block  it  there.  If  I  find  that 
the  points  of  cutoff  are  uneven,  I  shorten 
up  on  the  end  having  the  longest  cutoff. 
By  shortening  the  longest  end,  the  knock- 
off  cam  is  still  sure  to  take  effect  when 
the  governor  is  in  its  highest  plane. 

After  thus  equalizing  the  two  ends,  I 
lower  the  governor  to  its  lowest  position 
and  adjust  the  safety  cams  so  that  the 
latches  will  not  hook  on  with  the  gov- 
ernor in  this  position.  If  these  adjust- 
ments are  properly  made,  the  engine 
should  not  overspeed  when  losing  a  load 
or  when  the  governor  belt  breaks  or 
runs  off  the  pulley. 

I  once  took  charge  of  an  engine  which 
apparently  was  adjusted  without  thought 
of  the  safeties.  At  the  first  opportunity,  I 
adjusted  the  governor  so  that  the  safeties 
would  operate.  For  this  I  was  soon  to 
be  thankful.  This  engine  and  a  water- 
wheel  were  connected  to  a  factory  load. 
The  belt  on  the  engine  was  quite  loose, 
although  it  did  not  slip,  as  far  I  was 
able  to  observe. 

One  day  the  gate  of  the  waterwheel 
dropped,  due  to  the  rack  connected  to  the 
gate  being  worn  out.  This  threw  the 
whole  load  onto  the  engine,  which  also 
had  to  drag  the  wheel.  This  load  was  too 
much  for  the  loose  belt,  and  as  I  came 
through  the  engine-room  door  I  was  in 
time  to  see  the  belt  slip  from  the  pulley 
into  the  pit.    This  was  when  I  was  glad 
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that  I  had  changed  that  governor.  I 
could  not  notice  any  increase  of  speed 
to  speak  of;  the  governor  simply  went 
up  and  the  engine  did  not  take  steam 
for  a  few  strokes. 

Lester  A.  Fitts. 
West  Fitchburg,  Mass. 


Wanted:     Engineer    of    Pleas- 
ant Disposition 

Mr.  Morton,  in  the  issue  of  Jan.  23, 
takes  exception  to  an  advertisement  in 
which  an  engineer  of  pleasant  disposi- 
tion is  asked  for.  From  his  remarks  it 
will  be  inferred  that  the  engineer  must 
be  cross  or  surly  who  would  fight  for  his 
rights.  If  I  were  an  employer  and  had 
the  misfortune  to  hire  a  man  to  run  my 
plant  who  was  always  finding  fault  and 
dissatisfied  with  everything,  I  should  get 
rid  of  him  as  soon  as  possible. 

I  have  had  assistants  in  steam  plants 
whom  nothing  could  satisfy,  and  if  they 
were  not  kicking,  they  were  trying  to 
throw  cold  water  on  any  new  arrange- 
ment or  plan  that  we  wished  to  try  out. 
What  a  contrast  there  was  between  these 
men  and  those  who  were  trying  to  make 
the  best  of  their  lot;  the  former  were 
in  a  rut  of  inefficiency  while  the  latter 
were  "making  good."  I  do  not  mean  that 
a  man  should  try  to  be  contented  under 
bad  conditions,  but  he  should  seek  to 
improve  his  position;  he  cannot  gain  suc- 
cess with  an  ugly  or  combative  personal- 
ity. 

We  are  led  to  believe  that  a  man  with 
a  pleasant  disposition  will  not  have  the 
backbone  or  brains  to  stand  up  for  his 
rights.  This  may  be  true  in  some  cases, 
but  if  he  lacks  the  brains  to  do  that,  how 
long  will  he  last  while  running  a  plant? 

Mr.  Morton  also  says  that  such  men 
"do  not  know  their  business  as  engi- 
neers; consequently  they  cannot  explain 
their  duties  to  their  employers."  It  is 
not  necessary  that  a  man  should  have  a 
surly  disposition  to  prove  his  worth  to 
his  employer  or  to  place  him  on  good 
terms   with   those   around   him. 

In  our  business,  engineers  who  allow 
an  unruly  temper  to  get  the  best  of  them 
are  not  making  a  success.  Each  in  his 
own  experience  can  remember  perhaps 
some  chief  he  had  who  in  time  of  trouble 
did  not  fly  into  a  passion  but  quietly  gave 
his  orders  and  had  everybody  working 
hard  to  help  him  out.  While  I  realize 
that  in  such  times  it  may  be  quite  the 
proper  thing  for  a  chief  to  try  to  "rip 
things  up,"  I  doubt  if  this  method  ever 
benefits  the  right  sort  of  help. 

An  engineer  need  not  be  a  "man-eater" 
to  get  his  rights;  if  the  firm  wishes  to 
be  fair,  it  will  listen  to  him  much  mo'*^ 
patiently  than  to  on^  n'ho  threatens  or 
whv^ies. 

G.  H.  Kimball. 

East   Dedham,   Mass. 


Engineer's  Reference  Book 

I  have  been  much  interested  in  read- 
ing the  letters  on  "Engineer's  Reference 
Book,"  having  started  a  book  oi  this 
character  some  15  years  ago.  After  carry- 
ing it  on  for  about  three  years,  I  found 
that  it  got  too  bulky  and  consumed  too 
much  time.  I  made  a  practice  at  first 
of  writing  in  this  book  the  gist  of  the 
matter  from  various  articles  for  ready 
reference.  But  it  became  a  decided 
nuisance  to  transcribe  the  necessary  ma- 
terial, and  not  infrequently  I  left  out  a 
great  deal  of  information  which  later  I 
wished  I  had  on  file.  Then  I  gave  up 
the  book  and  started  in  along  totally  dif- 
ferent lines. 

I  divided  my  material  into  three  gen- 
eral groups:  First,  a  data  book  solely  on 
costs,  in  which  every  quotation  I  re- 
ceived was  placed,  with  full  informa- 
tion regarding  the  machinery,  its  cost 
and  the  date  of  the  quotation,  reducing 
the  figures  when  advisable  to  unit  costs. 
Second,  a  scrap  book  in  which  I  pasted 
the  clippings  of  interest  from  the  engi- 
neering magazines,  carefully  indexing 
this  book.  Third,  a  filing  system  for 
clippings  from  engineering  papers  or 
magazines  which  were  too  large  or  bulky 
to  be  conveniently  placed  in  the  scrap 
book.  For  the  latter  there  was  no  sep- 
arate index;  the  folders  themselves 
served  this  purpose,  as  on  the  edge  of 
each,  where  it  protruded  from  the  file, 
was  marked  the  subject  in  that  folder. 

While  this  does  not  give  me  a  refer- 
ence book  that  I  can  readily  carry  in 
my  pocket,  it  is  very  easy  to  collect  such 
information  as  I  may  need  at  any  time 
and  take  it  with  me,  and  I  can  put  my 
most  valuable  and  frequently  used  in- 
formation into  a  small  loose-leaf  note- 
book. 

The  great  thing  is  to  obtain  informa- 
tion not  only  on  a  subject  which  may  be 
of  interest  at  the  moment,  but  also  on 
all  subjects  of  allied  interests,  and  to 
keep  posted  so  far  as  is  possible  on  all 
engineering  subjects. 

An  engineer  in  a  shoe  factory  may  be 
looking  for  all  the  information  he  can 
obtain  regarding  the  general  operation 
of  shoe-factory  plants,  and  then  he  may 
be  transferred  to  some  other  character 
of  plant.  If  his  information  does  not 
cover  the  character  of  plant  to  which  he 
is  transferred,  he  will  be  more  or  less 
at  sea,  except  so  far  as  the  engine  room 
is  concerned. 

If,  however,  he  has  kept  posted  on  not 
only  the  operating  features  of  the  first 
plant,  but  also  on  the  costs  of  the  ap- 
paratus, including  not  only  the  engines, 
pumps,  boilers,  piping,  etc.,  but  also  the 
shafting,  pulleys,  belts,  oil,  hangers,  cost 
of  operating  the  various  machines,  etc., 
m  ihe  shoe  factory,  and  the  cost  of  op- 
eration of  the  various  machines  in  other 
types  of  factories,  he  will  be  of  consider- 
able   value    outside    of    just   the    power 


plant.     Such  information  will  enable  him 
to  prove  his  value  and  step  upward. 

There  is  always  a  good  deal  of  in- 
formation to  be  obtained  on  methods  of 
keeping  track  of  the  operating  features 
of  plants  as  well  as  determining  the  fixed 
charges;  and  if  a  man  proposes  to  be  of 
service,  he  should  know  the  fixed  charges, 
as  these  have  a  material  bearing  on  the 
cost  of  power.  The  more  he  knows,  the 
more  valuable  he  is  to  his  employer  if 
he  uses  tact  in  demonstrating  his  knowl- 
edge. 

Henry  D.  Jackson. 

Boston,  Mass. 


Fuel    Economy    and    CO2 
Recorders 

I  read  with  interest  A.  D.  Williams' 
discussion  on  "Fuel  Economy  and  CO2 
Recorders"  in  the  Jan.  23  issue,  in  which 
he  attacks  the  accuracy  of  the  inter- 
mittent type  of  recorder. 

I  will  not  attempt  to  state  which  of  the 
three  types  of  recorders  mentioned  is  the 
best,  but  I  would  take  exception  to  his 
reasons  why  the  intermittent  type  is  ob- 
jectionable. One  of  his  reasons  is  that 
the  recorder  takes  samples  "at  intervals 
of  from  5  to  10  min.  or  more"  and  the 
serious  disadvantage  arising  from  this 
is  that  the  firemen  can  cheat;  that  is, 
he  "can  approximate  the  time  interval 
and  lag  of  the  apparatus  and  so  arrange 
his  work  that  the  admission  of  surplus 
air  to  his  furnace  occurs  during  the  per- 
iods when  samples  are  not  being  taken." 

If  this  were  the  case,  it  would  be  a 
serious  objection;  but  with  the  uptodate 
type  of  intermittent  recorder — which  is 
almost  continuous  and  may  be  handled 
by  anyone  of  ordinary  intelligence — 
there  is  no  excuse  for  the  time  interval 
between  the  recording  of  two  consecutive 
samples  exceeding  2'.^  min.  The  time 
is  really  only  about  1  J'$  min.,  as  the 
analyzed  sample  is  drawn  for  a  period 
of  about  1  min.  from  the  continuous 
stream  of  gas  flowing  from  the  gas 
passage  to  the  recorder. 

There  is  no  way  for  the  firemen  to 
know  when  a  certain  volume  of  flue  gas 
is  in  the  sampling  pipes,  and  if  he  did, 
he  would  be  clever  if  he  could  bring 
about  changes  in  the  fires  which  would 
be  to  his  advantage  and  happen  in  an 
interval  of  I '2  or  2  min.  If  a  fireman 
who  receives  a  bonus  for  a  high  per- 
centage of  CO2  would  attempt  this  he 
would  find  the  percentage  going  down 
instead  of  up,  especially  if  one  recorder 
were   connected   to   six   or  more   boilers. 

Another  disadvantage  of  the  inter- 
mittent type  which  Mr.  Williams  states  is 
that  the  "interval  has  to  be  sufficiently 
long  to  permit  the  potassium-hydrate  so- 
lution to  absorb  the  carbon  dioxide,  and 
as  a  fresh  solution  acts  more  rapidly 
than  one  nearly  saturated  with  gas,  the 
time  must  be  fixed  to  suit  the  slowest- 
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acting  solution."  I  will  admit  that  in 
some  of  the  unsuccessful  makes  where 
the  CO:  must  be  absorbed  by  the  gas 
coming  in  contact  with  the  surface  of 
the  potassium  hydrate,  this  is  true;  but 
where  the  gas  is  made  to  bubble  through 
it  there  are  no  grounds  for  this  ob- 
jection. 

Charles  M.  Rogers. 
Detroit,  Mich. 


Central  Station  vs.   Isolated 
Plant 

''"he  last  third  of  a  century  has  wit- 
r.essed  a  marvelous  development  in  the 
realm  of  power  generation  and  transmis- 
sion, and  unavoidably  in  the  connection 
there  has  been  a  great  readjustment  of 
conditions  under  which  men  are  em- 
ployed. As  a  result,  some  positions  have 
been  abolished,  and  it  is  but  human  that 
the  men  displaced  should  feel  unkindly 
toward  the  direct  cause  of  their  mis- 
fortune. According  to  some  criticisms,  it 
would  appear  that  the  central  station  is  a 
monster  going  about  devouring  engineers' 
jobs,  and  is  so  insatiable  that  it  must 
get  them  regardless  of  the  means  re- 
quired. Is  it  any  wonder,  then,  that 
engineers  have  taken  up  arms  against 
this  monster?  It  is  doubtless  true  that 
the  central  station,  in  finding  its  legiti- 
mate field,  sometimes  oversteps  the 
boundaries.  In  such  cases  the  pen  is 
the   proper   weapon    for   driving   it   back. 

Many  of  the  articles  have,  probably 
unintentionally,  paid  the  central  stations 
a  decided  compliment  and  offer  a  ray 
of  hope  for  the  displaced  employee.  The 
compliment  is  the  reference  to  the  trained 
solicitors  which  the  central  stations  are 
credited  with  employing,  and  the  ray  of 
hope  is  the  thought  that  a  new  field  has 
been  opened  for  men  with  engineering 
ability.  These  trained  solicitors  must 
necessarily  have  a  knowledge  of  engi- 
neering, and  while  not  all  engineers  can 
become  central-station  solicitors  when 
their  positions  are  abolished,  they  have 
the  consolation  that  the  solicitor  who 
took  their  jobs  away  is  not  himself  an 
engineer  seeking  the  same  jobs. 

When  central-station  solicitors  use  mis- 
leading arguments  and  misrepresent  mat- 
ters in  order  to  attain  their  ends,  their 
methods  should  be  condemned  in  no  un- 
certain words,  but  when  the  facts  are 
on  their  side  and  the  user  of  power 
would  clearly  be  the  gainer  by  the  in- 
stallation of  central-station  service,  the 
engineer  should  humbly  submit. 

Is  it  not  true  that  with  the  develop- 
ment of  central  stations  the  field  for 
steam  engineers  has  been  enlarged,  and 
that  a  larger  percentage  of  the  working 
population  is  today  employed  in  that 
work  than  ever  before?  Today  every 
town  of  any  size  has  an  electric-light 
plant,   and    in   many   instances   the   engi- 


■neers  employed  are  in  addition  to  the 
number  that  would  he  working  in  those 
towns  were  there  no  lighting  plants. 

Perhaps  electric-railway  power  plants 
are  not  exactly  included  among  the 
central  stations  referred  to,  but  their 
development  has  been  a  part  of  that  of 
the  electrical  line  and  they  have  created 
many  places  for  steam  engineers  that 
would  not  have  otherwise  existed.  In 
but  very  few  instances  have  the  electric 
railways  displaced  any  other  employers 
of  engineers;  instead,  they  have  opened 
up  an  entirely  new  field  not  only  for  the 
employment  of  engineers  but  also  for 
many  other  workers. 

In  reading  these  articles  the  writer  has 
frequently  asked  himself,  are  the  engi- 
neers more  fair  and  conscientious  in  this 
matter  than  those  they  condemn?  When 
the  question  of  installing  central-station 
service  comes  up,  do  the  engineers  calm- 
ly consider  the  matter  and  set  about 
determining  whether  it  will  be  advan- 
tageous to  put  in  the  service,  and  if  it 
will  clearly  be  to  their  employers'  in- 
terests? Do  they  honestly  admit  it,  or 
do  they  use  every  argument  at  their 
command  to  induce  their  employers  to 
retain  the  steam  plant  to  their  disad- 
vantage? Every  plant  is  a  problem  by 
itself  and  careful  figuring  is  required  to 
determine  whether  it  should  be  abolished. 

Engineers  should  endeavor  to  be  as 
fair  as  they  wish  others  to  be  and  be 
thankful  for  the  fact  that  undoubtedly 
there  are  more  opportunities  for  good 
engineers  in  this  country  today  than  ever 
before,  even  though  in  their  immediate 
vicinity  some  positions  have  been  closed. 
The  writer  does  not  wish  to  be  under- 
stood as  accusing  engineers  of  lacking 
integrity,  but  his  acquaintance  with  both 
engineers  and  central-station  men  leads 
him  to  believe  that  the  one  is  as  likely 
to  err  as  the  other,  and  that  both  pro- 
fessions rank  as  high  morally  as  most 
others. 

G.  E.  Miles. 

La  Jara,  Colo. 


Smoke  Prevention  with  Steam 
Jets 

In  the  Jan.  16  issue,  J.  A.  Switzer's 
article  under  this  title  unquestionably 
deserves  the  attention  of  the  operating 
engineer.  Near  the  bottom  of  page  76 
in  the  first  column,  the  draft  is  given  as 
follows:  Draft  gage  near  stack,  inches 
of  water,  0.32,  0.29;  and  near  the  bot- 
tom of  page  78,  draft  at  breeching,  inches 
of  water,  0.17,  0.19. 

These  two  readings  for  each  plant  rep- 
resent all  the  draft  information  for  the 
four  tests.  Draft  information  is  very 
important  and  no  report  pertaining  to 
a  furnace  can  be  of  value  without  it. 
Engineers  of  a  few  years  ago  omitted  it 
because  they  did  not  know  much  about 
it.     The  statement  of  draft  as  given  does 


not  convey  any  real  significance  at  all 
and  the  reader  is  no  better  off  for  its 
being  there. 

To  be  of  value,  draft  must  be  read  in 
the  stack,  in  the  breeching  at  each  side 
of  various  turns,  at  both  the  stack  and 
the  boiler  sides  of  the  damper,  at  every 
pass,  whether  horizontally  or  vertically 
baffled,  in  the  combustion  chamber,  over 
the  fire  and  in  the  ashpit,  as  shown  in 
the  sketch. 

The  meager  information  given  about 
the  draft  is  synonymous  with  stating 
that  there  was  10  lb.  pressure  near  the 
point  of  cutoff.  This  certainly  would 
not  convey  any  idea  about  the  actual 
performance  of  the  engine. 

Knowing  the  height  of  stack,  the  draft 
reading  at  the  stack  indicates  whether 
it  is  over  or  underloaded  or  of  just  the 
right  proportion.  If  the  stack  shows 
very  much  less  draft  than  it  should,  it 
must  be  overloaded  (excessive  friction) 
or  very  much  underloaded  (lacking  suffi- 
cient temperature),  and  this  can  be  de- 
termined by  knowing  the  load. 

Readings  at  the  breeching  convey  the 
idea  of  its  design  as  to  size,  insulation 
and  restriction.  Damper  readings  are 
necessary  to  know  if  the  damper  is  of 
the  desired  size  to  accommodate  the 
gases,  and  readings  at  different  passes 
are  necessary  to  know  if  there  is  not  un- 
due restriction.  The  reading  over  the 
fire  shows  whether  useful  work  is  being 
done,  and  all  combined  will  show  whether 
too  much  air  or  too  little  is  being  ad- 
mitted. High  reading  over  the  fire  and 
no  drop  or  a  small  drop  through  the 
boiler  indicates  practically  static  draft  at 
the  fire  and  little  or  no  work  is  being 
accomplished.  A  small  drop  through  the 
fire  and  a  large  drop  through  the  boiler 
and  breeching  will  indicate  large  nega- 
tive work  and  consequently  a  large  sur- 
plus of  air. 

Where  the  stack  is  as  close  as  pos- 
sible to  the  boilers,  a  draft  in  the  breech- 
ing of  0.3  or  0.4  in.  is  very  small  and 
there  must  be  something  very  extraordi- 
nary at  the  Knoxville  plants,  as  both 
stacks  appear  from  the  photograph  to  be 
more  than  100  ft.  high.  Usually  about 
50  per  cent,  of  the  breeching  draft  should 
be  available  over  the  fire.  In  this  case 
the  very  most  that  can  be  expected  for 
the  Knoxville  Ry.  &  Light  Co.  plant  is 
about  50  per  cent,  of  0.32  or  0.16  in. 
This  is  a  very  poor  draft  indeed.  In  the 
second  test  there  is  0.29  in.  in  the  breech- 
ing and  possibly  0.145  in.  over  the  fire. 

From  practice  it  can  be  stated  that  to 
burn  coal  economically  at  least  0.01  in. 
of  pressure  difference  must  be  provided 
over  the  fire  for  every  pound  of  coal 
burned  per  square  foot  of  grate  surface 
per  hour;  that  is,  if  15  lb.  is  to  be  burned 
per  hour  per  square  foot,  the  draft  over 
the  fire  must  be  at  least  0.15  in.  Hence 
it  will  be  seen  that  0.16  in.  will  not 
burn  very  much  coal  with  economy.  This 
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holds  good  between  18  and  25  lb.  per 
square  foot  per  hour. 

The  second  very  important  item  miss- 
ing is  the  rate  of  combustion;  that  is, 
the  number  of  pounds  of  coal  burned 
per  hour  per  square  foot  of  grate  sur- 
face. But  knowing  the  coal  burned,  the 
time  and  the  average  number  of  square 
feet  of  grate,  it  can  be  found. 

On  the  test  without  steam  jets  at  the 
Knoxville  railway  plant  there  were  270 
sq.ft.  of  grate  surface,  on  which,  in  1 1 
hours,  was  burned  74,213  lb.  of  coal. 
This  makes  the  rate  of  combustion 
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74.213 


25  lb.  {nearly) 


n  X  27L 

In   the   second   case,   56,700   lb.    were 
consumed  during  11  hours  on  262.5  sq.ft. 


of  grate  is  required  at  least  0.01  in! 
Having  this  in  mind,  examine  the  data 
obtained: 

KNOXVILLE    RAILWAY    &    LIGHT    CO. 

1  No     steam    jets,     rate     of    com- 

bustion,   lb 25 

Possible  draft  over  the  fire,  in.  0.16 
Desirable  minimum  draft,  in...  0.25 
Difference   between   desired  and 

actual  draft,  in 0.09 

Shortage      in      percentage,      per 

cent 0.56 

2  Steam     jets,     rate     of     combus- 

tion,  lb 19.64 

Possible  draft  over  fire,  in 0.145 

Desirable    minimum    draft    (0.01 

X     19.64).    in 0.196 

Difference   between    desired   and 

actual  draft,  in 0.051 

Shortage      in      percentage,      per 

cent 45 

From  this  it  can  be  seen  that  the  trial 
with  steam  jets  was  conducted  with  45 
per  cent,  lack  of  draft,  and  without  the 


A  =  0.06  £  =  0.47 1 

B  =  0.t&  F  =  0.62  I  Normal    Drafr  Readings 

C  =  0.33  6  =  0.77 1  in    Inches    of   Watsr 

D  =  0.37  H  =  0.79 


Points  at  Which  Draft  Readings  Should   Be  Taken 


of    grate    surface, 
combustion 

56,700 


making    the    rate    of 


=  19.64  lb. 


n  X  262.5 
At  the  Knoxville  Cotton  Mills,  during 
the  test  without  steam  jets.  20,313  lb. 
were  consumed  during  the  nine-hour  test 
on  175.5  sq.ft.  of  grate  surface,  making 
the  rate  of  combustion 


=  12.86/6. 


20,313 
9  X  175  5 

With  steam  jets  working  during  the 
nine-hour  test,  18,188  lb.  were  consumed 
on  131.5  sq.ft.  of  grate  surface,  mak- 
ing the  rate  of  combustion 

18,188 

=  i';.4  lb. 

9  X   131.5 

Draft  in  the  breeching  at  the  cotton  mills, 
as  given  in  the  first  instance  was  0.17 
in.,  of  which  possibly  50  per  cent,  over 
the  fire  would  be  0.085  in.,  and  in  the 
second  case,  0.19  in.,  of  which  50  per 
cent,  over  the  fire  would  be  0.095  in. 

As  stated  before,  the  rate  of  combus- 
tion depends  on  the  draft,  and  for  each 
pound  burned  per  hour  per  square  foot 


steam  jets  it  was  56  per  cent.,  or,  draft 
conditions  were  better  with  the  steam 
jets  by  11  per  cent.  As  will  be  explained 
further,  steam  jets  have  nothing  to  do 
with  draft  itself. 

Now  examine  the  second  case. 

KNOXVILLE    COTTON   MILLS 

1  Trial    without   steam    jets,    rate 

of    combustion,    lb 12.86 

Possible   draft   over   the   Are    (50 

per      cent,      of      that      at      the 

breeching-),    in 0.085 

Desirable    minimum    draft    over 

the  fire,  in 0.1286 

Digerence.    lb 0.0436 

Lack     of     draft     in     percentage, 

per    cent 50 

2  Trial    with    steam   jets,    rate    of 

combustion,    lb.    15.4 

Possible   draft   over  fire,   in 0.095 

Desirable   minimum  draft,   in...     0.154 

Difference,    in 0.059 

Lack     of     draft     in     percentage. 

per   cent 60 

From  this  it  appears  that  in  the  case 
of  the  Knoxville  Ry.  &  Light  Co.,  the 
firemen  were  overcrowding  the  fires;  that 
is,  the  lack  of  economy  was  due  to  heavy 
firing  and  lack  of  air.  In  the  second 
case,  the  lack  of  economy  was  due  to 
too  much  air,  as  it  is  well  known  that 
12  lb.  per  square  foot  of  grate  per  hour 


will  not  keep  the  grates  properly  covered, 
and  this  is  shown  by  less  breeching  draft, 
indicating  negative  work  (excess  air). 
With  steam  jets,  when  the  rate  of  com- 
bustion increased  to  15  lb.  the  breech- 
ing draft  was  raised  to  0.19  in.,  show- 
ing a  smaller  surplus  of  air  than  during 
the  first  test. 

A  rate  of  combustion  less  than  18 
lb.  per  square  foot  per  hour  is  always 
conducive  to  a  very  large  amount  of  gas 
per  pound  of  coal  and  cannot  be  recom- 
mended for  the  reason  that  sufficient 
furnace  temperature  cannot  be  obtained, 
and  the  gases  run  as  high  as  35  lb.  or 
more  per  pound  of  coal.  Steam  from  a 
steam  jet  with  a  nozzle  opening  of  -k 
or  A  in.  expands  to  atmospheric  pres- 
sure within  5  ft.  from  the  nozzle  and 
the  hand  can  be  held  6  ft.  from  the 
nozzle  without  any  discomfort.  From  this 
it  is  apparent  that  steam  jets  cannot 
blow  any  soot  from  the  tubes,  but  they 
prevent  the  formation  of  soot  by  assist- 
ing in  obtaining  a  better  mixture  in  the 
furnace.  That  is  all  steam  jets  are  good 
for;  whether  they  pay  for  themselves  in 
doing  this  is  rather  doubtful,  but  there 
is  no  doubt  that  they  do  not  add  to  econ- 
omy. 

Steam  jets  do  not  affect  the  draft  and 
their  action  cannot  be  detected  at  any 
other  point  with  a  draft  gage  except  over 
the  fire,  and  then  only  when  the  fires 
are  too  heavy  or  the  point  where  the 
draft  is  taken  is  in  the  immediate  neigh- 
borhood  of  the   jet   discharge. 

So  far  as  an  economy  of  10  per  cent, 
of  fuel  goes,  the  steam-jet  man  must  be 
given  credit  for  doing  the  right  thing 
at  the  right  place  in  these  two  cases, 
obtaining  the  same  result  by  different 
changes  in  the  two  furnaces.  In  one 
case  the  rate  of  combustion  was  de- 
creased, avoiding  the  static  draft,  and  in 
the  second  case  the  rate  of  combustion 
was  increased,  so  as  to  have  less  air 
holes  and  a  better  temperature,  and  the 
credit  for  the  whole  change  is  given  to 
the  steam   jets. 

Henry  Misostow. 

Chicago.  III. 


Brick  for  Boiler  Walls 

Referring  to  Mr.  Scheiderer's  letter  in 
the  issue  of  Jan.  9,  we  have  a  boiler  in 
our  plant  with  an  outside  wall  built  of 
hollow  cement  blocks.  They  have  proved 
satisfactory  as  an  outside  wall,  giving  a 
neat  appearance  to  the  boiler  room,  which 
is  the  only  benefit  I  can  see  in  their  use. 
These  hollow  cement  blocks  will  stand 
a  good  bit  of  heat,  although  they  will 
not  do  for  firebox  work. 

LaMott  R.  Leonard. 

Uniontown,    Penn. 


What  we  want  at  times  is  an  alarm 
clock  that  will  not  only  wake  us  up,  but 
will  make  us  feel  like  getting  up,  says 
Printing   Trade  News. 
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Inquiries  of  General  Interest 

Questions  are  not  answered  unless  accompanied  by  the  name  and 
address  of  the  inquirer.     This  page  is  for  you  when  stuck — use  it 


Steam   Pump   I'j/vcs 

What  is  meant  by  a  pump  with  steam- 
thrown  valves? 

D.  O.  L. 

In  direct-acting  steam  pumps  a  rotary 
motion  is  not  developed  by  means  of 
which  an  eccentric  can  be  made  to  op- 
erate the  valve.  It  is  therefore  neces- 
sary to  reverse  the  piston  by  an  impulse 
derived  from  itself  at  the  end  of  each 
stroke.  This  cannot  be  effected  in  an 
ordinary  single-cylinder  pump  with  a  sin- 
gle valve,  as  the  valve  would  be  moved 
only  to  the  center  of  its  motion  and  then 
the  pump  would  stop.  To  overcome  this 
difficulty  a  small  plunger  or  piston  is 
provided  to  move  the  main  valve  of  the 
pump.  In  some  pumps  a  small  auxiliary 
slide  valve  actuated  by  a  piston  rod 
through  levers,  operates  the  valve  piston. 
This  piston,  carrying  with  it  the  main 
valve,  is  thrown  over  by  the  steam  and 
the  pump  is  reversed. 

In  other  pumps,  the  valve  piston  or 
plunger  is  operated  by  the  main  piston 
striking  valves  or  tappets  located  at  each 
end  of  the  cylinder.  The  tappets  open 
a  port  leading  from  the  ends  of  the 
valve  plunger  directly  to  the  exhaust, 
thus  relieving  the  pressure  at  that  end 
of  the  valve  piston.  The  expansion  of 
the  steam  at  the  opposite  end  of  the  pis- 
ton, causes  it  and  the  valve  to  change 
its  position,  and  reverses  the  direction 
of  travel  of  the  main  piston. 


iTiined  above  by  the  area  of  the  pipe   in 
square  feet. 


Discharge  of  Water  from  a 
Pipe 

What  is  the  formula  for  figuring  how 
much  water  a  given  size  pipe  will  dis- 
charge per  minute  under  a  given  pres- 
sure ? 

A.  D.  P. 

For  a  pipe  running  full  the  formula  is 


Velocity  =  c 


I  diameter 


X  slope 


When  the  velocity  is  in  feet  per  sec- 
ond, the  slope  is  the  head  (or  pressure 
expressed  as  a  head  in  feet)  divided  by 
the  length  of  the  pipe  in  a  straight 
line  from  end  to  end;  c  is  a  constant 
varying  with  the  character  and  di- 
ameter of  the  pipe,  and  the  slope,  from 
69.5  for  6-in.  rough  pipe  to  171.6  for  a 
20-in.  smooth  pipe.  The  tables  for  the 
value  of  c  can  be  found  in  any  engi- 
neers' reference  book.  The  amount  of 
discharge  in  cubic  feet  per  second  can  be 
found  by  multiplying  the  velocity  deter- 


Fusi/j/e  Plug  in  a  B.  &  W. 
Boiler 

Where  should  a  fusible  plug  be  placed 
in   a   Babcock   &   Wilcox   boiler? 

H.  S. 

It  should  be  placed  in  the  upper  drum, 
not  less  than  6  in.  above  the  bottom,  and 
over  the  first  pass  of  the  product  of  com- 
bustion; it  should  project  in  the  sheet 
not  less  than  1  in.  This  rule  was  for- 
mulated by  the  Massachusetts  Board  of 
Boiler  Rules. 


Size  of  IFire  for  Induction 
Motors 

What  size  wire  would  be  required  for 
secondary  street  mains  to  supply  two 
5-hp.  and  one  1-hp.,  220- volt,  60-cycle 
three-phase  induction  motors  located  235 
ft.   from  the  transformer? 

W.  C.  M. 

No.  8  B.  &  S.  weather-proof  wire  could 
be  used  and  come  within  the  insur- 
ance rules,  but  the  energy  loss  would 
be  nearly  5  per  cent.  No.  6  has  an  energy 
loss  slightly  under  3  per  cent.  No.  4 
would  be  the  best  size,  as  the  energy 
loss  would  be  only  \y\  per  cent,  and  the 
voltage  drop  about  2  per  cent,  at  full 
load. 


Transformer  Connections 

Why  has  a  transformer  six  terminals 
to  its  coils  when  there  are  only  two 
windings? 

J.  J.  c. 

The  secondary  winding  is  divided  into 
two  distinct  coils,  which  may  be  con- 
nected in  series  or  in  parallel,  whereas 
the  two  primary  coils  are  connected 
permanently  in  series.  When  connected 
in  series  the  secondary  coils  give  twice  as 
great  a  voltage  as  when  connected  in 
parallel.  The  two  ends  of  each  second- 
ary coil  are  run  to  the  outside  of  the 
case  to  be  connected  as  desired. 


Saturated  a/id  Superheated 
Steam 

When  does  steam  cease  to  be  saturated 
and  begin  to  be  superheated? 

A.  P.  H. 

This  occurs  as  soon  as  the  temperature 
of  the  steam  is  raised  above  that  which 
is  produced  when  it  is  evaporated.  For 
example,  the  temperature  of  steam  evap- 
orated under  a  pressure  of   130  lb.    (ab- 


solute) per  square  inch  is  347.4  deg. 
F. ;  if  it  be  heated  above  that  tempera- 
ture, it  is  said  to  be  "superheated." 


Critical  Data 

What  is  meant  by  critical  data  of 
gases? 

P.    McQ. 

There  appears  to  exist  for  each  gas  a 
temperature  above  which  it  cannot  be 
liqu'efied,  no  matter  what  amount  of  pres- 
sure is  used.  This  is  called  the  critical 
temperature.  Below  this  temperature  all 
gases  or  vapors  may  be  liquefied  if  suffi- 
cient pressure  is  used.  The  pressure 
which  causes  liquefaction  of  a  gas  at  or 
as  near  below  the  critical  tempera- 
ture as  possible  is  called  the  crit- 
ical pressure.  The  critical  volume  of 
a  gas  is  its  volume  at  a  critical  point, 
measured  \yith  its  volume  at  the  freez- 
ing point,  under  the  pressure  of  an 
atmosphere  as  a  unit.  The  critical 
temperature,  pressure,  and  volume  are 
frequently  referred  to  as  critical  data. 
For  example,  the  critical  data  of  car- 
bon dioxide  are:  critical  pressure,  1131.9 
lb.;  critical  temperature,  87.8  deg.  F. ; 
critical   volume,  0.0066. 


Repairing  Commutators 

What  material  is  best  to  fill  the  holes 
between  the  commutator  segments  when 
the  mica  has  become  dislodged? 

A.  V.  C. 

Prepare  a  mixture  of  powdered  mica 
and  thick  shellac;  set  it  on  fire  to  burn 
off  the  alcohol,  taking  care  to  prevent  the 
shellac  from  charring.  When  burned  suf- 
ficiently, extinguish  the  flame  by  cover- 
ing the  receptacle  with  a  piece  of  tin. 
Apply  the  paste  as  quickly  as  possible, 
pressing  it  into  the  cavity  with  a  heated 
screwdriver  or  knife. 


Short  Circuiting  a  Shunt 
Wound  Generator 

If  a  shunt-wound  generator  is  short- 
circuited  at  the  brushes,  which  would 
burn  out,  the  armature  or  the  field  coils? 
In  what  case  would  the  field  coils  be 
burned? 

A.  L.  P. 

If  anything  burned,  it  would  be  the 
armature  coils,  but  with  some  machines 
the  external  characteristic  is  such  that 
short-circuiting  kills  the  field  before  the 
armature  is  damaged.  The  shunt-field 
winding  could  not  be  damaged  by  short- 
circuiting  at  the  brushes  under  any  con- 
ditions. 
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Reminiscences  of  an  Engineer 


I  had  been  chief  engineer  and  fireman 
for  six  months  in  a  laundry,  had  studied 
some  and  thought  I  could  run  anything 
moved  by  steam.  One  Sunday  morning 
an  ad  appeared  in  the  local  paper  which 
read: 

WANTED — Engineer  to  take  care  of 
Corliss  engrine;  must  be  sober  and  in- 
dustrious:   salary.    $75    per    month. 

I  applied  for  and  secured  the  job. 
The  plant  consisted  of  two  200-hp.  Stirl- 
ing boilers,  one  16x42-in.  Corliss  en- 
gine, one  60-kw.  dynamo,  two  4- ft.  Sturte- 
vant  fans,  a  small  air  compressor  and 
several  minor  appliances.  The  engine 
was  belted  to  a  countershaft  which  in 
turn  was  belted  to  the  dynamo  and  fans. 

I  was  to  start  the  plant  the  next  morn- 
ing, so  I  hurried  away  and  secured  a 
man  to  take  my  place  at  the  laundry; 
then  I  took  him  to  the  manager  and 
tried  to  explain  things.  Well,  I  received 
a  lecture  that  I  will  not  forget  right 
away. 

When  Trouble  Began 

The  next  morning  at  5  o'clock  I  was 
at  the  new  job  and  started  my  first  Cor- 
liss engine.  The  foreman  showed  me 
how  to  adjust  the  voltage  by  turning  a 
handwheel  on  the  front  of  the  switch- 
board, and  several  other  things  which 
he  had  seen  my  predecessor  do.  The 
ding  of  the  dashpots  was  music  to  my 
ears  and  I  was  proud  of  myself  until 
about  9  o'clock,  when  all  at  once  the 
dashpots  quit  their  music  and  the  en- 
gine slowed  down.  I  could  not  find  any 
hot  boxes,  and  the  steam  gage  which  was 
on  the  wall  showed  125  lb.,  which  was 
more  than  sufficient. 

I  tried  to  start  again,  but  the  engine 
promptly  shut  down  when  the  load  came 
on,  and  I  was  more  than  worried.  The 
fireman  reported  140  lb.  of  steam  and 
said  that  the  pressure  was  rising  in 
spite  of  the  fire-doors  being  open  and 
all  the  draft  cut  off.  He  said  the  safety 
valves  had  always  "popped"  at  126 
pounds. 

The  Gage  Pipe  Freezes 

The  superintendent,  who  had  been 
watching  me,  was  getting  ready  to  leave 
in  a  hurry  when  I  said  that  there  was 
something  wrong  with  the  gage.  It  was 
an  extremely  cold  day  and  the  gage  pipe, 
which  ran  across  the  ceiling  and  then 
down  to  the  gage,  had  frozen  and  the 
expansion  was  raising  the  pressure. 
When  the  pipe  was  thawed  there  was  45 
lb.  pressure.  In  15  min.  things  were 
going  all  right  once  more  and  I  had  the 
gage  moved  to  the  front  of  the  boiler 
where  it  belonged.  The  engine  had  been 
shut  down  for  an  hour,  when  the  trouble 
should  have  been  located  in  five  min- 
utes. 


By  Schuyler  G,  Hooper 


Wherein  are  related  some  of 
the  things  an  engineer  should 
not  do,  and  some  practices 
which  may  assist  others  who 
Ivnow  no  remedy  for  similar 
troubles. 


Hot  Bearings 

At  about  10  o'clock  I  made  a  round 
and  examined  all  the  bearings,  and  when 
I  placed  my  hand  on  the  main  bearing 
I  scorched  my  fingers.  It  took  me  the 
next  two  hours  and  enough  cylinder  oil 
to  last  the  engine  a  week  to  get  it  back 
to  normal. 

I  had  closed  the  oil  cups  during  the 
shutdown  and  I  had  forgotten  to  open 
them  when  I  started  again.  All  this 
trouble  had  taken  some  of  the  confidence 
out  of  me,  and  I  was  as  tired  at  noon 
as  though  I  had  worked  hard  all  day. 

A  Circuit-breaker  Incident 

Things  went  quite  smoothly  that  after- 
noon and  the  next  day,  although  a  circuit- 
breaker  kicked  out  when  I  was  in  front 
of  the  board  and  nearly  scared  the  wits 
out  of  me.  I  threw  it  back  before  I  knew 
what  I  was  doing  and  held  it  a  few  mo- 
ments; then, I  noticed  that  the  ammeter 
only  registered  about  half  load.  While 
I  was  wondering  what  caused  the  load 
to  fall  off,  the  superintendent  came  in 
and  told  me  that,  for  no  apparent  reason, 
about  half  of  the  fuses  had  blown  out 
in  the  foundry.  I  did  not  know  why 
they  had  blown  until  I  had  figured  it 
out  in  bed  that  night,  and  then  it  was 
very  simple.  I  had  thrown  the  circuit- 
breaker  back  before  the  starting-levers 
on  the  motor-starters  had  a  chance  to 
drop  back.  This  had  caused  the  current 
to  rush  into  the  armatures  of  the  motors 
without  any  resistance,  and,  of  course, 
had  blown  the  fuses.  I  did  not  tell  the 
superintendent  the  cause  of  that  half- 
hour  shutdown  in  the  foundry,  but  the 
next  time  the  circuit-breaker  went  out 
I  let  it  rest  a  while  before  throwing  it 
back. 

Whenever  I  had  a  little  time,  I  studied 
and  examined  things  about  the  place.  I 
found  out  that  the  handle  on  the  switch- 
board which  regulated  the  voltage  was 
fastened  to  a  resistance  box  which  was 
in  series  with  the  shunt  field  of  the 
dynamo,  and  regulated  the  current  that 
passed  through  it. 

The  plant  was  about  400  ft.  from  the 
foundry  and  500  ft.  from  the  office,  and 
there   was   no   steam    in   either   for   heat. 


Just  before  I  came  a  tee  was  placed  in 
the  exhaust  line  and  also  a  back-pres- 
sure valve.  A  4.-in.  line  was  carried  from 
the  tee  to  the  office,  and  several  weeks 
after  my  arrival  the  radiators  were  in- 
stalled and  everything  was  ready  to  turn 
on  the  steam. 

The  Superintendent  Lends  a  Hand 

One  morning  I  slowly  opened  the  valve 
on  the  4-in.  line  and  then  started  to 
put  some  weight  on  the  back-pressure 
valve,  the  arm  of  which  was  tied  with 
a  rope.  While  I  was  hunting  for  the 
weight  the  superintendent,  who  had  come 
in  to  see  the  heat  turned  on,  cut  the 
rope  which  held  the  lever  to  the  valve. 
The  engine  immediately  started  to  slow 
down  and  I  rushed  for  the  throttle  and 
had  it  about  half  closed  when  there  was 
an  explosion  and  the  room  was  filled  with 
steam.  I  finished  closing  the  throttle  as 
fast  as  I  could  and  then  ran  outside. 

There  stood  the  superintendent,  look- 
ing a  little  whiter  than  usual  but  not 
hurt  in  the  least.  As  soon  as  the  steam 
permitted,  we  again  entered  the  engine 
room  and  found  the  cover  plate  on  the 
front  of  the  heater  broken  in  three  pieces. 
Nothing  else  appeared  to  be  out  of  order, 
but  I  thought  there  was  something  wrong 
with  the  back-pressure  valve,  so  I  tied 
it  back  with  the  rope,  and  started  up 
again.  Everything  was  all  right  except 
that  I  had  to  feed  cold  water  to  the 
boiler,  which  taught  me  that  a  feed-water 
heater  was  an  economical  adjunct  to  the 
engine   room. 

The  Steam-fitter  "Quits" 

That  night  I  took  the  top  off  of  the 
back-pressure  valve  and  found  that  the 
steam-fitter  had  placed  it  on  upside  down. 
I  should  have  noticed  this,  but  I  had 
never  examined  one  before,  so  the  com- 
pany lost  by  my  inexperience.  The  steam- 
fitter  was  given  a  chance  to  look  for  a 
new  position  the  next  day,  and  I  was  a 
little  shaky  about  mine,  but  nothing  hap- 
pened. The  valve  was  correctly  placed 
and  the  broken  heater  repaired;  that 
ended   that   incident. 

Dashpot-plunger   Troubles 

Several  days  later  I  noticed  that  the 
dashpot  plungers  did  not  pull  down  as 
far  as  they  should  and  the  hook  would 
hit  them  and  make  a  noise,  so  I  promptly 
oiled  them  and  they  worked  quite  well 
until  the  next  morning,  when  they  were 
more  sluggish  than  ever.  I  again  oiled 
them  with  engine  oil,  but  they  did  not 
operate  properly.  I  worried  along  with 
them  that  day,  but  I  hated  the  thought 
of  starting  the  next  morning  as  they  were 
always  much  worse  on  cold  mornings. 

That  night  I  purchased  my  first  copy 
of  Power   from  a   newsstand   and   while 
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reading  over  some  of  the  other  fellows' 
troubles  and  remedies,  I  ran  across  one 
which  fitted  my  case  exactly.  It  was 
this:  "Never  use  oil  on  the  inside  of 
the  dashpot  which  has  a  leather  cup  on 
the  plunger,  as  it  will  gum  the  leather, 
cause  the  plunger  to  stick  and  eventual- 
ly entirely  ruin  the  cup.  Use,  instead, 
a  little  kerosene  once  in  a  while,  and  no 
trouble  will  be  e.\perienced."  The  kero- 
sene did  the  work  next  morning  and 
Power  received  a  year's  subscription  by 
mail. 

All  of  the  lifting  in  the  foundry  and 
machine  shop  was  done  with  air  fur- 
nished by  the  compressor  in  the  engine 
room.  One  day  a  salesman  came  in  with 
the  superintendent  and  proposed  to  fur- 
nish us  all  the  air  we  wanted  for  noth- 
ing; that  is,  without  any  increase  in  the 
fuel  bill.  He  proposed  to  place  a  cylin- 
der back  of  the  engine  cylinder  and 
carry  the  tail-rod  right  through  to  op- 
erate it.  He  told  me  the  engine  had 
considerable  compression,  and  that  he 
would  eliminate  it  and  catch  the  heavy 
moving  parts  with  the  compressed  air. 
At  that  time  I  hardly  knew  if  compres- 
sion was  a  contagious  disease. 

His   First   Indicator   Diagram 

The  salesman  then  proceeded  to  take 
some  indicator  diagrams  (the  first  I  had 
ever  seen  taken)  and  explained  things 
so  clearly  to  me  that  I  asked  the  super- 
intendent to  let  him  put  in  his  com- 
pressor. He  soon  had  the  compressor 
in;  it  worked  fine  and  cut  the  fuel  bill  a 
little.  However,  there  was  one  trouble 
which  I  could  not  overcome;  that  is,  the 
engine  would  pound  whenever  the  com- 
pressor suction  valves  were  held  open 
by  the  governor,  due  to  the  pressure  ris- 
ing too  high  in  the  air  receiver.  This, 
of  course,  was  due  to  lack  of  compres- 
sion and  a  small  amount  of  lost  motion 
in  the  different  bearings. 

A  Two-day  Shutdown 

The  two  4-ft.  fans  used  were  located 
in  the  foundry  and  were  run  by  motors. 
These  motors  were  too  small,  and  one 
day  a  motor  burned  out  an  armature, 
causing  a  partial  shutdown  for  a  couple 
of  days.  A  consulting  engineer  was 
called  in  and  he  advised  moving  the  fans 
to  the  engine  room  and  driving  them 
from  a  countershaft.  He  was  asked  if 
the  friction  in  the  pipes,  when  the  air 
passed  through,  would  not  make  them 
take  more  power,  but  he  explained  that 
they  would  take  less  power,  and  he 
proved  his  argument  by  closing  a  damper 
in  the  discharge  pipe  of  one  of  the  fans; 
the  ammeter  immediately  showed  a 
great  falling  off  in  current. 

The  fans  were  moved,  and  when  they 
were  started  in  their  new  position  it 
was  found  that  while  they  ran  at  the 
same  speed  as  before,  they  did  rrot  de- 
liver   as    much    air    to    the    foundry,    so 


larger  pulleys  were  bought  and  the  fans 
speeded  up  until  they  did  deliver  the  air. 
The  expert  went  his  way.  When  I  tried 
to  explain  to  the  superintendent  that  the 
fans  were  taking  more  power  than  be- 
fore, he  said  that  I  did  not  know  what 
I  was  talking  about,  so  I  had  to  let  it 
drop. 

An  Operating  Lesson 

One  more  thing  happened  at  this  place 
which  taught  me  more  about  electricity 
than  any  other  thing,  and  this  was  that 
as  the  plant  was  on  the  bank  of  the 
river  the  river  once  rose  until  the  plant 
was  under  12  ft.  of  water  for  two  weeks. 
Of  course,  the  dynamo  and  all  the 
motors  were  caught  and  an  expert  was 
called  to  put  them  back  in  the  proper 
condition.  I  supposed  he  would  build  a 
box  over  the  machine  and  dry  them,  out 
with  steam  coil  or  charcoal  fire,  but  he 
surprised  me  by  first  taking  a  hose  and 
washing  out  all  the  loose  mud,  and  then 
wiping  the  machines  as  dry  as  possible. 
After  that  he  started  the  dynamo  with 
the  shunt  fields  disconnected  and  the 
brushes  off  and  let  it  run  until  the  mud 
and  water  were  thrown  out.  Again  the 
machine  was  wiped  dry  and  the  fields 
connected,  the  brushes  put  on  and  the 
machine  started,  but  the  voltage  was  not 
allowed  to  rise  above  four  or  five  volts 
and   the   main   cables   were   connected. 

I  had  taken  it  all  in  and  had  asked 
enough  questions  to  fill  a  book.  The 
expert  was  very  kind  in  explaining  every- 
thing to  me.  He  said  the  reason  he  used 
current  to  do  the  drying  was  because  it 
dried  from  the  inside  out  and  not  from 
the  outside  in;  also,  that  the  hot  air  from 
the  armature  assisted  greatly  in  drying 
the  fields.  The  voltage  punctures  the 
insulation  and  for  this  reason  it  was 
kept  low  while  the  load  or  amperage  was 
kept   high   to   get  the  heat. 

A  Question 

When  he  went  away,  he  left  a  question 
with  me  which  lasted  some  time.  Here 
it  is   in   two  parts: 

How  much  current  does  an  ordinary 
110-volt,  16-cp.  light  consume?  Of 
course,  I  said  65  watts,  in  a  hurry.  If 
that  is  the  case  and  the  positive  wire  is 
carried  to  a  building  and  supplies,  say, 
400  of  these  lamps,  why  should  it  be 
necessary  to  bring  back  a  negative  wire 
of  the  same  size  to  the  dynamo?  In 
other  words,  why  does  the  return  wire 
on  any  circuit  have  to  be  the  same  size 
as  the  positive  wire?  I  did  not  know, 
but  told  him  I  would  find  out  and  write 
him. 

My  books  did  not  seem  to  give  me 
much  light  and  Ohm's  law  confused  me, 
so  I  hunted  up  a  couple  of  practical 
wiremen  and  they  looked  rather  startled 
when  I  asked  them;  they  told  me  that 
it  was  a  custom.  I  did  not  believe  this, 
so  I  studied  all  the  harder  and  finally 
wrote   my   expert    friend   like   this: 


"Electricity  is  not  consumed  by  lamps, 
motors  or  any  other  device,  and  every 
ampere  which  leaves  the  dynamo  goes 
back  to  it.  This  can  be.  proved  by  sim- 
ply connecting  the  ammeter  in  either 
side.  Lam.ps  or  motors  are  simply  re- 
ducing valves  which  cut  the  pressure  of 
the  current,  and  this  current  in  passing 
through  the  lamp  causes  the  filament  to 
heat  and  make  light,  and  in  passing 
through  the  motor  it  causes  it  to  turn." 

A  few  days  later  I  received  a  reply 
saying  that  I  was  right.  I  do  not  be- 
lieve he  knew  whether  I  was  or  not. 


Why  American    Workers 
Excel 

Sir  Hiram  Maxim  said  recently  that 
he  had  been  in  England  a  great  number 
of  years  and  had  been  associated  with 
firms  that  employ  many  thousands  of 
men.  It  was  his  experience  that  there 
is  never  any  dearth  of  men  for  positions 
where  the  salary  is  about  30  shillings  a 
week,  but  when  a  man  is  wanted  for  a 
job  requiring  care  and  intelligence,  it  is 
hard  to  find  them  at  £5  per  week. 

In  Canada  and  in  the  United  States 
there  is  a  totally  different  state  of  af- 
fairs. From  1877  to  1880  he  had  charge 
of  electrical  work  where  a  considerable 
number  of  young  men  were  employed, 
and  today  nearly  every  one  of  them  is 
in   a   high   position. 

At  a  works  in  Providence,  R.  I.,  where 
the  very  best  mechanical  work  is  pro- 
duced, young  men  were  found  studying 
algebra  and  geometry  while  the  lathe  was 
taking  a  cut.  In  England  the  penny 
dreadful  takes  the  place  of  scientific 
books. 

While  he  was  managing  director  at 
Erith  &  Crayford,  Sir  Hiram  had  a  good 
opportunity  of  studying  the  character  of 
the  men.  They  were  all  more  or  less 
interested  in  cricket  and  in  football,  and 
it  appeared  that  every  one  of  them  was 
deeply  interested  in  horse  racing.  Not 
only  this,  but  much  of  their  money  was 
spent  for  tobacco  and  drink.  While  the 
American  boy  is  studying  his  algebra, 
the  English  boy  is  smoking  his  pipe. 


New  Type  of  Engine  for  the 
BurUngton 

The  Chicago,  Burlington  &  Quincy 
system  has  ordered  five  engines  that  are 
expected  to  handle  60,000-ton  freight 
trains  over  any  ordinary  grade  on  its 
roads.  The  new  engines  will  be  equipped 
with  automatic  stokers  and  either  slack 
or   crushed    coal    will   be   the    fuel    used. 

If  these  engines  prove  satisfactory,  a 
large  number  will  be  ordered  for  the 
Galesburg  division  in  the  coal  fields  and 
for  general  freight  traffic.  They  will  be 
put    in    service    next    fall. 
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Good  Record   of  English 
Municipal    Plant 

A  recent  issue  of  the  Electrician  con- 
tains a  report  of  the  power-production 
costs  and  the  business  done  during  the 
past  year  by  the  Manchester  Corporation, 
a  municipally  owned  power  company 
which  supplies  light  and  power  to  the 
residents  of  Manchester,  England,  and 
also  supplies  the  city  with  street  lighting. 
By  way  of  comparison,  the  figures  show- 
ing the  power  costs  for  the  preceding 
year  (1909-10)  are  given,  and  indicate 
a  decided  gain  in  economy  during  the 
year   1910-11. 

The  electricity  is  furnished  by  two 
stations  having  a  combined  capacity  of 
47,300  kw.  The  maximum  load  carried 
at  any  time  during  the  year  was  37,520 
kw.  and  the  yearly  load  factor  based 
upon  this  maximum  load  was  25.35  per 
cent. 

The  system  represents  a  total  capital 
investment  of  about  513,300,000  dis- 
tributed as   follows: 

Per 
Kilowatt 

.\mount  Installed 

Land  and  buildings Sl.895,000  S40  GO 

Equipment 3,300.000  74  00 

Railway 394.000  8  32 

Water  supply 31.400  0.66 

Distributing  station 1,805.000  3S  20 

Mains 4.770,000  10100 

Meters 306,500  6.48 

Motors 182.500  3  83 

Electrical  instruments.                   10.950  0  23 

Cable  stores,  etc   148.500  3.12 

Otiier  propert.v 249.000  3.28 

Street  lighting 2.795  006 

Total $13,295,645     S280.00 

COST  OF  PRODUCTION 


than  the  periods  of  statutory  redemption 
of    debt    as    calculated    for    the    current 


Per    Kw.-Hb. 

1910-11 

1909-10 

Generating  Costs: 

Cents 
0.403 
0.044 
0.103 
0.080 

Cents 
0 .  425 

Oil,  waste  and  water.  .    . 

0.044 
0.122 

Repairs  and  maintenance 

0.103 

0.630 

0.080 
0.080 

0  694 

DiSTRiBtJTioN  Costs: 

0   103 

Repairs  anid  maintenance 

0.103 
0.020 

Total 

Management  Costs: 

0  183 
0  061 

0  226 
0  061 

General  charges 

Special  and  miscellaneous 
charges 

0.020 

0 ,  02U 

Total 

Rents,  taxes,  etc 

.  0.081 
0.203 

0.081 
0.244 

Total  costs  (excluding 
capital  charges) .... 

CAPITAL  Ch.arges: 

Interest  

Sinking  fund 

Total  costs   (Including 
capital  charges) ... 

1.097 

0  406 
0.568 

1   245 

0  467 
0.609 

0.974 

1.075 

2.071 

2.320 

The  revenue  for  the  past  two  years  was 
as  given  in  the  table  following: 

Of  this  balance,  $105,500  was  paid  in- 
to the  renewals  account  (a  supple- 
mentarj'  provision  with  respect  to  assets 
having  shorter  estimated  periods  of  life 


Amount 
1910-11 

Per    Kw.-Hr. 

1910- 

11 
Cents 

1909- 

10 
Cents 

Sale  of  current. . .  . 
Rental  of  meters.  . 
Rental  of  motors. . 
Miscellaneous 

Sl,930,000 
2,350 
20,640 
8,100 

2.32 
6!64 

2.36 
0.289 

2.48 
0.03 

Sl,965.000 
239,500 

2  .  56 

Balance      above 
expenditures. 

0   24 

year).     The  distribution  loss  was  figured 
as    20.15    per   cent. 


Little's    Positive    Feed    Lubri- 
cation Attachment 

This  device  is  designed  to  provide  a 
means  whereby  any  ordinary  steam  lubri- 
cator can  be  transformed  into  a  positive- 
feed  lubricator.  The  pump  is  attached 
to  the  ordinary  lub'  cator  by  shutting  off 
the  pressure  from  V':e  lubricator,  remov- 
ing the  plug  A  and  loosening  the  packing 
nuts  B  B,  taking  out  the  glass  tube  and 


hole  to  another.  The  size  of  the  drops 
is  regulated  by  screwing  the  stem  T  in  or 
out,  thus  increasing  or  decreasing  the 
amount  of  oil  that  is  confined  in  the  an- 
nular space  U. 

In  operation  the  valve  M  is  opened 
full,  and  valve  L  is  opened  just  enough 
to  keep  the  lubricator  supplied  with  water 
so  as  to  cause  the  oil  to  rise  in  the 
passage  J  after  the  valve  O  is  opened. 

As  the  arm  V  is  moved  back  and  forth 
it  transmits  its  motion  through  shaft  Q 
and  pawl  M'  to  the  internal-toothed 
ratchet  wheel  X,  which  carries  a  cam  Y. 
The  ratchet  wheel  and  cam  are  in  one 
piece  and  turn  free  upon  the  shaft  Q 
as  the  cam  Y  revolves  between  the  two 
yokes  Z,  which  are  secured  to  the  plunger 
and  force  it  back  and  forth  in  its  cylin- 
der. When  the  plunger  is  moving  in  the 
direction  of  the  inlet  J.  oil  rises  in  the 
intake  and  flows  in  the  direction  indicated 
by  the  arrow  and  passes  through  the 
center  of  the  plunger  into  the  lower  cyl- 
inder U. 

When  the  plunger  makes  its  return 
stroke,  it  moves  forward  until  it  meets 
the    adjustable    stem    T,    whereupon    it 


Details  of  Positive-feed  Lubricator 


inserting  in  its  place  the  metal  tube  C 
so  that  the  outlets  D  and  £  point  in  the 
diiection  indicated;  the  packing  nuts  S  B 
are  then  tightened   again. 

The  main  body  G  is  then  placed  in  po- 
sition so  that  the  inlet  and  outlet  open- 
ings come  together,  thus  forming  the 
passages  shown.  A  clamp  around  the 
tube  C  holds  the  body  of  the  pump  in 
place  by  means  of  two  bolts.  The  lubri- 
cators can  then  be  refilled  in  the  usual 
way,  keeping  the  valves  L,  M  and  O 
closed. 

The  sight-feed  glass  P  and  passage  R 
are  full  right  up  to  the  outlet  below  the 
plug  A.  The  swinging  arm  V  is  con- 
nected by  a  small  rod  and  connections 
to  the  valve  gear.  The  variation  in  the 
number  of  drops  per  minute  is  made  by 
changing  the  end  of  the   rod   from   one 


forces  the  oil  that  is  confined  in  the 
space  U  up  past  the  ball  check  valve  /, 
thence  through  the  passage  connecting 
with  the  nipple  showing  in  the  sight 
glass,  then  passes  into  the  top  passage, 
over  into  the  steam  pipe  leading  to  the 
steam  chest  of  the  pump  or  engine. 

This  device  is  the  invention  of  George 
J.  Little,  83  Lincoln  street,  Passaic,  N.  J. 


Correction:  On  pages  178  and  179 
of  the  Feb.  6  issue,  in  the  article,  "Vari- 
ous Types  of  Steam  Meters,"  formulas 
(3)    and    (4)    should   read,  respectively: 


V 


and 
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Laundry  Boiler  Exploded 

By  J.  C.  Gallery 

On  Jan.  2,  the  boiler  of  the  Imperial 
Laundry.  Hamilton,  Ohio,  failed  at  the 
crown  sheet,  causing  a  property  loss  of 
S50.000.     Fortunately  none  was  killed. 

The  boiler  v/as  of  the  locomotive  type, 
having  a  36-in.  shell  and  thirty-eight  3- 
in.  tubes,  each  7  ft.  6  in.  long.  The  shell 
w£s  made  of  '4 -in.  sheets.  The  crown 
sheet  was  stayed  by  threaded  ?s-in.  stay- 
bolts,  spaced  5x6  in.  apart.  The 
safety  valve  was  2'/   in.  in  diameter. 

Nearly  all  the  stay-bolt  heads  in  the 
crown  sheet,  as  well  as  on  the  sides  of 
the  furnace,  were  wasted  away.  The 
boiler  had  just  been  cleaned  of  scale, 
some  of  which  was   'x  in.  thick. 

It  is  reported  that  the  boiler  was  leak- 
ing badly  around  the  stay-bolts  and  tubes 
and  that  it  required  considerable  effort  to 
keep  the  water  at  a  proper  height,  but 
the  crown  sheet  does  not  show  any  signs 
of  having  been  burned.  One  stay-bolt 
tore  out  of  the  crown  sheet,  the  rest,  21 
in  all,  following  immediately.  Unfortun- 
ately the  wreckers  had  removed  the  safe- 
ty valve  before  an  opportunity  was  had 
of  examining  it,  but  a  pressure  of  40  lb. 
per  square  inch  was  carried  at  the  time 
of  the  accident,  it  is  said. 

Provisions  had  been  made  for  a  fusible 
plug  in  the  crown  sheet,  but  this  had  been 
replaced  by  a  solid  pipe  plug  years  ago. 
The  boiler  was  over  30  years  old. 

The  building  took  fire,  which  spread  so 
rapidly  that  the  employees  were  saved 
with  difficulty,  the  building  being  a  total 
loss. 


Boiler  Explosion  at  Knoxville 

A  boiler  in  the  plant  of  the  Royal 
Marble  Co.,  Knoxville,  Tenn.,  exploded 
at  10  o'clock  a.m.,  on  Feb.  5,  instantly 
killing  two  men  and  injuring  three  others. 
The  boiler  and  boiler  room  were  com- 
pletely demolished.  The  cause  of  the 
explosion  is  not  known. 


Locomotive  Boiler  Explodes 

By  the  explosion  of  the  boiler  of  a 
heavy  freight  engine  on  the  New  York, 
New  Haven  &  Hartford  R.R.  at  New 
Haven,  Conn.,  on  Feb.  6,  the  engineer 
and  the  fireman  were  badly  injured. 


Smoke  Abatement  Movement 
Censured 

In  his  address  before  the  Electro- 
Metallurgical'  Society  of  Sheffield,  Eng- 
land, Prof.  J.  O.  Arnold  took  occasion  to 
censure  the  smoke-abatement  movement 
and  to  point  out  that  without  smoke  steel 
is  impossible. 

So  far  as  health  is  concerned,  he  said, 
the  most  mischief  is  caused  by  the  house- 
hold smoke,  yet  it  is  usually  ignored  by 
the  sm.oke  inspectors. 


Prof.  Arnold  asserted  that  in  steel 
metallurgy,  smoke  is  absolutely  neces- 
sary. Any  operation  that  removes  the 
carbon  will  produce  poor  steel.  If  a 
smokeless  flame  is  used  all  the  carbon 
is  burnt  out  and  the  surface  of  the  steel 
is  made  rotten.  It  is  realized  by  many 
that  smoke  is  essential  to  the  manufac- 
ture of  good  steel  and  metallurgical  fur- 
naces are  exempted,  but  the  question  of 
mixed  stacks  is  contmually  coming  up  to 
the   annovance   of  manufacturers. 


Cylinder  Head   Blows    Off 

On  Jan.  31,  at  the  Potter  Oilcloth 
Works,  Second  St.  and  Erie  Ave.,  Phila- 
delphia, Penn.,  the  cylinder  head  of  the 
engine  blew  off  with  such  force  as  to 
send  it  through  the  engine-room  wall. 

The  engineer  was  stunned  by  the  ex- 
plosion and  while  lying  helpless  on  the 
floor  was  literally  boiled  to  death  by  the 
escaping  steam.  Ht  was  alone  in  the 
engine  room  at  the  t^  le  and  the  accident 
was  not  discovered  until  the  broken  en- 
gine had  ceased  to  work  and  employees 
came  to  investigate  the  cause  for  the 
machinery  shutting,  down. 


Colors  for  Piping 

Standard  colors  for  pipe  systems  have 
been  adopted  by  the  Verein  Deutscher  In- 
genieure,  the  Association  of  Miners  in 
the  Dortmund  district,  and  the  central 
Unions  of  German  Heating  Engineers 
and  of  German  Revision  Engineers. 
Green  is  to  indicate  water;  yellow,  gas; 
blue,  air;  white,  steam;  black,  tar;  pink, 
lyes;  pink  with  a  red  ring,  acid;  brown, 
oils,  and  gray,  vacuum.  A  black  ring 
or  band  indicates  impurity;  a  red  ring, 
danger;  thus  a  green  pipe  with  a  black 
ring  carries  refuse  water;  a  white  pipe 
with  a  red  ring  carries  superheated 
steam;  a  yellow  pipe  with  a  brown  ring, 
oil-gas;  a  yellow  pipe  with  a  blue  ring, 
producer  gas;  with  a  green  ring,  water 
gas,  etc.  It  is  not  proposed  to  paint  the 
whole  pipe,  as  this  would  in  many  cases 
be  impracticable.  What  is  proposed  is 
to  fix  a  label  of  sheet  metal  at  suitable 
spots  and  intervals,  indicating  in  addition 
the  direction  of  flow  and  further  par- 
ticulars.— Mechanical  Engineer. 


Sacramento  Valley  Power  Co. 
Sold 

The  Northern  California  Power  Com- 
pany, Consolidated,  on  Feb.  1,  at  San 
Francisco,  bought  the  Sacramento  Valley 
Power  Co.  for  a  consideration  said  to  be 
.SI, 000,000.  Prominent  bankers  and  capi- 
talists figure  in  the  transaction  as  direc- 
tors and  owners  in  both  concerns. 

The  country  north  from  Chico  is 
mainly  interested  in  this  merger  proposi- 
tion. The  two  companies  have  developed 
about  27,000  hp.  and  can  readily  in- 
crease this  in  excess  of  50,000,  because 
of  valuable  water  rights. 


The  Sacramento  Valley  Co.  was  formed 
about  two  years  ago  by  a  consolidation  of 
several  smaller  concerns  and  has  been 
the  only  competitor  of  the  other  com- 
pany in  the  northern  counties. 

The  Northern  California  Power  Co. 
has  been  in  existence  for  a  number  of 
years  and  is  a  combination  of  eight 
smaller  concerns.  It  supplies  electric 
light  and  power,  gas  and  water  to  many 
northern  localities. 

It  is  said  the  deal  has  been  made  in 
order  to  give  increased  light  and  power 
facilities  to  the  northern  towns  at  exist- 
ing rates,  many  economies  being  effected 
by  the  merger. 


Dinner  to  Charles   F.    Hart 

On  Jan.  25,  at  Vogelsang's,  Charles  F. 
Hart,  a  former  vice-president  of  the 
.National  Association  of  Stationary  Engi- 
neers, and  now  residing  in  London, 
was  given  a  dinner  by  his  many  friends, 
in  Chicago. 

The  "fuel  contract" — otherwise  the 
menu — may  have  had  a  few  operating 
features  that  might  be  objected  to  by 
the  conservative  engineer,  but  we  under- 
stand that  "at  no  time  were  the  boilers 
under  any  severe  strain  and  that  the 
"liquefied  rivets"  held  tight  throughout 
the  test.  The  specifications  for  "fuel" 
follow : 

FUEL.  CONTRACT 

Martini   Cocktail 

Gives   that   Olympic   Roll 

Olives  Celery 

Italy  and  Kalamazoo  have  nothing  on  us. 

Cream  of  Tomato 

A  la  Holler  Compound 

Tenderloin    Steak,    Mushroom    Sauce 

65,000  Tensile  Strength     Liquefied  Rivets 

Green  Peas  Special  Baked  Potato 

No.  3  Mesh  Superheated  Spuds 

Lettuce.    Chicory    and    Tomato    Salad 

French  Dressing 

Free-For-All,  make  your  own  book  on  this 

Brie   Cheese  Toasted   Wafers 

The    Tie    that    Binds 

Coffee 
Eases  the  Pain  of  Oratory 

Smoke 
Immune    from    Prosecution 


Program  of  A.  B.  M.  A. 
Convention 

At  the  American  Boiler  Manufacturers' 
Association's  twenty-fourth  annual  con- 
vention, to  be  held  in  New  Orleans,  Mar. 
12  to  15,  the  following  papers  will  be 
presented:  "Rivets,"  D.  J.  Champion,  of 
the  Champion  Rivet  Co.;  "Compressed 
Air  and  Its  Uses,"  Thomas  Aldcorn,  Chi- 
cago Pneumatic  Tool  Co.;  "The  Manu- 
facture of  Charcoal  Iron  Boiler  Tubes," 
H.  A.  Beale,  Jr.,  Parkesburg  Iron  Co.; 
"Boiler  Explosions:  Their  Causes  and 
Prevention,"  Francis  B.  Allen,  Hartford 
Steam  Boiler  Inspection  &  Insurance 
Co.;  "The  American  Boiler  Manufac- 
turers'   Association    as    It    Is    and    as    It 
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Should  Be,"  W.  H.  S.  Bateman,  sales 
agent.  Champion  Rivet  Co.,  Parkesburg 
Iron  Co.,  Chicago  Pneumatic  Tool  Co.; 
"Segregation  of  Steel,"  Charles  L.  Hus- 
ton, Lukens  Iron  &  Steel  Co.;  "Modem 
Boiler  Shops  and  How  they  Should  be 
Equipped,"  H.  C.  Meinholtz,  Heine  Safety 
Boiler  Co. 

The  question  of  uniform  boiler  laws 
will  be  taken  up. 

A  ladies'  auxiliary  is  to  be  formed  at 
the  New  Orleans  convention,  and  the 
Boiler  Manufacturers  and  members  of 
the  Supply  Men's  Association  are  re- 
quested to  bring  their  ladies  with  them. 
An  excellent  program  of  entertainment 
will  be  provided  for  the  visiting  members 
and  guests. 


Supply  and  Machinery  Manu- 
facturers'  Convention 

The  next  triple  convention  of  the 
American  Supply  and  Machinery  Manu- 
facturers' Association,  the  National  Sup- 
ply and  Machinery  Dealers'  Association 
and  the  Southern  Supply  and  Machinery 
Dealers'  Association  will  be  held  at 
Norfolk,  Va.,  on  May  13  to  15.  Con- 
vention headquarters  will  be  at  the 
Monticello  Hotel,  where  accommoda- 
tions for  a  large  proportion  of  the 
delegates  may  be  had.  Other  accom- 
modations have  been  provided  for  the 
overflow  in  first-class  hotels  nearby. 


New  Publications  of  Bureau 
of  Mines 

Bulletin  15.  "Investigations  of  Ex- 
plosives Used  in  Coal  Mines,"  Clarence 
Hall,  W.  O.  Snelling  and  S.  P.  Howell, 
with  an  introduction  by  C.  E.  Munroe, 
and  a  chapter  on  the  natural  gas  used  at 
Pittsburg,  by  G.  A.  Burrell.  Technical 
Paper  6.  "The  Rate  of  Burning  of  Fuse 
as  Influenced  by  Temperature  and  Pres- 
sure," W.  O.  Snelling  and  W.  C.  Cope. 
Technical  Paper  7.  "Investigations  of 
Fuse  and  Miners'  Squibs,"  Clarence  Hall 
and  S.  P.  Howell. 

Reprints — Bulletin  31.  "Incidental 
Problems  in  Gas-producer  Tests,"  R.  H. 
Fernald,  C.  D.  Smith,  J.  K.  Clement  and 
H.  A.  Grine.  Reprint  of  Geological  Sur- 
vey Bulletin  392.  Bulletin  32.  "Com- 
mercial Deductions  from  Comparisons  of 
Gasoline  and  Alcohol  Tests  on  Internal- 
combustion  Engines,"  R.  M.  Strong.  Re- 
print of  Bulletin  392.  Bulletin  33. 
"Comparative  Tests  of  Run-of-mine  and 
Briquetted  Coal  on  the  Torpedo  Boat 
"Biddle,'"  W.  T.  Ray  and  Henry  Krei- 
singer.    Reprint  of  Bulletin  412. 

The  bureau  has  these  publications  for 
free  distribution,  but  can  give  only  one 
copy  of  the  same  bulletin  to  one  person. 
Order  by  number  and  title,  and  apply  to 
the  director  of  the  Bureau  of  Mines, 
Washington,  D.  C. 


Engineering  Books  in  all 
Fields 

The  McGraw-Hill  Book  Co.  announces 
the  completion  of  arrangements  for  the 
sales  agency  of  the  technical  books  of 
the  Railway  Age  Gazette,  American  En- 
gineer and  Signal  Engineer.  This  makes 
the  company  publishers  and  distributors 
of  books  for  the  three  journals,  but  it 
does  not  affect  the  publication  of  the 
papers  themselves  in  any  way.  With  the 
addition  of  tliese  three  papers  in  the 
railroad  field,  the  company  now  pub- 
lishes books  for  the  twelve  leading 
American  engineering  papers  in  the  fields 
of  civil,  mechanical  and  electrical  engi- 
neering, electric  and  steam  railroading, 
machine  tools,  mining,  metallurgy,  chem- 
ical engineering,  etc.  The  papers  now 
represented  are  American  Machinist,  En- 
gineering News,  Electrical  World,  Rail- 
way Age  Gazette,  Electric  Railway  Jour- 
nal, Power,  Engineering  Record,  Engi- 
neering and  Mining  Journal,  Coal  Age, 
Metallurgical  and  Chemical  Engineering, 
American  Engineer  and  Signal  Engineer. 


types  of  traps  in  use.  Throughout  the 
rest  of  the  book  he  discusses  various 
types  in  detail,  with  appropriate  pictures, 
drawings,  diagrams  and  tables;  he  goes 
into  the  construction,  advantages,  disad- 
vantages and  peculiar  uses  to  which  each 
type  can  be  put. 

The  book  would  be  valuable  if  it  ac- 
complished no  other  purpose  than  that 
of  bringing  together  in  a  single  volume 
all  that  has  been  achieved  in  this  par- 
ticular branch  of  steam  engineering;  but 
in  view  of  the  extensive  use  of  steam 
for  various  purposes,  such  as  power, 
heating,  etc.,  in  modern  industries,  the 
author  has  supplied  a  real  need  in  the 
way  of  offering  a  ready-reference  book 
for  the  user  as  well  as  for  the  con- 
structor of  steam  traps.  The  work  is 
written  in  a  clear,  concise  and  popular 
style  which  even  the  layman  will  find 
readily    understandable. 


NEW  PUBLICATION 

KONDENSWASSER-ABLIETER  (Steam 
Traps).  A  Comparison  of  the  Vari- 
ous German,  English  and  American 
Types.  Their  Construction.  Opera- 
tion and  Maintenance.  By  Robert 
Wagner.  Published  by  Hochmeister 
&  Thai,  Leipzig,  1911;  424  pages,  con- 
taining  484   illustrations. 

In  this  wprk,  which  is  as  yet  available 
only  in  the  original  German,  Mr.  Wagner 
has  not  attempted  to  present  any  new 
ideas  on  the  subject  of  steam  traps,  but 
has  written  it  to  fill  a  gap  which  he  con- 
sidered existed   in   technical  literature. 

With  considerable  attention  to  detail, 
he  reviews  the  entire  field  of  steam  traps 
in  a  more  or  less  encyclopedic  manner, 
discussing  their  purposes,  uses  and  main- 
tenance and  the  calculation,  construction 
and  selection  with  regard  to  specific  re- 
quirements. His  study  comprises  the 
German,  English  and  American  types, 
which  he  compares  in  relation  to  their 
construction,  effectiveness  and  mainte- 
nance. He  points  out  that  a  good  many 
mistakes  are  being  made  in  the  applica- 
tion of  the  steam  trap;  the  book  is  written 
therefore  from  a  practical  standpoint  with 
a  view  of  aiding  practical  men  in  their 
choice  of  this  apparatus. 

The  first  three  chapters  are  devoted  to 
a  general  discussion  of  the  phenomena 
of  condensation,  the  process  of  the  ac- 
cumulation of  water,  and  the  separation 
of  water  from  the  steam.  The  author 
then  goes  on  to  explain  the  conditions 
under  which  this  takes  place  and  the 
disadvantages,  evils  and  dangers  of  con- 
densation  and   its  prevention. 

A  chapter  is  devoted  to  the  installa- 
tion and  care  of  steam  traps,  followed 
by  another  on  the  calculation  and  con- 
struction of  traps,  thus  giving,  in  a  brief 
way,  a  theoretical  background  for  the 
author's   fuller  treatment   of  the   various 


SOCIETY  NOTES 

The  American  Association  of  Boiler  In- 
spectors will  hold  its  annual  dinner  at 
the  Broadway  Central  Hotel,  New  York, 
on  the  evening  of  Feb.  21. 

The  New  York  State  Association, 
N.  A.  S.  E.,  will  hold  its  seventeenth  an- 
nual convention  in  Yonkers  on  June  14  to 
16.  The  Getty  House  will  be  the  head- 
quarters and  the  sessions  will  be  held  in 
the  Armory,  Waverly  St.  Plans  are  laid 
to  have  a  large  manufacturers'  and  deal- 
ers' exhibit. 


PERSONAL 

W.  M.  Vreeland,  formerly  chief  engi- 
neer of  the  Celluloid  Co.,  Newark,  N.  J., 
has  accepted  a  position  as  chief  engineer 
in  the  plant  of  L.  Bamberger  &  Co., 
Newark,  N.  J. 

J.  M.  Tomey,  formerly  with  the  Pru- 
dential Life  Insurance  Co.,  has  been  ap- 
pointed chief  engineer  of  the  new  Central 
Commercial  and  Manual  Training  High 
School  at  Newark,  N.  J. 

Howard  W.  Evans  has  been  engaged 
by  the  Best  Manufacturing  Co.,  Pitts- 
burg, Penn.,  and  will  hereafter  super- 
vise its  sales,  order  and  engineering  de- 
partments. Mr.  Evans  is  a  specialist  in 
piping  materials.  He  formerly  occupied 
a  similar  position  with  the  Crane  Co., 
Chicago,  111. 

E.  T.  Adams,  who  was  in  charge  of  the 
gas-engine  work  of  the  AUis-Chalmers 
Co.  when  the  great  engines  for  Gary  and 
South  Chicago  were  built,  is  said  to  have 
interested  himself  in  the  Grine  oil  gas 
producer,  described  in  our  issue  of  Nov. 
14,  and  to  have  effected  improvements 
which  will  insure  its  commercial  success. 
The  Wisconsin  Engine  Co.,  of  Corliss, 
Wis.,  of  which  Mr.  Adams  is  president,  is 
said  to  have  acquired  the  patent  rights 
and  to  be  arranging  for  the  introduction 
of  the  producer  upon  a  large  scale. 
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You  can  show  the  boss  that  you  are  worth 
more  money  and  you  can  get  it,  always  pro- 
viding that  you  actually  are  worth  more. 
Maybe  you  may  not  succeed  in  getting  it  from 
the  present  boss,  but  somewhere  there  is  a 
boss  who  wants  your  talent  in  his  service 
and  is  willing  to  pay  you  what  you  are  worth 
— again,  always  providing  you  have  the  talent, 
and  use  it. 

We  can  hear  some  skeptics  saying,  "Aw, 
this  is  all  nonsense.  All  employers  are  alike, 
they  want  you  to  work  for  the  lowest  wages 
regardless  of  what  you  are  worth." 

You  are  wrong,  skeptics,  you  deceive  your- 
selves. The  nib  of  the  whole  matter  lies 
in  this  fact:  it  is  almost  a  universal  human 
failing  to  overestimate  one's  own  worth. 

If  you  are  receiving  $iooo  per  year  and 
secretly  you  believe  you  are  worth  $2000, 
and  can't  get  it,  you  naturally  feel  that 
all  employers  are  persecutors  and — well, 
what's  the  use  anyhow! 

Now,  the  thin»;  to  do  before  arriving  at 
such  a  conclusion  is  first  to  prove,  honestly, 
that  you  are  worth  the  $2000.  Prove  it 
to  yourself  beyond  a  shadow  of  a  doubt. 
Pick  out  a  $2000  man  and  see  how  you 
weigh  up  with  kim.  Are  you  producing  as 
good  results  as  he? 
In  a  crisis,  could  you 
bring  as  much  know- 
ledge and  experience 
to  bear  as  he? 

Ten  chances  to  one 
you  will  find  yourself 
lacking  in  some  re- 
spect or  other.  If  so, 
the  thing  to  do  is  to 


build  yourself  up  in  those  weak  spots — make 
yourself  grow  to  the  $2000  size. 

Then,  the  next  thing  to  do  is  to  deliver  $2000 
worth  of  service — apply  your  knowledge, 
experience  and  talents  so  that  the  results  will 
be  worth  a  full  $2000  to  your  boss.  Because 
he  pays  you  only  $1000  is  no  argument  for 
stopping  when  you  have  delivered  $1000 
worth  of  service.  If  you  do  stop  at  the 
$1000  point,  how  is  the  boss  to  know  that 
you  are  worth  twice  as  much  ?  Do  you  think 
he  is  a  clairvoyant  and  ought  to  come  to 
you  saying,  "  Although  you  only  deliver 
$1000  worth  of  goods  I  know  you  are  worth 
more  money,  and  so  I  will  raise  your  pay, 
hoping  that  you  will  get  a  hustle  on  and 
make  good"?  No!  He  is  "from  Missouri  "  ! 
You  must  show  him  that  although  he  hates 
to  pay  you  more  money,  it  is  to  his  best  inter- 
est to  do  so  rather  than  have  you  leave  to 
take  a  position  where  the  pay  is  what  you 
are  worth. 

Engineers'  wages  range  all  the  way  from 
a  dollar  and  a  half  a  day  to  $10,000  per  year 
and  upward.  And  right  here  it  may  be  well 
to  repeat  that  there  is  plenty  of  room  at  the 
top.  The  higher  you  go,  the  less  competition 
you  will  have,  and  hence  the  easier  it  will 
be  to  collect  what  your  services  are  worth. 

However,  wishing 
will  not  get  you  there, 
nor  kicking. 

Honest  hard  work 
and  study  pave  the 
way,  and  upon  the 
quality  of  this  pave- 
ment depends  the  ra- 
pidity of  your  upward 
travel. 
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Hebrew  Infant  Asylum  Power  Plant 


When  the  Hebrew  Infant  Asylum,  of 
New  York  City,  was  opened  for  occu- 
pancy on  Feb.  19,  1911,  one  more  isolated 
plant  was  put  in  operation,  and,  from  the 
character  of  the  equipment.  Chief  Engi- 
neer CuIIey  should  have  no  trouble  in 
producing  electrical  energy  at  a  figure 
not  approachable  by  the  central  station. 

The  main  building  has  been  erected 
on  a  plot  of  ground  at  Kingsbridge  Road 
and  Aqueduct  Ave.,  New  York  City.  It 
is  five  stories  high,  with  a  basement,  and 
is  constructed  of  red  pressed  brick  with 
granite  trimmings.  An  isolated  and 
smaller  building,  used  as  a  hospital,  is 
located  at  the  rear  of  the  main  building, 
the  only  connection  between  the  two  be- 
ing an  underground  tunnel,  in  which 
steam  and  water  pipes,  electric  wires, 
etc.,  are  run. 

The  institution  is  provided  with  a  power 
plant,   including  engines,   boilers,  pumps 


By  Warren  O.  Rogers 


A  good  example  of  a  small, 
modern  isolated  power  plant. 

The  equipment  consists  of  air 
washing  and  heating  apparatus, 
with  automatic  control  of  the  hot 
and  cold  air  supply;  also  the 
necessary  steam-  and  power  gen- 
erating units. 


the  control  and  distribution   of  the  elec- 
trical energy.     It  is  shown  in  Fig.  2. 

Boiler  Room 

Each  of  the  three  150-hp.  water-tube 
boilers  is  fitted  with  a  4-in.  nickel- 
plated  pop  safety  valve  which  is  set 
to  blow  at  125  lb.  pressure  per  square 
inch.     The   furnaces  are  fitted  with  im- 


1.   Till    E.\i.iNE   Room 


and  other  apparatus  forming  a  complete 
power,  heating  and  ventilating  equip- 
ment   for   the   buildings. 

Engine  Room 

The  engine  room,  shown  in  Fig.  1,  is 
built  slightly  below  the  ground  level  on 
the  Aqueduct  Ave.  side  of  the  building. 
In  it  are  two  14xl4-in.  center-crank  en- 
gines, each  direct-coupled  to  two  100-kw. 
and  a  75-kw.  direct-current  generator 
respectively.  The  two  large  engines  run 
at  a  speed  of  250  r.p.m.  and  the  small 
unit  at  275  r.p.m. 

At  one  end  of  the  engine  room  is  a 
five-panel  direct-current  switchboard  up- 
on which  are  mounted  the  necessary 
switches,  voltmeters,  ammeters,  etc.,  for 


proved  grates,  the  bars  having  a  double 
cutoff  movement,  and  are  designed  to 
burn  buckwheat  coal.  The  boilers  are 
connected  to  the  vertical  smoke  flue  by 
means  of  a  rectangular  wrought-fron 
breeching  of  equal  area  to  the  combined 
damper  area  and  is  made  of  No.  10  gage 
wrought  iron.  It  is  supported  from  the 
ceiling  of  the  boiler  room  by  wrought- 
iron  hangers  and  angle  and  T-irons. 

Each  boiler  is  fitted  with  a  damper, 
but  a  separate  damper  in  the  smoke  flue 
governs  the  draft  of  all  boilers  and  is 
controlled  by  a  damper  regulator. 

Coal  is  delivered  to  the  boiler  room  in 
a  I -ton  coal  car  which  runs  on  an  in- 
dustrial track,  the  rails  of  which  are  set 
flush  with  the  concrete  floor. 


Under  the  grating  in  the  boiler  room 
and  next  to  the  engine-room  wall  is  a 
500-hp.  vertical  feed-water  heater.  There 
are  also  a  boiler  tank  and  grease  ex- 
tractor which  permit  the  water  of  con- 
densation being  used  over  again  as  a 
boiler  feed.  The  boiler  blowoff  pipes 
are  connected  to  a  steel  blowoff  tank  3 
ft.  in  diameter  by  3  ft.  6  in.  long  which 
is  placed  below  the  blowoff  valve.  The 
drips  from  all  the  engines  and  pumps  are 
connected  to  this  tank.  A  3-in.  vapor 
pipe  is  connected  to  the  tank  and  is 
carried  to  a  4-in.  main  vapor  line  which 
is  placed  in  the  vertical  smoke  flue  and 
discharges  to  the  atmosphere  above  the 
roof. 

The  discharge  from  the  tank  is  con- 
nected to  a  sump  and  the  contents  are 
pumped  by  means  of  a  sump  pump  into 
the  sewer.  The  blowoff  tank  is  provided 
with  cooling  coils  constructed  of  seam- 
less brass  pipe.  The  water  in  passing 
through  these  coils  is  heated  and  is  then 
carried    to    the    house    and    used    for    a 
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hot-water  house  supply.  All  water 
used  in  the  buildings  is  filtered  by  pass- 
ing through  sand  and  charcoal  filters. 

Pumps 

All  pumps  are  set  on  a  brick  founda- 
tion, each  having  a  4-in.  bluestone  cap. 
The  house-service  pump  is  6  and  4  by 
6  in.  in  size  and  is  cross-connected  with 
the  boiler-feed  pump  so  that  it  can  be 
used  for  boiler-supply  purposes  if  nec- 
cessary.  It  is  controlled  by  an  automatic 
governor  which  operates  with  a  float  in 
the  tank.  There  are  two  6  and  4  by  6- 
in.  outside-packed  boiler-feed  pumps. 
They  can  also  be  used  for  returning  the 
water  of  condensation  from  the  heating 
system  to  the  boilers.  Fig.  4  shows  a 
section  of  the  pump  room. 

The  underwriter  fire  pump  is  10  and 
6  by  12  in.  in  size  and  is  used  entirely 
for  fire  protection  to  the  building.  It  is 
cross-connected  with  the  house  pump. 
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Piping 

Each  boiler  is  connected  by  a  branch 
outlet  to  a  12-in.  header,  as  shown  in 
Fig.  3,  from  which  connections  are  taken 
for  all  engines,  pumps,  air  compressors, 
etc.  Valves  are  placed  on  the  exhaust 
pipes  of  all  .engines,  pumps  and  air  com- 
pressors, and  from  these  valves  connec- 
tion is  made  to  a  12-in.  main-exhaust 
header,  from  which  a  10-in.  branch  ex- 
tends to  the  feed-water  heater.  A  12-in. 
pipe  runs  through  a  muffler  tank  and 
connecting  to  a  back-pressure  valve  rises 
to  the  roof.  The  exhaust  piping  of  all  the 
small  pumps  in  the  boiler  and  engine 
rooms  is  grouped  and  connected  to  a  6-in. 
outlet  on  a  10-in.  branch  pipe  running  to 
the  heater.  Two  feed  pumps  ere  connected 
to  a  3-in.  brass  pipe  which  extends  to  the 
top  of  the  boilers  in  the  front  and  con- 
nects with  the  boilers  through  a  2-in. 
brass  pipe. 

An  interesting  arrangement  of  high- 
pressure  piping  is  shown  in  the  illustra- 
tion, Fig.  5.  This  is  known  as  the  drop- 
leg  system,  which  takes  care  of  all  the 
condensation  in  the  pipes  and  also  al- 
lows for  their  expansion  and  contraction. 
It  will  be  noted  that  at  each  drop  leg 
the  bottom  elbow  is  fitted  with  a  drip 
pipe  which  connects  with  the  return 
pipe.  About  midway  of  the  tunnel  is  a 
double-expansion  bend  which  is  designed 
to  take  care  of  expansion  of  the  pipe 
in  both  directions.  This  arrangement 
of  piping  was  designed  by  Chief  Engi- 
neer Culley. 

Incinerator 

In  the  basement  at  the  rear  of  the 
boilers  there  has  been  provided  an  in- 
cinerator for  burning  the  waste  from  the 
kitchen,    etc.      This    is    constructed    of 


which    is   operated   by   a   lever    from   the 
front. 

Heating   System 

Both  buildings  are  heated  by  the  di- 
rect and  indirect  system.  The  corridors, 
halls,  bathrooms  and  sleeping  rooms  are 
heated  by  the  direct  system  and  all  re- 
ception rooms,  wards  and  children's  play 
rooms  are  heated  by  the  indirect  system. 
Both  systems  are  controlled  by  auto- 
matic regulators  and  work  with  a  vari- 
ation of  1  deg.  F.  either  way.  A  tem- 
perature of  70  deg.  F.  is  maintained.  For 
direct  radiation  there  is  a  total  of    125 


connections  to  the  radiators  as  short  as 
possible.  Each  radiator  has  steam-re- 
turn and  air-line  connections.  The  8-in. 
main  heating  supply  passes  from  the 
boiler  room  to  the  plenum  chamber,  from 
which  connections  are  made  to  the  risers 
and  stacks.  Return  lines  from  all  risers, 
radiators  and  stacks  are  connected  to  a 
main  6-in.  return  which  follows  the 
course  of  the  steam  main  and  enters  the 
feed-water  heater  in  the  boiler  room. 

k-6%-'--->j 


Fig.  5.  How  Expansion  of  Piping  Is  T^ken  Care  of  in  the  Tunnel 


radiators  with  an  average  surface  of  75 
sq.ft.  The  indirect  system  has  a  total 
of  70  radiators  or  stacks  with  an  average 
heating  surface  of  125  sq.ft.  These  heat- 
ing coils  are  hung  from  the  ceiling  of 
the  plenum  chamber  and  are  incased  with 
a  sheet-iron  jacket  and  flue  connection 
to  the  flue  leading  to  the  room  to  be 
heated.  The  heat  is  controlled  by  a 
double  damper  which  admits  hot  or  cold 
air  to  the  rcom  as  the  temperature  falls 
or    rises,    each     room     being     equipped 


Ventilating  Apparatus 
The  ventilating  apparatus  provides  for 
the  fresh  cold-air  supply  for  the  boiler 
and  engine  rooms  and  a  warmed  fresh- 
air  supply  throughout  the  building.  This 
apparatus  also  provides  an  exhaust  ven- 
tilation from  these  rooms  by  means  of 
exhaust  fans  which  are  located  in  the 
attic.  In  the  basement  there  are  two 
centrifugal  cone-pressure  fans  which  are 
used  for  supplying  air  to  the  entire 
building. 


Fig.  3.  Piping  in  Boiler  Room 


Fig.  4.  Pump  and  Filter  Room 


raasonry    with    cast-iron    doors    and    is  with  a  thermostat  directly  connected  with 

5x10  ft.;  the  height  is  8  ft.     The  grates  the   damper. 

are  24  in.  wide  and  36  in.  deep.     Back  The  direct   radiators   are   connected  to 

of  the  furnace  grate  there  is  a  dumping  sets  of  risers,  42  in  all,  located  in  such 

grate   24   in.    wide   by   30   ft.    in    depth  parts    of   the    building    as   to   make   the 


The  84-in.  ventilating  fan  is  driven  by 
a  12'i-hp.  motor  and  each  78-in.  fan  is 
driven  by  a  10-hp.  motor;  both  are  of  the 
multipolar,  direct-current  type.  Before, 
entering  the   fan,  the  air  is  washed  by 
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passing   a   sheet    of   water   between    the 
inlet  and  the  fan  proper. 

The  filter  is  capable  of  washing  and 
cooling  60,000  cu.ft.  of  air  per  minute 
and  delivers  it  at  a  temperature  not  ex- 
ceeding 5  deg.  above  the  temperature 
of  the  water  used.  Before  passing  through 


Patched    Air    Compressor 
Cylinder 

An  ingenious  repair  job  was  recently 
made  on  an  air-compressor  cylinder  at 
the  No.  7  colliery  of  the  Susquehanna 
Coal    Co.,    Nanticoke,    Penn. 


Master  Mechanic  Morgan  decided  to  re- 
enforce  the  fractured  part  through  the 
top  and  sides  by  means  of  solid  stay- 
bolts.  The  stay-bolts,  running  from  the 
top  of  the  air  port,  extended  but  part 
way  through  the  cylinder  wall.  A  sec- 
ond set  was  run  from  the  ^ide  walls  of 


EQUIPMENT  OF 

POWER  PLANT 

Steam 
Pres- 

Kw. 

Horse- 

sure, 

Capac- 

Am- 

Size, 

Equipment 

Malve 

Purpose 

R.p.m. 

pov/er 

Lb.     1      ity 

Volts 

peres 

Inches 

Manufacturers 

Ames 

Main  generator  units 

260 

125 

200 

15x14     lAmes  Iron  Works 

1  engine 

3  boUers 

Main  generator  units 

14x12     lAmes  Iron  Works 

Babcocl;  &  Wilcox 

Steam  generator  units 

1.50 

125 

3abcock  &  WUcox  Co. 

2  generators .... 

Sprague 

D.-C.  generators 

245 

.jprague  Electric  Co. 

1  generator 

Sprague 
Consolidated 

D.-C.  generator 
Boilers 

^<o 

125 

Sprague  Electric  Co. 
Consolidated  Safety  Valve  Co. 

McClave 

Shalung  and  dumping 

McClave-Brooks  Co. 

Kieley 

Damper 

Kieley  &  Mueller 

Standard  Steam  Specialty  Co. 

Utility 
Utility 

Feed  water 
Steam  mains 

066 

5 

Standard  Steam  Specialty  Co. 

Utility 

Steam  main 

0"*^ 

Standard  Steam  Specialty  Co. 

House  service 

100 

6x4x6      Deane  Steam  Pump  Co. 

Deane  duplex 

Boiler  feed 

100 

6x4x6      Deane  Steam  Pump  Co. 

Deane  duplex 

Fire  and  tank 

100 

10x6x12    Deane  Ste'Sim  Pump  Co. 

Duplex 

Air 

Johnson  Service  Co. 

Heating  system . 

Johnson 

Air  and  steam 

Johnson  Service  Co. 

Duplex  Cone- 

Ventilation 

2w..) 

Howard  Mor.^e  Co. 

Duplex  Cone 
Duplex  Cone 

VentUation 
Ventilation 

20U 
425 

84 
.36 

Ho.^.hI  Moi...  Co. 

2  fans 

11. iv,  i.i   \|,ii-  ■  (!o. 

4  motors 

Sprague  D.-C. 

Driving  fans 

Si.ML'ii-  1  h.iricCo. 

2  motors 

Sprague  D.-C. 

Driving  fans 

Sliia-llr    IJr.lIlC  Co. 

1  motor 

Sprague  D.-C. 

Driving  fan 

Sprag^Uf  Elictric  Co. 

Valves 

Jenkms 

Piping  system 

Jenkms  Bros. 

Asbestos 

Steam,  uot  w.;ter 

Robert  A.  Keasley  Co. 

Steam  and  air 

Baldwin  Engineering  Co. 

Steam,  vacuum  and  air 

Ashcroft  Mfg.  Co. 

Steam  and  water 

Baldwin  Engineering  Co. 

Kieley 
Angell 
Cutler-Hammer 

Return 

Kii'Iey  &  Mueller 

Return 

Angell  .Mfg.  Co. 
Cutler-Hammer  Mfg.  Co. 

Motors 

Worthington 
Rochester 

Water 
Force  feed 

Henr^'  R.  Worthington 

Greene-Tweed  &  Co. 

2  filters 

Roberts 

House  water 

Roberts  Filter  Mfg.  Co. 

.'\ir  purifier 

Kinealy 

House  supply 

Kauftman  Heating  &  Eng.  Co. 

the  various  rooms  of  the  building,  the 
air  is  tempered  by  means  of  indirect 
radiators  which  are  built  in  four  groups 
of  tempering  coils  of  19  sections  each, 
having  a  total  of  2850  sq.ft.  of  heating 
surface.  Each  of  the  19  sections  has 
separate  steam  returns  and  air  connec- 
tions. Each  air  flue  is  connected  to  the 
main  plenum  chamber. 

Double  dampers  control  the  admission 
of  either  hot  or  cold  air,  and  they  are 
controlled  by  air  pressure.  As  the  tem- 
perature falls  a  thermostatic  valve  ad- 
mits the  air  to  a  valve  controlling  the 
compressed-air  diaphragm  which  operates 
the  damper.  As  the  temperature  in  the 
room  rises  the  hot-air  damper  is  closed 
and  the  damper  controlling  the  cold-air 
supply  is  opened,  and  vice  versa,  thus 
keeping  the  temperature  of  the  room  nor- 
mal. This  arrangement  permits  of  con- 
trolling any  indirect  radiator  by  means 
of  the  double  damper  at  the  base  of  each 
of  the  68  flues  or  reheating  stacks, 
and  a  thermostat  is  placed  in  the  room 
corresponding  to  that  with  which  the  flue 
connects. 

The  pneumatic  thermostats  are  located 
at  a  height  of  about  5  ft.  6  in.  from  the 
floor  in  such  parts  of  the  room  as  will 
best  serve  to  give  the  average  tempera- 
ture. The  thermostats  open  and  close 
the  dampers  to  which  they  are  connected 
by  compressed-air  pipes. 

The  power  plant  operates  with  a  day- 
and-night  load.  It  is  very  complete  and 
furnishes  a  good  example  of  a  small 
modern  isolated  power-plant  installation. 


For  some  unknown  reason,  water  ac-  the  exhaust  port,  as  shown.  The  crack 
cumulated  in  the  air-exhaust  port  of  the  was  then  dovetailed  with  a  cold  chisel 
cylinder  and   when   the   compressor  was     and  plugged  with  strips  of  copper. 


Stay-bolts  to  Strengthen  Cracked  Exhaust  Port  of  Cylinder 


started  the  outer  shell  was  cracked  on 
both  sides,  as  shown  in  the  accompany- 
ing illustration.  It  was  a  case  of  mak- 
ing  a   hasty   but   permanent   repair   and 


This  repair  job  has  lasted  for  three 
years  and  the  cylinder  was  recently  re- 
moved in  order  that  it  might  be  rebored, 
when   it  will  again  be  put  in  service. 
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The  Systematic   Purchase  of  Coal 


The  systematic  purchase  of  coal  as 
here  considered  includes,  first,  the  pur- 
chase of  fuel  which  shall  insure  a  maxi- 
mum heating  value  and  furnace  effective- 
ness with  a  minimum  operating  cost,  and, 
secondly,  a  systematic  procedure  govern- 
ing the  delivery,  sampling,  analysis  and 
payment  for  coal.  The  procedure  and  its 
detail  will  not  be  justified  in  cases  where 
the  fuel  required  can  be  obtained  with- 
out the  use  of  detailed  specifications. 
Such  conditions  would  occur  when  a 
power  plant  buys  direct  from  an  op- 
erator who  handles  coal  from  a  certain 
locality  and  of  a  desired  quality.  This 
is  unquestionably  the  most  simple  meth- 
od of  purchase.  In  centers  of  popula- 
tion which  draw  their  coal  supplies  from 
various  localities,  and  where  the  coal 
is  sold  under  various  trade  names  in  the 
local  market,  municipalities  and  large 
corporations  have  disregarded  such  terms, 
and  the  more  scientific  method  of  buying 
by  analysis  and  heat  value  has  been 
considered   worth   the   additional   trouble. 

In  the  practice  of  the  United  States 
Government  the  contractor  is  paid  a 
bonus  for  coal  delivered  which  is  of  bet- 
ter quality  than  the  standard  set  in  the 
specifications.  For  deliveries  of  coal 
which  fall  below  that  standard,  deductions 
are  made  from  the  contract  price,  pro- 
portional to  the  decreased  value  of  the 
coal.  The  advantages  for  this  system 
may    be    summarized    as    follows: 

1.  The  buyer  is  insured  against  de- 
livery of  poor  and  dirty  coal,  and  is 
saved  from  disputes  arising  from  con- 
demnation based  on  a  visual  inspection. 

2.  Bidders  are  placed  on  a  strictly 
competitive  basis  as  regards  quality  as 
well  as  price. 

3.  Trade  names  are  ignored  and  the 
field  for  both  buyer  and  dealers  is 
broadened. 

4.  Delays  and  cost  of  removal  are 
avoided  should  the  delivered  coal  prove 
to  be  of  poor  quality  after  the  expense  of 
such  delivery  has  been  incurred.  Re- 
jectable  coal  may  be  accepted  if  its  re- 
moval is  inexpedient,  although  at  a 
greatly  reduced  price. 

5.  A  definite  basis  is  provided  for  a 
cancellation  of  the  contract. 

6.  The  inspection  and  analysis  at  the 
intervals  of  installment  deliveries  make 
an  easy  check  on  the  practical  results 
in  burning. 

The  objections  in  practice  to  the  bonus 
feature   of  any   system   may   include: 

1.  The  quality  of  coal  which  entitles 
the  dealer  to  a  bonus  can  often  be  ob- 
tained without  one,  unless  the  standard 
is  made  so  high  as  to  admit  too  few 
bidders. 

2.  The  range  between  the  quality  en- 
titling to  a  bonus  and  that  entailing  a 
penalty  may  cause   so   wide   a  variation 


By  F.  R.  Hutton* 

and  J.  L.  Pultzt 


An  outline  of  the  procedure 
employed  in  the  selection,  pur- 
chasing and  use  of  coal  for  the 
Department  of  Water  Supply, 
Gas  and  Electricity,  New  York 
City.  With  slight  modifications 
these  methods  may  be  applied  to 
any  municipality  or  large  user  (  f 
coal. 


each  percentage  of  ash  in  the  coal  be- 
sides displacing  1  percent,  of  combustible 
matter,  had  a  retarding  effect  varying 
with  the  quality  of  the  coal,  equivalent 
to  a  withdrawal  of  between  145  and  155 
B.t.u.  with  an  average  of  150  B.t.u.  With 
this  as  a  basis  a  formula  was  evolved 
applicable  both  to  anthracite  and  bitumi- 
nous coal  in  the  following  form: 

Correcfeil  tonnage  =  tonnage  delivered  X 

150  B.t.u.X\ 


*Foi-merlv  professor  of  mtchanical  en- 
Bineering,  Columbia  University.  -  now 
consulting  engineer  for  the  Department 
of  Water  Supply,  Gas  and  Electricity. 
New    York    City. 

tConsulting  engineer  and  member  of 
the  Standardization  Committee  of  New 
York    City. 

in  the  quality  supplied  at  any  consum- 
ing point  that  difficulties  arise  trom  the 
labor  point  of  view  in  hand  firing,  and  in 
securing  the  highest  efficiency  with  the 
equipment  of  the  plant. 

3.  The  contractor  will  always  see  his 
risks  of  loss  more  clearly  than  his  pos- 
sible premiums.  Therefore,  he  will  put 
his  price  high  enough  to  protect  himself, 
and  this  is  the  same  as  raising  the  point 
when   penalties   will   begin. 

4.  The  bonus  system  puts  great  re- 
sponsibility on  the  inspectors  in  sampling 
and  on  the  chemists  in  their  analyses. 

5.  The  bonus  system  has  been  shown 
by  experience  in  some  cases  to  result 
in  compelling  the  buyer  to  pay  a  higher 
cost  per  ton  for  coal. 

6.  There  are  certain  cases  (notably 
in  municipalities)  where  the  payment  of 
a  bonus  or  premium  is  prohibited  by 
charter  or  other  legislative  restraint. 

It  seems  better  therefore,  if  the  same 
or  better  results  can  be  obtained  in  some 
other  way,  to  avoid  the  complexity  of  the 
combined  bonus  and  penalty  system.  The 
procedure  as  followed  by  the  Department 
of  Water  Supply,  Gas  and  Electricity  for 
New  York  City  is  herein  outlined  and 
may  be  applied  with  slight  modifications 
to   meet   any    other   case: 

Before  drawing  up  definite  specifica- 
tions a  careful  investigation  was  first 
made  of  the  character  of  the  various 
coals  furnished  in  the  buyer's  area,  and 
from  these  results  a  diagram  was  plotted 
as  respects  the  moisture,  ash,  volatile 
sulphur  and  combustible  matter,  and  any 
coals  falling  within  the  limits  so  outlined 
were  put  in  the  list  of  eligibles  as  to 
quality,  or  as  not  open  to  a  penalty. 
Coals  lying  outside  these  limits  and  be- 
low them  would  be  penalized  with  re- 
spect to  weight  but  not  as  to  price,  so 
that  the  buyer  should  not  buy  water  or 
incombustible  mineral  matter  and  pay  for 
them  at  the  rate  agreed  on  for  good  coal. 
The  research  developed  the  relation  that 


B.t.u.  per  pound  as  speiifiea  in  standard  < 

For  practical  purposes  the  formula 
can  be  simplified  by  using  a  direct  per- 
centage relation  whereby  1  per  cent,  in 
weight  shall  be  deducted  for  each  100 
B.t.u.  and  an  additional  1  per  cent,  for 
each  percentage  of  ash.  This  can  be 
equally  well  applied  when  it  is  desired 
to  give  a  bonus.  There  are  advantages 
in  separating  the  deduction  for  ash  into 
two  halves  as  above. 

The   Sampling   of   Coal    for    Analysis 

Standard  specifications  should  require 
that  coal  be  analyzed  in  a  laboratory; 
the  analysis  to  be  made  on  a  sample 
representative    of    the    entire    delivery. 

Inspectors  or  samplers  should  usually 
be  designated  to  check  the  weighing. 

Two  distinct  cases  arise  in  getting 
samples:  First,  for  lots  of  over  25  tons 
and  less  than  100  tons  the  sample  should 
be  200  lb.;  second,  for  lots  of  over  100 
tons  the  sample  should  be  approximately 
one  ton  in  each  thousand  tons,  or  one- 
tenth  of  1  per  cent,  of  the  gross  quan- 
tity. 

If  the  sample  is  taken  from  a  pile, 
take  the  shovelfuls  from  all  parts  of  the 
pile,  care  being  taken  to  secure  equal 
amounts  from  the  top,  the  middle  and 
the  bottom  of  the  pile.  The  gross  sam- 
ple taken  by  this  method  should  contain 
the  same  proportion  of  lump  and  fine 
coal  as  exists  in  the  whole  shipment.  In 
order  to  avoid  gain  or  loss,  it  should  be 
protected  from  the  weather  by  being 
placed  in  a  receptacle  of  sufficient  size 
and  having  a  cover,  unless  the  gross  sam- 
ple can  immediately  be  quartered  down 
to  a  small  sample.  If  the  coal  is  larger 
than  pea  size  it  should  be  broken  by 
hand  or  by  passing  through  a  crusher  to 
approximate  the  pea  size  of  coal  which 
will  pass  over  a  !4-in.  square  mesh  with- 
out going  through,  and  will  pass  through 
a   square   mesh   of    '■■-in.   clear   opening. 

After  being  reduced  to  a  standard  size 
the  coal  should  be  thoroughly  mixed  by 
shoveling  it  over  and  over  and  forming 
it  into  a  conical  pile.  The  pile  should 
then  be  quartered;  the  two  opposite 
quarters  should  be  rejected  and  the  re- 
maining two  broken  down  to  a  smaller 
size,  mixed  and  reformed  into  a  similar 
conical  pile  and  quartered  again.  This 
process    should    be    continued    until    the 
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lumps  are  34  '"■  '"  size  or  smaller,  cor- 
responding to  buckwheat  No.  2,  which 
passes  over  a  A-in.  mesh  without  falling 
through  and  passes  through  a  '4 -in. 
square  opening,  and  the  sample  has  been 
reduced  to  what  will  go  into  a  2-qt. 
can  or  to  a  quantity  not  less  than  5 
lb.  in  weight. 

The  sample  should  be  worked  down 
as  rapidly  as  possible  to  avoid  change 
in  the  percentage  of  moisture  through 
exposure  to  the  air,  and  then  be  inclosed 
in  a  can  fitted  with  a  lid  which  screws 
on  tightly. 

Analysis  of  Coal 
The     acceptability     of     coal     supplied 
under  contract  should  be  determined  by 
a  standard  chemical  analysis.    The  same 


The  laboratory  serial  analysis  number. 

The  details  of  the  analysis,  together 
with  the  specifications  of  the  standard 
in  regard  to  each  constituent,  and  the 
excess  of  deficiency  disclosed  by  the 
analysis  as  respects  the  percentage  of 
moisture  in  the  coal  at  the  point  of  weigh- 
ing, the  percentage  of  ash  in  dry  coal, 
the  percentage  of  volatile  combustible 
matter  in  the  dry  coal,  the  percentage  of 
volatile  sulphur  in  the  dry  coal,  and  the 
heat  value  in  B.t.u.  per  pound  of  dry 
coal. 

The  same  data  which  are  covered 
in  the  foregoing  list  of  the  coal-analysis 
report  should  also  be  entered  upon  the 
back  of  the  coal-delivery  report. 

The  coal-analysis  report  and  the  coal- 
delivery     report    blanks     when    the     en- 
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analysis  should  determine  the  weights 
to  be  used  in  computing  the  amounts  to 
be  certified  in  the  audit  of  the  bills.  The 
laboratory  analysis  serial  number  should 
be  filled  in  upon  the  coal-delivery  report 
which  accompanies  each  sample  of  coal, 
and  the  serial  number  of  the  coal-delivery 


tries  have  been  completed  thereon  should 
be  transmitted  to  the  parties  interested, 
usually  one  copy  to  the  contractor,  one 
to  the  chief  engineer  and  one  to  the  of- 
fice of  the  company. 

In    addition    to   the    provision    to   pre- 
vent excess  of  clinker,  analyses  should 


actually  delivered  with  the  terms  of  a 
standard  analysis  given  in  the  specifica- 
tions. The  accompanying  table  shows  the 
standard  analysis  as  required  by  the 
Department  of  Water  Supply,  Gas  and 
Electricity. 

The  weight  of  coal  as  certified  by  the 
inspector  and  reported  by  him  to  the 
contractor  is  corrected  when  shown  by 
analysis  to  be  inferior  to  the  standard, 
as    follows: 

The  weight  is  reduced  from  that  given 
by  the  weighing  at  the  point  of  delivery 
by  the  percentage  in  excess  of  the  stand- 
ard which  the  analysis  shows. 

The  weight  of  the  coal  after  correc- 
tion for  moisture  is  then  reduced  at  the 
rate  of  1  per  cent,  for  each  percentage 
of  ash  in  excess  of  that  permitted  by  the 
standard,  and  the  gross  dry  weight  after 
correction  for  moisture  at  the  rate  of  1 
per  cent,  for  each  100  B.t.u.  below  the 
standard  heating  value.  The  gross  dry 
weight  is  corrected  at  the  rate  of  5  per 
cent,  for  each  1  per  cent,  of  volatile  sul- 
phur in  excess  of  the  standard.  These 
correctio'ns  are  then  aggregated  and  de- 
ducted as  a  whole,  payment  being  made 
only  for  the  balance  of  the  gross  weight 
at  the  price  bid  per  unit  furnished,  de- 
livered and  stored  and  trimmed  (if  so 
specified  in  the  schedule). 

Procedure  Relating  to  Coal  Con- 
tracts 

The  procedure  to  procure  coal  will 
vary  widely  according  to  condition.  The 
complicated  procedure  under  the  depart- 
mental standard  contract  and  standard 
specifications  of  the  city  of  New  York  is 
as  follows: 

1.  A  schedule  in  standard  form  is 
filled  out  and  signed  by  the  mechanical 
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report  should  be  entered  upon  the  an- 
alysis report,  so  as  to  avoid  errors.  The 
analysis  report  should  embody  all  the 
information  contained  in  the  coal-de- 
livery report  and  in  addition  the  follow- 
ing data: 

Date   on   which    sample   was  received 
at  the  laboratory. 


be  made  at  proper  intervals  of  the  ash     engineer  of  the  borough,  if  there  be  one. 


rejected  from  the  boiler  furnaces  to  de- 
termine the  proportion  of  combustible 
going  to  waste. 

Determination  of  Price 
The  ultimate  purpose  of  the  analysis 


If  there  is  no  mechanical  engineer,  then 
by  the  operating  engineer  or  the  borough 
engineer. 

2.     This  schedule  must  then  be  signed 
in   succession   by   the   borough   engineer, 
the    chief    engineer    or   his    deputy,    the 
is    to    test    the    compliance    of    the    coal      deputy     commissioner     (except     in     the 
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Borough  of  Manhattan)    and   the  deputy 
and   acting   commissioner. 

3.  The  schedule  must  specify:  The 
quantities  of  coal;  names  and  sizes  of 
coal;  points  of  delivery;  quantities  of 
installment  deliveries;  times  of  install- 
ment deliveries;  method  of  weighing; 
unit   prices,   and    total    price. 

4.  It  then  passes  to  the  bureau  of 
supplies  as  a  schedule  to  be  incorpo- 
rated into  a  standard  form  of  contract. 
The  steps  in  the  bureau  of  supplies  in- 
clude: Revision  by  the  contract  clerk; 
revision  by  the  corporation  counsel; 
printing  and  correction  of  proof;  copies 
to  the  commissioner  when  ready  for  ad- 
vertisement; public  advertisement;  blank 
forms  of  contract  issued;  bids  opened 
and  tabulated;  acceptance  of  bid  recom- 
mended; advice  of  award  sent  to  the 
comptroller;  approval  of  sureties  on  the 
bid;  execution  of  the  contract,  and  notice 
to  proceed  under  the  contract. 

Maintenance   of   Supply   at   Stations 
AND  Ordering  under  Existing  Con- 
tracts 

The  coal  supply  and  its  adequacy  at 
each  station  in  a  group  of  conditions 
such  as  prevail  in  a  municipality  is  a 
matter  of  such  vital  importance  that  a 
double  system  of  checks  is  considered 
advisable  and  is  provided  in  the  follow- 
ing: 

The  procedure  in  the  case  of  new  con- 
tracts is  as  stated  in  the  foregoing  sec- 
tion. After  approval  has  been  given,  it  is 
forwarded  to  the  bureau  of  supplies  for 
action  in  the  contract  division.  After 
the  award  of  the  contract,  the  stores- 
control  office  makes  the  proper  entries 
concerning  kinds,  prices,  quantities  and 
points  of  delivery,  and  issues  the  order 
to  the  contractor.  Duplicates  of  this 
order  are  sent  to  the  borough  engineer's 
office  and  to  the  engineer  in  charge  of 
the  station  which  is  to  be  supplied. 

In  the  stores-control  office  a  separate 
coal  record  is  kept  of  the  coal  stored  at 
each  point  and  storage  under  each  con- 
tract, covering  quantities  and  kinds  to- 
gether with  the  records  of  analysis  and 
corrected  weights.  When  existing  con- 
tracts are  about  to  expire,  the  mechanical 
engineer  of  the  borough,  or,  in  his  ab- 
sence, the  borough  engineer,  is  held  re- 
sponsible for  a  notice  to  the  chief  engi- 
neer as  to  the  need  of  fuel.  The  notice 
must  be  given  in  due  time  or  when  the 
station  still  has  a  four  months'  supply 
on  hand. 

The  daily  report  of  each  pumping  sta- 
tion is  kept  in  duplicate,  and  contains 
the  record  of  the  total  weight  of  coal  of 
each  class  burned  that  day.  The  original 
report  is  mailed  each  day  to  the  borough 
engineer,  and  after  receiving  his  signa- 
ture it  passes  to  the  supervising  me- 
chanical engineer  for  filing  and  preserva- 
tion. A  duplicate  is  sent  to  the  statistical 
division  of  the  department. 

Whenever  the  balance  of  coal  on  hand 


a*  any  station  draws  near  to  the  minimum 
stock  limit,  the  coal  clerk  at  once  re- 
ports the  fact  to  the  supervisor  of  stores, 
who  in  turn  notifies  the  chief  engineer. 
The  station  man  also,  noting  the  same 
approach  to  a  minimum  stock  limit,  in- 
forms the  borough  engineer  who  issues 
the  necessary  order  through  the  bureau 
of  supplies  for  the  delivery  of  more  coal 
under  existing  contracts. 

The  Standard  Records 

Records  are  kept  at  the  central  office 
respecting  the  delivery,  receipt  and  con- 
sumption of  coal  and  the  costs  of  gen- 
erating power  from  such  fuel.  This  is  a 
function  of  the  stores  division.  These 
records  are  kept  on  standard  forms  and 
include:  the  coal-scale  weight  book,  the 
coal-delivery  receipt,  the  coal-delivery 
report,  the  coal-analysis  report,  the  coal- 
delivery  record  sheet,  the  coal-consump- 
tion record  sheet,  and  the  coal-audit  re- 
port. 

Tests 

The  coal  called  for  by  the  standard 
uniform  specifications  may  not  be  the 
best  for  every  boiler  furnace  as  they 
have  been  hitherto  designed.  The  area 
of  grate  and  type  of  grate  and  bar  may 
need  to  be  changed;  the  method  of  firing 
and  thickness  of  fire  may  be  improvable 
for  a  given  fuel  or  mixture;  the  chim- 
ney draft  may  not  be  adjusted  to  the 
fuel  and  air  spaces  of  the  grates,  and 
other  conditions  may  need  modifying. 
There  is,  therefore,  room  and  need  for 
practical  tests  by  the  engineers  of  the 
department,    and    these    are    made    con- 


bustion    of    the    monthly    total    of    coal 
burned. 

The  daily  and  monthly  reports  have 
also  been  so  planned  as  to  give  a  con- 
tinuous daily  advice  on  the  reduction  of 
the  coal  supply  at  each  station,  and  to 
eliminate  any  danger  of  exhaustion  of 
the  coal  supply  at  any  station  if  the 
blanks  and  the  information  they  give  are 
properly  utilized. 


Automatically  Governed  Feed 
Water  Pump 

A  homemade  arrangement  for  govern- 
ing the  speed  of  a  service  pump  is  shown 
in  the  accompanying  illustration.  The 
pump  takes  water  from  a  river  and  after 
forcing  it  through  two  tank  feed-water 
heaters,  discharges  it  into  an  open  feed- 
water  heater  from  which  it  is  taken  by 
a  boiler-feed  pump  and  forced  into  the 
boilers. 

To  maintain  a  proper  level  in  the  open 
feed-water  heater  a  back-pressure  valve 
was  placed  in  the  inlet  pipe  and  attached 
to  the  float  of  the  heater,  as  shown  at  A 
From  the  water  end  of  the  pump  a  '4- 
inch  pipe  connection  was  made  to  a  dia- 
phragm control  valve  which  was  placed 
in  the  pump  steam-pipe  line,  as  shown 
at  B. 

The  feed  water  is  heated  by  the  ex- 
haust steam  from  the  auxiliaries  in  the 
plant.  When  the  water  in  the  open, 
heater  gets  to  a  predetermined  hight, 
the    float    lifts,    which    closes    the    back- 
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Home-made  Governor  for  Feed-water   Pumps 


tinually    and    at    intervals   to    secure    im- 
provement. 

Coal  Consumption  and  Comparisons  of 
Fuel   Economy 

The  daily  report  of  performance  at  the 
pumping  stations,  as  now  in  use,  gives 
the  actual  coal  burned  that  day,  and  the 
weight  or  million  gallons  of  water  raised 
1  ft.  high  by  the  combustion  of  this 
weight  of  coal   at  the   station. 

The  monthly  report  totalizes  the  weight 
of  coal  burned  during  the  month  and  the 
million   gallons  raised   1    ft.  by  the  com- 


pressure  valve  C,  until  a  back  pressure 
of  10  pounds  has  been  placed  on  the 
system  back  to  the  water  end  of  the 
pump.  This  pressure  is  exerted  on  the 
diaphragm  of  the  valve  B,  which  closes 
the  valve,  thus  slowing  down  the  pump. 
That  the  pump  may  not  stop  entirely 
and  for  convenience,  a  small  '4-inch  pipe 
is  run  to  the  wash  room,  where  the 
water  runs  continuously.  By  this  ar- 
rangement the  feed  pump  is  running 
the  24  hours  and  the  water  in  the  heater 
is  maintained  at  a  practically  constant 
hight. 
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Tests      of      Old       Boilers 


On  June  6  and  7,  191 1,  three  horizontal 
tubular  boilers,  designated  as  Nos.  301, 
302  and  303,  were  tested  to  destruction 
with  hydraulic  pressure  at  Ishpeming, 
Mich.  The  boilers  were  owned  by  the 
Oliver  Iron  Mining  Co.  and  had  been  in 
operation  for  about  30  years  at  No.  1 
Hard  Ore  Boiler  House,  Lake  Superior 
Mines.  The  boilers  had  been  condemned 
on  account  of  their  age  by  the  Hartford 
Steam  Boiler  Inspection  &  Insurance  Co. 
as  an  unsafe  risk,  although  they  showed 
no  signs  of  deterioration  from  their  30 
years'  service — there  being  no  evidence 
of  pitting  or  corrosion. 

Inasmuch  as  it  will  probably  be  neces- 
sary to  maintain  a  boiler  plant  for  the 
next  20  years  at  the  location  where  these 
boilers  have  been,  it  was  decided  to  in- 
stall new  boilers  and  test  the  old  ones 
to  destruction  to  determine  whether  they 
were  unfit  for  service,  and  whether  any 
deterioration  of  any  kind  had  taken  place 
which  was  not  in  evidence  from  an  ex- 
ternal and  internal  inspection. 

The  three  boilers  were  identical  in 
construction  with  the  exception  that  boiler 
302  contained  112  three-in.  tubes,  while 
boilers  301  and  303  each  contained  83 
four-in.  tubes.  The  accompanying  draw- 
ing, Fig.  1,  shows  the  construction  of  the 
boilers.  It  will  be  observed  that  each 
boiler  consists  of  five  courses  of  f^-in. 
sheets,  double  lap-riveted  with  -34 -in. 
rivets,  spaced  on  2-in.  centers. 

Pressure  was  obtained  from  a  hand 
pump  capable  of  producing  a  pressure  of 
300  lb.,  and,  in  addition,  the  pump  of  a 
hydraulic  wheel-press  was  connected  to 
the  water  line  for  additional  pressure  as 
required. 

To  determine  the  expansion  of  the 
shell,  a  steel  tape  was  passed  around 
the  boiler  and  the  movement  of  the  tape 
was  observed  to  determine  the  increase 
in  circumference  of  the  shell.  Attempts 
were  also  made  to  determine  the  diamet- 
rical expansion  with  a  micrometer  gage 
eet  against  the  side  of  the  boiler,  but  the 
observations  on  this  gage  were  not  satis- 
factory. The  measurements  upon  the 
steel  tape,  however,  were  fairly  accurate. 

Boiler  No.  302 

This  boiler  was  built  about  1877  by 
Kendall  &  Roberts,  of  Boston.  The  sheets 
bore  the  brand  "Bay  State  Homo."  The 
accompanying  log  of  the  test,  made  June 
6,  191 1,  gives  in  detail  the  behavior  of  the 
boiler  under  the  successive  pressures  to 
which   it  was  subjected. 

At  275  lb.  pressure,  the  cast-iron  man- 
hole frame  broke  in  two  with  a  loud  re- 
port and  the  sheets  were  ruptured  as 
shown  in  Fig.  2.  At  the  time  of  the  rup- 
ture, the  steel  tape  showed  that  the  cir- 
cumference of  the  boiler  had  elongated 
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Three  return-tiibiilar  boilers  30 
years  old  tested  to  destruction 
under  hydrostatic  pressure.  In 
each  the  weakest  point  proved  to 
be  the  manhole  frame. 


•.\ssistant    chief    engineer,    01i\ 
Mining  Co..   Duluth,  Minn. 


TABLE  1.      LOG  OF  TEST,  BOILER  NO.  302 


Time 
10:12 
10:14 
10:1.1 
10:1N 
10:18V 


140 
170 
ISO 
19o 
200 

210 
220 
230 

240 


10:271 

10:28 

10:2Si 


Observations 


Seams  weeping  slightly 


^^-in.  elongation  in  cir- 
cumference 

All  longitudinal  seams 
leaking 


27o         Manhole  frame  broken 

approximately  ?,:  in.  After  the  rupture 
the  tape  resumed  its  initial  position,  in- 
dicating that  at  275  lb.  pressure  the  shell 
had  taken  no  permanent  set.  While  there 
had  been  some  leaking  of  longitudinal 
seams,  there  was  no  evidence  of  serious 
distress  at  any  part  of  the  boiler.  The 
heads  showed  no  sign  of  bulging  and 
the  tube  ends  remained  tight. 

Test  pieces  cut  from  the  shell  imme- 
diately over  the  fire  showed  an  average 
tensile  strength  of  60,460  lb.,  with  22.5 
per  cent,  elongation,  53.7  per  cent,  reduc- 
tion in  area  and  an  elastic  limit  of  36,- 
690  lb.  The  analysis  of  this  sheet  showed: 
Carbon,  0.13;  sulphur,  0.026;  phosphorus, 
0.097;  manganese,  0.27.  The  test  pieces 
were  cut  both  transversely  and  longi- 
tudinally of  the  sheet,  but  it  was  impos- 
sible to  tell  from  the  way  the  test  pieces 
broke  in  which  way  the  sheet  had  been 
rolled.  It  is  very  evident  that  there  had 
been  no  deterioration  of  the  steel  in  this 
sheet.  Test  pieces  were  also  taken  from 
a  sheet  at  the  top  of  the  boiler,  where 
it  was  not  subjected  to  the  action  of  the 
fire.  These  test  pieces  gave  an  average 
of  70,145  lb.  tensile  strength,  with  an 
elongation  of  20.12  per  cent.,  an  elastic 
limit  of  39,060  lb.  and  a  reduction  of 
area  of  47.05  per  cent. 

In  addition  to  the  test  pieces  cut  from 
the  sheets  as  mentioned,  a  section  was 
taken  out  of  the  longitudinal  seam.  Upon 
being  pulled  in  the  testing  machine,  the 
joint  gave  an  efficiency  of  60  per  cent,  of 
the    plate,    breaking    through    the    rivet 


holes.  This  seam  showed  no  evidence 
whatever  of  deterioration  and  was  as 
good  as  the  day  it  was  laid  up.  Sub- 
jected to  cold  bending  tests,  Ihe  test 
pieces  from  the  sheets  above  the  fire 
bent  to  180  deg.,  flat,  without  fracture. 

Boiler  No.  303 

Boiler  No.  303  was  built  about  1879  by 
Kendall  &  Roberts,  of  Boston.  The  sheets 
bore  the  inscription  "Nashua  Iron  & 
Steel  Co.,  Nashua,  N.  H.,"  and  an  en- 
circled Indian  head,  and  were  stamped 
"cast  steel,  60,000  lbs."  Inasmuch  as 
this  boiler  was  identical  in  construction 
with  boiler  No.  302,  which  had  developed 
its  weak  point  in  the  manhole  frame,  and 
as  it  was  desired  to  put  a  greater  pres- 
sure on  the  boiler  than  the  manhole  could 
stand,  it  was  decided  to  remove  the  frame 
and  put  on  a  H-\n.  patch,  secured  by 
patch  bolts,  in  place  of  the  cast-iron 
frame. 

On  the  morning  of  June  7,  pressure 
was  applied  to  the  boiler  in  the  same 
manner  as  to  boiler  No,  302  the  day  be- 
fore. The  log  shown  in  Table  2  gives 
the  observations  in  detail: 

TABLE  2.      LOG  OF  TEST,  BOILER  NO.  303 

Pressure, 

Time  Lb.  per  Sq. In.           Observation 

10:00  l.S 

10:01 i  20 

IO:OU  30 

10:03  90 

10:035  1 


10:0.T 
10:0ni 
10:06 
10:06i 


150 
160 
170 
180 


.Seams  begin  to  weep 


i-in.  elongation  in  cir- 
cumference 

One  girth  seam  leaking. 

3^.-in.  elongation  in  cir- 
cumference 


ft-in.  elongation  in  cir- 
cumference :  tubes 
beginning  to  leak 

Could  obtain  no  more 
pressure  by  hand 
pump :  pressure  1  e  t 
down  and  hydraulic 
pump  cut  in.  Boiler 
resumed  its  normal 
diameter;  no  perma- 
nent set 


10:2.5 

175 

10:26 

19.5 

I'j-in.  elongation  in  cir- 
cumference 

10:27- 

255 

10:2.S- 

275 

10:28- 

295 

10:29 

300 

3',-in.  elongation  in  cir- 
cumference 

10:30 

300 

Seams  leaking  badly 
and  some  leaking  at 
the  ends.  Stopped 
pumping  to  calk  one 
patch  bolt  and  tight- 

en one  plug 
Pressure  let  down 

10:34 

10:45 

Started  pumps  again 

10:46* 

145 

Stopped  pump 
one  tube 

to 

roll 

10:53 

145 

10:55 

160 

,Wn.    increase 
cumference 

m 

cir- 

10;55i 

180 

10:55} 

210 

T^-in.   increase 
cumference 

in 

cir- 

10:56 

230 

10:.56i 

50 

j\rin.   Increase 

in 

cir- 
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10:57 
10:57i 


295         Tubes    leaking.     Head 
shows   signs   of    dis- 


300  Beading  on  tubes  is 
sprung 

295  /j-in.  increase  in  cir- 
cumference 

300  13  patch  bolts  sheared 


10:58 

10:59i 

11:00 

At  300  lb.  pressure  the  patch  and  one 
plug  began  leaking  so  badly  that  the 
pumps  could  not  gain,  and  it  was  neces- 
sary to  reduce  the  pressure  and  calk  the 
leaks.  At  10:45  the  pressure  was  again 
applied  and  upon  obtaining  300  lb.,  there 
was  noticeable  distress  on  one  head,  with 
leaking  of  tubes  and  springing  of  the 
beading.  The  steel  tape  indicated  that 
the  boiler  was  increasing  in  diameter. 
The  leaks  were  such  that  the  two  pumps 
were  not  able  to  gain  over  300  lb.  pres- 
sure, and  at  this  pressure  13  of  the  patch 
bolts  sheared.  The  manhole  sheet  ex- 
panded   approximately     '.  j     in.    with    no 


27.25  per  cent.,  with  64.88  per  cent,  re- 
duction of  area.  Analysis  of  this  steel 
showed:  Carbon,  0.25;  sulphur,  0.021; 
phosphorus,  0.092;  manganese,  0.37. 

Boiler  No.  301 

Boiler  No.  301  was  identical  in  con- 
struction with  boiler  No.  303.  It  was 
purchased  at  the  same  time  and  the 
sheets  bore  the  same  brand.  It  was 
tested  in  the  same  manner,  and  the  log 
of  the  tests  in  Table  3  shows  the  ob- 
servations: 

At  260  lb.  pressure  the  manhole  cast- 
ing broke  in  identically  the  same  manner 
as  that  upon  boiler  No.  302,  first  tested. 
The  steel  tape,  however,  showed  that  the 
boiier  had  taken  a  permanent  set  of  'r- 
in.  elongation  in  the  circumference,  prob- 
ably due  to  slight  movement  of  the  longi- 
tudinal seams,  which  showed  signs  of 
distress. 

Test    pieces   taken    from   a   sheet    im- 


BoilerNo.302  Boiler  No's,  301  and  303 

1.  Drawing  Showing  Construction  of  30-Year  Old  Boilers 
Tested  at  Ishpeminc,  Mich. 


rupture.  It  being  impossible  to  replace 
the  patch,  and  the  head  having  shown 
evident  distress,  no  further  attempt  was 
made  to  burst  the  longitudinal  seams. 
The  steel  tape  showed  that  the  boiler  had 
expanded  about  ,V.  in.,  and  it  did  not  re- 
sume its  normal  diameter. 

Test  pieces  cut  from  the  sheet  im- 
mediately over  the  fire  showed  a  tensile 
strength  of  60,186  lb.;  elastic  limit,  38,- 
280  lb.;  elongation,  21.5  per  cent.,  with 
54.52  per  cent,  reduction  of  area.  Analy- 
sis of  the  steel  gave:  Carbon,  0.17; 
sulphur,  0.023;  phosphorus,  0.097;  man- 
ganese, 0.29.  Test  pieces  cut  from  the 
sheet  at  the  top  of  the  boiler  showed  a 
tensile  strength  of  56,400  lb.;  elastic 
limit  of  37,230  lb.,  and  an  elongation  of 


mediately  over  the  fire  showed  a  tensile 
strength  of  60,780  lb.;  elastic  limit,  33,- 
100  lb.;  elongation,  26.5  per  cent.;  re- 
duction of  area,  61.62  per  cent.     Analy- 

TABLE  3 
LOG  OF  TEST,  BOILER  NO.  301,  JUNE  7,  1911 

Pressure, 

Time        Lb.  perSq.In.  Observation 

11:15  .  .  Pump  started 

11:15J  55 

10:17  85 

10:17*  100 

10:l.Si  150         jii-in.  increase  in  cir- 

cumference 

10:20  155 

10:20J  ISO         Seams  weeping 

111:21  205         Flues  leaking  a  little 

10:215  225 

Ht:22  235  Leaking  at  manhole 

10:22J  250         A-in.    increase    in    cir- 

cumference 

in:23i  255 

10:24  260        Manhole    broke;    i-i 

increase    in    circum- 
ference 


sis  as  follows:  Carbon,  0.13;  sulphur, 
0.022;  phosphorus,  0.105;  manganese, 
0.20.  Test  pieces  taken  from  the  top  of 
the  shell,  not  subjected  to  the  fire,  showed 
a  tensile  strength  of  61,680  lb.;  elastic 
limit  of  38,820  lb.;  elongation,  19.75  per 
cent.,  and  a  reduction  in  area  of  50.80 
per  cent.  Analysis  as  follows:  Carbon, 
0.18;  sulphur,  0.022;  phosphorus,  0.085; 
manganese,  0.28. 

The  tests  for  tensile  strength  and  the 
chemical  analyses  were  made  at  the 
works  of  the  Illinois  Steel  Co.,  South 
Chicago,  through  the  courtesy  of  P.  E. 
Carhart,  inspecting  engineer.  Twelve  test 
pieces  were  measured  with  a  micrometer 
and  showed  a  maximum  thickness  of 
sheet  of  0.380  in.;  minimum  thickness, 
0.364  in.;  average,  0.373  in.  This  varia- 
tion in  thickness  is  no  greater  than  would 
be  expected  in  nominal  '-i-in.  boiler  plate, 
and  showed  that  there  had  been  no  ap- 
preciable reduction  of  thickness  by  rea- 


FiG.  2.  Photograph  Showing  Manhole 

Frame  of  Boiler  302  After  Failure 

AT  275-lb.  Pressure 

son  of  corrosion  on  the  surface  of  the 
plates. 

The  boilers  had  been  originally  built 
to  carry  100  lb.  pressure,  but  inasmuch 
as,  allowing  the  longitudinal  seams  an 
efficiency  of  60  per  cent,  of  the  plate, 
this  would  give  a  safety  factor  of  but 
3.75,  the  working  pressure  had  been  fixed 
at  80  lb.,  giving  a  safety  factor  of  4.70. 
It  is  evident  that  the  weak  point  of  each 
boiler  was  the  cast-iron  manhole  ring. 
Boiler  No.  301  broke  at  this  point  at  a 
pressure  of  260  lb.  With  the  pressure 
of  80  lb.,  the  safety  factor  at  this  point 
was,  therefore,  but  3.25. 

Had  this  cast-iron  manhole  ring  broken 
in  service  it  is  not  probable  that  an  ex- 
plosion would  have  resulted.  Fig.  2 
shows  a  ruptured  sheet  from  boilei  No. 
302.  This  rupture  occurred  when  the 
manhole  ring  broke  at  a  pressure  of  275 
lb.  When  the  manhole  ring  on  boiler 
No.  301  broke  in  identically  the  same 
manner,  at  a  pressure  of  260  lb.,  the 
sheet  was  not  ruptured.  Furthermore, 
when  the  patch  bolts  sheared  at  a  pres- 
sure of  300  lb.   on   boiler  No.  303,  the 
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sheet  was  not  ruptured.  It  is  fair,  then, 
to  assume  that  had  a  manhole  ring  let  go 
in  service  at  a  pressure  of  from  80  to 
100  lb.,  no  rupture  of  the  sheet  or  ex- 
plosion of  the  boiler  would  have  fol- 
lowed. But  upon  this  point  there  is 
room  for  a  difference  of  opinion. 
Summary 
It  is  evident  from  the  above  tests  that 
there  had  been  no  deterioration  in  the 
quality  of  the  material,  and  it  was  such 
as  would  pass  today  for  good  boiler 
plate.  The  one  sheet  from  the  top  of 
boiler  No.  302,  that  had  a  tensile  strength 
of  70,000  lb.,  showed  slight  cracks  under 
the  cold-bending  test  to  180  deg.,  flat. 
The  fracture  in  every  case  was  good  and 


no  one  of  the  test  pieces  showed  the 
slightest  indication  of  lamination  or  lack 
of   homogeneity. 

All  in  all,  the  boilers  were  as  good 
as  the  day  they  were  made;  the  material 
was  excellent,  the  workmanship  was  ad- 
mirable and  subject  to  only  one  criticism 
— the  rivet  holes  had  not  been  reamed. 
With  this  exception,  the  workmanship 
could  not  be  improved  upon.  In  no  way, 
shape  or  form  had  the  boilers  de- 
teriorated by  the  30  years'  service  to 
which  they  had  been  subjected;  the  water 
furnished  had  been  of  uniformly  good 
quality;  they  had  received  excellent  care 
and  attention.  At  times  they  had  been 
fired    very    hard,    sometimes    with    wood. 


sometimes  with  coal,  at  other  times  with 
a  mixture  of  wood  and  coal. 

It  is  interesting  to  note  in  this  con- 
nection that  the  Bay  State  Iron  Works, 
which  made  the  steel  for  boiler  No.  302, 
had,  according  to  a  list  of  rolling  mills 
and  steel  works  published  in  1882,  one  6- 
gross-ton  Siemens  openhearth  steel  fur- 
nace, with  an  annual  capacity  of  2800  net 
tons  of  ingots.  The  Nashua  Iron  &  Steel 
Co.,  Nashua,  N.  H.,  had  one  10-gross-ton 
Siemens  openhearth  steel  furnace.  These 
furnaces  must  have  been  among  the 
earliest  Siemens  openhearth  furnaces 
built  in  the  United  States,  and  these 
boilers  among  the  very  early  ones  built 
from  such  material. 


Boiler  Explodes  at  Knoxville,  Tenn. 


The  accompanying  photographs  show 
the  remains  of  the  boiler  which  ex- 
ploded at  the  quarry  of  the  Royal  Marble 
Co.,  near  Knoxville,  Tenn.,  on  Feb.  5, 
killing  the  fireman  and  his  brother,  who 
happened  to  be  present  at  the  time.  The 
boiler  was  of  the  locomotive  type,  car- 
ried on  skids  and  furnished  steam  to 
run  rock  drills  at  the  quarry,  five  being 
in  operation  at  the  time  of  the  explo- 
sion. 

On  Jan.  28,  1912,  the  boiler  had  been 
inspected  by  a  well  known  insurance 
company  and  had  been  pronounced  safe 
to    carry    100    lb.    pressure. 

Fig.  1  is  a  general  view  of  the  quarry 
and  the  adjoining  field  after  the  explo- 
sion, showing  (1)  the  location  of  the 
boiler  house;  (2)  where  the  main  por- 
tion   of   the   boiler   landed,   350    ft.    from 


By  John  Mat  hie 


Explosion  of  a  locomotive  type 
of  boiler  resulting  in  two  deaths 
and  several  injured.  The  lower 
valve  on  the  water  gage  was  found 
closed  and  presumably  the  fire- 
man had  been  running  on  a 
false  water  level.  Also  the  safety 
valve  was  screwed  all  the  way 
down. 


its  original  location;  (3)  where  the  front- 
landed,  150  ft.  in  the  opposite  direction, 
and  (4)  the  place  at  which  the  bodies  of 
the  fireman  and  his  brother  were  found. 
At  one  corner  of  the  boiler  house  there 
stood  an  electric-light  pole  carrying  two 


transformers.  Both  of  these  were  de- 
stroyed, one  being  hurled  a  distance  of 
120  ft.,  and,  in  all,  three  poles  were 
knocked   down. 

A  man  passing  the  boiler  house  at  the 
time  of  the  explosion  was  struck  by  a 
barrel  used  for  supplying  water  to  the 
boiler,  and  was  carried  a  distance  of  75 
ft.,  where  he  dropped  to  the  ground, 
while  the  barrel  bounded  15  ft.  farther, 
turned  over  and  emptied.  The  man  had 
one  arm  broken  in  two  places,  a  \eg 
broken  and  three  ribs. 

Fig.  2  shows  the  boiler  in  its  final  po- 
sition, and  Fig.  3  is  a  view  of  the  front, 
showing  how  the  crown-sheet  tore  from 
the  stay-bolts  and  braces.  This  piece 
landed  on  several  men  working  in  the 
pit  and  more  or  less  injured  all  of  them. 
Fig.  4  is  another  view  of  the  same  piece. 


Fig.    1.   Location   IWarked   1   Shows  Where  Boiler  Originally  Stood;  2  Shows  Where  Main  Part  of  Boiler 

Was  Hurled;  3  Where  Front  of  Boiler  Was  Found  and  4  Where  the  Bodies 

OF  the  Fireman  and  His  Brother  Were  Found 
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Particular  attention  should  be  paid  to 
Fig.  5,  which  shows  the  safety  valve 
that  was  on  the  boiler.  It  will  be  ob- 
served, upon  looking  closely,  that  the 
valve  had  been  screwed  down  until  the 
coils  of  the  spring  were  pressed  one  upon 
the  other.  This  valve  could  not  open 
under  any  pressure  and  instead  of  being 
a  factor  of  safety  it  was,  as  it  proved 
to  be,  a  menace  to  life  and  property. 

When  tested  with  water  at  a  pres- 
sure of  130  lb.  per  square  inch  after  the 
explosion,  not  a  drop  came  past  the  disk. 
This  valve  had  been  set  at   100  lb.  and 


the  fireman  had  closed  both  valves  on 
the  water  gage  the  night  before  the  ex- 
plosion and  in  the  morning  had  only 
opened  the  top  valve  as  the  bottom  valve 
was  closed  when  found.  This  would 
indicate  that  he  had  run  from  6  a.m. 
until  10:30  a.m.,  thinking  the  water  shown 
in  the  glass  was  the  true  level. 


covering  is  to  protect  the  pipe  from  mois- 
ture. 

National  Coating  is  manufactured  by 
the  National  Tube  Co.,  HOC  Frick  Build- 
ing, Pittsburg,  Penn. 


National  Coating 

National  Coating  is  a  preparation  which 
is    supplied    to    piping    ranging    in    sizes 

from  3  to    !S'  .    in.   nutsiJc  diameter.   Its 


New  Insulating  Tape 

The  Westinghouse  Electric  &  Manufac- 
turing Co.,  Pittsburg,  Penn.,  has  recently 
placed  on  the  market  a  bias-cut  treated 
cloth  tape  which  is  made  under  a  new 
process  and  for  which  some  very  satis- 
factor\'    characteristics    are    claimed.      It 


the  gage  was  tested  on  Jan.  28,  1912. 
Therefore  the  question  is — Who  screwed 
down  the  valve? 

A  fusible  plug  had  been  put  in  the 
boiler  about  one  month  before  the  ex- 
plosion, and  upon  c\an;inaiinn  the  fn-=ibl  ■ 


purpose  is  to  prevent  external  corrosion 
and  electrolysis. 

When  a  pipe  is  to  be  coated,  it  is  first 
cleaned  and  dried  and  dipped  in  a  special 
bath,  and  upon  being  dried  is  left  with 
an     inside    and    outside    coating    of    an 


Fig.  5.  Safety  Valve  with  Spring  All 
THR    Way    Down 


Showing  How  Crown  Sheet  Tore 


metal  in  the  plug  showed  that  it  had 
melted,  but  the  face  of  the  plug  in  the 
boiler  appeared  to  have  been  scaled  over, 
thus  preventing  the  metal  from  dropping. 
In  view  of  this  it  would  seem  a  good 
idea  for  all  engineers  who  have  fusible 
plugs  in  their  boilers  to  scrape  them 
until  they  show  bright  every  time  the 
boilers  are  cleaned. 

Upon  inquiry,   the   writer  learned  that 


elastic  compound.  This  enamel-Iike  sur- 
face is  wrapped  with  a  strip  of  fabric 
which  has  also  been  thoroughly  saturated 
in  the  hot  compound.  It  is  wound  spirally 
over  the  surface  of  the  pipe,  about  1  in. 
on  each  turn.  Two  or  three  thicknesses 
may  be  applied  in  this  way  when  de- 
sired to  meet  special  conditions.  The 
covering  firmly  adheres  to  the  body  coat 
of  the  pipe.     The  main  purpose  of  this 


can  be  used  as  continuous  tape,  having 
a  good  tensile  strength  throughout  its 
entire  length,  or  may  be  divided  into 
4-ft.  lengths  by  tearing,  or  without  the 
use  of  any  cutting  tool.  There  are  no 
sewed  seams  which,  when  present,  have 
to  be  cut  to  make  a  neat  job. 

This  tape  also  has  the  same  dielectric 
strength  throughout  its  length  as  the  full- 
width  treated  cloth.     It  is  also  free  from 
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u..even  places  due  to  the  running  of  the 
insulating  liquid  which  collects  in  the 
sewed  seams  during  the  process  of  treat- 
ing. 

This  new  process  tape  has  also  been 
specially  designed  to  have  the  best  pos- 
sible amount  of  grip  and  slip;  that  is, 
it  has  a  degree  of  tackiness  that  par- 
ticularly adapts  it  for  taping  purposes. 


Reinforring  Van  Stone  Joints 

By  W.  N.  Stevens 

To  those  who  have  not  analyzed  the 
strains  on  a  van  stone  joint,  it  may 
seem  reasonable  to  assume  that  by  re- 
inforcing the  metal  in  that  portion  of 
pipe  flanged  out  to  make  the  joint,  addi- 
tional strength  is  obtained.  This,  how- 
ever, is  not  the  case.  Pipe  is  made  from 
plates  which  are  rolled  from  an  ingot 
and  bent  over  and  welded.  As  the  van 
stone  joint  is  made  while  the  metal  is 
.hot,  it  is  not  injured  in  being  flanged 
out  for  the  same  reason  that  rolling 
does    not   injure    the    plates. 

The  illustration  shows  the  approximate 
dimensions  of  a  van  stone  joint  on  an 
8-in.  pipe.  If  the  thickness  of  the 
flanged-out  portion  at  i4  ( 1  in.  from  the 
bore)  is  75  per  cent,  of  the  shell  of  the 
pipe  at  B,  then  there  is  exactly  the  same 
area  of  metal  to  resist  tension  at  A  as 
there  is  at  B.  As  the  flange  has  the 
same  radius  of  curvature  as  the  pipe, 
it  is  obvious  that  only  a  very  small  part 
of  the  tension  at  B  can  be  transmitted 
around  to  A. 

Van  stone  joints  are  made  in  a  ma- 
chine and  consequently  only  a  very  thin 
cut  is  necessary  to  provide  a  steam-tight 
joint  between  the  pipes,  and  when  fin- 
ished the  area  of  the  metal  at  A  is  rarely 
iess  than  80  per  cent,  of  that  at  B.  !t 
should  be  borne  in  mind  that  this  refers 
to  the  area  of  metal  that  resists  fracture. 

Assume,  however,  that  the  flanged-out 
part  has  been  turned  off  until  the  area 
of  metal  at  the  point  of  tangency  C  is 
one-half  that  at  B,  also  that  bolts  have 
been  provided  of  sufficient  strength  to 
withstand  the  hydrostatic  pressure  re- 
quired to  break  the  pipe.  As  the  pres- 
sure required  to  burst  the  pipe  is  4000 
lb.  per  square  inch,  assuming  a  tensile 
strength  of  50,000  lb.  per  square  inch, 
and  the  cross-sectional  area  within  the 
pipe  is  50  sq.in.,  there  will  be  200,000 
lb.  exerted  along  the  pipe.  The  area 
of  metal  in  the  circular  section  at  B  is 
8.4  sq.in.  and  the  metal  will  therefore 
be  under  24,000  lb.  per  square  inch 
longitudinal  stress.  As  assumed,  there 
is  only  half  the  metal  at  C,  and  if  all 
this  stress  could  be  transmitted  to  C, 
there  would  be  48,000  lb.  per  square  inch 
tension  at  C,  which  is  less  than  the 
bursting  strain  at  B.  The  pipe  would 
therefore  burst  before  the  joint  would 
break,  because  it  is  impossible  to  trans- 
mit all  the  strain  around  the  corner. 


How,  then,  can  reinforcing  the  llanged- 
over  part  add  strength  if  the  area  of 
metal  at  C  is  one-half  of  that  at  B?  In 
order  to  answer  this,  look  at  the  matter 
from  another  point  of  view.  The  sec- 
tional area  of  metal  in  an  8-in.  standard 
weight  pipe  is  8.4  sq.in.  An  extra-heavy 
8-in.  flange  has  twelve  H-m.  bolts.  The 
area  of  metal  in  a  ?s-in.  bolt,  at  the 
bottom  of  the  thread,  is  0.42  sq.in.  The 
area   of  the    12  bolts  is 

12  X  0.42  =  5.04  sq.in. 
There    is    therefore    66    per    cent,    more 
metal    in    the   shell    of   the    pipe   than   in 
the   bolts. 

In  order  to  make  a  tight  joint  the  bolts 
must  be  screwed  up  hard,  and  they  are 
under  a  considerable  stress  in  addition 
to  that  transmitted  to  them  by  the  pipe, 
and  all  of  the  stress  in  the  pipe  is  trans- 
mitted to  the  bolts.  It  is  impossible  to 
estimate  what  this  initial  stress  on  the 
bolts  will  be,  but  the  factor  of  safety 
of  the  bolts  is  rarely  one-fourth  as  lar^r 


tion  of  the  pipe  in  a  van  stone  joint, 
even  after  half  of  the  metal  has  been 
turned  off,  at  least  four  times  as  much 
metal   should   be  put  in  the  bolts. 


Section  through  Van  Stone  Joint 

as  that  of  the  pipe  if  the  joints  are 
tight. 

From  this  point  of  view  it  is  clear  that 
nothing  is  gained  by  reinforcing  the 
flanged-out  part  of  the  pipe,  as  the  bolts 
cannot  hold  one-fourth  the  pressure  nec- 
essary to  burst  the  pipe. 

The  foregoing  figures  have  been  based 
on  an  8-in.  pipe,  but  it  will  be  found 
that  the  other  sizes  will  lead  to  the 
same  conclusions. 

While  it  is  very  desirable  to  improve 
van  stone  joints  and  incidentally  the 
joints  between  fittings  in  high-pressure 
steam  piping,  this  discussion  shows  that 
improvements  must  begin  at  the  weakest 
point  to  have  any  value  whatever,  and 
the  weakest  points  are  the  bolts. 

To  bring  the  factor  of  safety  of  the 
bolts  up  to  that  of  the  flanged-over  por- 


Actuating    Forces   in    Straight 
Line  Air  Compressors 
By  Frank  Richards 
The    questions    which     have    recently 
been  current  in  the  pages  of  Power  as 
to  the  direction  in  which  the  crankshaft 
of  a  straight-line  air  compressor  should 
run,  and  also  as  to  the  peculiar  knocks 
sometimes   accompanying   the   crosshead 
movements   in   compressors  of  this  type, 
suggest   the   following  analysis  toward  a 
clear  and  final  understanding  of  the  mat- 
ter: 


iiG.   1.  Combined  Air  and  Steam 
Diagram 

It  is  well  known  that  in  the  hori- 
zontal steam  engine,  if  the  crankshaft 
runs  over,  the  crosshead  pressure  is  al- 
ways downward;  while  if  the  crankshaft 
runs  under,  the  resultant  vertical  forces 
at  the  crosshead  are  reversed,  and  are 
usually  more  than  sufficient  throughout 
the  stroke  to  overcome  the  weight.  In 
the  air  compressor  the  conditions  are 
very  different,  no  matter  which  way  it 
runs. 

Consider  the  typical  combined  air  and 
steam  diagram,  Fig.  1,  which  might  be 
from  any  straight-line  compressor,  the 
cylinders  being  assumed  to  be  of  equal 
diameter.  In  the  earlier  portion  of  the 
stroke  the  steam  pressure  is  greatly  in 
excess  of  the  air  resistance,  and  the  sur- 
plus of  power  must  be  disposed  of  in 
increasing  the  momentum  of  the  flywheel. 
At  the  point  where  the  steam-expansion 
line  and  the  air-compression  lines  cross, 
the  pressure  in  the  steam  cylinder  just 
equals  the  resistance  in  the  air  cylin- 
der, and  beyond  that  point  to  the  end  of 
the  stroke  the  steam  pressure  must  be  as- 
sisted by  the  momentum  of  the  flywheel. 
The  inadequacy  of  the  steam  to  maintain 
the  running  really  begins  before  the 
point  is  reached  where  the  lines  cross, 
because  there  is  the  entire  friction  of 
the  machine  to  be  overcome  and  the  run- 
ning speed  to  be  maintained,  so  that  the 
actual  reversal  of  the  balance  of  the 
driving  forces  occurs  very  near  mid- 
stroke,  no  matter  in  which  direction  the 
crankshaft  turns. 

The    story    of    what    happens    is    told 

graphically  in  Figs.  2  and  3,  and  it  would 

•  seem  that  little  explanation  is  required. 

In  Fig.  2  the  shaft  runs  over  and  in  Fig. 
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3  it  runs  under.  At  the  crosshead  the  + 
sign  indicates  that  it  is  pressing  against 
the  guide  while  the  —  sign  indicates 
the  reverse.  The  vertical  arrows  at  each 
side  of  the  midstroke  line  indicate  the 
direction  of  the  vertical  thrust  of  the 
crosshead  for  that  portion  of  the  stroke. 
The  horizontal  arrows  indicate  the  direc- 
tion of  the  travel  of  the  crosshead. 


Taking  Measurements  for 
Plans 

By  a.  E.  Dixon 

It  looks  easy  to  measure  up  something, 
a  building,  for  instance,  so  you  can  make 
a  plan  of  it.  It  is  not  so  difficult  either, 
but  it  is  an  easy  thing  to  fall  down.  The 


Fics.  2  AND  3.  Reprcsenting  Gkaphically  the  Pressures  on  the 
Crosshead  and  Pin 


It  will  be  seen  that  there  is  but  one 
reversal  (and  back  again)  of  the  con- 
necting-rod stress  for  the  revolution. 
Running  in  either  direction,  there  is  a 
thrust  for  about  one-half  of  the  revolu- 
tion and  a  pull  for  the  other  half.  The 
crosshead,  however,  shows  four  consecu- 
tive reversals  of  vertical  thrust  for  each 
revolution.  If  there  is  any  conclusive 
reason  why  the  crankshaft  should  turn 
in  one  direction  in  preference  to  the 
other,  the  writer  has  failed  to  discover  it. 


falling  down  comes  from  forgetting  to 
take  some  essential  dimension  more  than 
from  any  other  cause.  This  is  par- 
ticularly aggravating  when  one  has  to 
travel  any  distance  to  obtain  the  missing 
information.  In  this  kind  of  work  it  does 
not  pay  to  trust  to  the  memory;  a  memo- 
randum sketch  will  prevent  one  from  re- 
moving surplus  hair  by  the  diligent 
scratching  which  accompanies  the  effort 
to  stimulate  the  brain  into  recalling  de- 
tails. 


The  sketch  in  Fig.  1  shows  the  field 
measurements  taken  in  preparing  a  plan 
of  an  engine  room.  These  measurements 
were  taken  with  a  100-foot  steel  tape 
graduated  in  feet,  inches  and  eighths  of 
an  inch.  One  corner  of  the  building  was 
taken  as  a  base  and  the  tape  was  used 
to  obtain  the  distance  from  this  corner 
to  the  side  of  every  opening  and  projec- 
tion on  the  wall.  A  sketch  plan  was 
first  made.  This  plan  was  exactly  like 
Fig.  1 — in  fact,  it  was  Fig.  1,  without  any 
of  the  dimensions.  There  was  no  effort 
to  work  to  scale,  the  sketch  being  made 
to  show  only  the  features  of  which  the 
location  was  required  with  ample  space 
to  add  the  dimensions.  The  projection 
of  the  pilasters  was  measured  at  several 
points  and  the  thickness  of  the  wall  was 
taken  at  several  of  the  openings,  the 
average  being  used.  These  dimensions 
tie  the  external  and  the  internal  dimen- 
sion together.  In  actual  cases  it  is  rare 
for  the  measurements  to  balance  up  as 
neatly  as  those  given  on  the  sketch, 
owing  to  the  small  unavoidable  errors  of 
workmanship  which  occur  in  building 
construction.  There  is  an  ancient  saw 
that  a  mason's  eighth  of  an  inch  is  the 
thickness  of  the  handle  of  his  "sword" 
(trowel);  therefore,  provided  these  di- 
mensions agree  with  reasonable  margins, 
they  can  be  assumed  as  correct.  Window 
frames  are  frequently  set  and  bricked 
and  may  vary  an  inch  or  two  in  location. 

In  locating  the  engine  two  sides  of  the 
room  are  used  as  base  lines  and  the 
center  lines  of  the  piston  rods  and  the 
shaft  are  located.  The  engine  may  be 
slightly  out  of  square  with  the  room;  in 
fact,  the  room  itself  may  be  out  of 
square.     This  can   be   tested   by   running 
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Field  Sketch  of  Engine  House 


Fig.  2.  Field  Plan  of  Plant  Layout 
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a  line  through  the  room  and  extending 
out  through  two  opposite  windows.  This 
line  should  then  be  carefully  located  with 
reference  to  two  corners  of  the  building. 
A  fine  wire  stretched  tight  makes  the 
best  sort  of  a  line.  The  distance  from 
this  line  to  the  wall  should  then  be  care- 
fully noted  at  a  number  of  points. 

The  next  problem  is  to  locate  another 
line  at  right  angles  with 'the  first.  This 
can  be  done  by  transferring  the  original 
line  to  the  fioor  by  the  aid  of  plumb 
bobs;  a  right-angled  triangle  is  then  laid 
off,  and  the  second  line  located  in  this 
manner  is  used  to  check  up  the  other 
walls. 

The  laying  out  of  a  right-angled  tri- 
angle is  not  difficult.  Any  triangle  whose 
sides  are  in  the  ratio  of  3,  4  and  5  in- 
cludes one  right  angle,  that  made  by  the 
sides  3  and  4.  The  length  of  the  sides 
is  not  important,  but  the  ratio  is,  and  the 
bigger  the  triangle  the  more  accurately 
it  can  be  laid  out.  That  is,  a  small  error 
in  laying  out  this  triangle  when  the  sides 
are  30,  40  and  50  feet  long  leads  to  a 
smaller  percentage  of  error  in  the  final 
result  than  the  same  error  in  the  sides 
of  a  triangle  whose  dimensions  are  3, 
4  and  5  feet. 

When  it  is  desired  to  locate  the  build- 
ing measured  up  with  reference  to  other 
buildings  or  by  the  property  lines,  similar 
means  can  be  adopted  as  illustrated  in 
the  sketch  in  Fig.  2,  which  is  supposed 
to  illustrate  the  plant  layout.  The  prop- 
erty lines  at  the  right  and  at  the  bottom 
have  been  taken  as  base  lines  from  which 
all  of  the  buildings  have  been  located. 

In  making  elevations  it  is  a  good  plan 
to  take  the  main-floor  level  as  elevation 
4-  100  feet  and  use  this  as  the  third 
reference  plane.  Where  a  Government 
bench  mark  is  available  a  permanent 
bench  can  be  made  on  the  property  and 
tied  in  with  the  Government  bench  mark 
by  a  surveyor.  When  a  Government 
bench  is  not  available  the  railroad  whose 
spur  connects  with  the  plant  can  supply 
levels  covering  its  track  and  a  bench 
mark  can  be  laid  off  from  this.  The 
assuming  of  elevation  100  for  the  bench 
mark  will  avoid  all  negative  elevations 
in  cellars  and  pits. 


Cylinder   Head  Blew  Off 

On  Feb.  7  a  cylinder  head  of  a  lighting 
engine  in  the  Hotel  Jermyn,  Scranton, 
Penn.,  blew  off  and  injured  three  em- 
ployees. These  men  had  been  detailed 
to  examine  the  cylinder.  They  closed 
the  throttle  valve,  also  the  drip  valves, 
took  all  the  nuts  off  the  studs  and  then 
after  a  light  tap  with  a  wrench  or  ham- 
mer the  cover  suddenly  blew  off. 

It  seems  that  the  throttle  leaked  badly 
and  soon  filled  the  cylinder  with  steam 
and  water.  With  the  drips  and  exhaust 
closed  there  was  no  chance  for  its  escape 
and  taking  all  the  nuts  off  the  studs  be- 
fore    loosening    the    head    allowed    the 


steam  to  rush  out  and  scald  the  men. 
Two  of  the  men  were  badly  scalded  and 
were  sent  to  the  hospital.  They  will  re- 
cover, however,  and  will  probably  be 
more  careful  next  time  they  have  a  job 
like  that  to  do.  The  third  man  was 
cared  for  in  the  hotel  and  continued  his 
watch. 


Shooting  Out  Keys 
By   R.   D.  ToMLiNSON 

I  am  reminded  by  the  article  in  the 
Jan.  30  issue  of  Power,  telling  of  the 
use  of  dynamite  for  removing  a  pinion 
from  a  shaft,  of  an  experience  which  I 
had  some  years  ago  when  in  charge  of  a 
machine  shop.  Our  work  was  to  keep 
in  repair  over  forty  steamboats  used  for 
towing  purposes;  also,  the  machinery  in 
the  street-railway  power  plant  and  sev- 
eral cement  mills.  It  frequently  hap- 
pened that  we  were  called  upon  to  make 
quick   repairs,   and   it  would   tax   the   in- 
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Cannon  for  Shooting  Out  Keys 

genuity  of  our  best  men  to  know  how  to 
handle  some  of  them. 

The  company  owned,  in  addition  to  the 
regular  tugboats,  some  old  side-wheel 
steamers  which  were  very  useful  in  tow- 
ing; the  engines  had  wooden  frames. 
In  one  of  them  the  frame  would  spring 
so  badly  that  it  was  necessary  to  take 
off  the  cylinder  top  and  turn  off  an  inch 
on  the  inside  in  order  to  prevent  the 
piston  striking  either  the  top  or  the 
bottom.  If  the  engine  was  lined  up  be- 
fore the  coal  was  on  board  it  would  be 
way  out  of  line  as  soon  as  she  took  on 
her  cargo,  and  when  it  was  lined  up 
with  all  the  coal  on  board,  by  the  time 
the  boat  got  to  the  end  of  the  trip,  the 
engine  was  way  out  of  line.  To  remedy 
this  we  used  to  line  up  with  about  one- 
half  the  regular  amount  of  coal  on 
board. 

One  afternoon  a  large  side-wheeler 
was  towed  into  the  dock  with  a  broken 
shaft,  the  break  being  just  inside  of  the 
wheel  house,  between  the  spring  bearing 
and  the  hub  for  the  first  set  of  arms. 
These  paddle  wheels  were  made  of  wood, 
except  the  shaft  and  hub;  the  shaft, 
where  it  went  through  the  hub,  was 
octagon,  and  the  hub  was  slaked  on  with 
keys.  As  the  boat  ran  down  the  river 
into  salt  water  and  the  keys  had  been 
driven  in  many  years  before,  they  were 
badly  corroded.  It  was  impossible  to 
start  them  with  a  sledge,  there  was  no 
room    to    swing    a    ram,   and    at    first    it 


looked  like  tearing  the  wheel  house  all 
to  pieces  in  order  to  get  that  shaft  out. 

Our  superintendent  made  a  suggestion 
which  was  at  first  somewhat  startling, 
but  after  thinking  it  over,  we  concluded 
it  was  worth  a  trial,  as  it  was  a  serious 
matter  to  tear  down  the  entire  wheel 
house  in  order  to  get  at  the  job.  His 
suggestion  was  to  make  a  cannon  and 
shoot   the   keys   out. 

We  planed  a  piece  of  6-in.  steel  flat  on 
one  side  so  that  we  could  clamp  it  on 
to  the  shaft;  then  we  bored  the  cannon 
about  1  Yi  in.  in  diameter,  turned  up  a 
steel  projectile  with  a  hardened  end  and 
drilled  a  hole  down  into  the  bore  of  the 
cannon  at  a  point  where  the  projectile 
would  pass  it  at  the  time  it  struck  the 
key,  the  object  of  which  was  to  relieve 
the  pressure  in  the  cannon  without  shoot- 
ing the  projectile  out  of  the  gun.  If  we 
had  done  that,  it  would  have  been  lost 
as  the  work  had  to  be  done  over  open 
water. 

After  we  had  the  gun  finished  we  took 
it  out  in  the  yard  and  shot  at  some 
marks,  using  ordinary  blasting  fuse  to 
ignite  the  powder.  Then  we  strapped 
the  gun  on  to  the  shaft,  loaded  it  up, 
put  in  about  4  ft.  of  fuse,  which  gave 
the  man  who  lit  it  plenty  of  time  to  crawl 
out  of  the  wheel  house  and  get  back  of 
the  engine   room. 

The  first  shot  gave  the  key  a  heavy 
jar,  but  did  not  start  it.  We  put  in  a 
little  more  powder  next  time,  and  were 
delighted  with  the  result;  the  key  had 
started  about  '^  in.  We  gave  it  one  more 
shot  and  then  drove  it  out  with  a  sledge. 
It  was  an  easy  matter  afterward  to  get 
the  rest  of  the  keys  out. 

This  method  of  starting  out  rusty  keys 
is  somewhat  unusual  but  very  effective, 
and  some  engineer  who  reads  this  arti- 
cle may  have  a  condition  arise  where  he 
can  get  out  of  very  serious  trouble  in  the 
foregoing  manner.  It  is  advisable  that 
the  engineer  who  tries  this  scheme  do  a 
little  experimenting  with  his  gun  before 
shooting  out  the  keys  to  find  out  how 
much  powder  he  needs,  and  use  a  fuse 
long  enough  for  him  to  get  out  of  the 
way.  Guns  have  been  known  to  burst, 
and  the  material  he  has  at  hand  out  of 
which  to  make  his  gun  is  not  apt  to  be 
up   to   government   specifications. 


A  proposition  has  been  presented  to 
the  Ministry  of  Public  Works  for  utiliz- 
ing the  rapids  of  the  Salto  Grande  Falls 
in  the  Uruguay  River,  some  15  miles 
above  the  city  of  Salto,  to  generate  elec- 
trical energy  for  transmission  to  towns 
on  both  banks  of  the  river  and  ulti- 
mately to  Buenos  Aires  and  Montevideo. 
The  project  also  includes  the  construc- 
tion of  navigable  channels  through  the 
rapids  and  a  plan  for  irrigation.  The 
operations  are  to  be  commenced  with  a 
proposed  capitalization  of  $12,000,000, 
and  a  concession  for  a  term  of  90  years. 


February  27,   1912 


POWER 


295 


Gas   Power   Department 

Worth-while  gas-engine  and  producer  information  treated  in  a  way  that  can  be  of  practical  use 


The  Mathot  Suction  Producer 

The  reactions  which  take  place  in  a 
gas  producer,  namely,  the  dissociation 
of  steam  for  generating  hydrogen,  and 
of  carbonic  acid  for  producing  carbon 
monoxide,  as  well  as  the  generation  of 
steam,  are  endothermic  operations;  that 
is,  operations  absorbing  heat.  It  is,  of 
course,  essential,  for  good  efficiency,  to 
abstract  the  minimum  possible  heat  fromi 
the  burning  fuel  for  performing  these 
operations  and  also  to  recover  the  heat 
from  the  gas  generated  by  utilizing  it 
for  evaporating  water,  or  for  superheat- 
ing the  steam  and  preheating  the  air 
required    for  combustion. 

In  certain  producers  the  steam  is  gen- 
erated in  a  compartment  or  vessel  sur- 
rounding the  lower  part  of  the  gas  gen- 
erator by  means  of  part  of  the  heat 
liberated  by  the  combustion  of  the  fuel. 
This  process  is  detrimental  to  economy 
unless  required  for  preventing  forma- 
tion of  clinker  when  using  certain  coals. 

In  other  cases,  when  working  at  rea- 
sonable loads,  the  gas  leaves  the  outlet 
of  an  ordinary  generator  at  a  tempera- 
ture ranging  from  600  to  700  deg.  F. 
and  for  cooling  this  gas  before  entering 
the  engine  a  large  amount  of  water  is 
required  in  the  scrubber  (from  three  to 
four  gallons  per  brake  horsepower-hour). 
Consequently,  much  sensible  heat  is 
wasted  which  could  be  partly  recovered 
and  used  to  advantage  in  generating 
steam  and  assisting  the  endothermic  con- 
versions of  the  C0=  and  HiO,  at  the 
same  time  reducing  the  quantity  of  water 
used   in  the   scrubber. 

The  foregoing  considerations  have  led 
Mr.  R.  E.  Mathot,  the  well  known  Bel- 
gian engineer,  to  work  out  what  he  desig- 
nates a  recuperative  producer.  The  con- 
struction of  the  generator  is  illustrated 
by  the  accompanying  sectional  draw- 
ing in  which  A  is  the  fuel  chamber,  lined 
with  brick  and  provided  with  the  usual 
hopper;  B  is  a  water  vaporizer;  C,  C  are 
pipes  by  which  the  steam  goes  down 
from  the  vaporizer  B  to  the  ashpit  D;  E 
is  a  basket  grate;  F  is  an  opening  for 
depositing  ash  and  clinker;  G  is  a  gas 
chamber  surrounding  the  brick  lining  of 
the  fuel  chamber;  H  is  a  dust  collector, 
and  /  is  the  gas  outlet. 

The  grate  is  hung  freely  under  the 
firebrick  lining  and  is  formed  with  a 
series  of  flat  horizontal  bars,  stepped  to 
from  the  "basket";  the  fuel  and  ash  rest 
both  on  the  bars  of  the  grate  and  on 
the   heap    formed    under   the   opening   F. 


Mr.  Mathot  states  the  distinctive  features 
of  the   producer  as    follows: 

The  basket  grate  affords  an  area  of 
air  inlet  about  double  the  cross-section  of 
the  fuel  bed  and  four  times  that  of  the 
free  space  between  the  bars  of  the  or- 
dinary flat  grate.  This,  as  well  as  the 
shape  of  the  bars  of  the  basket  grate, 
Mr.  Mathot  states,  allows  burning  any 
kind  of  low-grade  coal  of  the  smallest 
size  without  unduly  restricting  the  air 
passage. 


at  the  bottom  after  having  passed  around 
the  brick  lining  for  preventing  external 
radiation  of  the  heat  of  the  combustion 
zone.  In  passing  down  to  the  exit,  the 
gas  gives  up  sensible  heat  to  the  steam, 
which  is  therefore  superheated  before 
reaching  the  fuel  bed,  allowing  a  greater 
quantity  of  steam  to  be  dissociated  with- 
out cooling  down  the  fire.  This,  of  course, 
gives  a  greater  amount  of  hydrogen  in 
the  gas  and  a  higher  calorific  value.  Mr. 
Mathot  informs  us  that  some  tests  made 


Mathot's  Sucvion  G.'\s  Generator 


The  steam  being  fed  to  the  fuel  in- 
dependently of  the  air  and  the  latter  be- 
ing always  freely  admitted  in  the  open 
ashpit,  the  proportion  of  steam  to  air 
cannot  be  disturbed  by  cleaning  out  the 
ashpit;  in  the  ordinary  suction  producer, 
opening  the  ashpit  permits  a  large  vol- 
ume of  air  to  get  in  without  a  correspond- 
ing increase  in  the  steam,  and  the  gas 
is  impoverished. 

The  gas,  instead  of  being  withdrawn 
from  the  top,  leaves  the  generator  shell 


with  his  producers  have  shown  the  fol- 
lowing chemical  composition  and  heat 
value  compared  to  those  of  the  ordinary 
type   of  suction  producer: 

Ordinary        Mathot 
Type  Producer 


B.t.u.   per  cubic  foot        132  157 

The  ashpit  being  always  open  and  the 
fire  visible  from  the  outside,  supervision 
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and  cleaning  are  possible  at  any  time. 
The  fire  can  be  poked  and  the  ash  and 
clinker  removed  while  the  engine  is  at 
work  without  impairing  the  quality  of 
the  gas,  since  steam  and  air  are  always 
supplied  in  the  same  proportions. 

In  an  ordinary  producer  a  sudden 
dropping  of  incandescent  matter  in  the 
water  of  the  ashpit  causes  an  increase 
of  steam  without  a  corresponding  in- 
crease of  air,  with  the  consequence  that 
an  excess  of  hydrogen  is  put  in  the  gas, 
which  may  cause  difficulties  at  the  en- 
gine. This  does  not  take  place  with  the 
Mathot  producer  because  the  air  enter- 
ing the  ashpit  is  saturated  with  the 
superheated  steam  coming  down  the  tubes 
C  and  any  additional  steam  occasionally 
produced  by  clinkers  dropping  in  the 
water  escapes  through  the  openings  of 
the  ashpit. 

With  almost  all  ordinary  types  of  pro- 
ducer, when  the  engine  slows  down  or 
the  load  drops  suddenly,  the  rate  of 
gasification  does  not  decrease  according- 
ly and  an  excess  of  gas  may  escape  in 
the  engine  room.  This  does  not  take 
place  with  the  producer  itnder  discus- 
sion, it  is  said,  because  any  surplus  of 
gas,  being  in  contact  with  the  air  of  the 
open  ashpit,  burns  slowly  as  it  escapes 
the  fire  without  causing  any  explosion  or 
smell. 


Enriching    Producer    Gas 

By  Dow  R.  Walker 

In  my  experience  with  gas  engines, 
particularly  producer-gas  engines,  I  have 
often  found  engines  struggling  with  too 
heavy  loads,  engines  incapable  of  hand- 
ling their  rated  loads  because  of  poor 
gas,  engines  which  because  of  their  igni- 
tion arrangements  would  not  operate 
properly  on  a  slow-burning  gas,  and 
plants  in  which  the  load  increased  too 
suddenly  for  the  producers  to  respond 
promptly  to  the  demand. 

For  overcoming  these  difficulties  I  hit 
upon  the  expedient  of  introducing  gaso- 
line into  the  gas  or  air  line  close  enough 
to  the  engine  to  be  convenient  for  the 
operator  and  not  so  close  as  to  give  un- 
equal distribution  of  gasoline  to  the  cyl- 
inders. This  has  been  tried  on  single- 
acting  horizontal,  tandem  double-acting 
horizontal  and  multicylinder  vertical  en- 
gines of  different  makes,  and  it  has 
proved  highly  satisfactory  as  a  means 
for  giving  temporary  relief. 

In  one  instance,  it  was  adopted  perma- 
nently to  enable  a  three-cylinder  ver- 
tical engine  to  carry  about  15  per  cent, 
more  load  than  it  was  able  to  carry  on 
the  gas  supplied.  It  became  imperative 
that  this  extra  load  should  be  taken  care 
of,  and  if  the  engine  could  not  handle 
it  a  motor  would  have  to  be  installed. 
The  engine  had  I4xl4-in.  cylinders  and 
was  rated  at   135  hp.  w-hen   running  275 


r.p.m.,   but   I   doubt  if  it  ever  developed 
its  rated  horsepower. 

The  gasoline  was  introduced  into  the 
air  line  of  the  engine  by  means  of  the 
arrangement  illustrated  in  Figs.  I  and  2. 
A  nozzle  was  made  by  flattening  and 
bending  a  piece  of  !4-in.  pipe  of  such  a 
length  that  the  opening  came  abou'  to 
the  center  of  the  air  pipe  when  the  base 
of  the  nozzle  was  screwed  into  the 
reducing  bushing,  as  shown  in  Fig.  1. 
A  needle  valve  was  inserted  between  the 


Conshtnf-Leyel 


voir  was  just  below  the  outlet  of  the 
nozzle.  With  this  arrangement  there  is 
no  danger  of  the  air  pipe  becoming 
flooded  with  gasoline. 

This  apparatus  was  put  into  operation 


Fic.   1.  Connection  between  Reservoir 
AND  Air  Line 

nozzle  and  a  small  constant-level  reser- 
voir from  which  gasoline  was  fed  to  the 
nozzle  by  gravity.  The  valve  from  a 
water  gage  does  very  well  for  a  needle 
valve  and  a  water  bucket  can  be  used  as 
a  temporary  reservoir.  Fig.  2  illustrates 
the  shape  of  the  nozzle.  In  setting  the 
nozzle  in  the  pipe,  the  opening  should 
be  turned  in  the  direction  of  the  flow  of 
air  or  gas. 

It  was  decided  after  the  first  experi- 
ment proved  successful  to  install  perma- 
nent apparatus  to  supply  the  gasoline; 
accordingly,  a  100-gal.  tank  was  buried 
imderground  outside  the  engine  room, 
as  shown  in  Fig.  3.  and  connected  up  to 
the  overflow  of  the  little  reservoir  and 
to  a  small  pump  which  was  driven  by  the 


Shape    of    Nozzle 


over  a  year  ago  and  so  far  as  I  know 
it  is  still  in  use.  The  engine  handled 
the  full  load  with  apparent  ease. 

In    using    such    an    arrangement    it    is 


Air  Pipe -^ 


Fic.  3.  Piping  from  Storage  Tank  to  Engine 


engine  at  such  a  speed  that  it  supplied 
more  gasoline  than  the  engine  needed, 
and  therefore  kept  the  level  constant  at 
the  top  of  the  overflow  pipe  in  the  reser- 
voir. The  overflow  pipe  carried  the  sur- 
plus gasoline  back  to  the  underground 
tank  and  its  upper  end  was  so  set  that 
the   level    of   the   gasoline   in    the    reser- 


advisable  for  the  operator  to  set  the 
needle  valve  open  just  enough  to  feed 
only  the  gasoline  required  for  the  excess 
load  and  to  see  that  the  producer  is  kept 
in  full  operation,  in  order  that  the  en- 
gine may  not  use  too  much  gasoline  or 
even  run  on  that  aiOne;  gasoline  is  much 
more   expensive   than   producer   gas. 
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Improving    the    Magneto 
Drive 

The  magneto  on  one  of  my  gas  engines 
gave  considerable  trouble  for  some  time 
after  the  engine  was  installed,  and  the 
remedy  that  I  used  to  overcome  the  diffi- 
culty may  be  of  benefit  to  someone  else 
having  trouble  of  the  same  kind.  The 
magneto  was  driven  by  friction    fron  t'-e 


side  of  each  pulley,  as  shown  in  the 
sketch. 

The  larger  pulley  was  faced  with 
leather  by  gluing  a  leather  strip  around 
it;  the  shaft  and  pulleys  were  then  as- 
sembled, centered  in  the  lathe  and  turned 
true. 

This  arrangement  has  been  running 
24  hours  a  day  for  several  months  and  is 
giving  excellent  service  with  a  rr.inimum 
of  attention.  I  have  only  renewed  the 
brushes    twice    in    this    time    instead    of 


flywheel  of  the  engine  through  a  friction 
governor  wheel  on  the  armature  shaft. 
The  governor  allowed  the  friction  wheel 
to  bear  against  the  flywheel  just  hard 
enough  to  maintain  the  proper  speed.  If 
set  in  the  intended  operating  position, 
the  leather  disks  of  the  friction  wheel 
would  soon  wear  away  until  they  failed 
to  touch  the  flywheel  of  the  engine,  al- 
lowing the  magneto  to  stop;  and  if 
pressed  firmly  against  the  flywheel,  the 
speed  of  the  magneto  would  be  exces- 
sive, causing  undue  wear  of  the  com- 
mutator and  brushes. 

I  decided  to  try  running  the  magneto 
with  a  belt  and  rigged  up  a  small  stand 
and  countershaft  on  the  floor  as  shown 
in  Fig.  1,  setting  the  magneto  on  a  bracket 
on  the  wall  with  a  3xl-in.  pulley  sub- 
stituted for  the  former  friction  governor 
wheel.  Fig.  2  shows  the  plan  of  the 
countershaft  and  its  stand  on  a  larger 
scale. 

The  base  and  brackets  of  the  stand 
were  made  from  ^-s-in.  pine  lumber.  A 
slot,  /;,  was  cut  near  each  end  of  the 
base  to  take  bolts;  the  heads  of  these 
bolts  were  fastened  in  the  floor.  The 
holes  through  the  brackets  for  the  shaft 
were  bored  to  about  "x  in.  and  counter- 
bored  to  about  1  in.  for  a  short  distance 
at  each  end,  filled  with  babbitt  metal 
and  this  bored  to  !<  in.,  the  size  of  the 
shaft.  This  construction,  which  is  indi- 
cated by  the  dotted  lines  in  Fig.  2,  holds 
the  babbitt  from  slipping  endwise. 

The  shaft  was  made  of  a  piece  of  '<- 
in.  cold-rolled  steel,  threaded  a  short 
distance  at  each  end.  The  pulleys  were 
turned  up  from  wooden  blocks  and  fast- 
ened on  the  ends  of  the  shaft  by  means 
of  faced  nuts  and  washers,  one  on  each 


once   every   two  weeks,  as  I  did  before 
the  change  was  made. 

Earl  Pagett. 
Coffeyville,  Kan. 


A  Broken   Piston 

A  defect  which  put  the  piston  of  a 
gasoline-engine  cylinder  out  of  commis- 
sion is  shown  in  the  accompanying 
sketch.  The  top  packing  ring  of  this 
piston  is  rather  close  to  the  end.  Either 


The  Piston 

from  this  cause  or  on  account  of  a  crack 
forced  into  the  collar  vhen  the  machin- 
ing was  done  on  the  groove,  a  section  S 
about  2  in.  long  broke  out.  This  broken 
piece_  danced  on  top  of  the  piston  and 
was  plugged  through  the  top,  as  repre- 
sented at  T.  The  piston  top  was  very 
thin,   being   less   than    's    in.    thick,    and 


furnished  the  least  resistance  to  the  sharp 
plug  of  cast  iron.  The  clearance  al- 
lowed the  plug  to  stand  up  about  i/i  in., 
as   shown. 

Fortunately,  the  cylinder  head  was 
strong  enough  not  to  be  injured,  but  a 
new  piston  was  necessary,  of  course. 
The  incident  proves  that  mechanical  im- 
perffctions  are  yet  with  us,  and  - — 
the  consumer  pays  the  bills. 

B.  F.  Webster. 

Scranton,  Penn. 


Crankshaft  and  Belt  Breakage 

In  the  Dec.  26  issue,  Howards.  Knowl- 
ton  illustrates  a  fractured  bolt  in  a  con- 
necting-rod big  end  and  suggests  two 
possible  causes  for  the  fracture.  What- 
ever may  have  been  the  cause  of  the 
breakage  of  this  particular  bolt,  it  was 
liable  to  have  been  broken  by  the  ab- 
sence of  fillets  at  the  shoulders  along 
its  length.  That  is,  of  course,  if  the 
bolt  was  actually  formed  as  indicated 
in  the  sketch.  A  gas-engine  firm  of 
world-wide  repute  had  several  failures 
of  the  connecting-rod  bolts  and  crank- 
shafts of  its  engines.  It  was  finally  de- 
cided that  the  cause  of  the  fractures  was, 
in  the  majority  of  cases,  the  sharp 
ihoulders  with  which  these  parts  were 
turned.  The  chief  engineer  issued  orders 
to  scrap  all  the  bolts,  and  all  the  .shafts 
for  engines  of  under  16  hp.,  putting  the 
forge  and  turnery  on  night  shifts'  in 
order  to  replenish  the  stock  with  filleted 
bolts  and  shafts.  This  was  about  fotir 
years  ago.  Remarkably  few  failures  of 
connecting-rod  bolts  or  crankshafts  have 
been  reported  in  connection  with  this 
firm's  engines  since  that  date,  and  those 
which  have  occurred  have  been  directly 
attributable  to  other  causes,  such  as 
heavy  premature  ignitions  and  the  like. 
The  provision  of  fillets  at  sharp  shoulders 
is  not  a  matter  requiring  a  great  amount 
of  skill,  time  or  money  and  it  is  certainly 
an  additional  safeguard  against  fractures 
which  every  manufacturer  of  internal- 
combustion  engines  should  adopt. 

John    S.    Leese, 

Manchester,    England. 


In  England  steam  engines  furnish 
the  bulk  of  our  electric  power  in  public 
electricity  stations.  A  few  Diesel  oil 
engines  are  in  use,  mainly  of  very  small 
size,  and  there  are  a  few  medium-sized 
gas  engines.  One  or  two  stations  have 
water  power,  but  none  of  these  have  so 
far  seriously  challenged  steam.  In  Ger- 
many things  are  different.  It  appears, 
states  a  contemporary,  that  of  the  public 
electricity  works  in  Germany,  800,000 
kw.  is  installed  in  exclusively  steam  sta- 
tions, 400,000  kw.  in  gas  stations,  250,- 
000  kw.  in  water-power  stations,  and 
400,000  kw.  in  combined  water  and  steam 
s.tations.  These  figures  'are  certainly 
remarkable  when  viewed  in  the  light  of 
the   position   in   England. — The  Engineer. 
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Electrical     Department 

Conducted  to  be  of  service  to  the  men  in  charge  of  electrical  equipment  in  the  power  house 


A   High-potential    Project  for 
South  Africa 

According  to  press  reports,  a  150,000- 
volt  transmission  line  600  miles  long  is 
under  serious  consideration  by  the  British 
South   Africa   Co.     It   is   stated   that   a 


encies,  it  is  proposed  to  build  a  20,000- 
hp.  auxiliary  steam  plant  about  100 
miles   from  Johannesburg. 


Optimus  Plating  Dynamos 

The    accompanying    engravings    illus- 
trate   some    constructional    features    and 


^_  \V^-\^-ir  <r:  flRU^^l 

Fig.  1.  Optimus  Electroplating  Dynamo 


50,000-hp.  generating  station  is  to  be 
located  at  Victoria  Falls,  in  Rhodesia, 
and  the  power  transmitted  to  the  Wit- 
watersrand,  600  miles  distant. 

A  pumping  station  is  to  be  built  on  the 
Crocodile  River  about  500  miles  from  the 
falls  and  100  miles  from  Johannesburg. 
There  will  be  installed  motor-driven 
pumps  which,  during  periods  of  light 
loads,  will  be  operated  by  the  surplus 
power  from  the  turbine  station  to  store 
water  in  a  large  reservoir  to  be  built 
on  the  adjacent  hills.  During  periods  of 
maximum  demand  auxiliary  dynamos  will 
be  operated  by  this  supply  of  stored-up 
energy  to  generate  power. 

Without  such  a  scheme  of  alternate 
storage  and  regeneration  much  of  the 
kinetic  energy  of  the  swiftly  moving 
water  at  the  falls  would  be  wasted  when 
the  power  demand  is  light,  as  it  com- 
monly is  in  hydraulic  plants  in  Cali- 
fornia. This  arrangement  also  permits 
the  plant  to  be  operated  continuously 
at  full  load,  which  results  in  high  effi- 
ciency. 

To  guard  against  interruptions  of  the 
system   by  shutdowns  or  other  conting- 


operating  characteristics  of  the  "Opti- 
mus" electroplating  dynamo  built  by  the 
Munning-Loeb   Co.,   of   Matawan,   N.   J. 


Fig.  I,  giving  a  view  of  the  complete 
machine,  shows  that  the  windings  are 
protected  from  mechanical  injury  by  a 
slotted  housing  at  each  end  of  the  field- 
magnet  yoke  ring,  whi,ch  is  unusual  in 
plating  machines,  although  quite  common 
in  generators  built  for  lighting  and  power 
service.  Another  feature  adapted  from 
high-voltage  practice  is  a  composition 
brush  applied  to  the  commutator  radially 
instead  of  at  an  angle  approaching  the 
tangent  of  the  commutator  circle.  The 
brush  is  described  as  being  compounded 
from  carbon  and  graphite. 

The  method  of  attaching  the  brush- 
holder  studs  to  the  quadrant  arms  is  a 
slight  departure  from  common  practice. 
Instead  of  bushing  the  hole  in  the  arm 
with  a  short  insulating  tube  flanking  the 
arm  with  washers  and  following  these 
with  a  collar  and  a  nut,  as  indicated  in 
Fig.  2  and  generally  practised,  two  in- 
sulating sleeves  are  used  and  these  pro- 
ject considerably  beyond  the  edges  of 
the  arm  and  no  collar  and  nut  are  used 
on  the  brush  stud,  the  latter  being  held 
by  means  of  transverse  bolts  through 
lugs  on  the  arm,  the  end  of  which  is 
split  in  order  to  allow  the  bolts  to  clamp 
the  "eye"  on  the  insulating  sleeves.  This 
construction  is  illustrated  in  Fig.  3.  It 
obviously  reduces  the  cost  of  the  studs 
and  their  insulation  and  increases  the 
length  of  the  leakage  paths  between  the 
studs    and    the    supporting    arms. 

The  Optimus  dynamos  are  compound- 
wound  and  very  slightly  overcompounded, 
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as  inspection  of  tlie  voltage  line  in  Fig.      course,  that  the  airgap  is  the  same  for 

4    will    show;    the    electromotive    force     each  pole. 

rises   from  6  volts  at  no  load  to  about         The  belt  is  an  important  factor  in  such 


_,  Shaft  Leahacje  Path 


Long 
Leakage 


Fig.  2 

6.1  volts  at  full  load.  This  chart,  we  are 
informed,  was  plotted  from  the  results 
of  a  test  of  a  4000-ampere  machine. 


LETTERS 

Mr.   Mc  Ginnitie's  Rattling 
Exciter 

It  is  to  be  regretted  that  Mr.  McGin- 
nitie  did  not  give  more  information  con- 
cerning the  rattling  exciter  mentioned  in 
his  letter  in  the  Jan.  2  issue.  Informa- 
tion as  to  the  size,  make,  speed,  volt- 
age, number  of  poles,  etc.,  would  have 
made  it  less  difficult  to  advise. 

If  the  armature  was  not  tried  for  bal- 
ance on  knife-edge  bearings,  it  would 
be  well  to  go  over  it  again  and  make 
dead  sure  that  it  is  in  perfect  balance. 
The  smaller  the  machine  and  higher  the 
speed,  the  more  important  it  becomes  to 
have  perfect  balance.  The  bearings  must 
fit  properly;  that  is,  not  only  fit  the  arma- 
ture shaft,  but,  if  they  are  of  the  sleeve 
type,  fit  the  bearing  housings  as  well. 
This  may  be  part  of  the  trouble,  as  at 
light  load  the  weight  of  the  armature 
rests  entirely  on  the  bearings,  while  at 
heavy  load  there  may  be  an  unequal  pull 
on  the  armature  which  lifts  it  momen- 
tarily in  the  bearings  and  starts  the 
rattling.  It  would  be  well  to  examine 
the  field-magnet  coils  to  see  that  they 
are  held  firmly,  and  at  the  same  time 
note  if  the  magnet  cores  are  tight  against 
the  yoke. 

If  the  machine  is  large  enough  to 
have  several  ventilating  ducts  in  the 
armature  core,  these  should  be  examined 
very  carefully  to  see  that  they  are  not 
loose.  The  plates  on  the  ends  of  the 
armature  core  should  be  examined  also. 
See  that  all  armature  coils  are  firm  in 
the  slots.  Test  the  drop  across  each 
field-magnet  coil  at  all  loads  and  see  if 
the  drop  for  each  coil  is  the  same.  If 
the  machine  is  a  four-pole  one  and  the 
armature  spider  has  three  arms,  and  the 
design  of  the  machine  is  such  that  the 
armature  core  is  worked  at  too  high  a 
flux  density,  the  machine  may  be  out  of 
magnetic    balance.      It    is    assumed,    of 


cases;  it  should  not  be  allowed  to  flap, 
as  once  oscillation  is  started  it  is  con- 
tinually magnified. 

I  believe  that  if  Mr.  McGinnitie  will 
examine  the  points  mentioned  he  will 
find  a  solution  to  his  trouble,  although  it 
is  just  a  little  puzzling  as  to  what  is 
meant  by  rattling;  there  must  be  some 
particular  spot  that  rattles,  and  not  the 
whole  machine. 

I  remember  being  called  upon  to  lo- 
cate a  rattle  in  a  500-kiIovolt-ampere  al- 
ternator; after  wedging  one  lamination 
tooth  in  the  stator  core,  the  machine  ran 
as  usual. 

L.  Earle  Browne. 

Roundup,    Mont. 


A  Bad  Start 

I  had  occasion  recently  to  connect  up 
and  start  a  20-kw.  dynamo  which  had 
been  set  in  position  before  I  arrived. 
After  I  had  made  the  connections  with 
the  switchboard  I  put  the  belt  on  the 
dynamo  and  started  up;  within  a  few 
minutes  the  bearing  nearest  the  pulley 
began  to  get  hot  and  the  machine  to 
drag.  As  the  bearings  were  ring-oiled 
and  I  had  filled  the  oil  wells  myself  and 
oiled  the  shaft  before  starting  and  after, 
I  knew  that  the  trouble  could  not  be  lack 
of  oil,  so  I  decided  to  take  down  the 
bearing  and  examine  it.  The  journal 
box  was  fitted  with  a  babbitt-lined  sleeve 
held  in  place  by  a  setscrew.  After  tak- 
ing out  the  setscrew  and  taking  off  the 
journal  bracket  of  the  machine,  I  had 
to  use  a  jackscrew  and  chain  to  get  the 
box  off  the  shaft.  When  I  got  it  off 
I  found  in  it  a  lot  of  iron  borings,  many 
of  which,  on  starting  up,  had  worked 
onto  the  babbitt  and  seized  the  shaft. 
After  scraping  the  sleeve  and  the  shaft 
and  cleaning  the  chips  out  of  the  box, 
the  machine  gave  no  trouble. 

The  dynamo  room  adjoined  a  machine 
shop,  and  I  do  not  know  whether  the 
iron  chips  were  left  in  carelessly  by  the 
man  who  assembled  the  machine  or 
whether  someone  did  the  trick  for  spite 
work.  However  that  may  be,  I  decided 
that  the  safest  way  is  to  take  down  and 
examine  the  bearings  on  any  new  ma- 
chine, and  I  shall  do  that  with  any  that 


may  have  to  be  set  up  in  future,  whether 
it  has  been  examined  by  anyone  else  or 
not. 

Allan  A.  Blanchard. 
Ocala,  Fla. 


Demagnetizing   a  Watch 

My  watch  was  so  badly  magnetized  that 
it  gained  one-half  an  hour  in  two  hours 
and  would  pull  a  compass  needle  clear 
around.  I  took  it  to  a  man  who  took 
the  magnetism  out  of  it  very  effectively. 
He  hardly  gave  me  a  chance  to  see  his 
apparatus,  but  from  what  little  I  did  see, 
it  seemed  to  be  a  simple  solenoid  or 
coil  supplied  with  alternating  current 
from  the  lighting  system.  He  lowered 
the  watch  into  the  center  of  the  coil  and 
moved  it  slowly  up  and  down. 

I  do  not  remember  reading  anything 
on  how  to  take  magnetism  out  of  watches 
I  you  could  hardly  take  it  out  by  heating 
and  hammering  them),  and  as  the  in- 
formation would  come  in  useful  at  some 
time  to  some  of  us,  I  would  suggest  that 
some  of  the  readers  who  know  how  to 
do  the  trick  might  give  us  the  benefit 
of  their  knowledge  through  the  columns 
of  Power. 

S.  G.  Rose. 

Brockville,  Ont. 

[Mr.  Rose's  surmise  that  the  apparatus 
used  in  his  case  was  a  solenoid  excited 
with  alternating  current  is  undoubtedly 
correct.  Such  a  coil  can  readily  be  made 
by  winding  about  A4  lb.  of  No.  27  double 
silk-covered  wire  on  a  spool  4  in.  long 
with  a  2'/i-in.  hole  through  the  center. 
This  may  be  excited  from  an  ordinary 
110-volt  lighting  circuit  carrying  alter- 
nating current  at  60  cycles. — Editor.] 


Fluctuating  Field-Coil  Voltage 

While  measuring  the  resistance  of  the 
shunt  field  winding  of  a  railway  generator 
by  the  "drop"  method  a  few  days  ago, 
I  observed  a  very  peculiar  phenomenon. 
The  ammeter  in  the  field  circuit  read  5 
amperes,  perfectly  steady;  the  potential 
at  the  field  terminals  was  550  volts  and 
this  also  was  perfectly  steady.  The  volt- 
age across  any  one  field-magnet  coil, 
however,  swung  violently  from  about  30 
to  70  volts  when  it  should  have  been 
about  50  volts  steady.  I  noticed  that  the 
fluctuations  were  exactly  in  synchronism 
with  the  strokes  of  the  engine  to  which 
the  generator  was  direct-connected.  Sub- 
sequent investigation  showed  that  the 
armature  was  revolving  eccentrically  with 
respect  to  the  pole-face  bore.  This  caused 
a  varying  magnetic  circuit  and  a  conse- 
quent rise  and  fall  of  induced  voltage  in 
response  to  the  changes  of  magnetism. 
The  fact  that  the  total  voltage  across 
the  shunt  field  winding  was  cons.unt 
seems  at  first  to  be  impossible,  but  that 
is  as  it  should  be. 

F.  Oppenheimer. 

Baltimore,  Md. 
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Heating  and  Ventilation 

Considered  as  power-plant  problems.     Layout  and  operation  of  systems  and  apparatus 


Steam  Heating  Large  De- 
partment Stores* 
By   Davis  S.   Boyden 

A  few  years  ago  one  of  the  largest 
department  stores  in  Boston  had  com- 
menced the  erection  of  a  new  building 
which  would  about  double  its  floor  area. 
Up  to  this  time  the  store  had  operated 
its  own  isolated  electric  plant,  and  plans 
for  a  new  plant  were  under  way.  It  was 
then  brought  to  the  attention  of  those 
in  charge  that  central-station  electric  ser- 
vice would  save  the  large  investment 
and  a  considerable  amount  on  the  op- 
erating costs  of  an  isolated  plant. 

The  operating  costs  of  the  proposed 
plant  and  the  cost  of  central-station  ser- 
vice combined  with  the  operating  of  a 
steam-heating  plant  were  threshed  out 
among  several  of  the  best  engineers, 
each  one  furnishing  his  own  estimates. 
These  estimates  on  the  plant  costs  and 
on  the  electric  consumption  varied  some- 
what, but  when  it  came  to  the  cost  of  op- 
erating the  boilers  for  steam  heating  only, 
there  was  a  wide  difference  in  the  esti- 
mates and  all  were  much  above  the  fig- 
ure of  the  central-station  people  for  op- 
erating the  heating  plant.  This  wide  vari- 
ation only  shows  the  great  lack  of  in- 
formation on  the  subject  of  steam  heat- 
ing and  the  fact  that  its  relation  to  the 
electric  requirement  is  most  generally 
overestimated.  The  central-station  people 
received  a  long-term  contract  for  the 
electric  service,  and  the  actual  cost  of 
operating  the  steam-heating  plant  during 
the  past  two  years  has  fallen  well  within 
the  estimate  made  by  the  engineers  of 
the  central-station  company. 

The  department  store  occupies  three 
large  buildings,  the  old  store  having  a 
floor  area  of  273,400  sq.ft.,  the  Francis 
Building,  69,400  sq.ft.  of  area,  and  the 
Avon  Street  Building,  295,000  sq.ft.,  mak- 
ing a  total  floor  area  of  about  637,800 
sq.ft.  The  Avon  Street  and  Francis  Build- 
ings adjoin  each  other  and  a  tunnel  un- 
der the  street  connects  these  buildings 
with  the  old  store.  The  old  store  con- 
sists of  a  number  of  adjoining  brick  and 
stone  buildings  of  varying  architecture 
from  four  to  seven  stories  high,  with 
basement.  The  Avon  Street  Building  is 
of  steel  construction,  terra-cotta  finish, 
nine  stories  high,  with  basemen',  and  sub- 
basement.     The  Francis  Building  is  also 


of  steel  construction,  brick  finish,  eight 
stories  high.  The  accompanying  plan 
shows  the  arrangement  of  the  buildings 
and  surroundings. 

Steam  is  furnished  from  the  three 
250-hp.  Babcock  &  Wilcox  boilers  lo- 
cated in  the  sub-basement  of  the  Avon 
Street  Building.  These  boilers  are  hand 
fired  and  have  projecting  furnaces  of  the 
so  called  dutch-oven  type.  The  boilers 
are  operated  only  during  the  heating 
season,  live  steam  for  the  small  summer 
requirement  being  furnished  through  a 
steam  main  from  the  boilers  in  a  neigh- 
boring building. 

The  steam-heating  system  of  the  old 
store  is  of  the  direct-pressure  type,  with 
the  exception  of  the  basement,  which 
has  an  indirect  system  of  heating  with 
forced  ventilation.     Hand  control  is  used 


floors  of  the  Avon  Street  and  Francis 
Buildings.  Temperatures  were  also  taken 
on  the  roof  of  the  old  store  and  the 
Francis  Buildings  while  the  store  was 
open  and  access  could  be  had  to  the 
roof.  The  outdoor  temperature  was  taken 
hourly  in  Bedford  St.,  near  the  boiler- 
room  door. 

On  the  boiler  test,  the  amount  of  steam 
used  for  heating  is  considered  -to  be  the 
total  water  fed  to  the  boilers  and  this 
is  true  except  for  steam  used  by  the 
boiler-feed  pump  and  the  small  amount 
used  in  the  kitchen  and  for  hot  water. 
The  feed  water  was  measured  by  a  hot- 
water  meter  connected  in  the  feed  line. 
Hourly  readings  were  taken  on  this 
meter,  care  being  used  to  keep  a  con- 
stant water  level  in  the  boiler.  The  coal 
burned  during  the  test  was  weighed  out 


T.\BLE   1.     D.\T.\  OF  THE  THREE  HE.\TING  PL.\NTS 


Outside  Vol- 
ume, Includ- 
ing  Base- 
ment, Cu.Ft. 

Exposed 
Wall  Sur- 
face, Sq.Ft. 

Exposed 
Glass  Sur- 
face, Sq.Ft. 

Mechanical 

Ventilation. 

Cu.Ft.  Fresh 

.\ir  per 

Minute 

Direct 

Radiation, 

Sq.Ft. 

Indirect 
Radia- 
tion, 
Sq.Ft. 

Old  store 

.\von  Street  Building,    .  . 
Francis  Buifding 

3,706,700 

3,836.000 

858,300 

50,353 
28,030 
16,541 

17,251 
26,519 
7,129 

40,000 
68,000 

8,122 
11,595 
4,368 

1,936 
4,182 

Totals 

8,391,000 

94,924 

50,899 

108,000 

24.085 

6,118 

•Paper  read  before  the  American  So- 
ciety of  Heating  and  Ventilating  Engin- 
eers', New   York  City.   Jan.   25. 


throughout  this  building,  the  returns  be- 
ing trapped  to  the  receiver  in  the  boiler 
room. 

The  new  Avon  Street  Building  and  the 
Francis  Building  have  indirect  heating 
on  the  first  floor  as  well  as  the  base- 
ment, this  heating  being  automatically 
regulated  by  Johnson  thermostats.  The 
direct  radiation  on  the  upper  floors  is 
fitted  with  the  D.  G.  C.  automatic  return 
valves,  which  discharge  the  condensation 
direct  to  the  open  receiver.  The  pres- 
sure carried  on  the  direct  radiation  varies 
from  3  to  6  lb.,  according  to  the  weather. 

The  radiation  surface  and  other  data 
regarding  heating  are  given  in  the  ac- 
companying table. 

Test  of  the   Heating  Plant 

In  order  to  study  the  daily  load  curve 
of  the  steam-heating  plant  as  compared 
with  the  electric-load  curve  and  also  to 
determine  the  efficiency  of  the  boilers,  a 
two  days'  test  was  made  on  the  heating 
plant. 

A  number  of  thermometers  were  placed 
throughout  the  buildings  and  readings 
taken  hourly  at  two  points  on  the  first 
and  third  floors  and  at  one  point  on  the 
fifth  floor  of  the  old  store,  and  at  one 
point  on  the  first,  third,  fifth  and  seventh 


in  500-lb.  lots  as  fired,  but  no  attempt 
was  made  to  keep  a  record  of  the  coal 
burned  each  hour,  this  being  affected  by 
any  change  in  thickness  of  the  fire.  Other 
readings  taken  in  connection  with  the 
boiler  test  were  feed-water  temperatures, 
boiler  pressures  and  pressures  in  the 
lines  to  the  buildings,  all  taken  at  15-min. 
intervals. 

Calibration  tests  were  made  on  the  hot- 
water  meter  after  using  and  a  plot  of 
corrections  made.  The  meter  was  found 
to  read  about  4  per  cent,  low  for  flows 
of  2.5  cu.ft.  per  minute  and  greater. 
For  less  than  2.5  cu.ft.  per  minute,  the 
error  increased  to  as  much  as  15  per 
cent,  low  at  1  cu.ft.  per  minute,  although 
this  should  be  expected  when  the  meter 
is  designed  for  measuring  a  much  greater 
capacity.  The  corrections  from  the  cali- 
bration curve  were  then  applied  to  the 
readings  of  the  hot-water  meter.  The 
results  of  the  boiler  test  were  as  given 
in  Table  2. 

TABLE  2.     BOILER  TEST 

Duration  of  run.  hr 48 

Total  water  evaporated,  lb  429,800 

Total  coal  burned,  lb 47_,803 

Boiler  pressure,  lb 77.5 

Feed-water  temperature,  deg.  F  211.8 

Water  per  lb.  coal,  actual,  lb 8.98 

Water  per  lb.  from  and  at  212  deg..  1'  9.30 

Boiler  horsepower 268 . 3 
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Average  Pressures  on  Heatixg   Lines 

1 — Intermediate  pressure  line,  lb 33  7 

2 — New  store,  direct  radiation,  lb 4  03 

3 — Old  store,  direct  and  nidirect  radia- 
tion, lb 3.46 

4 — Francis  Building,  direct  radiat  ion,  lb.  1 ,  (14 

The  temperatures  at  different  points  in 
the  buildings  did  not  vary  widely  at  any 
time,  and  the  average  for  the  whole  store 
is  used  in  the  plot.  Fig.  3.  The  top 
curve  shows  how  the  average  inside  tem- 
perature varies  throughout  the  day.  The 
temperature  falls  to  67  deg.  during  the 
early  morning  hours,  rising  to  70  deg.  as 
the  Christmas  crowds  invade  the  store. 
A  maximum  of  71  deg.  is  reached  when 
the  store  closes,  the  building  gradually 
cooling  off  again  to  67  deg.  during  the 
night. 

The  second  curve  shows  the  changes 


Wash 


is  due  to  the  shutting  down  of  the  fans. 
To  show  the  close  relation  between  the 
coal  burned  each  month  for  heating  and 
the  average  outside  temperature,  the  plot 
given  in  Fig.  2  has  been  made.  As 
these  quantities  vary  inversely,  the  solid 
line  representing  coal  burned  has  been 
plotted  to  read  up  and  the  dotted  line 
of  average  temperatures  to  read  down. 
The  slight  variation  in  the  form  of  these 
curves  during  the  heating  season  is  due 
somewhat  to  outside  influences,  such  as 
wind  and  humidity,  but  principally  to 
the  lack  of  control  of  the  hand-operated 
radiator  valves.  Similar  curves  for  build- 
ings having  thermostatic  control  of  the 
heating  conform  much  more  closely  with 
Die    nother.      If    65-deg.    average    tem- 

Street 

30'    65' 


.  Arrangement  of  Buildings  and  Surroundings 


of  outside  temperature  on  this  day,  which 
is  typical  of  a  December  day  during 
settled  weather. 

The  bottom  curve  represents  the  coal 
burned  that  day,  apportioned  according 
to  the  boiler  feed-water  meter  readings. 
The  rise  in  this  curve  from  1  a.m.  to  4 
a.m.  is  due  to  the  turning  on  of  steam 
in  the  Avon  Street  Building,  which  had 
been  turned  off  since  6  o'clock  the  night 
before.  The  more  pronounced  rise  be- 
tween 5  and  6  a.m.  was  caused  by  the 
turning  on  of  steam  and  the  opening  of 
the  air  cocks  in  the  radiators  in  the  old 
store.  The  third  rise  at  8:30  a.m.  is 
due  to  the  starting  up  of  the  fans  of 
the  indirect-heating  system.  The  gradual 
increase  in  steam  after  3  p.m.  follows 
the  setting  sun  and  the  drop  at  6  o'clock 


perature  is  used  to  represent  zero  coal 
demand,  a  much  closer  coordination  of 
results  is  obtained. 

Electric  power  and  light  are  furnished 
from  the  central  station,  the  standard 
recording  wattmeter  accurately  measur- 
ing the  electric  consumption.  An  auto- 
matic tape  device  is  also  connected  with 
the  wattmeters  to  record  the  exact  con- 
.■^umption  throughout  the  day  and  these 
records  are  on  file  for  reference.  The 
present  electrical  connected  load  is  as 
follows: 


Kw. 

Incandescent  lamps. 199.S 

Arc  lamps (35;:; 

Iron  and  electric  heaters.  '  i; 

Elevator  motors,  6S9 .^,14 

Other  motors,  287 23(j 

Total  connected  load 3407 


The  highest  demand  which  has  yet 
been  recorded  is  1054  kw.,  which  is  31 
per  cent,  of  the  connected  load.  This 
is  of  considerable'  interest,  because  in 
the  case  of  an  isolated  plant  the  gen- 
erator capacity  installed  would  be  from 
50  to  70  per  cent,  of  the  connected  load, 
not  allowing  for  spare  units,  when  less 
than  one-third  of  the  connected  load  is 
the  maximum  which  is  used  for  any  half 
hour.  The  yearly  load  factor  figured  on 
a  24-hr.  basis  throughout  the  year  is 
also  of  considerable  interest  to  the  en- 
gineer estimating  on  the  electric  con- 
sumption of  this  class  of  building.  The 
load  factor,  or  the  ratio  of  the  average 
consumption  to  the  maximum,  is  only 
30  per  cent.  The  ratio  of  the  average 
consumption  to  the  total  connected  load 
is  therefore 
31    {per  cent.)    x   30   (per  cent.)    = 

9.3  (per  cent.) 
As  all  the  necessary  data  are  now  at 
hand  for  the  consideration  of  the  op- 
eration of  an  isolated  electric  plant,  this 
phase  of  the  subject  will  be  considered. 
The  proposed  plant,  which  was  not  in- 
stalled, was  to  have  tandem-compound 
noncondensing  engines,  which  were  esti- 
mated to  generate  1  kw.-hr.  on  5  lb. 
of  coal,  the  exhaust  steam  being  passed 
through  a  feed-water  heater.  The  hourly 
electric  consumption  for  Dec.  20  may 
then  be  multiplied  by  5  lb.  of  coal  and 
(his  plotted  as  the  additional  coal  re- 
quired to  supply  the  electric  service.  The 
lack  of  coordination  of  the  two  loads  is 
very  evident  from  the  plot.  Fig,  2,  a 
considerable  amount  of  live  steam  being 
used  during  the  night  for  heating,  and 
by  far  the  greater  part  of  the  exhaust 
from  the  plant  being  wasted  during  the 
day  and  evening. 

The  actual  coal  burned  for  heating  on 
this  day  was  24,000  lb.  The  electrical 
consumption  for  this  day  would  require 
60,485  lb,  of  coal.  If  the  same  standard 
of  heating  is  maintained  with  the  isolated 
plant  as  with  the  heating  plant,  an  ad- 
ditional amount  of  live  steam  will  be 
required  between  the  hours  of  2  and  8 
a.m.  This  live  steam  will  be  equiva- 
lent to  4250  lb.  of  coal,  or  17.7  per  cent, 
of  the  total  coal  for  heating.  The  total 
coal  used  by  the  isolated  plant  will  be 
64,735  lb.  The  percentage  of  exhaust 
from  the  plant  which  may  be  used  for 
heating  will  then  amount  to  32.6  per 
cent,  for  this  particular  day. 

Assume  that  this  is  a  fairly  average 
day  for  the  heating  season,  there  being 
colder  and  warmer  weather  when  more 
or  less  live  steam  would  be  required. 
The  total  coal  used  for  steam  heating 
during  the  past  12  months  was  1921  tons. 
Assume  that  17.7  per  cent,  of  this  would 
have  been  live  steam  from  the  isolated 
plant,  leaving  1580  tons  as  the  portion 
of  the  year's  coal  which  might  have  been 
furnished  from  the  plant  exhaust.  The 
electric     current    consumed     during    the 
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past  year,  if  the  same  were  generated  at 
an  isolated  plant,  would  require  6941  tons 
of  coal,  figured  at  5  lb.  per  kilowatt- 
hour.  The  portion  of  this  exhaust  steam 
which  would  be  used  for  heating  will  be 

1580    -=-    6941    =    23  per  cent. 
the  remaining  77  per  cent,  of  the  steam 
being    used    noncondensing    with    poor 
economy. 

The  total  cost  for  operating  the  heat- 
ing plant  for  the  year  ending  Nov.  30, 
1911,  was  S8582.29,  during  which  period 
2,776,370  kw.-hr.  of  electricity  were  used 
on  the  premises.  Dividing  the  cost  of 
heating  by  the  kilowatt-hour  use,  it  is 
found  that  the  cost  of  heating  is  equiva- 
lent to  3.0909  mills  per  kilowatt-hour 
used.  Should  a  reduction  be  made  of 
the  cost  of  coal  required  to  furnish  the 
live   steam    for  heating,   which   is  0.5471 


Electric  Heating  in  Norway 

Initial  steps  are  being  taken  in  Sto- 
vanger,  Norway,  writes  U.  S.  Consul  P. 
Emerson  Taylor  from  that  city,  for  the 
installation  of  a  system  of  electric  heat- 
ing. A  few  firms  are  already  heating 
their  establishments  by  electricity,  and 
have  purchased  and  installed  German 
apparatus  and  fixtures  for  that  purpose. 

The  board  of  directors  of  the  city  elec- 
tric-light plant  has  asked  that  the  city 
council  give  it  full  power  to  make  all 
contracts  with  firms  desiring  to  install 
electric  heating  and  has  transmitted  to 
it  the  application  of  one  of  the  larger 
firms  for  the  use  of  100  hp.  from  the 
city  plant  for  heating  purposes. 

The  contracts  proposed  by  the  directors 
of    the    light    and    power    plant,    if    ap- 


mined  by  the  council,  the  price  pro- 
posed by  the  directors  is  25  crowns 
(S6.70)  per  horsepower  per  year,  and  this 
will  in  all  probability  be  the  rate. 

The  present  capacity  of  the  city  elec- 
tric plant  is  8000  hp.  Of  this  amount 
4800  hp.  is  now  in  use,  about  one-third 
beii.r  employed  for  light  and  two-thirds 
for  factory  power.  The  city,  which  has 
a  population  of  38,000,  is  constantly  in- 
stalling additional  lights  and  selling  ad- 
ditional power  to  the  factories.  Although 
the  capacity  of  the  present  electric  plant 
is  only  8000  hp.,  the  city  owns,  in  ad- 
dition to  the  waterfalls  used  for  the 
power  of  the  present  plant,  two  other 
waterfalls,  and  by  connecting  with  these 
and  enlarging  the  plant  it  will  be  able 
to   furnish  25,000  hp. 

By   the  plans  and   contracts  proposed 
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mill  per  kilowatt-hour  use  of  electricity, 
the  total  value  of  the  exhaust  steam  per 
kilowatt-hour   would   be   2.5438   mills. 

TABLE   3.     ITEMIZED  COST  OF   HEATING 
WITH  EQUIVALENT  COST  PER  KILO- 
W.ATT-HOUR   USE   OF  ELEC- 
TRICITY 

Cost  for 
Year  End-  Mills  per 
ing  Nov.    Kw.-nr. 
Item  -    -    -  - 

Miscellaneous  expense 

Fuel 

Water 

Oil  and  waste 

Labor 

Repairs  to  mechanical  appli- 
ances   

Repairs  to  boilers 

SS582  .29     3  .  0909 

It  may  be  a  ready  means  of  compari- 
son to  append  the  deductions  in  Table  4. 

TABLE  4.     THE  RELATIVE  COST  OF  STEAM 

AND  ELECTRIC  SERVICE  PER  CU.FT. 

OF  SP.\CE  AND  PER  SQ.FT.  OF 

FLOOR   AREA 


30.  1911 

Use 

•5122.  84 

5718.14 

229 .  94 

7.35 

2331.44 

0.0442 
2.0596 
0.0828 
0.0026 
0.8391 

38.20 
134.38 

0.0138 
0 . 0488 

Cost  per 
Cu.Ft.  of 

Volume 
SO, 00102 

0,00641 


Cost  per 
Sq.Ft.  of 
Floor 
Area 
SO. 01345 
0.08436 


SO, 00743     SO. 09781 


proved  by  the  council,  provide  for  the 
sale  of  power  for  heating  to  firms  and 
individuals  for  a  period  of  five  years, 
with  the  option  on  the  part  of  the  pur- 
chasing firm  or  individual  to  extend  the 
contract  for  another  five  years,  the  city 
to  have  the  right  to  change  or  cancel 
the  contract  any  time  after  the  first  five 
years,  should  it  be  necessary,  upon  giv- 
ing one  year's  notice.  The  contracts  fur- 
ther provide  that  between  4  and  7  p.m. 
during  the  winter  season  when  the  maxi- 
mum light  power  is  required  the  city 
may,  if  necessary,  restrict  the  firms  to 
an  amount  below  the  maximum  named 
in  their  contracts. 

Many  of  the  factories  will  use  electric 
current  both  day  and  night  for  heating, 
and  the  cost  will  therefore  be  very  rea- 
sonable. As  so  much  of  the  city's  avail- 
able power  goes  to  waste  or  is  unused 
except  between  the  hours  of  4  and  7 
p.m.,  both  the  city  and  the  prospective 
purchasers  of  current  for  heating  look 
forward  to  the  installation  as  an  eco- 
nomical proposition. 

While  the  price  for  electric  power  for 
heating    has    not    been    definitely    deter- 


the  city  will  merely  sell  the  power  to  the 
firms  and  individuals  desiring  to  use  it, 
the  purchasers  themselves  installing  the 
heating  apparatus. 


Charge  for  Steam  Heat 

I  am  in  charge  of  a  300-hp.  plant  in  a 
hotel  and  will  soon  be  obliged  to  furnish 
some  steam  for  heating.  I  would  like 
to  hear  from  readers  of  Power  as  to 
what  unit  I  should  adopt  for  measuring 
it  and  what  rate  should  be  charged. 
C.  E.  Diamond. 

Stockton,  Calif. 


Nearly  500  lantern  slides  on  steam  tur- 
bines, governors,  vaive-setting  and  vari- 
ous power-plant  and  technical  subjects 
will  be  lent  by  the  Institute  of  Oper- 
ating Engineers  to  organizers  and  others 
in  connection  with  its  educational  work. 
The  use  of  these  slides  has  been  made 
possible  through  the  courtesy  of  Frank 
Martin,  Willis  Lawrence,  Asa  P.  Hyde 
and  Hubert  E.  Collins.  A  list  of  slides 
may  be  obtained  on  application  to  the 
secretary  of  the  institute. 
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New  York  City's  Coal 
Problem 

Elsewhere  in  this  issue  is  an  outline 
of  the  procedure  adopted  by  the  Depart- 
ment of  Water  Supply,  Gas  and  Elec- 
tricity of  New  York  City  regarding  the 
purchase  of  coal  for  the  numerous  pump- 
ing stations  coming  under  its  supervision. 
When  these  specifications  were  first  put 
into  effect,  about  two  years  ago,  they 
met  with  strong  opposition  from  certain 
quarters.  It  was  claimed  that  they  would 
impose  an  unnecessary  hardship  upon 
the  coal  dealers;  that  the  latter  would 
raise  the  price  to  protect  themselves 
against  penalties;  that  competition  in 
bidding  would  be  lessened;  and  that  the 
city  would  be  the  ultimate  loser. 

Whether  any  of  these  or  other  similar 
predictions  have  come  true  matters  lit- 
tle, although  it  might  be  mentioned  that 
the  penalties  have  been  surprisingly 
small.  The  all  important  fact  remains 
that  the  city  is  now  receiving  a  better 
quality  of  coal  than  formerly  and  that 
during  the  first  year  of  buying  coal  under 
the  new  specifications  a  saving  of  over 
one  hundred  and  twenty-two  thousand 
dollars  was  effected  in  the  coal  bill  of 
this  one  department.  In  the  various  bu- 
reaus under  the  jurisdiction  of  the  presi- 
dent of  Manhattan  Borough,  which  em- 
ploy specifications  similar  to  those  of  the 
Department  of  Water  Supply,  Gas  and 
Electricity,  a  proportionate  saving  was 
effected. 

In  fairness  to  those  largely  responsible 
for  the  saving,  it  may  be  said  that  the 
whole  credit  for  it  should  not  be  given 
to  the  specifications.  A  large  part  of  it 
was  brought  about  by  giving  special  at- 
tention to  individual  cases,  changing 
furnaces  and  grates  to  burn  certain  coals 
economically,  and,  in  short,  applying 
scientific  principles   to  combustion. 

Unfortunately,  the  administration  of  a 
large  city  is  cumbersome  and  necessarily 
involves  much  of  the  so  called  "red  tape" 
which  is  plainly  evident  in  the  procedure 
as  outlined.  In  this  connection  it  would 
be  interesting  to  know  how  much  It 
actually  cost  the  city  for  the  services  of 


experts  and  inspectors  to  enforce  the 
specifications.  Of  course,  in  order  to  ar- 
rive at  the  actual  saving  m  dollars  and 
cents  it  would  be  necessary  to  deduct 
this  additional  expense  from  the  apparent 
saving.  Perhaps  those  in  a  position  to 
compile  this  information  will  enlighten 
us. 

However,  we  believe  the  city  has  made 
a  good  start  in  the  handling  of  its  coal 
problem  and  will  doubtless  make  certain 
modifications  tending  toward  simplicity 
as  the  conditions  warrant. 


The  British  Thermal  Unit 

Reginald  Pelham  Bolton,  at  the  recent 
meeting  of  the  American  Society  of  Heat- 
ing and  Ventilating  Engineers,  of  which 
he  is  the  retiring  president,  submitted  a 
plea  for  the  abandonment  of  the  use  of 
the  term  "British  thermal  unit"  in  favor 
of  the  more  simple  expression  "heat 
unit"  for  the  unit  quantity  of  heat. 

It  would  seem  to  make  little  differ- 
ence whether  this  quantity  were  called 
a  "heat  unit"  or  a  "thermal  unit,"  ex- 
cept that  the  former  is  less  pedantic  and 
the  latter  accords  with  the  German 
Warme-einheit.  A  single  word,  as  the 
French  have  in  calorie,  would  be  better 
than  either.  The  adjective  British  was 
presumably  attached  to  distinguish  the 
English  from  the  Continental  or  metric 
unit.  British  is  wider  than  English 
politically  and  geographically,  but  nar- 
rower where  language  and  customs  are 
concerned.  For  Great  Britain  itself,  the 
abbreviation  B.t.u.  has  the  disadvantage 
that  it  is  identical  with  the  much  used 
abbreviation  of  the  Board  of  Trade  unit 
of  electric  energy,  the  kilowatt-hour. 

Of  greater  importance,  however,  than 
the  changing  of  the  name  is  the  definite 
determination  of  the  significance  of  the 
name;  the  positive  definition  of  the  quan- 
tity to  which  the  name  applies.  The  tyro 
learns  that  the  unit  by  which  quantities 
of  heat  are  measured  in  the  English  sys- 
tem— call  it  the  B.t.u.  or  what  you  will — 
is  that  amount  of  heat  necessary  to  raise 
one  pound  of  water  one  degree  Fahren- 
heit, and  he  is  satisfied  and  happy — until 
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le  learns  that  the  specific  heat  of  water 
varies  with  the  temperature,  that  it  takes 
nore  heat  to  raise  the  temperature  of  a 
Dound  of  water  one  degree  starting  from 
one  temperature  than  it  does  starting 
from  another.  And  then  he  learns  that 
some  authorities  consider  the  heat  unit 
as  that  amount  of  heat  required  to  raise 
the  temperature  of  a  pound  of  water  one 
degree  from  the  freezing  point,  others 
from  its  point  of  maximum  density  about 
39  deg.;  others  from  62  to  63  deg.,  be- 
cause this  is  about  the  •  temperature  of 
the  room  in  which  experiments  are  sup- 
posed to  be  made,  and  others  still,  the 
average  heat  per  degree  rise  in  tempera- 
ture between  32  and  212. 

The  difference  is  not  great  enough  to 
be  of  importance  in  ordinary  work,  but 
there  should  be  a  clear  conception  of  the 
basis  of  so  important  a  physical  unit  and 
its  name,  when  adopted,  should  mean 
something  definite.  Uniformity  of  usage 
and  precision  of  statement  are  the  ends 
which  should  be  sought. 
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Red.  Evidently  the  design  of  this  frame 
is  at  fault,  and  more  particularly  the 
material  of  which  it  is  constructed. 

The  stress  developed  at  the  side  of 
the  manhole,  due  largely  to  the  rigidity 
of  the  frame,  was,  of  course,  excessive, 
but  at  best  cast  iron  is  'poor  material  to 
use  in  boiler  construction  and  for  high- 
pressure  work  should  not  be  tolerated. 
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dition  of  small  details  will  result  as 
disastrously  as  those  occasioned  by  neg- 
lect of  the  greater  ones. 


The  Manhole  Frame 

In  the  tests  to  destruction  of  two  re- 
turn-tubular boilers,  twenty-seven  years 
old,  recently  conducted  by  James  E. 
Howard  and  reported  in  the  Dec.  5  is- 
sue of  Power,  the  cast-iron  manhole 
frame  failed  under  a  hydrostatic  pres- 
sure of  270  pounds.  Similar  tests  at 
Ishpeming,  Mich.,  on  three  boilers  thirty 
years  old  are  described  on  other  pages 
of  this  issue,  and  in  each  case  failure 
occurred  at  the  manhole. 

On  two  of  the  boilers  the  frame  broke 
at  pressures  of  260  and  275  pounds  re- 
spectively. On  the  other  boiler  the  man- 
hole frame  had  been  replaced  with  a 
patch  and  at  300  pounds  pressure  thirteen 
of  the  patch  bolts  sheared.  Subsequent 
tests  of  the  metal  showed  that  the  boil- 
ers were  as  good  as  the  day  they  were 
made,  and  omitting  the  fact  that  the 
rivet  holes  had  not  been  reamed,  the 
workmanship  appeared  to  have  been  ex- 
cellent. In  no  way  had  the  boilers  de- 
teriorated in  the  long  ser\'ice  to  which 
they   had   been    subjected. 

Eighty  pounds  had  been  allowed  as  the 
working  pressure  of  these  boilers,  and 
with  failure  at  260  pounds  it  is  evident 
that  the  factor  of  safety  of  the  man- 
hole frame  was  only  3.25,  and,  therefore, 
considerably   below    that   usually    speci- 


What  a  Piece  of  Waste 
Can  Do 

Nothing  is  more  innocent-looking  than 
a  piece  of  clean,  white  waste;  nine- 
tenths  of  the  operating  engineers  have 
some  of  it  in  their  jumper  pockets  and 
the  other  tenth  will  have  a  bit  in  their 
hands.  But,  notwithstanding  its  harmless 
appearance,  it  is  dangerous  unless  kept 
in  its  proper  place,  used  for  legitimate 
purposes  and  properly  cared  for  when 
it  becomes  oil-soaked  and  dirty. 

Mysterious  fires  have  had  their  origin 
in  a  piece  of  dirty,  oily  waste  thrown  into 
a  corner  by  some  careless  person,  and 
then  when  spontaneous  combustion  takes 
place  people  wonder  what  caused  the  fire. 
It  is  not  unusual  to  find  that  an  oily 
waste  can,  such  as  is  provided  in  fac- 
tories, contains  nothing  but  the  ashes  of 
charred  waste;  particularly  is  this  notice- 
able after  a  shop  has  been  shut  down  for 
a  few  weeks.  Someone  neglected  to 
empty  the  waste  can  and  the  property 
was  consequently  jeopardized. 

Waste  left  in  a  boiler  has  been  the 
direct  cause  of  bagged  plates.  The  heavy 
particles  of  foreign  matter  precipitated 
from  the  water  when  the  boiler  was  un- 
der steam  pressure  gathered  on  the  piece 
of  waste  and,  settling  on  the  fire  sheet, 
caused  it  to  overheat  and  develop  a  bag 
which  necessitated  more  or  less  extensive 
repairs. 

Not  long  ago  we  published  an  ac- 
count of  an  engine  wreck  in  which  the 
engineer  lost  his  life.  The  cause  was  a 
harmless-looking  piece  of  waste  which 
was  found  tightly  wedged  between  the 
gears  of  the  governor.  This  permitted 
the  engine  to  run  at  such  a  speed  as  to 
disrupt  the  flywheel,  which  caused  the 
engineer's  death. 

The  neglect  of  apparently  trivial  con- 
ditions often  results  in  serious  accidents. 
Safety  in  small  matters  is  frequently  as 
important  as  are  those  of  greater  mo- 
ment.    Often  the  results  due  to  the  con- 


There  were  twenty-seven  boiler  ex- 
plosions in  the  United  States  and  Canada 
during  November,  and  they  caused  nine 
deaths.  In  October  there  were  thirty- 
five  explosions  and  fifteen  persons  killed. 
A  steam  boiler  is  more  dangerous  than 
dynamite  in  the  hands  of  incompetent 
persons.  Perhaps  an  investigation  of 
the  causes  of  these  accidents  would  show 
a  high  percentage  of  incompetency  and 
careless  operation. 


The  wage  question  in  this  country  has 
a  modicum  of  consolation  when  we  con- 
sider the  recent  letters  on  power-plant 
wages  in  China,  and  that  an  English 
farmhand  gets  $126.53  a  year,  "with 
house  and  potatoes,  when  his  wife  as- 
sists him." 


A  New  York  surgeon  was  sued  by  a 
man  who  claimed  that  the  doctor  neg- 
lected to  remove  an  instrument  after  an 
abdominal  operation.  This  reminds  us 
of  the  careless  fireman  who  left  a  ham- 
mer in  a  boiler  after  cleaning  it.  Either 
"boiler"  might  have  been  damaged  be- 
yond repair. 


"Let  us  be  a  mother  to  you,"  is  the 
entreaty  of  an  advertiser  in  the  Rose 
Technic.  We  are  too  old  for  anything 
like  that,  but  if  anyone  will  father  a 
good  operating  kink  or  act  as  "assister" 
in  making  Power  an  even  better  paper 
than  it  now  is,  we  will  gladly  meet  him 
more  than  half  way. 


James  Watt  was  worried  by  a  man 
who  claimed  to  be  able  to  evaporate  a 
hogshead  of  water  with  an  ounce  of  coal. 
Had  the  chemical  compound  faker  got- 
ten to  work  so  soon? 


Two  boiler  explosions  in  New  York 
City  and  nobody  killed,  but  look  out; 
there  is  an  old  saying  that  the  third 
time  never   fails. 


The  endeavors  of  Dr.  Duncan,  of  the 
University  of  Kansas,  and  other  scientists 
to  make  petroleum  edible  should  help  to 
pour  oil  on  the  troubled  waters  of  the 
high  cost  of  living. 
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Readers  with  Something  to  Say 

A  letter  good  enough  to  print  will  be  paid  for.     Ideas,  not  mere  words,  wanted 


Air    Operated     Damper 
Rejrulator 

The  accompanying  sketch  illustrates  an 
apparatus  for  operating  a  damper  regu- 
lator in  plants  where  the  water  pressure 
is  not  sufficient  to  operate  a  damper  regu- 
lator, but  which  have  a  compressed  air 
supply. 

The  tank  is  made  out  of  a  steam  pipe 
with  a  cast-iron  cap  screwed  on  each  end. 
I  use  a  three-way  valve,  one  side  run- 
ning to  the  water  pipe,  the  other  end  to 
the  air  supply  and  the  third  to  the  tank; 


Three-way  yaf\/e 


Triangle  Door  Buffer 

The  accompanying  illustration  shows 
a  triangle  hung  on  the  rod  that  carries 
the  furnace  door  on  a  boiler  front  and 
is  for  the  purpose  of  keeping  the  door 
from  swinging  too  far  back.    In  our  case 


the    glue    hardens,    the    pulley    will    be 
ready  for  use. 

The  pulley  surface  should  be  thor- 
oughly cleaned  before  applying  the  glue. 
As  the  cord  forms  a  right-  and  left- 
hand  thread,  so  to  speak,  the  belt  will 
tend  to  work  from  the  side  to  the  cen- 
ter, which  will  insure  the  belt  running 
on  the  center  of  the  pulley.  The  length 
of  cord  for  one  turn  may  be  found  ap- 
proximately by  multiplying  the  diameter 
of  the  pulley  by  S'/i,  and  this  multi- 
plied by  the  number  of  turns  neces- 
sary to  cover  the  face  will  give  the  total 
length.  This  pulley  cover  is  easily  cleaned 
and    will    last   a    long   time. 

D.  H.  Hull. 

Asvluni,  Miss. 


Door    Buffer    for    Furnace    Door 

the  drain  pipe  from  the  water  column 
was  run  down  a  wall,  but  in  the  way  of 
the  door.  The  triangle  was  used  to 
protect  the  pipe. 

Thomas  O'Conor. 
Golden,  Colo. 


Diagrams   from  Three  Cylin- 
der Compound  Engine 

The  accompanying  diagrams  were 
taken  during  the  past  season  from  the 
engines  of  the  Morton  line  steamship 
"City  of  Benton  Harbor,"  plying  be- 
tween Chicago  and  St.  Joe,  Mich.  They 
should  be  of  special  interest  to  those  en- 


Cord   Pulley  Lagging 

To  cover  a  pulley  cheaply  and  quick- 
ly, drill  a  small  hole  about  A  in.  in 
diameter  in  the  face  as  at  A  and  drive 
in  a  small  pin  and  cut  off  about  Yt.  in. 
above  the  pulley  face;  then  obtain  a 
continuous  hard,  twisted  cotton  cord  '^ 
in.  in  diameter  and  free  from  knots,  and 
loop  the  middle  point  of  the  cord  over 
the  pin.     With  the  free  ends  held  tight, 


High-Pressure  Diagn 


I       To  Dar-per 
^^     ffecjul^ior 

Details  of   Water   Control 


a  lever  is  attached  to  the  three-way  valve 
operated  beyond  the  center  by  a  loose 
lever  which  is  moved  by  a  float-rod  and 
thrown  quickly  by  means  of  the  coil 
spring  after  passing  the  center  It  op- 
erates alike  in  both  directions.  When 
the  valve  is  thrown  to  the  water  inlet  a 
port  is  open  to  the  air,  thus  relieving 
the  air  pressure  on  the  tank  and  letting 
the  water  in.  When  the  tank  is  full,  the 
valve  is  thrown,  shutting  off  water  and 
admitting  air  pressure  on  the  water. 

I  use  80  lb.  air  pressure.  A  pipe  leads 
from  the  bottom  of  the  tank  to  the 
damper  regulator. 

W.  I.  Crawford. 

St.   Louis,   Mo. 


Pulley  About  To  Be  Lagged  with  ■ 
Cord 

turn  the  pulley  in  the  direction  of  rota- 
tion, applying  a  good  coat  of  belt  glue 
as  the  cord  is  wound  on  the  pulley. 
When  the  face  of  the  TMilley  is  com- 
pletely covered,  draw  the  free  ends 
through  the  holes  marked  B  and  C  on 
the  sides  and  fasten  with  a  soft  wooden 
pin  well  covered  with  glue.  As  soon  as 


starboard  Lovu-Pnessure  Diagrams 

gineers  v/ho  are  not  familiar  with  the 
three-cylinder  compound  type  of  engine. 
The  starboard  low-pressure  diagram  is 
of  more  than  passing  interest  as  it  in- 
troduces a  phase  of  indicating  not  often 
met  with  in  everyday  practice  and  of 
educational  value  to  beginners  in  the 
study  of  engineering  science. 
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The  feature  of  interest  in  tliis  dia- 
gram is  the  peculiar  steam  line  as  indi- 
cated by  the  hump  abed.  When  I  re- 
moved the  card  from  the  paper  barrel  of 
the  indicator  it  caused  me  considerable 
surprise,  for  I  had  expected  to  see  dia- 
grams similar  to  the  port  low-pressure 
diagrams.  The  chief  engineer,  who  was 
familiar  with  this  eccentricity  of  his  en- 
gine, assured  me  that  the  diagram  was 
as  it  should  be  and  the  test  was  com- 
pleted. 

The  "City  of  Benton  Harbor"  was  built 
for  the  Graham  &  Morton  line  at  the 
Craig  shipyards  at  Toledo,  Ohio.  The 
installation  of  this  type  of  engine  was 
due  to  the  desire  of  the  ship's  architect 
to  avoid  the  cumbersome  beam  type  of 
engine  for  side-wheel  propulsion.  The 
engines  are  at  an  angle  of  approximately 
22  deg.  to  the  keel.  The  cylinders  are 
high-pressure,  38  in.  in  diameter,  both 
low-pressure,  55  in.,  and  the  stroke  is 
78  in.  The  maximum  speed  of  the  en- 
gine is  42  r.p.m.  and  the  boiler  pres- 
sure is  145  lb.,  gage. 

The  high-pressure  diagram  is  an  ex- 
cellent example  of  engine  performance 
for  this  type  of  prime  mover.  Each  low- 
pressure  cylinder  is  served  by  an  in- 
dependent jet  condenser.  This  explains 
the  differences  in  vacuum  shown  by  the 
exhaust  lines  of  the  diagrams. 

The  marked  differences  in  the  steam 
lines  of  the  two  low-pressure  diagrams 
are  explained  by  the  fact  that  at  a  cer- 
tain crank  position  both  low-pressure 
cylinders  take  steam  for  a  period  de- 
pendent upon  the  cutoff  and  position  of 
the  valve-gear  of  the  port  low-pressure 
cylinder.  Referring  to  the  diagram,  it 
will  be  seen  that  both  low-pressure  cyl- 
inders are  taking  steam  from  the  admis- 
sion line  e  to  the  point  a  at  which  the 
cutoff  takes  place  in  the  port  cylinder. 
Then,  the  receiver  pressure  increases  as 
the  starboard  piston  advances  in  its 
travel  until  the  maximum  pressure  is 
reached  at  b.  This  pressure  is  constant 
until  the  piston  has  reached  c,  when  a 
noticeable  drop  in  pressure  begins.  The 
cutoff  is  approximately  at  d. 

James  B.  Rogers. 

Chicago,  111. 


Repaired    Pump  Piston    Rod 

When  I  took  charge  of  my  present 
plant  the  water  end  of  the  brass  piston 
rod  of  the  boiler-feed  pump  was  so  bad- 
ly worn  and  scored  that  I  could  not  keep 
it  tight  nor  enough  water  in  the  boiler 
when  the  engine  was  working  hard. 

I  filed  the  rod  smaller  at  the  worn  pail 
and  fitted  a  tin  ferrule  over  the  rod  and 
ran  the  cavity  full  of  hard  solder.  By 
keeping  the  rod  packed  with  soft  pack- 
ing, liberally  supplied  with  graphite,  it 
gave  good  service  for  some  months. 

A.   W.  Card. 

Glenboro,  Can. 


Repaired    Broken    Pump 
Cylinder 

A  small  boiler-feed  pump  that  was 
left  without  draining  became  frozen  one 
cold  night  and  the  water  cylinder  head 


ready  to  plunge  off  of  the  shaft  when  he 
stopped  the  engine. 

A  taper  bushing  was  made  with  the  di- 
mensions shown  in  the  illustration  A,  and 
a  slot  '/8  in.  larger  than  the  key  of  the 
wheel.    The  smaller  end  of  the  bushing 


Details  of  the  Repair  Job 


was  forced  out  of  the  cylinder.  The 
head  on  this  pump  was  screwed  into  the 
cylinder  like  a  plug;  therefore  when  the 
head  came  off,  it  took  some  of  the  cyl- 
inder with  it,  as  shown  at  A. 

I  cut  off  the  broken'  portions  and 
chipped  out  the  threads  remaining  in  the 
cylinder  so  that  the  head  would  fit  in 
without  screwing.  Two  holes  were  next 
tapped  in  the  valve-chest,  into  which  two 
studs  were  screwed.  A  yoke  B  was  made 
to  fit  behind  the  projection  where  the 
drain  cock  screwed  in.  The  head  was 
replaced  in  the  cylinder,  the  openings 
were  filled  with  Smooth-On,  and  I  put 
two  straps  across  from  the  stv.ds  to  the 
yoke;  then  I  put  on  the  burrs,  and  tight- 
ened the  nuts. 

J.   L.   Donovan. 

Vancouver,  Wash. 


was  threaded  with  10  threads  to  the  inch 
for  a  nut — a  coarser  thread  could  not 
be  used  on  account  of  the  thin  walls 
of  the  bushing;  also,  the  fine  thread  will 
not  allow  the  nut  to  work  loose  as  easily 


The  Flywheel  Bushed 

The  company  I  work  for  has  a  12x11- 
in.,  single-acting,  double-cylinder,  upright 
engine,  driving  two  20-kw.  generators; 
the  engines  run  285  r.p.m.  Consider- 
able trouble  has  been  experienced  lately 
because  the  setscrews  of  the  two  fly- 
wheels work  loose.  On  one  occasion  it 
was  only  by  sheer  luck  that  the  engi- 
neer in  charge  noticed  that  one  of  the 
wheels  had  worked  loose  and  was  about 


BusHEn  Flywheel 

as  a  coarse  thread.  The  flywheels  were 
then  removed,  the  bushing  slipped  onto 
the  shaft  (the  bushing  being  bored  out 
to  a  size  so  as  to  slip  onto  the  shaft 
without  driving),  and  the  flywheels  put 
in  place  on  the  bushing;  then  the  nut 
was  screwed  in   and  drawn  up  as  tight 
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as  possible.  The  wheels  having  been 
bored  to  the  same  taper  of  the  bushings 
on  account  of  the  fine  thread,  the  wedg- 
ing action  was  very  powerful. 

After  the  engine  had  run  for  two  or 
three  days  the  nut  was  tightened  again, 
and  for  the  past  six  months  nothing  has 
been  done  to  the  bushings  and  there  are 
no  signs  of  the  wheel  being  loose  on  the 
shaft. 

V.  T.  Kropidlowski. 

Winona,  Minn. 


Indicator  Cords  Responsible 
for  Diagrams 

The  mechanical  engineers  had  attached 
the  indicator  and  taken  some  friction 
diagrams  leaving  their  indicators  to  get 
some  load  diagrams  later.  During  their 
absence  I  got  busy,  and  after  taking  a 
few,  I  obtained  the  diagram  shown  in 
Fig.  I.  It  puzzled  me  for  a  time  until 
I  noticed  the  diagram  was  close  to  the 
end  of  the  card,  and  on  examining  the 
indicator,  I  found  that  the  cord  was  too 
long,  and  the  drum  striking  the  stop  had 
caused  the  short  compression  line.  1  put 
a  couple  of  knots  in  the  cord  and  ob- 
tained the  compression  diagram  shown 
in  Fig.  2,  which  brought  the  compres- 
sion very  nearly  the  same  at  both  ends 
of  the  cylinder.  This  diagram  was  ob- 
tained by  lifting  the  latch  on  the  steam 
gear  and  so  preventing  the  steam  from 
entering  the  cylinder,  and  then  the  dia- 
gram shown  in  Fig.  3  was  taken. 

The  rounding  corner  of  the  diagram 
at  the  point  of  cutoff  is  partially  ac- 
counted for  by  a  worn  corner  on  the 
tripping  lever. 

The  engine  has  an  18x42-in.  cylinder 
fitted   with  double-ported   Corliss  valves. 

As  the  mechanical  engineers  did  not 
return,  I  inquired  if  they  had  noticed 
any   difference   in   the   diagrams,   and    I 


shorter  than  the  one  taken  from  the 
crank  end  of  the  cylinder.  Separate  in- 
dicators were  used  with  pantograph  re- 
ducing motion,  and  the  cords  from  both 
indicators  were  attached  to  the  same 
pin  on  the  pantograph.  The  cord  from 
the  indicator  on  the  head  end  passed 
back  of  the  indicator  over  a  pulley  and 
was  attached  to  a  spring  which  was 
hitched  to  the  floor;  that  is,  the  indi- 
cator cord  was  hooked  in  a  loop  of  the 
cord  connecting  the  pantograph  to  the 
spring.  It  may  be  possible  that  the  cord 
stretched  enough  to  make  li  in.  differ- 
ence in  the  diagrams,  but  it  was  one 
that  had  been  used  many  times  and 
showed  no  signs  of  stretching  when  tried 
with  the  hands.  The  spring  attached  to 
the  floor  was  a  very  weak  one  and  it 
seems  incredible  that  it  should  cause  the 
cord  to  stretch.  I  should  like  to  hear 
from  Power  readers  regarding  these  dia- 
grams. 

R.    A.   CULTRA. 

Cambridge,  Mass. 


A  Hot  Box  Cure 

At  the  mill  where  I  am  employed  as 
engineer,  I  have  had  trouble  with  the 
bearings  next  to  a  44-inch  drive  pulley 
on  the  line  shaft,  which  is  belted  direct 
to  the  engine.  The  whole  load  of  the 
mill  on  these  bearings  caused  them  to 
run  hot. 

I  tried  different  remedies,  but  nothing 
seemed  to  help  them  until  I  removed  the 
oil  cups  and  poured  in  some  kerosene, 
letting  it  run  through  the  bearings  while 
they  were  in  operation.  I  allowed  the 
shaft  to  run  thus  for  a  few  seconds  and 
then  poured  in  some  castor  machine 
oil,  and  after  that  some  more  kerosene 
oil,  and  finally,  in  a  few  seconds,  I  ap- 
plied more  castor  oil. 

After  thus  applying  kerosene  and  cas- 


them  into  contact  close  enough  to  loosen 
the  dirt  and  grit,  and  smooth  off  the 
rough  places.  The  shaft  seems  to  polish 
up   better   for  this   treatment. 

Care  should  be  taken  not  to  allow  the 
bearing  to  run  more  than  a  few  seconds 
in   kerosene   without  applying   castor  oil. 

G.    D.   WlANT. 

Seattle,   Wash. 


Need  of  Trades  Schools 

At  the  present  time  the  number  of 
trades  schools  in  the  United  States  is 
very  small.  If  a  comparison  is  made 
between  the  number  of  people  employed 
at  trades  and  the  number  of  professional 
and  cultured  men  and  then  between  the 
number  of  professional  and  cultural 
schools  and  high  schools,  and  the  few 
trades  schools,  a  good  example  is  had  of 
an   inverse   ratio. 

Germany  and  a  few  other  European 
countries  have  well  established  and  suc- 
cessful   trades   or    continuation    schools. 

Why,  then,  should  the  United  States, 
having,  as  we  believe,  no  equal  in  the 
other  countries  of  the  globe,  be  so  tardy? 

I  am  glad  that  there  is  room  for  be- 
lief that  the  people  of  the  United  States 
are   waking   up    fast   to   this   great   need. 

From  the  information  I  have  been  able 
to  secure  I  believe  that  Massachusetts 
and  New  York  were  the  first  states  to 
legislate  for  the  promotion  of  industrial 
education  and  both  of  these  states  have 
several  vocational  schools  in  an  embryo 
state. 

Following  the  example  of  Massa- 
chusetts and  New  York,  during  the  year 
1911,  11  states  legislated  for  industrial 
and  trades  training;  besides,  Mr.  Page 
introduced  a  bill  in  the  United  States 
senate  providing  for  national  aid  in  co- 
operation with  the  states  for  industrial 
training. 


Fig.   1 


18 x4Z  Cylinder 
60  Spring 

100  lb.  Steam  Pressure 
100  R.p.  m. 


FiG.  2 

Three  Diagrams  from  the  Same  Engine 


produced  those  I  had  taken.  An  examina- 
tion showed  many  good  diagrams  among 
the  first  ones  taken,  but  the  last  ones 
were  the  same  as  mine.  This  made  a 
difference  of  2  hp.  in  the  friction  load 
on  the  head   end   of  the  cylinder. 

Even  with  this  change  a  strange  fea- 
ture was  noticed  by  comparing  the 
head-end  diagram  with  one  taken  from 
the  crank  end.  Although  the  change  in 
the  length  of  the  cord  brought  the  dia- 
gram back  nearer  the  center  of  the  card, 
the   head-end    diagram    is    about    '4    in. 


tor  oil  several  times,  I  poured  water 
through  the  bearings  and  washed  them 
out  and  then  applied  cylinder  oil.  After 
this  I  replaced  the  oil  cups.  The  bear- 
ings soon  began  to  run  cool  and  have 
not   given    any    further   trouble. 

This  treatment  seemed  to  take  the  dirt 
and  grit  out  of  the  bearings  and  polished 
the  shaft. 

I  also  remedied  the  main  bearing  on 
the  !4xl8-inch  engine,  which  has  a  6- 
inch  shaft.  Kerosene  cuts  the  film  of  oi! 
between  the  shaft  and  babbitt  and  brings 


At  present,  excepting  the  United  States 
Indian  schools  and  a  few  high  schools  in 
Massachusetts  and  New  York,  the  schools 
teaching  operating  engineering  are  run 
by  private   individuals. 

In  every  engineering  course,  mathe- 
matics and  the  machinist  trades  are 
requisites. 

It  is  all  well  enough  to  say  that  if  a 
boy  wants  to  be  an  engineer,  he  should 
study;  so  he  should,  but  until  the  states 
start  such  schools,  if  he  learns  the  ma- 
chinist trade  lie  has  gained  only  one  bi;^ 
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step  upward,  toward  being  a  high-class 
engineer. 

In  the  government  Indian  schools  the 
practical  side  of  engineering  is  being 
taught  with  enough  of  the  theory  to  en- 
able graduates  to  secure  licenses. 

At  the  Cushman  Trades  School  in 
Tacoma,  high-school  pupils  of  the  city 
schools  will  be  allowed  to  learn  the  wood- 
working or  machinist  trade  or  operating 
engineering.  The  school  was  opened 
to  the  public  on  Jan.  1,  1912,  and  may 
be  said  to  be  the  first  trades  school  in 
the  United  States  to  have  been  equipped 
by    the    government. 

If  engineers  want  to  further  their  in- 
terests they  must  organize  and  educate 
themselves,  and,  if  necessary,  get  on  the 
school  boards  and  help  start  technical 
high  and  trades  schools.  If  a  demand  is 
created  for  operating-engineering  schools 
it  will  be  supplied,  but  the  quicker  the 
engineers  act  the  quicker  they  will  come. 
Roy  V.  Howard. 

Tacoma,  Wash. 
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steam  is  regulated  by  hand,  any  amount 
of  draft  might  be  induced,  as  required. 
Victor  Bonn. 
New    York    City. 


Home  Made  Smoke  Con- 
sumer 

The  engineers  of  a  steam  plant  were 
arrested  periodically  for  violating  the 
smoke  ordinance.  This  resulted  in  the 
frequent  changing  of  engineers,  and  final- 
ly a  smoke  consumer  of  good  repute 
was  purchased  and  installed,  but  it  failed 
to  come  up  to  expectations.  A  new  en- 
gineer came  and  he  put  up  a  smoke 
consumer  of  his  own  make  which  brought 
about  the  desired  results. 

A  1-in.  steam  pipe  was  brought  down 


Wanted:   Engineer  Who  Can 
Iron  Shirtwaists 

According  to  the  papers,  this  is  a  day 
of  specialists,  but  the  rule  does  not 
seem  to  hold  good  in  the  case  of  engi- 
neers. 

I  have  been  in  places  where  they  e.x- 
pected  one  to  be  a  first-class  engineer 
and  be  well  up  on  plumbing,  blacksmith- 
ing,  masonry  and  tinsmithing,  but  I  met 
with  something  new  not  long  ago. 

While  in  a  large  Western  city  I  noticed 
an  ad  calling  for  an  engineer-laundry- 
man.  I  called  and  found  it  to  be  an  in- 
stitution run  by  a  state  organization.  I 
informed  them  that  I  could  run  the 
engine,  boilers,  steam-heating  plant  and 
the  laundry  machinery  as  well  as  look 
after  the  plumbing,  having  had  experi- 
ence in  all  those  lines. 

Then  the  superintendent  stumped  me 
by  asking  if  I  could  iron  shirtwaists.  I 
confessed  my  ignorance  and  did  not  get 
the   job.     Next! 

Fred   Eckley. 

Bakersfield,  Cal. 


Details  of   S.mokeiess    Furnace 

in  front  of  the  boiler  and  branched  off 
into  two  }4-in.  pipes  below  the  smoke- 
box  doors,  one  for  each  side  of  the  fur- 
nace. These  pipes  extended  into  a  chan- 
nel 4  in.  square  which  was  built  inside 
the  firebrick  wall  well  above  the  grate 
line.  Eight  2-in.  square  holes  evenly 
spaced  opened  from  this  channel  into  the 
furnace. 

The  channel  was  also  connected  with 
the  ashpit  by  means  of  a  vertical  channel 
4  in.  square.  The  Ji-in.  pipe  was  tapped 
for  eight  ^s-in.  steam  nozzles,  the  noz- 
zles being  made  to  correspond  with  the 
opening  in  the  horizontal  channel.  As 
the  steam  was  turned  into  the  steam  noz- 
zles, it  would  induce  draft,  drawing  air 
from  the  ashpit  into  the  furnace.     As  the 


Dirty  Boilers  Cause  Trouble 

A  few  years  ago  I  ran,  as  night  en- 
gineer, a  lighting  and  heating  plant.  The 
outfit  consisted  of  one  175-hp.  water- 
tube  boiler  and  two  80-hp.  fire-tube  boil- 
ers. One  50-kw.  and  one  100-kw.  en- 
gine. The  boilers  were  fed  from  a  re- 
ceiver which  received  the  returns  from 
the  heating  system,  but  there  was  no  oil 
separator  or  filter  in  any  of  the  return 
lines. 

Everything  went  nicely  so  long  as  the 
load  was  light,  but  as  soon  as  a  heavy 
load  came  on,  then  the  trouble  began. 
The  large  engine  would  begin  to  cluck 
like  a  setting  hen,  and  then  I  had  to 
close  the  throttle  and  open  up  the  by- 
passes to  the  traps  connected  to  the 
steam  separators.  While  this  was  go- 
ing on  the  lights  were  burning  dimly 
and  then  the  consumers  would  protest. 
The  only  cause  for  this  trouble  was 
that  the  boilers  were  not  properly 
cleaned.  They  would  run  four  weeks  with 
no  trouble  without  washing  out;  after 
that  I  had  to  look  out.  The  chief  was 
satisfied  with  conditions  and  that  settled 
the  matter. 

Another  heating  and  lighting  plant  con- 
tained four  400-hp.  water-tube  boilers. 
The  chief  engineer  congratulated  him- 
self because  his  boilers  were  so  free 
from  scale,  but  the  fireman  complained 
that  the  boilers  were  steaming  hard.  A 
tube-cleaner  was  purchased  and  tried 
out,  and  the  back  end  of  every  row  of 
tubes    was    found    to    be    badly    scaled. 


February   27,   1912 

Cleaning   the   tubes   every   three   months 
kept  the  boilers  in  good  condition. 

The  Corliss  engines  were  of  the  cutoff 
type  for  overloads  up  to  75  per  cent. 
When  an  overload  came  on  the  engine, 
the  receiver  pop  valve  would  blow  and 
the  vacuum  would  be  lost.  Then  the 
load  had  to  be  thrown  off  before  the 
vacuum  could  be  reestablished.  This 
would  happen  six  or  eight  times  daily. 
The  cause  for  this  was  found  to  be  due 
to  the  reach  rod  on  the  high-pressure 
side  controlling  the  knockofT  cams  being 
too  long  and  more  steam  went  to  the 
receivers  than  the  low-pressure  cylinder 
could  take  care  of.  As  soon  as  this  rod 
was   shortened    the   troubles   ceased. 

The  low-pressure  cylinder  had  two  set 
of  packing  rings  in  the  piston;  the  high- 
pressure  cylinder  had  one  piston-pack- 
ing ring.  It  was  noticed  that  the  pack- 
ing ring  did  not  reach  the  counterbore 
at  each  end  of  the  stroke  of  the  piston 
by  3^  in.  The  low-pressure  cylinder 
was  nice  and  smooth  to  the  counter- 
bore,  but  in  the  high-pressure  cylinder 
a  shoulder  was  formed  and  as  soon  as 
the  old  packing  rings  were  worn  out 
the  trouble  commenced.  New  rings  were 
put  in  but  were  soon  broken. 

Engineers  should  be  sure  when  an  en- 
gine is  set  up  or  when  the  cylinder  has 
been  rebored  that  the  piston  ring  over- 
laps the  counterbore  a  trifle.  When  a 
cylinder  gets  a  shoulder  A  in.  deep,  there 
is  only  one  sure  remedy,  and  that  is,  re- 
bore  the  cylinder  and  fit  a  new  piston. 

The  water  for  boiler  use  in  another 
power  plant  was  taken  direct  from  a 
small  river  and  every  time  it  rained  the 
water  became  very  muddy.  After  a 
boiler  was  cut  in  on  the  line  the  blowoff 
valve  was  never  opened  until  the  boiler 
was  washed  out,  a  period  of  from  four 
to  eight  weeks.  Sometimes  there  would 
be  so  much  mud  that  a  jack  would  have 
to  be  placed  against  the  manhole  plate 
before  the  mud  and  water  could  be  got 
out  of  the  boiler.  When  a  heavy  load 
came  on  the  engines,  and  the  fireman 
began  to  crowd  the  fires,  mud  and  water 
were  carried  over  into  the  engines,  the 
vacuum  was  lost  and  the  engines  then 
exhausted  to  the  atmosphere.  Then  down 
went  the  voltage.  Things  were  no  more 
than  straightened  out  again  when  the 
same  things  would  repeat  themselves. 

One  day  a  heavy  load  came  on  a 
small  tandem-compound  engine  and  then 
suddenly  went  off;  the  governor  opened 
up  and  stuck;  the  engine  began  to  race, 
and  before  the  throttle  could  be  closed 
the  engine  had  attained  a  dangerous 
speed.  Shortly  after  this  experience  the 
same  engine  again  ran  away  and  was 
not  brought  under  control  until  it  had 
shattered  the  flywheel,  one  half  striking 
the  switchboard;  the  other  half  struck 
against  the  wall  and  fell  into  the  pump 
pit. 

E.  E.  Mills. 
Chardon,  Ohio. 
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Questions  Before  the  House 

Comment,  criticism,  suggestions  and  debate  upon  various  articles, 
letters   and   editorials    which  have  aopeared  in  previous  issues 


Designing   a  Bearing 

I  have  read  Prof.  Heck's  criticism,  in 
the  Jan.  23  number,  of  my  article  in  an 
earlier  issue.  He  must  admit  that  there 
is  a  considerable  difference  between  a 
bearing  with  a  steady  motor  or  belt  stress 
and  that  of  a  reciprocating  engine  with 
its  alternating  stresses.  In  accordance 
with  his  theory,  a  single  setscrew  would 
hold  a  quarter  box  on  an  engine.  This 
has  been  tried  only  to  fail,  because  with 


effect   of   the   flywheel   and   the    other  to 
the  pressure  upon  the  piston. 

When  Prof.  Heck  says  that  there  is  no 
high-speed  engine  on  the  market  the 
shaft  of  which  is  light  and  flexible  enough 
to  permit  serious  vibration  of  this  sort, 
he  betrays  lack  of  experience  with  or 
observation  of  this  kind  of  engine  in 
actual  operation.  Those  who  have  had 
to  make  these  cranks  over  in  consider- 
able numbers  have  different  views,  and 
I    know    that    solid-crank    failures    are 


Broken  Shaft  which   Ran   In  Poorly  Designed  Bearing 


the  constant  changing  of  the  thrust  from 
one  side  to  the  other,  and  the  conse- 
quent flexure  of  the  shaft,  the  setscrew 
forms  a  kind  of  hinge  for  the  quarter  box 
to  rock  upon. 

Two  setscrews  are  now  generally  used, 
whether  the  engine  is  of  the  side-  or 
center-crank  type.  I  have  seen  cases 
where  a  vibration  which  could  be  felt 
when  standing  upon  the  cement  floor 
could  be  stopped  by  setting  up  on  the 
setscrews  of  the  quarter  box,  especially 
on   those   next  to   the   crank. 

I  have  seen  lots  of  other  bearings  in 
trouble  from  this  same  cause,  and  crank- 
shafts with  such  bearings,  although  very 
heavy,  fail  right  along.  The  accompany- 
ing figure  is  of  a  very  large  crankshaft 
which  was  run  in  the  bearing  referred 
to  in  my  article,  and  I  hope  later  to 
present  photographs  showing  the  wab- 
bling of  the  wheel  being  recorded  by  a 
deflection  gage,  and  also  of  the  wrecked 
wheel.  This  matter  cannot  be  treated 
the  same  as  the  stresses  on  a  crane 
hook  or  a  hydraulic  lift,  but  is  one  of 
those  examples  where  two  forces  are 
acting  in  unison,  one  due  to  the  vibratory 


fewer  with  engines  having  wedge  or  two- 
screw    quarter    boxes. 

His  statements  about  flexible  bearings 
for  line-shafting  and  steam  turbines  are 
all  right,  but  they  do  not  apply  to  the 
case. 

C.  R.  McGahey. 

Baltimore,  Md. 


Muleshaft  Lubrication 

A.  E.  Derby,  in  the  Jan.  9  issue,  tells 
how  he  overcame  a  troublesome  mule- 
shaft  by  increasing  the  size  of  the  pulley 
so  as  to  reduce  the  speed  to   180  r.p.m. 

In  the  plant  of  which  I  have  charge 
there  are  two  mule  drives;  one  carries 
a  16-in.  heavy  double  belt  94  ft.  long 
and  the  other  a  14-in.  heavy  double 
belt  86   ft.   long. 

The  accompanying  figure  shows  the 
oiling  arrangement  I  designed  for  these 
drives.  The  pulleys  run  at  450  r.p.m. 
and  have  never  been  repaired,  although 
in  constant  service  for  nine  years;  thev 
run  as  smoothly  as  when  they  were 
first   put    on    and    not    one    drop    of   oil 


has    reached    the    belts    from    these   pul- 
leys. 

The  pulleys  are  of  cast  iron,  not 
bushed;  the  hub  is  long,  being  only  1 
in.  shorter  than  the  face  of  the  pulley; 
the  shafting  is  of  turned  steel.  The 
oil  reservoir  and  receiver  are  of  cast: 
iron  and  act  as  collars.  The  oil  groove' 
in  the  shaft  is  J^  in.  wide  and  u,  in, 
deep,  holds  about  four  strands  of  candle; 
wicking  and  is  cut  in  the  shaft  just  op- 
posite to  where  the  pressure  of  the  pul- 
ley comes. 
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Arrangement  for  Oiling  Muleshaft 

The  oil  reservoir  holds  about  li  gal. 
of  oil  and  has  to  be  refilled  about  every 
two  weeks;  we  renew  the  wick  once  a 
year.  To  do  this,  we  put  a  prop  under 
the  pulley  and  loosen  the  setscrew  on 
the  oil  receiver  and  drop  it;  then  pull 
the  old  wick  out,  soak  the  new  one  in 
oil  and  pull  it  through  with  a  piece  of 
wire. 

John    Hopkins. 

Quincy,  111. 


Kerosene  in   Blovvoff  Pipe 

In  reference  to  Mr.  Stambaugh's  let- 
ter in  the  Jan.  9  issue  under  the  above 
caption,  I  suggest  that  the  oil  in  the 
blowoff  pipe  and  valve  was  trapped  by  a 
depression  somewhere  along  the  elevation 
of  the  blowoff  system;  otherwise  it  cer- 
tainly ought  to  have  risen  to  the  surface 
of  the  water  in  the  boiler. 

Whether  the  trap  was  caused  by  the 
conformation  of  the  blowoff  system  or 
whether  it  was  temporarily  caused  by 
scale  sticking  in  the  pipe  is  for  Mr. 
Stambaugh  to  decide.  I  do  not  think  that 
there  would  frave  been  any  danger  of  an 
explosion  had  the  oil  not  leaked  out. 

John  S.  Leese. 

Manchester,    England 
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Plugged  Boiler  Head 

The  plugged  boiler  head  described  by 
W.  G.  Walters  in  the  Dec.  26  issue  brings 
to  my  mind  a  somewhat  similar  case  in 
my  experience. 

The  manager  of  a  large  hotel  ordered 
from  a  reputed  reliable  foundry  com- 
pany, a  large  cast-iron  steam-roasting 
kettle,  and  they  were  notified  that  a 
steam  pressure  of  80  lb.  would  be  used 
in  the  kettle. 

The  kettle  was  made  and  delivered. 
The  engineer  in  charge  put  a  cold-water, 
test  pressure  of  200  lb.  upon  the  kettle 
and  no  leak  showed.  It  was  then  con- 
nected and  put  into  use  and  in  a  few 
days  a  leak  showed  on  one  side  of  the 
kettle.  Upon  examining  and  testing 
around  the  leak,  a  flaw  was  discovered 
in  the  casting  from  '4  to  ^i  in.  wide  and 
over  9  in.  long.  This  space  had  been 
filled  with  a  metal  similar  to  babbitt,  and 
after  this  had  been  well  calked,  the  spot 
had  been  colored  to  resemble  the  iron. 

The  foundry  was  notified  and  the  head 
of  the  casting  room  confessed  that  he 
was  responsible  for  filling  the  cavity  with 
soft  metal.  Of  course,  a  new  kettle  was 
supplied. 

In  my  estimation,  a  person  who  will 
do  tricks  of  this  kind  should  be  severely 
punished,  for  several  lives  might  easily 
have  been  lost  if  the  kettle  had  gone  to 
pieces  while   in   use. 

John  Thorn. 

Toronto,   Ont. 


own  initiative,  say,  "Well,  Bill,  I  see  you 
have  been  doing  excellently;  from  Sat- 
urday on  you  will  get  an  increase." 

The  engineer  is  on  the  spot,  he  sees 
where  improvements  can  be  made,  and 
it  is  from  him  that  suggestions  and 
recommendations  should  come.  In  this 
way  alone,  it  seems  to  me,  will  the  pres- 
ent position  of  the  operating  engineer 
be  elevated. 

Nathan  Owitz. 

New  York  City. 


Engineers'  Wages 

In  almost  every  issue  space  has  been 
given  to  the  under-paying  of  engineers. 

The  fault  lies  with  the  engineer  him- 
self. Of  most  classes  of  men,  the  en- 
gineer is  the  least  progressive.  By  pro- 
gressive, I  do  not  mean  that  he  does  not 
advance  in  knowledge,  for  he  is  usually 
industrious,  but  he  lacks  the  push  and 
courage  to  go  to  the  "man  higher  up" 
and  make  suggestions  or  even  ask  for  a 
well  deserved  raise.  This  is  true  of  al- 
most all  shop  employees;  they  are  slow 
in  coming  forward,  preferring  to  sulk  and 
stay  behind  till  they  are  driven  to  leave 
and  look  for  something  else. 

Let  any  engineer  who  thinks  he  does 
not  get  a  just  return  for  what  he  gives 
his  employer,  ask  himself  if  he  has  ever 
done  anything  toward  getting  higher 
wages.  He  has  read  much,  seen  where 
improvements  could  be  made  to  good  ad- 
vantage in  his  engine  room,  but  has  he 
ever  taken  the  matter  up  with  his  chief 
instead  of  telling  the  fireman  that  "if  we 

installed  a ,  we  could  save  a  whole 

lot"? 

That  is  where  all  the  trouble  lies.  If 
he  gets  good  returns  out  of  his  ma- 
chinery, why,  this  is  what  is  expected  of 
him;  he  is  paid  to  do  that,  and  it  is  sel- 
dom  that  a   superintendent  will,  on  his 


Breakage  of  Separator  Gage 
Glasses 

J.  W.  Dickson's  letter  in  the  Jan.  9 
issue  refers  to  a  condition  which  has  in- 
terested me,  and  I  have  often  heard  other 
engineers  refer  to  the  same  subject. 

I  believe  this  solution  to  be  correct: 
Steam  and  water  pass  through  the  sep- 
arator at  high  velocity.  As  the  glass 
offers  a  path  there  will  be  a  flow  through 
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it,  as  shown  in  Fig.  1,  especially  when 
the  separator  is  well  drained  of  water. 
This  flow  can  be  detected  by  observing 
the  little  slugs  of  water  intermittently 
projected  through  the  glass.  The  wear  of 
the  glass  can  be  seen  on  an  old  used 
glass  as  they  usually  wear  thin  at  the 
top  end,  as  shown  in  Fig.  2. 

William  C.  Thorne. 
Vineland,  N.  J. 


Follow  Up  Methods 

Under  the  heading,  "Using  the  Firm's 
Stationery,"  we  have  had  several  ex- 
amples of  follow-up  methods.  My 
experience  with  one  concern  has 
"queered"  it  with  me  for  the  future.  I 
wanted  to  buy  a  flue  cleaner  and  as 
practically  all  the  manufacturers  adver- 
tised their  machines  on  trial,  I  wrote  to 
three  of  them,  asking  the  following  ques- 
tions: "What  is  the  price  of  your  cleaner? 
Have  you  any  circulars  explaining  its 
construction  and  operation?  What  kind 
of  power  do  you  use?  Will  you  send 
it  to  be  tried  out  against  several  others?" 

Two  of  them  sent  the  desired  reply. 
The  first  I  heard  from  the  other  was 
through  our  general  manager.  He  found 
the   cleaner  in   the   receiving   room    and 


told  me  to  return  it  without  trial  as  he 
would  not  use  that  type  of  machine. 
There  really  was  nothing  against  the 
cleaner  but  the  manager's  prejudice,  but 
his  word  was  law,  and  back  it  went. 
A  letter  explaining  the  situation  went 
with  it  and  was  the  beginning  of  a  long 
correspondence. 

The  manufacturers  wrote  me  of  the 
saving  to  be  made,  of  its  amazing  wear- 
ing qualities  and  of  the  small  amount  of 
power  it  required,  and  they  answered  all 
my  criticisms.  They  also  sent  me  the 
names  of  everybody  who  had  ever  used 
the  cleaner,  accompanied  by  enough 
testimonials  to  make  the  patent-medicine 
people  look  sick;  one  of  them  was  from 
the  makers  of  our  own  boilers. 

My  position  was  very  uncomfortable, 
for  I  agreed  with  them  in  all  their  argu- 
ments but  did  not  dare  to  admit  it.  Had 
I  written  them  acknowledging  the  merits 
of  their  machine,  they  would  undoubted- 
ly have  forwarded  a  copy  to  our  man- 
ager. Knowledge  of  the  fact  that  we 
had  bought  a  competitor's  machine  failed 
to  stop  the  flow  of  letters,  but  our  in- 
difference  finally  ended  the  matter. 

The  foregoing  example  of  follow-up 
methods  may  be  good  business,  but  had 
these  people  answered  my  letter  instead 
of  forwarding  the  machine,  they  would 
probably  have  made  a  sale,  as  I  liked 
their  machine  the  best  and  could  have 
convinced  those  higher  up,  had  the  man- 
ager not  expressed  a  snap  judgment. 
John   Bailey. 

Milwaukee,  Wis. 


Corresponding   with  Manu- 
facturers 

Reading  C.  E.  Henry's  letter,  "On 
Quoting  Prices,"  in  the  Jan.  23  issue,  re- 
minded me  of  an  incident  that  occurred 
some  time  ago  when  an  air  pump  failed. 

After  locating  the  trouble,  which  was 
due  to  worn  parts,  I  immediately  wrote 
the  manufacturers,  asking  them  to  send 
me  by  return  mail  a  descriptive  catalog 
showing  the  various  parts.  I  gave  them 
the  size,  type  and  number  on  the  name 
plate  of  the  pump,  also  the  date  of  its 
purchase.  My  letter  was  written  on  the 
company's  stationery,  but  I  cautioned 
them  to  address  me  and  gave  my  home 
address. 

In  about  three  weeks  the  manager 
handed  me  a  letter  addressed  to  the  com- 
pany, "Attention  Mr.  Dickson."  Its  con- 
tents were  something  like  this:  "We  are 
mailing  you  under  separate  cover  a  cata- 
log of  our  latest  pattern  air  pump,  al- 
so a  price  list  of  duplicate  parts."  They 
did  not  mention  the  old-style  pump,  and 
this  later  pattern  was  entirely  different 
from  the  one  we  had.  After  a  delay  of 
about  40  days,  I  decided  to  have  the 
parts  duplicated   at  a  local   shop. 

J.  W.  Dickson. 

Memphis,  Tenn. 
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What  Means  the  Dome? 

I  think  that  the  following  will  answer 
the  question  raised  in  the  letter  under 
the   above   in   a   recent  issue: 

The  South  is  what  the  Northern  man 
would  term  "The  Land  of  Wonders" 
when  it  comes  to  looking  over  a  logging 
road.  Some  of  the  hills  over  which  these 
little  logging  locomotives  haul  eight  or 
ten  carloads  of  logs  are  a  caution. 

The  water  tanks  from  which  these 
dummies  draw  their  supply  are  ponds 
close  to  the  track,  full  of  mud,  moss  and 
decayed  wood  which  naturally  cause  the 
boilers  to  foam,  and  the  engineer  with 
10  cars  of  logs  behind  him,  a  good  stiff 
6  or  7  per  cent,  grade  ahead,  dinner  ready 
at  the  other  end  and  10  miles  to  go, 
could  not  stop  if  he  would,  so  on  many 
of  the  locomotives  they  have  tried  dif- 
ferent methods  to  avoid  priming.  The 
dome  on  the  locomotive  in  question  is 
probably  one  of  the  means  to  this  end. 
B.  F.  Browne. 

Yellow  Pine,  Ala. 


The  Handicap   of  Equipment 

One  phase  of  the  isolated-plant  ques- 
tion that  is  sometimes  not  taken  into 
account  when  saying  that  the  engineer 
is  at  fault  if  he  does  not  show  a  sav- 
ing  over  central-station  prices  is  the 
ridiculously  unmechanical  "hook  up"  of 
the  plant  and  the  poor  machinery  with 
which  he  sometimes  has  to  work. 

The  most  extreme  case  under  my  ob- 
servation was  in  a  plant  which  should 
have  been  laid  out  for  the  combined  ser- 
vice of  light,  heat  and  power.  Every 
factor  was  favorable;  the  buildings  were 
all  close  together  on  a  side  hill,  the 
power  house  could  have  been  put  any- 
where on  the  lower  side  and  an  unfail- 
ing supply  of  soft  water  could  have  been 
brought  by  gravity  to  the  boiler  room 
by   laying  not  over  500   ft.   of  pipe. 

There  was  nothing  to  hinder  running 
the  exhaust  mains  underground  and 
nine-tenths  of  this  work  could  have  been 
done  by  inmates  of  the  instituation.  Who 
the  consulting  engineer  was,  if  there  was 
one,  I  do  not  know,  but  in  the  first  place 
there  was  probably  somebody  with  about 
15  heaters  to  sell  who  had  a  friend  on 
the  board  of  governors.  These  heaters, 
of  course,  are  burning  expensive  hard 
coal.  Added  to  these  is  a  second-hand 
engine  and  a  shunt-wound,  110-volt  dy- 
namo where  a  220-1 10-volt  three-wire 
system  would  have  been  more  satisfac- 
tory. Two  vertical  boilers  complete  the 
outfit,  using  city  water  which  is  the 
hardest    water    I    have   ever   seen. 

It  is  reasonably  certain  that  with  good 
apparatus  and  a  vacuum-heating  system, 
the  exhaust  would  do  three-fourths  of 
the  heating  in  ordinary  winter  weather 
and  the  total  soft  coal  burned  for  all 
light,  heat  and  power  would  not  cost 
more  than  the  hard  coal  used  for  heating 


alone  under  the  present  system.  In  order 
to  get  started  right  now  it  would  mean 
throwing  away  nearly  everything  and  be- 
ginning at  the  bottom. 

No  engineer  can  combat  conditions 
like  these  and  compete  with  the  figures 
offered    by   the    central    station. 

V.  L.  Barber. 

Punxsutawney,    Penn. 


The  Standard  of  Consulting 
Engineers 

I  noticed  the  editorial  in  the  Feb.  6 
number  on  "The  Standard  of  Consulting 
Engineers,"  and  I  take  pleasure  in  point- 
ing out  that  an  organization  has  been 
in  existence  in  this  country,  called  the 
American  Institute  of  Consulting  Engi- 
neers, for  several  years,  teing  formed 
prior    to    the    English    organization. 

The  American  Institute  commenced 
first  in  1905  with  a  small  body  of  pro- 
fessional engineers  who  were  largely  con- 
cerned with  architectural  engineering, 
and  about  two  years  ago  it  enlarged  its 
scope  so  as  to  include  all  branches  of 
the  profession.  Its  membership  (61) 
contains  some  of  the  leading  engineers 
of  America,  representatives  of  the  dif- 
ferent branches,  civil,  electrical,  me- 
chanical, and  has  already  adopted  a  code 
of  ethics  and  schedule  of  fees. 

Following  this  example,  an  organiza- 
tion of  consulting  engineers  has  been 
formed  on  the  Pacific  Coast  called  the 
Association  of  Consulting  Engineers  of 
the  Pacific  Coast,  the  secretary  of  which 
is  C.  Dorleth,  Jr.,  of  Berkeley,  Calif. 

E.  W.  Stern. 

New  York  City. 


Took  Gases  from  the  Uptake 

The  articles  on  burning  uptake  gases 
by  Messrs.  Breckenridge  and  Steely,  in 
recent  issues  of  Power,  interested  me. 
I  had  opportunity  to  test  an  arrangement 
similar  to  the  one  described  by  Mr. 
Breckenridge  with  the  following  excep- 
tions, to  wit: 

First.  An  engine-driven  fan  was  used 
in   lieu   of  the  steam  jet. 

Second.  The  recirculating  pipe  was 
provided  with  an  opening  controlled  by 
a  suitable  damper,  through  which  boiler- 
room  air  was  drawn  to  "sweeten  up"  the 
uptake  gases. 

Third.  A  damper  was  provided  in  the 
recirculating  pipe  and  ahead  of  the  fresh- 
air  opening  to  control  the  amount  of  re- 
circulating gases  independently  of  the  fan. 

The  apparatus  was  a  so  called  smoke 
consumer  and  fuel  economizer  and  had 
been  installed  by  the  promoting  com- 
pany on  a  rigid  guarantee  of  abolition 
of  the  smoke  nuisance  and  a  substantial 
fuel   saving. 

Evaporative  tests  were  conducted  with 
and    without   the    apparatus    in    use,   and 


while  they  were  not  entirely  satisfactory 
from  an  evaporative  standpoint,  the  draft 
readings  and  the  gas  analyses  were  con- 
clusive proofs  as  to  the  merits  of  the 
apparatus. 

Draft  readings  with  the  apparatus  in 
use  showed  the  draft  in  the  uptake  to 
be  greater  than  the  suction  of  the  fan, 
and  the  analyses  of  the  fan-discharge 
gases  gave  results  identical  to  boiler- 
room  air  which  alone  showed  that  the 
apparatus  was  not  being  operated  in  ac- 
cordance with  the  installers'  claims,  and 
this  condition  existed  after  the  installing 
engineer  had  advised  us  that  adjust- 
ments had  been  made  whereby  the 
claims  of  the  company  were  being  ful- 
filled. 

After  attention  was  called  to  the  con- 
dition of  the  drafts,  an  attempt  was 
made  to  circulate  furnace  gases  only, 
but  was  soon  given  up  as  the  steam 
pressure  steadily  dropped,  in  spite  of 
the  fact  that  the  firing  was  almost  con- 
tinuous, and  in  addition  to  this  the  es- 
caping gases  blown  out  of  the  fire-doors 
and  leaks  in  the  setting  were  so  oppres- 
sive that  they  were  unbearable. 

The  claim  of  the  company  that  its 
apparatus  takes  smoke  from  the  smoke 
breeching,  mixes  it  with  air  and  returns 
it  to  the  furnace  and  there  consumes  it 
was  not  substantiated  by  the  tests.  As  a 
matter  of  fact,  the  results  were  very 
much  poorer  when  the  attempt  was  be- 
ing made  to  exhaust  gases  from  the 
breeching  and  return  them  to  the  furnace 
than  when  air  was  taken  wholly  from  the 
boiler  room  independent  of  the  breech- 
ing in  the  same  manner  as  in  all  ordinary 
forced-draft  equipments. 

The  conclusions  drawn  from  these 
tests  were  that  the  apparatus  was  with- 
out merit. 

J.   B.    Harris. 

Minneapolis,  Minn. 


Underfeed    Stoking   vs.  Over- 
burning 

I  cannot  make  some  of  Mr.  Woolson's 
statements  ag^ee  with  my  conception  of 
furnaces  and  the  chemistry  of  combus- 
tion. 

In  one  place  he  states,  "It  is  impos- 
sible 10  get  perfect  combustion  and  maxi- 
mum temperature  under  a  boiler  by  feed- 
ing the  coal  up  from  below,  and  forcing 
air  up  through  the  incandescent  mass  of 
fuel,  although  it  is  possible  to  obtain 
high  temperature  in  the  mass  of  fuel  it- 
self." As  we  know  that  it  is  impossible 
to  maintain  perfect  combustion,  we  must 
suppose  that  he  means  comparatively 
perfect.  His  statement  then  is  that  com- 
paratively perfect  combustion  cannot  be 
obtained  with  an  underfeed  stoker  be- 
cause, as  he  adds  later,  of  the  deep  fire 
above  the  tuyeres,  driven  by  a  forced 
blast    from   below. 
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Mr.  Woolson  endeavors  to  show  us 
how  "the  air  on  entering  from  the  ashpit 
gives  out  its  oxygen  to  the  glowing 
carbon  on  the  bars  and  generates  much 
heat  in  the  formation  of  carbon  dioxide." 
And  that  these  CO:  molecules,  on  rising 
through  the  remainder  of  the  fire,  take 
up  another  atom  of  carbon,  making  each 
CO;  molecule  change  to  two  molecules  of 
CO,  in  which  condition,  due  to  lack  of 
oxygen,  they  pass  through  the  uptake 
with  the  resultant  loss. 

The  visual  testimony  of  the  formation 
of  CO:  in  any  great  quantity  in  a  furnace 
is  a  more  or  less  white  fire,  while  that  of 
the  formation  of  CO  is  an  orange  or 
reddish  fire.  Has  any  reader  ever  looked 
through  a  properly  appointed  observation 
hole  of  an  underfeed  furnace  where  no 
air  was  admitted  over  the  fire  and  noted 
a  fire  burning  white  in  under  and  red 
on  top?  Never  having  seen  it  myself, 
i  cannot  help  thinking  that  Mr.  Woolson 
must,  in  some  manner,  have  got  his  fire 
upside  dowji. 

The  fact  that  the  elements  of  combus- 
tion— coal  and  air — are  fed  from  in  under, 
through  and  between  the  tuyeres  of  an 
underfeed  stoker  at  or  near  boiler-room 
temperature,  makes  "glowing  carbon  on 
tiiC  grate  bars"  or  tuyeres  an  impos- 
sibility in  an  operating  furnace.  The 
temperature  at  the  grates  is  low,  but  rises 
with  the  elevation  of  the  fuel;  reaching 
maximum  at  or  above  the  fuel  bed. 

Underfeed  stoking  produces  at  least 
two  zones  of  combustion.  The  first  and 
nearest  to  the  tuyeres  might  be  termed 
the  coking  zone,  where,  due  to  the  low 
temperature  of  vaporization  of  hydrogen, 
the  different  hydrocarbons  are  distilled 
or  liberated  from  the  coal  in  the  pressure 
of  the  entire  air  supply  of  the  furnace, 
ready  to  unite  chemically  with  the  oxy- 
gen in  the  air  when  the  proper  tempera- 
ture is  reached.  The  other  zone  is  that 
part  above  the  coking  zone  having  a  tem- 
perature exceeding  that  of  the  vaporiza- 
tion of  carbon. 

Due  to  the  formation  of  the  fuel  bed, 
the  air  passes  through  it  in  streams  or 
irregular  columns  which,  though  small 
when  compared  with  visible  objects,  are, 
when  compared  with  the  size  of  mole- 
cules, of  immense  proportions.  As  the 
vibratory  action  of  the  carbon  molecules 
is  of  insufficient  magnitude  to  project 
them  into  this  air  column,  the  atoms  of 
carbon  can  only  come  in  contact  and  be 
saturated  with  such  oxygen  atoms  as  are 
exposed  and  clear  of  four  times  their 
volume  of  nitrogen  on  the  outer  atomic 
film  of  the  air.  After  this  no  more  oxy- 
gen is  available  until  friction  and  molecu- 
lar disturbance  have  displaced  the  in- 
ter\'ening  nitrogen,  without  considering 
argon  and  several  other  substances  pres- 
ent in  the  air  in  small  quantities. 

All  this  goes  to  show  the  process  of 
combustion  is  so  slow  under  practical 
conditions  as  to  make  it  impossible   for 


the  air  to  give  up  all  its  oxygen  on  or 
near  the  grate  bars,  and  that  the  pass- 
ing of  oxygen  through  the  fuel  bed  into 
the  combustion  chamber  for  the  benefit 
of  the  unburnt  gases  is  merely  a  prob- 
lem of  draft  pressure,  to  be  determined 
by  gas  analysis  and  experimental  speed 
ratios  of  blower  and  stoker.  This  deter- 
mination is  made  on  the  installation  of 
most  stokers,  the  blowers  being  so 
speeded  as  to  force  through  the  fire  the 
minimum  amount  of  excess  air  consistent 
with  maximum  combustion.  Flue-gas 
analyses  made  during  stoker  tests,  many 
of  which  have  been  published,  will  show 
this  to  be  a  fact. 

The  natural-draft,  hand-fired,  station- 
ary-grate furnace,  without  smoke  con- 
sumers or  means  of  admitting  air  over 
the  fire  other  than  through  the  fire-doors, 
will,  if  intelligently  stoked,  and  without 
air  holes  due  to  lack  of  fuel,  produce 
rather  high  percentages  of  CO:.  Still, 
such  a  furnace  provides  the  conditions — 
"where  air  has  to  pass  through  a  body 
of  incandescent  carbonaceous  matter" — 
which  Mr.  Woolson  informs  us  would 
produce  only  CO. 

Wilfred  E.  Bertrand. 

Philadelphia,   Penn. 


according  to  the  Ringelmann  chart.  The 
accompanying  figure  shows  a  section  of 
a  Ringelmann  chart  plotted  from  15-sec. 
observations.  The  density  of  smoke  as 
given  is  the  average  density  for  the  15 
sec.  previous  to  the  time  stated  and  not 
the  density  at  the  instant  of  recording 
the  smoke.  A  record  made  in  this  way, 
therefore,  gives  a  more  accurate  indica- 
tion of  the  actual  smoke  made  and  the 
length  of  its  duration.  The  figures  on 
the  base  line  of  each  record  indicate  the 
number  of  scoopfuls  of  coal  fired.  1  do 
not  believe  it  is  generally  appreciated 
how  closely  smoke  is  read  in  Chicago. 
It  has  been  found  by  experience  that 
steam  jets  in  themselves  could  not  be 
considered  a  complete  solution  for  the 
smoke  problem,  although  in  many  cases 
they  offer  a  great  advantage,  and  when 
used  with  proper  furnace  construction 
and  brickwork  in  the  combustion  cham- 
ber, make  a  combination  which  can  easily 
run    inside   of  the   Chicago   ordinance. 

O.     MONNETT, 

Smoke   Inspector. 
Chicago,  111. 


Smoke     Prevention     with 
Steam  Jets 

1  was  interested  in  the  article  under 
the  above  title  in  the  Jan.  16  issue,  and 
especially  in  the  Ringelmann  chart  read- 
ings shown  in  Fig.  4  thereof,  which  show 
the  performance  of  the  plant  with  ref- 
erence  to  smoke   before   the  steam   jets 


The  "Clean-up"   Spirit 

1  like  the  spirit  of  that  story  appear- 
ing on  the  foreword  page  of  the  Jan.  30 
issue  of  Power. 

It  must  not  be  inferred  that  the  fire- 
men mentioned  as  "a  clean-looking  set  of 
men"  were  at  that  moment  clad  in  spot- 
less garments,  with  faces  free  from 
grime,  but  it  was  apparent  that  there 
was  a  "clean  up"  with  them  at  quitting 
time,  while  with  the  chief  there  was  not. 
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Section  of  Smoke  Chart  Based  on  15-second  Readings 


were  applied  and  after  they  were  put  in 
use. 

The  article  says:  "A  comparison  of 
the  two  charts  utterly  fails  to  indicate 
the  degree  of  smoke  abatement  accom- 
plished." 1  would  like  to  state  that  the 
lower  chart  also  utterly  fails  to  show 
the  large  amount  of  smoke  that  was 
actually  made  during  this  test.  The  chart 
was  made  by  taking  one-minute  readings 
and  1  believe  that  this  method  is  not 
accurate  enough  to  give  an  idea  of  the 
performance   of  the  stack. 

In    Chicago   we   take    15-sec.    readings 


I  expect  there  was  a  decent  place  for 
the  men  to  dress  in  and  hang  their  street 
clothing  in  this  plant.  In  many  places 
one  takes  chances  and  places  his  cloth- 
ing where  he  believes  there  is  the  least 
coal  dust,  etc. 

Suitable  accommodations  can  easily 
and  cheaply  be  made  in  most  plants  for 
hanging  up  clothing  and  for  the  men 
performing  their  ablutions.  These  should 
be  provided  in  every  case  to  encourage 
the  "clean-up"  spirit. 

Lloyd  V.  Beets. 

Nashville,  Tenn. 
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Questions  are  not  answered  unless  accompanied  by  the  name  and 
address  of  the  inquirer.     This  page  is  for  you  when  stuck — use  it 


Outside  Diaiiifter  of  a  Gear 

What  is  the  rule  to  find  the  outside 
diameter  of  a  gear? 

M.   O.   R. 

To  find  the  outside  diameter  of  a  gear 
with  standard  teeth,  divide  the  sum  of 
the  number  of  teeth  plus  two  by  the 
diametrical  pitch.  Expressed  as  a  for- 
mula,  it  would   be 

Number  oj  teeth  A- 2  ,   ..     .• 

— =- — —  =  outside  diameter 

Uiametncal  pitch 

If  the  teeth   are  not  standard,  the  rule 

is    the    sum    of   the    pitch    diameter    and 

the  product  of  the  addendum   multiplied 

by  2.     A  standard  tooth  is  one  in  which 

the   line   of  pressure   is    14.5  deg. 


Heat    Required   to    Convert  Ice 
to  Steatn 

What  amount  of  heat  would  be  re- 
quired to  transpose  10  lb.  of  ice  at  18 
deg.  F.  to  steam  at  30  lb.  pressure  ab- 
solute? 

L.    R.    G. 

The  total  heat  of  1  lb.  of  steam  at 
30  lb.  pressure  absolute  above  32  deg. 
F.  is  1163.9  B.t.u.  The  heat  required  to 
convert  1  lb.  of  ice  at  18  deg.  F.  to 
water  at  32  deg.  F.  is  the  sum  of  the 
latent  heat  of  ice  and  the  product  of 
the  rise  in  temperature  of  the  ice  multi- 
plied by  its  specific  heat.  Substituting  fig- 
ures, the  rule  would  be  expressed  thus: 
142  +  (14  X  0.504)  =  149.056  B.t.u. 
The  heat  required  to  raise  10  lb.  of  ice 
to  steam  at  the  above  pressure  is 
(1163.9  +  149.056)  X  10  =  13,129.56 
B.t.u. 


Load  Raised  by  Di-um 

If  the  average  pressure  on  the  piston 
is  60  lb.,  what  load  will  a  24x36-in.  en- 
gine connected  direct  to  an  8-ft.  drum 
raise  in  one  revolution? 

L.  W.  R. 
An  engine  of  24  in.  cylinder  diameter 
contains    452.4    sq.in.    and    the    pressure 
on  the  piston  is 

452.4    X    60   =    27,144   Ih. 
In    one    revolution    the    engine    will    de- 
velop 

27,144    X    3    X    2   =    162,864  ft.-\h. 
per   revolution.      One   revolution    of   the 
drum  will  raise  the  weight 

8    X    3.1416    =    25.133  ft. 
and    the   pounds   raised   by   the   drum   in 
one   revolution   are 
162,864 


Ampere  Load  to   Raise  Coal 

What  would  be  the  ampere  load  on  3 

250-vQlt  motor  to  raise  2500  lb.  of  coal 

150  ft.  in  one  minute  if  the  efficiency  of 

the  apparatus  is  50  per  cent.? 

R.   L.   W. 

To   raise  2500  lb.   of  coal    150   ft.  per 

minute  would  require 

2500  X   150  =  375,000  ft. -lb. 

The  horsepower  required  would  be 

375,000 

— =  11.36  kl>. 

33,000 

The  watts  expended  in   raising  the  coal 

would  be 

11.36   X    746   =   8474.56 

The  amperes  required  to  raise  the  coal 

would   be 

8474-56. 

If  the  overall  efficiency   is  50  per  cent., 
the   total   amperes   required    are 

33  9 


•  =  33-9 


o  50 


=  67.: 


Soldering  Aluminum 

If  aluminum  can  be  soldered,  what  is 
the  best  material  to  use? 

F.    E.    J. 

Aluminum  can  be  readily  welded  elec- 
trically, but  soldering  is  not  satisfactory. 
The  high  heat  conductivity  of  the  alumi- 
num withdraws  the  heat  of  the  molten 
solder  so  rapidly  that  it  "freezes"  before 
it  can  flow  sufficiently.  A  German  solder 
said  to  give  good  results  is  made  of  80 
per  cent,  tin  and  20  per  cent,  zinc,  using 
a  flux  composed  of  80  parts  stearic  acid, 
10  parts  chloride  of  zinc  and  10  parts 
chloride  of  tin.  Pure  tin  fusing  at  480 
deg.  F.  has  been  employed  as  a  solder, 
and  soft  solder  with  chloride  of  silver 
as  a  flux  has  also  been  used. 
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Receivers 

Why  is  no  receiver  required  for  a 
tandem-compound  engine? 

J.  D.  R. 

Both  high-  and  low-pressure  pistons 
of  a  tandem-compound  engine  transmit 
power  to  a  single  crank.  The  exhaust 
from  the  high-pressure  cylinder  can  en- 
ter immediately  into  the  low-pressure 
cylinder  for  the  next  stroke.  With  a 
cross-compound  engine  with  cranks  on 
the  quarter,  there  is  an  interval  of  time 
between  the  exhaust  of  the  high-pressure 
cylinder  and   the   admission   of  the   low- 


pressure  cylinder;  and  the  receiver  is 
provided  to  store  the  discharge  of  the 
high-pressure  cylinder  during  that  per- 
iod. 


Power  for  Maclmie   Tools 

What  power  is  required  to  drive  a 
36-in.  lathe  and  a   15-ft.  planer? 

P.  H. 

A  36-in.  lathe  will  require  about  15 
hp.  Planers  are  rated  by  their  capa- 
city under  the  rail,  and  one  15  ft.  long 
will   require   from  2'j   to  7'i    hp. 


Effective  Head 

What  is  considered  the  effective  head 
in  a  hydraulic  turbine? 

D.  B. 

Neglecting  friction,  the  effective  head 
with  an  impulse  turbine  is  the  distance 
from  the  level  of  the  upper  pool  to  the 
point  of  entry.  The  effective  head  can- 
not be  increased  to  the  level  of  the 
tailrace  by  employing  draft  tubes.  In 
the  reactance  turbine  the  effective  head 
is  measured  from  the  level  of  the  upper 
pool  to  the  point  of  exit.  If  draft  tubes 
are  employed,  however,  this  head  can 
be  increased,  within  the  limits  of  the  at- 
mospheric column,  to  the  level  of  the 
tailrace. 


Adjusting  a  Spring-Loaded 
Safety  Valve 

What  will  cause  a  spring-loaded  safety 
valve  to  rumble  on  its  seat,  and  how  can 
it  be  remedied  ? 

P.  J.  L. 

If  the  safety  valve  does  not  pop  cleanly 
orshows  a  tendency  to  rumble,  the  ring 
surrounding  the  valve  which  t'orms  a 
huddling  chamber  is  too  low  and  should 
be  screwed   up. 


Running    a    Condensing   Engine 
None  ondensing 

If  the  condenser  of  a  compound-con- 
densing engine  running  full  capacity 
should  become  disabled,  what  should  he 
done  to  keep  the  engine  ruiming  on  full 
load? 

A.  L. 

Open  the  relief  valve,  Ic  the  engine 
exhaust  to  the  atmosphere,  and  let  high- 
pressure  steam  into  the  low-pressure  cyl- 
inder through   the   bypass   valve. 
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New  York  Chapter  of   Heat- 
ing  and    Ventilating  En- 
gineers 

The  regular  monthly  meeting  of  the 
New  York  Chapter  of  the  American  So- 
ciety of  Heating  and  Ventilating  Engi- 
neers was  held  in  the  Engineering  So- 
cieties Building,  29  West  Thirty-ninth 
St.,  New  York,  Tuesday  evening,  Feb. 
13,  at  8  o'clock,  with  President  W.  M. 
Mackay  in  the  chair.  The  evening  was 
devoted  to  routine  business  and  a  dis- 
cussion on  the  subject  of  factory  venti- 
lation. 

Announcement  was  made  that  at  the 
March  meeting  two  topics  of  interest  will 
be  presented:  "Ventilation  of  Public 
Schools  with  Especial  Reference  to  New 
York  Practice,"  Mr.  McCann,  of  the 
Board  of  Education,  presenting  some 
facts  in  regard  to  the  New  York  schools, 
and  "The  Time  Element  in  Regard  to 
the  Starting  Up  of  House  Heating  Boil- 
ers." 

At  the  April  meeting  the  subject  of 
"Air  Washers  and  Humidity"  will  be  dis- 
cussed, and  at  the  May  meeting,  "Arti- 
ficial Cooling  of  Buildings,  Steam  Traps 
and  Vacuum  Systems." 


$500,000  Plant  Burned 

On  Feb.  6,  fire  destroyed  the  plant  of 
the  Barnard  &  Leas  Manufacturing  Co., 
at  Moline,  111.,  causing  a  loss  of  $500,- 
000  and  throwing  400  men  out  of  em- 
ployment. An  explosion  of  accumulated 
gas  in  the  furnace  of  one  of  the  boil- 
ers set  fire  to  a  pile  of  shavings  and  the 
fire  quickly  spread  over  the  entire  build- 
ing. 


Water  Tube  Boiler  Explodes 

On  Feb.  19  a  water-tube  boiler  ex- 
ploded at  Wiggins,  Miss.,  killing  three 
employees  and  injuring  the  head  fire- 
man. Further  particulars  will  be  given 
in  an  early   issue. 


OBITUARY 

John  Burkitt  Webb,  who  retired  from 
the  professorship  of  mathematics  and 
mechanics  at  the  Stevens  Institute  of 
Technology  five  years  ago  to  practice  his 
profession  of  consulting  engineer,  died 
at  his  home,  in  Hoboken,  N.  J.,  Feb.  18, 
at  the  age  of  71.  The  funeral  was  held 
at  the  Church  of  St.  John  the  Evangelist 
on  Feb.  20,  the  burial  taking  place  in 
Philadelphia. 

Mr.  Webb  was  a  member  of  numer- 
ous scientific  societies,  and  was  known 
as  the  inventor  of  many  devices  for  the 
measurement  of  power,  among  them  be- 
ing   the    dynamophone. 

Mr.  Webb  was  born  in  Philadelphia, 
Penn.,  in  1841  and  received  his  engi- 
neering  degree    from   the   University   of 


Michigan  in  1871.  He  supplemented  his 
course  by  extensive  study  at  the  uni- 
versities at  Berlin,  Heidelberg  and  Paris, 
afterward  becoming  professor  of  civil 
engineering  at  the  University  of  Illinois 
and  later  assuming  the  chair  of  applied 
mathematics  at  Cornell  University.  He 
went  to  Stevens  in  1885.  Mr.  Webb 
married  Miss  Mary  Emeline  Gregory  in 
1870. 


On  Feb.  18,  Francis  H.  Stillman,  presi- 
dent of  the  Watson-Stillman  Co.  and 
prominent  in  the  machine-tool  and  hy- 
draulic-engineering   field,    died     at    his 


Francis  H.  Stillman 

home,  105  Rodney  St.,  Brooklyn,  N.  Y., 
in  his  sixty-second  year.  Mr.  Stillman 
was  born  in  New  York  on  Feb.  20,  1850, 
and  attended  Yale  College,  from  which 
he  was  graduated  in  the  class  of  1874, 
having  received  the  degree  of  bachelor 
of  science. 

Mr.  Stillman  first  embarked  in  business 
with  the  Cottrell  Printing"  Press  Co., 
severing  this  connection  to  engage  in 
business  with  his  step-father,  Mr.  Lyons. 
The  firm  of  Lyons  &  Co.  was  succeeded 
in  1883  by  Watson  &  Stillman,  which  firm 
was  organized  by  Mr.  Stillman.  In  1904 
it  was  incorporated  as  the  Watson-Still- 
man Co.,  with  Mr.  Stillman  as  its  presi- 
dent, which  position  he  continuously  oc- 
cupied  until   his   death. 

His  business  ability  soon  placed  the 
company  in  a  very  prominent  position  in 
the  hydraulic-engineering  field,  and  up- 
ward of  4000  types  and  sizes  of  hy- 
draulic machines  have  been  built  by  it. 

Mr.  Stillman  was  a  member  of  Hyatt 
Lodge,  F.  and  A.  M.,  a  member  of  the 
Thirty-second  Degree  in  Aurora  Grata 
Consistory,  a  Knight  Templar,  a  Noble 
of  Kismet  Temple,  Mystic  Shrine,  and 
of  the  Royal  Arcanum,  the  Hanover  Club 
of  Brooklyn,  the  Engineers  Club,  the 
American  Society  of  Mechanical  Engi- 
neers, and  treasurer  and  continuously 
throughout  its  existence,  a  director  of  the 


National  Association  of  Manufacturers. 
He  organized  and  was  first  president  of 
the  Machinery  Club  of  New  York,  and 
was  also  first  president  of  the  National 
Metal  Trades  Association.  He  was  also 
president  of  the  Bridgeport  Motor  Co. 
and  of  the  Pequannock  Commercial  Co., 
and  a  director  in  other  manufacturing 
firms. 

The  many  friends  who  loved  Mr.  Still- 
man for  his  high  standard  of  business 
integrity,  his  genial  disposition  and  for 
his  kind  personal  interest  in  all  those 
about  him  will  feel  most  keenly  his 
sudden  death,  particularly  those  at  his 
office,  as  he  came  to  business  the  day 
before  his  demise,  and  apparently  was 
in  good  health. 

Funeral  services  were  held  at  his  late 
home  at  eight  o'clock  Tuesday  evening, 
Feb.  20,  which  would  have  been  his 
sixty-second  birthday,  and  the  body  was 
interred  at  Evergreen  Cemetery,  Brook- 
lyn, on  Feb.  21.  Mrs.  Stillman  (who  was 
Miss  Irene  A.  Bancroft,  of  Boston,  Mass.) 
and  two  sons,  Austin  F.  and  Edwin  A. 
Stillman,  survive  him. 


SOCIETY  NOTES 

The  National  Association  of  Stationary 
Engineers  of  New  Jersey  will  hold  its 
twenty-first  annual  convention  in  Newark, 
N.  J.,  May  30  to  June  2.  It  is  the  in- 
tention to  make  the  exhibition  a  combina- 
tion of  a  power-plant  exhibit  and  a 
businessmen's  exhibit,  and  arrangements 
have  been  made  to  accommodate  about 
100  exhibitors.  Any  further  information 
may  be  had  by  addressing  E.  W.  Sears, 
secretary  of  the  convention  committee, 
109  Eleventh  Ave.,  Newark,  N.  J. 


PERSONAL 

Edward  C.  Wright,  Jr.,  has  been  ap- 
pointed smoke  inspector  of  Kansas  City, 
Mo. 

Albert  R.  Talcott,  until  recently  chief 
engineer  with  Tiffany  &  Co.,  jewelers,  at 
Forest  Hill,  Newark,  N.  J.,  will  repre- 
sent the  Standard  Oil  Co.  in  northern 
New  Jersey. 

Hubert  E.  Collins,  secretary  of  the 
Institute  of  Operating  Engineers,  has 
entered  upon  an  extended  trip  to  Brazil 
in  a  consulting  capacity  for  J.  G.  White 
&   Co.,    New   York   City. 

Cadwallader  Evans,  Jr.,  superintend- 
ent of  power  for  the  H.  W.  Oliver  power 
plant  at  Pittsburg,  Penn.,  has  resigned 
to  become  superintendent  of  mines  and 
plant  of  the  Arcadia  Coal  Co.,  Pictou, 
N.  S. 

John  Williams,  Commissioner  of  Labor 
of  New  York,  has  been  invited  to  partici- 
pate in  a  discussion  on  factory  ventila- 
tion by  the  New  York  Chapter  of  the 
American  Society  of  Heating  and  Venti- 
lating Engineers  at  its  April  meeting  in 
the    Engineering   Societies    Building. 
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THERE  are  leaks  and  there  are  leaks. 
A  certain  engineer  once  disbelieved 
this  theory.  He  thought  that  there 
were  only  leaks — the  visible  or  obvious  kind. 
But  he  is  won  over  now  and  he  is  quite  con- 
vinced that  it  is  possible,  yea,  even  probable 
that  in  many  plants  there  are  leaks  existing 
which  cannot  be  detected  by  sight,  sound, 
feel  or  smell.  Serious  leaks — leaks  that  go 
on  day  and  night,  cutting  down  efficiency  and 
stealthily  stealing  money  out  of  the  office 
safe,  for  if  it  were  not  for  these  leaks  a  lesser 
amount  of  money  would  pay  the  coal  bill 
and  the  diiference  would  still  repose  in  the 
treasury. 

Our  friend  proudlv  called  himself  an  "old- 
time  engineer,  and  a  thorough  one,  too,  I'll 
have  you  understand,  sir."  He  kept  his 
plant  in  the  best  apjjearing  condition  imagin- 
able. The  brightwork  on  the  engines  and 
other  machinery  was  truly  bright.  Dust, 
dirt  and  oil  were  never  allowed  to  accumulate. 
One  never  discovered  a  steam  leak  at  man- 
head,  joint  or  valve;  as  soon  as  a  leak  devel- 
oped it  was  stopped  by  putting  in  new  packing 
or  gasket  as  the  case  might  be,  for  leaking 
steam  costs  money  and  he  was  a  thorough 
engineer,  you  know.  In  a  word,  his  plant 
was  a  model  of  neatness  and  order.  Biit, 
as  we  have  said,  he  did  not  think  such  a  thing 
as  an  invisible  leak  could  exist. 

vSteam-engine  indicator  salesmen  had  talked 
to  him  until  they  were  "blue  in  the  face," 
but  much  good  it  did  them !  He  had  success- 
fully run  his  plant  for  years  without  an  indi- 
cator and  he  guessed  he  didn't  need  one  now 
at  his  time  of  life,  etc. 


Now,  our  friend  had  a  son  who  had  gone 
to  a  so  called  trades  school;  it  wasn't  as 
advanced  as  a  college,  yet  it  "dug  into  enough 
theory  to  get  at  the  reason  why  of  most  things 
that  transpire  in  an  average  power  plant. " 

This  son  was  wise  beyond  his  years.  He 
knew  his  pop  was  a  "  leetle  "  touchy  on  the 
score  of  "book  learnin,  '  as  he  called  it,  yet 
not  quite  so  much  as  to  deprive  his  son  of 
all  the  benefits  of  an  education.  So  the  son 
went  slow  and  carefully  felt  his  way. 

One  day,  as  a  favor,  the  father  let  the  son 
indicate  the  main  engine.  The  diagrams 
indicated  that  a  simple  change  in  the  valve 
setting  would  be  beneficial  and  the  son 
]5ointed  this  out  to  the  old  man  in  a  diplo- 
matic way.  The  old  man  was  skeptical,  but 
"game,"  and  the  change  was  made.  The 
result  was  an  appreciable  improvement. 

Later,  the  son  got  a  flue-gas  apparatus 
and  to  "humor"  him  the  father  let  him 
make  some  tests;  secretly  the  old  man  was 
gaining  great  confidence  in  the  young  one, 
but  he  hated  to  give  in.  After  the  tests  the 
young  man  suggested  that  the  draft  and 
fires  be  managed  in  a  different  way.  When 
this  was  done  a  very  marked  saving  was 
effected. 

Finally,  after  several  similar  experiences, 
the  father  capitulated  and  frankly  admitted 
that  there  was  more  to  successfully  operating 
a  steam  plant  than  he  had  ever  suspected. 

He  realizes  now  that  a  plant  may  look  to 
be  in  first-class  condition  and  yet  \}e  ineffi- 
cient and  waste  money  in  every  direction. 
Do  you?     If  so,  what  are  vou  doing  about  it? 
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Modern  German  Electrical  Plant' 


The  Finow  Canal  joins  the  Elbe  and 
the  Oder  Rivers  and  includes  in  part  of 
its  length  the  Finow,  a  little  river  from 
which  energy  is  still  utilized  through 
hydraulic  plants.  Along  its  banks,  favored 
by  the  nearness  of  Berlin,  lively  in- 
dustries have  developed.  The  small 
horsepower  of  the  Finow,  however,  has 
long  since  ceased  to  meet  the  demand, 
and  steam  power  has  from  time  to  time 
been  added  until  the  Finow  is  now  in- 
dustrially far  more  valuable  as  a  carrier 
of  coal  barges  and  of  other  freight  than 
as  a  power  source. 

To  supply  this  industrial  district  with 
electricity,  the  A.  G.  Markisches  Elek- 
tricitiitswerk  erected  on  the  Finow  Canal 
during  1909  an  electrical  plant  which 
is  herein  described. 

The  preliminaries  showed  that  as  pros- 
pective consumers  there  would  be  prin- 
cipally brick  and  tile  works  with  about 
2000  service   hours   per  year  at   a   load 


Description  of  a  10,000-kw. 
plant  on  the  Finow  Canal  near 
Berlin,  and  the  conditions  which 
led  to  the  several  distinctive  feat- 
ures in  design. 


•Keprintt-d  from  an  article  by  Prof.  G. 
Klingenberg.  in  die  Zeitschrift  des 
•Vereines  Deutscher  Ingenieure. 

General  Layout 
A  building  site  property  was  according- 
ly acquired  on  the  banks  of  the  canal, 
which  was  thus  available  for  fuel  de- 
livery and  for  boiler  feed  and  circulating 
water.  A  private  dock  was  built  to  ac- 
commodate coal  barges  of  about  200  tons 
capacity  each;  and  alongside  of  the  dock 
was  located  the  coal-storage  yard.     The 


Beneath  the  coal-storage  yard  are  two 
reinforced-concrete  passageways  about  6 
ft.  square,  through  which  an  endless 
bucket  conveyor  travels.  In  the  roof 
of  each  passageway  there  is  a  row  of 
feed  funnels  through  which  the  coal, 
stored  above,  falls  to  the  conveyor.  (See 
Fig.  2.)  At  the  outer  end  of  the  storage 
yard  the  chain  of  buckets  is  conducted 
transversely  above  ground  from  one 
passageway  to  the  other.  Within  the 
boiler  house  the  conveyor  is  carried  on 
the  roof  trusses  and  discharges  by  means 
of  automatic  dumpers  which  are  installed 
in  pairs  in  each  bunker  and  may  be  op- 
erated from  the  firing  level  by  means  of 
a  handle.  The  capacity  of  each  bunker 
does  not  exceed  a  two-hour  fuel  demand 
per  boiler  as,  in  view  of  the  operative 
reliability  of  the  coal-carrying  plant,  a 
storage  of  coal  in  the  boiler  house  proper 
seemed  unnecessary.  The  chief  ad- 
vantage of  this  arrangement  lies  in  the 


Fig.   1.  Plant  from  River  Side 


factor  of  about  100  per  cent.;  factories 
with  3000  to  7000  hours  and  a  load 
factor  of  from  40  to  70  per  cent.;  and 
communities  and  ranch  farms  ranging 
from  150  to  1000  hours  with  a  load  fac- 
tor of  about  35  per  cent.  As  a  first 
proposition,  3200  kw.  were  calcula'ted  as 
the  maximum  load  at  any  one  time;  the 
second  proposition  was  for  5500  and 
the  third  for  8800,  and  the  load  factor 
in  view  of  the  large  power  demand  was 
estimated  at  from  35  to  40  per  cent. 
From  this  was  determined  an  individual 
machine  size  of  3600  kw.  capacity  with 
a  power  factor  of  80  per  cent.,  and  in 
accord  therewith  the  building  was  ar- 
ranged to  accommodate  three  steam  tur- 
bines and  six  boilers  having  a  unit  hourlv 
evaporative  capacity  of  26,400  to  33,000 
lb.  Of  this  equipment  two  turbines  and 
three  boilers  were  at  first  erected. 


boiler  and  turbine  rooms  are  adjacent 
to  this  in  such  a  layout  that  the  turbine 
room  fronts  on  the  canal,  an  arrange- 
ment permitting  minimum  lengths  of  suc- 
tion, and  discharge  tunnels.  The  elec- 
trical galleries  are  in  a  separate  build- 
ing connected  to  the  turbine  room  by  a 
covered  way. 

The  coal  yard  is  laid  out  for  the 
storage  of  a  four  months'  supply  be- 
cause during  cold  weather  a  regular  de- 
livery cannot  be  depended  upon.  The 
coal  is  taken  from  the  boats  and  piled 
directly  in  the  yard  by  means  of  a  motor- 
operated  traveling  bridge  crane  capable 
of  handling  40  tons  of  coal  per  hour; 
this  is  shown  in  Fig.  1.  For  future  ex- 
tension the  inner  or  land-side  runway 
of  this  bridge  is  so  constructed  that  a 
second  bridge  can  be  erected  to  serve  the 
space  in  front  of  a  second  boiler  house. 


unusually  small  weight  of  the  structural 
work  and  the  absence  of  special  columns. 
As  a  bunker  fills  it  is  auiimatically 
cut  out.  Should  all  the  bunkers  be  full, 
the  buckets  return  unemptied  to  ai  -"p 
into  a  coal  pocket  on  the  boiler-house 
front  through  the  action  of  a  fixed  tripper 
which  tips  all  buckets  a  second  time,  and 
where  the  falling  coal  releases  a  trap 
which  cuts  out  the  operating  motor.  By 
alternating  the  filling  of  the  buckets 
among  different  points  at  the  storage 
yard  different  kinds  of  coal  can  be  mixf  d 
The  length  of  the  conveyor  is  about  ■i'^'o 
ft.;  it  is  operated  by  an  8-hp.  '-'as- 
phase  motor  and  has  a  capacity  i  -4 
tons  an  hour. 

Boilers 

The  boiler  house.  Figs.  2  and  3,  is  de- 
signed  foi   six  boiler  units,  each  consist- 
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ing  of  a  boiler,  an  economizer,  forced- 
draft  appliances  and  a  stack.  The  weight 
of  the  structural-steel  work  for  the  com- 
plete boiler  house  amounts  to  213,400 
lb.,  or  one  pound  of  steel  per  pound  of 
water  evaporated  at  maximum  load. 
These  unusually  low  figures  were  at- 
tained  in  part  through  the  described  ar- 


combined  surfaces  of  a  boiler  and  its 
economizer  are  naturally  less  than  with 
the  usual  separated  arrangement.  It  is 
possible  also,  notwithstanding  the  rela- 
tively  low   stack   height,   to   operate   the 


The  forced  draft  is  furnished  by  a 
Sirocco  motor-driven  blower  having  a 
capacity  of  1.5  times  the  air  requirement 
with  normal  and  maximum  power  needs 
at  20  and  30  hp.  respectively,  and  main- 
tains a  draft  behind  the  economizer  of 
about  1  in.  normally  or  a  maximum  of 
about  1.5  in.  The  height  of  each  stack 
from  the  boiler-room  floor  is  98.5  ft. 

Fig  4  shows  a  cross-section  through  a 
boiler  and  its  superimposed  economizer. 
As    can    be    seen,    it    is    a    self-contained 


Fig.  2.  Sectional  Elevation  through   Plani,  Showing  Coal-handlinc    Apparatus 


rangement  of  coaling  apparatus  and  in 
part  through  a  boiler  construction  sug- 
gested by  (he  author  and  carried  out  by 
the     Babcock     &     Wilcox     Co.,     which 


boilers  with  natural  draft  up  to  about 
two-thirds  of  their  maximum  capacity, 
so  that  the  artificial  draft  need  be  thrown 
in  only  for  the  heavy  loads. 


group  inclosed  by  a  sheet-metal  casing 
preventing  the  entrance  of  air.  To  guard 
against  water  being  carried  over  into 
the  superheater,  a  large  receiver  drum 
is  placed  over  the  boiler. 

The  boiler  and  the  economizer  of  each 
unit  are  so  designed  that  the  hot  gases 
enter  the  latter  at  about  750  deg.  F.,  and 


Fig.  3.  Side  Elevation  of  Boiler 


from  a  thermal  standpoint  has  been  well 
justified. 

Aside  from  the  small  ground-surface 
requirement,  a  further  advantage  of  this 
construction  appears  in  the  small  heat 
loss  through  radiation  and  piping,  as  the 


Simplicity  of  service,  the  absence  of 
dampers  and  the  fact  that  the  blower 
is  called  upon  to  deliver  cold  air  only 
and  can  be  set  up  to  be  conveniently 
accessible,  are  advantages  due  to  the 
superiority  in  such  cases  of  forced  draft. 


Fig.  4.  Section  through   Boiler  and 
Economizer 

the  feed  water  is  heated  to  about  250 
to  285  deg.  The  ashes  fall  through  hop- 
pers under  the  ashpits  to  the  basement 
from   whence  they  are  carted   away. 

The  boilers  are  automatically  fed  by 
turbine-driven  multi-stage  centrifugal 
pumps,  the  speed  being  governed  by  a 
pressure  regulator.  The  exhaust  from 
these    turbines    is    led    to    coil-type    re- 
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ceivers  serving  as  primary  feed-water 
heaters  from  which  the  water  flows  un- 
der pressure  to  the  centrifugal  pumps 
tor  delivery  to  the  boilers. 

Under  normal  conditions,  each  boiler 
unit  evaporates  27,700  lb.  of  water  pe.' 
hour  but  has  a  maximum  capacity  of 
34,(300  lb.  The  heating  surface  per  boiler 
amounts  to  4400  sq.ft.,  each  superheater 
1450  sq.ft.,  and  each  economizer  2260 
sq.ft. 

Stea.m  Piping 

In  Fig.  5  is  shown  the  main  steam 
piping.      This    consists    essentially    of    a 


valves  having  "shut"  and  "open"  indi- 
cators. The  piping  was  laid  out  for  a 
maximum  steam  velocity  of  15,700  ft. 
per  minute. 

The  nonconducting  covering  of  the 
steam  piping  consists  of  siliceous  earth, 
2.375  in.  thick,  the  flanges  in  addition 
being  fitted  with  cast-iron  covers  with 
drip   connections. 

Water  Supply 

Water  for  condensing  purposes  is 
taken  from  a  suction  tunnel  running 
parallel  to  the  turbine  room,  and  a  sim- 
ilarlv    located    discharge    tunnel    carries 


equipped  with  ejectors  operated  by  satu- 
rated steam  directly  from  the  boiler. 

Turbo-generators 

The  turbine  room,  Fig.  6,  in  its  pres- 
ent stage  of  completion  affords  space  for 
three  turbo-generators  each  of  3600  kw. 
with  a  power  factor  of  80  per  cent. 
These  are  designed  for  steam  of  a  pres- 
sure of  185  to  215  lb.  gage  at  a  tem- 
perature of  570  to  660  deg.  F.  at  the 
throttle  and  are  provided  with  nozzle 
regulation  which  with  small  loads  per- 
mits of  a  material  reduction  in  the  steam 
consumption. 
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Fig.  5.  Piping  Layout 


main  line  from  each  row  of  boilers  lead- 
ing to  a  main  separator;  these  separators 
have  a  cross-connection  from  which  lead 
the  branches  to  the  main  turbines,  each 
branch  being  provided  with  its  individual 
separator. 

The  two  main  lines  are  cross-connected 
in  the  boiler  room,  but  a  true  ring  header 
is  not  thus  established  as  the  cross- 
section  is  not  sufficient  for  the  passage  of 
the  total  boiler  output.  Seamless  steel 
piping  is  used  with  cast-steel  rolled 
flanges  and  spherical  segment  rings;  the 
valves  are  of  cast  steel  with  nickel 
seats,  and  ali  valves  may  be  operated 
from    the    boiler-house    floor,    the    main 


it  back  into  the  canal.  The  water  cir- 
culation for  the  cooling  of  the  turbine 
bearings  is  supplied  by  small  motor- 
driven  centrifugal  pumps  placed  in  the 
basement  and  in  connection  with  the  two 
tunnels  mentioned. 

For  the  boiler  feed  only  small  quan- 
tities of  water  need  to  be  added;  the 
water  losses  are  small  as  the  condensate 
from  the  feed  pumps  is  free  from  oil 
and  is  fully  recovered.  As  the  water 
from  the  canal  is  hard,  a  purifier  is  used; 
from  this  the  w^ter  flows  to  a  reservoir 
into  which  also  are  returned  the  drips 
from  the  various  separators. 

All      these      centrifugal      pumps     are 


The  condensers,  which  are  of  the  ordi- 
nary contraflo  surface  type,  are  each 
equipped  with  a  rotary  circulating  and 
hotwell  pump  driven  by  a  small  steam 
turbine  (see  Fig.  7).  The  exhaust 
from  these  turbines  is  individually  led 
to  an  intermediate  stage  of  one  of  the 
main  turbines.  The  condensate  is  passed 
through  a  water  meter  provided  for  each 
turbine  so  that  it  is  possible  at  any  time 
to  determine  the  steam  consumption  of 
the  turbine. 

The  generators  operate  with  a  pressure 
of  10,000  volts,  maintained  constant  with 
Tirrill  regulators.  Each  generator  has  a 
switch     panel     carrying     the     necessary 


March  5,   1912 


POWER 


319 


meters  and  in  addition  signaling  appa- 
ratus for  communication  witii  the  switch- 
board. 

Switch  Galleries 

In  providing  a  separate  building  for 
the  switch  galleries,  the  cost  was  but 
slightly   increased    (one  more  wall)    and 


not  bear  investigation;  for  the  distribut- 
ing installation,  except  for  the  voltage 
control  of  the  generators,  belongs  rather 
to  the  transmission  system  than  to  the 
generators. 

The  claim  that  the  switchboard  at- 
tendant should  see  the  machines  is 
equally    groundless;    on   the   contrary,   it 


Fig.  6.  Turbine  Room 


two  more  light  sources  were  gained.  This 
separate  construction  also  has  the  ad- 
vantage of  being  independent  of  inner 
constructive  requirements  of  the  engine 
house  and  electrical  galleries  in  the  mat- 
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is  better  that  he  be  remov'ed  from  the 
noises  of  the  engine  room  and  left  to  be 
entirely  guided  by  the  readings  of  his 
instruments.  There  are  known  cases 
where  sudden  machine  failures  have 
prompted  wrong  switch  handling.  The 
only  necessary  intercommunication  of 
the  switch  galleries  and  the  engine  house 
concerns  the  cutting  in  or  out  of  the 
generating  units  and  their  loading,  and 
this  simple  intelligence  is  best  conveyed 
by  means   of  signals. 


Fig.  7.  Condenser  Accessories 

ters  of  heights,  column  arrangements  and 
roof  constructions — advantages  of  value 
in  later  e,\tensions.  The  often  advanced 
argument  that  the  electrical  galleries 
should  be  in  the  closest  possible  com- 
munication  with   the   engine   house   will 


Corrosion  of  Condenser  Tubes 

A  recent  issue  of  Engineering  contains 
a  paper  by  Arnold  Philip  upon  the 
corrosion  of  condenser  tubes,  the  paper 
having  been  read  before  the  Institute  of 
Metals  on  Jan.   17. 

Mr.  Philip  was  of  the  opinion  that 
only  about  10  per  cent,  of  ihe  cases  were 
serious,  these  being  localized  corrosion 
or  pitting.  Accordingly  his  remarks  dealt 
almost  exclusively  with  such  cases  as 
found  in  tubes  of  Admiralty  composition 
— namely:  copper,  70  per  cent.;  zinc,  29 
per  cent.,  and  tin,  i  per  cent.  Of  these 
cases  fully  90  per  cent,  resulted  from 
known  causes  which  could  have  been 
neutralized  or  overcome  by  such  pre- 
ventives as  bars  of  zinc,  aluminum  or 
iron.  The  presence  of  these  so  called 
electro-positive   metals,   however,   is   not 


alone  sufficient  to  prevent  corrosion  of 
the  condenser  tubes  immersed  in  the 
same  bath  of  sea  water.  It  is  essential 
that  there  shall  be  a  direct  circuit  be- 
tween the  tubes  and  the  protecting  metals 
and  that  both  shall  be  immersed  in  the 
same  electrolyte. 

In  this  connection  may  be  mentioned 
the  practice  in  the  British  navy.  Zinc 
and  iron  were  originally  used  in  con- 
densers in  which  the  body  was  of  cast 
or  wrought  iron,  and  the  sea  water  passed 
outside  the  tubes,  and  was  therefore  at 
the  same  time  in  direct  contact  with  the 
outside  of  the  metal  condenser  tubes  and 
the  inside  of  the  iron  case.  Under  these 
circumstances  the  protection  was  very 
complete,  and  while  corrosion  of  the  steel 
or  iron  casing  took  place,  the  corrosion 
of  tlie  tubes  was  practically  unknown. 
Steel  or  zinc  protector-slabs  and  bars 
have  been  used  attached  inside  the  con- 
denser doors,  or  on  the  tube  plates  them- 
selves, or  some  of  the  tubes  of  the  con- 
denser have  been  replaced  by  iron  or 
steel,  or  even  zinc,  rods;  while  in  some 
condensers,  built  about  four  years  ago, 
the  bodies  were  of  metal  of  a  composi- 
tion closely  approximating  to  that  of  the 
tubes,  with  the  doors  of  iron  or  steel. 
Alore  recently  condensers  have  been 
made   with   steel   bodies. 

A  peculiarity  noted  in  nearly  all  the 
cases  investigated  by  Mr.  Philip  was  that 
the  corrosion  occurred  along  the  bottom 
of  the  inside  of  the  tubes.  This  would 
indicate  that  the  trouble  was  caused  by 
the  Contact  of  particles  of  carbon  or 
ferric  oxide,  or  other  electro-negative 
solids  deposited  from  the  cooling  water, 
and  setting  up  a  galvanic  action.  This 
action  is  increased  when  the  condenser 
is  not  in  use  and  the  tubes  remain  full 
of  sea  water. 

If,  on  the  other  hand,  the  condenser  is 
emptied  of  water  when  not  in  use  there 
would  be  a  possible  source  of  danger  of 
corrosion  along  the  bottom  inside  sur- 
face of  the  tubes,  because  this  portion 
would  be  exposed  longest  to  the  joint 
action  of  salt  water  and  air.  It  was  sug- 
gested by  Mr.  Philip  that  this  cause 
might  be  removed  by  employing  vertical 
or  inclined  tubes. 

The  discussion  following  the  presenta- 
tion of  the  paper  corroborated  in  general 
Mr.  Philip's  opinion,  although  the  ques- 
tion was  raised  as  to  whether  the  pres- 
ence of  gases  in  the  water  did  not  have 
a  decided  influence  in  any  corrosive  ac- 
tion. It  was  generally  conceded  that 
they  would,  but  no  definite  information 
was  offered  in  support  of  this  contention. 

A  special  committee  has  been  ap- 
pointed by  the  institute  to  look  into  the 
subject  of  corrosion  and  its  report  will 
be  awaited   with   interest. 


It  is  this  very  feeling  of  "wanting  to 
know"  which  distinguishes  the  man  who 
means  to  succeed  from  the  man  who 
merely  hopes  that  he  will  do  so. 
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Steam  Consumed  by  Vacuum  Cleaner 


Within  the  past  few  years  little  has 
been  recorded  publicly  of  tests  upon  any 
of  the  systems  which  have  been  appear- 
ing on  the  market  for  the  so-called  vac- 
uum-cleaning process.  For  this  reason, 
tests  which  were  conducted  a  few  years 
ago  upon  a  steam-ejector  type  of  cleaner 
may  be  of  interest  on  account  of  the 
principles  involved  and  the  results  ob- 
tained as  compared  with  those  of  other 
types  on  the  market. 

The  system  of  vacuum  cleaning  has 
become  so  well  known  that  little  need  be 
said  in  regard  to  its  principles  e.\cept 
that,  like  all  machines,  this  blower  was 
intended  to  exhaust  air,  the  inrush  of 
air  thus  created  through  suitable  clean- 
ing devices,  nozzles,  etc.,  being  employed 
to  draw  dust  and  dirt  out  of  carpets, 
upholstery  and  other  household  furnish- 
ings, the  steam  ejector  which  was  tested 


By  J.  V.  Hunter 


Results  of  a  test  upon  a  steam- 
ejector  type  of  vacuum  cleaner, 
showing  the  steam  consumption 
at  different  vacuums  and  loads 
with  from  one  to  four  sweepers 
attached. 


to  remove  every  particle  of  moisture, 
it  is  not  surprising  that  the  steam 
blower  did  not  continue  long  in  service 
for  this  purpose,  since  the  air,  being 
very  heavily  charged  with  steam,  must 
have  considerably  decreased  the  efficiency 
of  the  blast  furnace. 


^^r- 


FiG.  1.  Section  through  Ejector 


being  intended  for  heavy-duty  ser\'ice  in 
connection  with  large  office  buildings, 
hotels,  etc.,  where  the  boiler  plant  could 
furnish  enough  live  steam  for  its  op- 
eration. 

History 

The  principle  involved  does  not  seem 
to  be  a  new  one;  Kent's  "Mechanical  En- 
gineers' Pocketbook"  records  sizes  and 
tests  on  steam-air  exhausters.  Many  of 
these  were  used  in  connection  with  mine 
ventilation  in  England  between  the  years 
1810  and  1850.  The  steam  exhauster 
seems  to  have  been  inefficient  for  this 
service  and,  though  quite  popular  for  a 
short  time  after  its  advent,  it  did  not 
continue  long  in  ser\'ice  as  the  furnace 
ventilation  process  was  less  than  half 
as  expensive  to  operate. 

It  also  appears  that  the  reverse  prin- 
ciple of  this  apparatus  was  used  for  some 
years  in  connection  with  the  production 
of  the  necessary  air-blast  for  blast  fur- 
naces. In  this  position  it  acted  as  a 
blower  and  was  capable  of  producing  air 
pressures  up  to  one-sixth  the  pressure 
of  the  steam  supplied   for  its  operation. 

In  view  of  the  modern  developments 
of  the  Gayley  dry-air  blast  system — 
wherein  it  has  been  shown  that  the  effi- 
ciency of  a  blast  furnace  and  its  output 
may    be    considerably    increased    by    re- 


A  section  of  the  blower  under  discus- 
sion is  shown  in  Fig.  1.  Within  an  outer 
shell  A  is  placed  the  nozzle  B  through 
which  the  steam  rushes  past  the  con- 
trolling valve  C.  The  velocity  of  the 
steam    carries   the    surrounding   air   with 


The  steam,  together  with  the  air  dis- 
placed, passes  off  through  the  exhaust 
pipe  H. 

The  amount  of  air  displaced  depends 
on  the  construction  of  the  chamber  and 
on  the  quantity  and  velocity  of  the  steam 
rushing  through  it.  The  opening  /  in 
the  air  chamber  where  the  air  line  is  at- 
tached, connects  the  suction  line  with 
the  rest  of  the  system  through  a  back- 
pressure check  valve  (not  shown),  its 
duty  being  to  prevent  a  back-rush  of  air 
through  the  chamber  when  the  steam  is 
shut  off.  In  order  to  collect  all  the  dust, 
dirt,  etc.,  picked  up  by  the  sweepers  and 
prevent  clogging  or  interference  with  the 
operation  of  the  sweeper,  this  dust  is 
collected  in  a  dry  dust-accumulating  tank 
from  which  the  air  is  sucked  by  the 
ejector  and  to  which  it  is  fed  by  the 
lines  of  sweepers. 

It  must  be  noted  that  this  sweeper  was 
intended  for  operation  with  four  lines 
of  hose  and  is  designated  as  a  four- 
sweeper  type.  Therefore,  to  the  accumu- 
lating tank  were  connected  four  valves 
to  each  of  which  was  connected  a  100- 
ft.  length  of  hose  and  mop  (sweeper) 
for  cleaning  purposes.  The  sweepers 
consist  of  a  slotted  air-inlet  head  con- 
nected with  a  suitable  hollow  handle  in 
which  is  a  valve  to  close  the  flow  of  air 
when  not  in  use. 

Variation    in    Economy 

The  economy  of  vacuum  sweeping  is 
not  the  same  at  all  pressures,  but  little 
attention  seems  to  have  been  given  this 
point  by  the  modern  designers  of  the 
cheap  commercial  sweepers.  Experiments 
conducted  by  Prof.  Hallock,  of  Columbia 


Fig.  2.  Measuring  Tube 


it  and  creates  a  suction  through  the  open- 
ings D  and  a  consequent  vacuum  in  the 
air  chamber  £.  This  mixture  of  steam 
and  air  rushes  through  a  second  nozzle 
F  and  sucks  more  air  through  the  open- 


University,    determined    the    most    eco- 
nomical pressures  for  sweeping  to  be  be- 
tween 9  and  13  in.  of  mercury. 
Tests 
The  ejector  subjected  to  this  test  was 
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four  sweepers  mentioned  wit+i  a  vacuum 
pressure  of  1 1  in.  To  afford  steam  econ- 
omy when  the  full  load  was  not  on  the 
ejector,  a  small  plunger-type  valve  was 
connected  which  would  decrease  the 
steam  supply  on  the  ejector  when  the 
pressure  rose  too  high  and  open  it  should 
additional  load  be  put  on  and  the  pres- 
sure fall.  This  valve  adjustment  would 
not  regulate  closer  than  4  in.  of  mer- 
cury, so  it  was  blocked  open  and  all 
regulating  during  the  tests  done  by  hand. 
With  a  steady  load,  however,  the  ejector 
required   little  or  no  regulating. 

The  tests  on  this  ejector  were  made 
with  two  objects:  to  determine  the  quan- 
tity of  air  displaced  under  ordinary  work- 
ing conditions  with  a  four-sweeper  load; 
and  to  determine  the  steam  consumption 
at  various  steam  and  vacuum  pressures 
under  ordinary  working  conditions  and 
also  for  various  other  loads.  The  quan- 
tity of  air  displaced  per  minute  was  de- 
termined with  a  four-sweeper  load  for 
9,  10,  11,  12  and  13  in.  of  vacuum  in 
the  accumulating  tank,  although  11  in. 
was  considered  the  average  working 
pressure  carried.  When  the  air  displaced 
by  four  sweepers  at  these  pressures  is 
known,  it  would  naturally  follow  that 
the  displacement  of  a  greater  or  lesser 
number  of  sweepers  would  be  in  direct 
proportion  to  the  number  of  sweepers 
used. 

Steam-consumption  tests  were  made  at 
full  load  with  steam  pressures  ranging 
from  80  to  130  lb.,  with  a  variation  of 
10  lb.  between  each  test;  also,  the  tests 
were  conducted  at  each  of  the  vacuums 
mentioned.  Furthermore,  in  order  to  de- 
termine the  steam  consumption  at  less 
than  full  lead,  tests  were  conducted  with 
only  one,  two  and  three  sweepers  operat- 
ing. 

In  order  to  have  conditions  as  nearly 
standard  as  possible,  each  sweeper  was 
connected  with  the  ejector  by  a  100-ft. 
line  of  hose,  care  being  taken  to  see 
that  all  lines  and  joints  were  air-tight. 
Moreover,  each  mop  was  placed  as  un- 
der working  conditions,  with  the  slot 
against  a  carpet  so  that  the  maximum 
amount  of  air  would  be  drawn  through 
the  fabric  of  the  carpet.  In  order  to 
determine  the  actual  vacuum  pressure 
at  each  of  the  sweepers,  a  manometer 
tube  was  attached  at  the  junction  of 
each  sweeper  and  hose,  the  readings  be- 
ing recorded  in  inches  of  mercury. 

Table  1  shows  the  vacuum  pressures 
in  each  sweeper  for  certain  tank  pres- 
sures and  also  the  average  which  was 
determined  for  all   four  sweepers. 

An  attempt  was  made  to  equalize  the 
readings  by  adjusting  the  position  of  the 
sweeper  on  the  carpet,  but  the  inequal- 
ities remained.  These  were  probably  due 
to  slight  differences  in  the  width  of  the 
absorbing  slots  of  the  sweepers  and  also 
to  differences  which  may  have  existed 
in  the  frictional  resistances  in  the  dif- 
ferent lines  of  hose. 


Ttere  were  no  readily  obtainable  aij 
meters  which  would  measure  so  great  a 
quantity  of  air,  and  for  this  reason  an- 
other method  was  devised,  employing  the 
principle  that  the  velocity  of  air  passing 
through    an    opening    together    with    the 

TABLE    1.  V.iCUUM.   INCHES 
OF   MERCURY 


At 

Hose 

Hose 

Hose 

Hose 

Aver- 

Tank 

No.  1 

No.  2 

No.  3 

No.  4 

age 

13 

8.54 

6.37 

9.75 

8.88 

8.38 

12 

8 .  00 

6.00 

9.12 

8.25 

7.84 

U 

7.37 

.5.43 

8.30 

7.62 

7.13 

lu 

6.75 

.5.00 

7.62 

6.94 

6.58 

y 

6.12 

4.62 

6.88 

6.37 

5.99 

8 

5.42 

4.12 

6.25 

5.75 

5 .  38 

area  of  the  opening  determines  the  quan- 
tity flowing.  Therefore,  arrangements 
were  made  to  determine  the  velocity  by 
means   of  an   anemometer,   so   the   tube 


Fig.  3.  Accumulating  Tank  with  Hose 
Connections 

for  measuring  the  volume  was  con- 
structed as  shown  in  Fig.  2.  This  con- 
sisted of  a  sheet-iron  cylinder  9  in.  in 
diameter  and  36  in.  long,  one  end  being 
drawn  down  and  fitted  to  the  piping  con- 
nections, which  were  duplicates  of  the 
valve  connections  used  to  attach  the  hose 
to  the  tank.  Into  the  side  of  this  cyl- 
inder was  fastened  a  glass  U-tube  for 
the  purpose  of  reading  the  pressure  in 
inches  of  water  at  this  point.  A  Biram's 
portable  anemometer  was  used  for  de- 
termining the  air  velocity. 

The  anemometer  was  calibrated  before 
starting  the  test  by  noting  its  speed  for 
each  vacuum  pressure,  the  quantity  of 
air  passed  at  these  pressures  being  found 
by  connecting  the  anemometer  with  a 
large  air-storage  tank  from  which  the 
air  was  allowed  to  escape  rapidly  and  at 
the  same  time,  by  means  of  the  volumes, 
and  pressures  could  be  accurately  meas- 
ured. By  means  of  a  controlling  valve 
the  air  pressures  in  the  anemometer  tube, 


as  indicated  by  the  manometer,  were 
kept  constant  and  equal  to  the  results 
which  had  been  determined  for  different, 
vacuum  pressures  when  the  tube  was  op- 
erating in  the  reverse  direction,  the  ap- 
paratus having  been  arranged  in  such  a 
way  that  the  results  would  be  reversible. 
Correction  was  determined  and  made  in 
each  test  for  the  reversed  position  of 
the  anemometer.  Under  these  circum- 
stances, it  was  found  that  the  four  lines 
of  hose  were  passing  quantities  of  air 
as  shown  in  Table  No.  2. 

table  2.    AIR  displacements 

Air  Displaced, 

Vacuum  at  in  Cubic  Feet 

Tank  per  Minute 

13  90.1 

12  89.1 

11  87.8 

10  86.4 


Had  a  large  enough  surface  steam 
condenser  been  at  hand  it  would  have 
been  an  easy  matter  to  have  condensed 
the  steam,  corrected  for  the  humidity  of 
the  outcoming  air  and  so  determined  the 
steam  consumption  of  the  ejector,  but 
owing  to  the  lack  of  this  appliance  it 
was  necessary  to  determine  the  amount 
of  steam  fed  to  the  ejector  and  to  fire 
a  separate  boiler  for  this  purpose.  In 
this  way  it  was  possible  to  very  accurate- 
ly determine  the  steam  consumption  of 
the   ejector. 

Table  3  shows  the  steam  consumption 
in  pounds  per  hour  for  the  ejector  at 
different  steam  and  vacuum  pressures, 
and  also  the  equivalent  boiler  horse- 
power based  upon  a  feed-water  tempera- 
lure  of  100  deg.   F. 

table  3.     STEAM  CONSUMPTION 


Boiler, 
Lb.  per 
.•^n.ln. 


.Steam  consumed  per  hour  for  varying 
vacuum  pressures  maintained  in 
ejector 


" 

Boiler  hp. 

90 

Lb 

Boiler  hp. 

100 

Lb 

Boiler  hp. 

110 

Lb 

Boiler  hp. 

120 

Lb 

Boiler  hp. 

1 30 

Lb 

13  i:'J12  in. 11  in.llO  in. I  9  in. 


630 
21. 

600 
20. 

550 

18. 

532 
18, 

560 

18, 

550 


It  will  be  observed  that  the  steam  con- 
sumption rises  very  perceptibly  at  the 
pressure  of  120  lb.  Just  why  this  should 
be,  was  hard  to  account  for,  but  it  was 
evidently  due  to  the  ejector  causing  ed- 
dies or  other  losses  at  this  particular 
pressure.  Curiously,  the  consumption 
fell  again  when  the  pressure  rose  to  130 
lb.,  but  in  some  cases  it  did  not  fall  as 
low  as  before  the  increase  in  pressure. 
This  shows  the  much  greater  efficiency 
of  the  ejector  when  working  at  certain 
pressures  than  at  others,  and  would  tend 
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to  indicate  tliat  under  certain  exceptional 
conditions  it  would  pay  to  run  the  steam 
through  a  throttling  valve  if  the  pres- 
sure were  high,  before  it  was  fed  to  the 
ejector. 

It  might  be  suspected  that  if  this  oc- 
curred only  in  one  or  two  instances,  it 
was  due  to  an  error  in  testing;  but  it 
will  be  noted  that  this  rise  in  steam  con- 
sumption occurred  at  all  vacuums  and  all 
the  tests,  which  were  carefully  repeated 
and    checked,    indicated    this    increase. 

In  order  to  test  the  relative  efficiencies 
of  the  ejector  with  loads  of  less  than  four 
sweepers,  tests  were  made  with  three, 
two  and  with  a  single  sweeper  working 
at  the  end  of  a  100-ft.  length  of  hose. 
Under  these  circumstances,  the  tests 
were  made  w-ith  an  average  vacuum  of 
11  in.  of  mercury  and  a  steam  pressure 
of  100  lb.  From  the  results  of  these 
tests  the  steam  consumption  may  be  ap- 
proximated for  any  other  steam  pressure 
and  for  a  vao'ing  number  of  sweepers 
Dv  referring  to  the  former  steam-con- 
sumption tests.  The  steam  consumptions 
for  the  different  loads  are  given  in 
Table  4. 

T.\BLE  4.     STEAM  CONSUMPTION  \T 
V.\RYING  LO.\DS 


St  eara Con- 

sumption, 

Number  of 

Pounds  per 

Sweepers 

Hour 

4 

550 

3 

514 

2 

480 

1 

450 

In  view  of  the  fact  that  there  is  so 
little  decrease  in  the  steam  consumption 
!o  maintain  a  given  vacuum  with  fewer 
sweepers  working,  it  is  probable  that  a 
considerable  amount  of  the  steam  used 
went  to  maintain  the  vacuum  in  the 
ejector  cylinder,  and  possibly  if  other 
tests  could  have  been  made  with  varying 
outlet  shells,  it  would  have  been  found 
that  the  efficiency  could  be  materially 
increased  at  lighter  loads. 

In  comparing  these  with  other  tests 
which  may  have  been  conducted  on  a 
pump  or  cylinder  type  of  vacuum  cleaner, 
due  allowance  must  be  made  for  the  fact 
that  all  values  of  air  displacement  given 
in  these  tests  are  for  cubic  feet  of  free 
air  and  not  for  rarefied  air,  while  if  a 
test  is  conducted  on  a  regular  vacuum- 
pump  cylinder,  due  allowance  must  be 
given  for  the  rarefied  condition  of  the 
air  which  the  pump  is  handling,  so  that 
it  really  must  handle  from  20  to  50  per 
cent,  more  volume  in  order  to  exhaust  an 
equal  volume  of  free  air. 


New  York  City  has  established  a  fire- 
prevention  bureau,  and  the  Board  of  Es- 
timate has  made  an  allowance  of  S200,- 
000  for  its  maintenance.  Included  in 
the  bureau  are  an  assistant  electrical 
engineer  at  S3000;  two  electrical  in- 
spectors at  SI 800  each,  and  an  assistant 
chemist  at  $1800.  It  is  not  known 
whether  the  appointments  will  be  from 
civil-service  lists. 


Engine  Foundations 

By  R.  B.  Dale 
Engine  foundations  perform  two  func- 
tions; they  hold  the  engine  bed  rigidly 
in  place  and  they  absorb  vibrations.  The 
foundation  must,  therefore,  be  heavy  and 
bulky  and  it  must  have  a  substantial  and 
firm  bearing  in  the  earth.  Concrete  is 
by  far  the  most  available  and  best  suited 
material  for  this  purpose.  It  is  not  only 
a  comparatively  inexpensive  material  but 
it  is  also  exceedingly  convenient  to 
handle  and  to  mold  into  the  necessary 
form.  Moreover,  with  intelligent  super- 
vision, the  foundation  may  be  built  with- 
out the  use  of  skilled  labor.  However, 
sufficient  time  must  be  allowed  for  the 
concrete  to  set  before  a  load  is  placed 
on  the  foundation. 

The  engine  base  is  held  to  the  founda- 
tion by  means  of  anchor  bolts.  These 
are  mild-steel  rods  several  feet  long  with 
a  square  nut  and  anchor  plate  at  one 
end  and  a  hexagon  nut  at  the  other.  The 
foundation  is  usually  built  and  the  anchor 
bolts  set  in  the  locations  indicated  for 
them  on  the  engine  builder's  setting 
plans  before  the  engine  has  been  shipped 
so  that  the  foundation  may  be  ready  to 
receive  it  w-hen  it  arrives.  The  anchor 
holts  are  hung  from  a  template  which 
is  securely  fastened  to  the  top  of  the 
forms  for  the  concrete,  and  the  anchor 
plate  is  completely  buried  in  the  con- 
crete. A  small  wooden  box,  tapering 
from  the  lower  end  to  the  upper  end,  is 
made  to  surround  the  anchor  bolt;  this 
allows  for  a  slight  adjustment  of  the 
bolt  so  that  it  will  fit  into  the  cored 
holes  provided  for  it  in  the  engine  bed. 
This  precaution  is  necessary  because  it 
is  almost  impossible  and,  in  any  case, 
too  expensive,  to  set  them  so  that  an 
accurate   fit  is  obtained. 

When  the  engine  arrives  and  after  the 
concrete  has  properly  set,  the  engine  is 
moved  to  its  foundation  where  it  is  set 
into  position.  Small  iron  wedges  are 
driven  under  the  edge  of  the  engine  bed 
until  the  engine  is  level,  thus  leaving  a 
space  of  'j  in.  or  more  between  the  en- 
gine base  and  the  top  of  the  concrete. 
The  hexagon  nuts  on  the  upper  ends  of 
the  bolts  are  then  tightened  up,  after 
which  a  cement  grout  is  run  under  the 
engine  base  and  allowed  to  set.  When 
the  grout  has  set  the  wedges  are  removed 
and  the  nuts  on  the  anchor  bolts  are 
again   tightened   as   much   as   possible. 

In  order  that  the  foundation  may  per- 
form to  the  fullest  extent  its  function 
as  an  absorber  of  vibrations,  the  vertical 
hole  through  which  the  anchor  bolt 
passes  is  not  filled  with  grout.  This 
allows  the  bolt  to  stretch  or  elongate 
throughout  its  entire  length  whenever 
subjected  to  shock.  It  may  be  said  to 
act  somewhat  in  the  manner  of  a  spring. 
If  the  anchor  plate  is  of  ample  area,  no 
advantage  in  holding-down  force  is  ob- 
tained by  grouting  the  bolt  for  the  whole 


of  its  length  as  the  bond  between  the 
steel  and  the  concrete  is  comparatively 
slight  in  effect.  Any  lateral  movement 
of  the  engine  on  the  foundation  is  pre- 
vented by  the  force  of  friction  which  ex- 
ists between  the  engine  bed  and  the  top 
of  the  foundation.  The  greater  the  initial 
tension  in  the  bolts,  the  greater  is  this 
resisting  force.  If  a  slight  movement 
should  take  place  this  resisting  force 
would  increase  enormously  because  the 
tension  in  the  bolts  would  increase  as 
they  are  stretched  to  accommodate  them- 
selves to  the  new  position.  Shearing 
strains  which  are  liable  to  occur  in  the 
bolt  between  the  top  of  the  foundation 
and  the  engine  bed,  if  it  is  completely 
bedded  in  the  grout,  are  also  prevented. 
It  is  sometimes  necessary  to  change 
an  old  foundation  to  accommodate  a  new 
arrangement,  such  as  the  compounding 
of  low-  and  high-pressure  steam  cylin- 
ders, to  increase  the  power  of  the  en- 
gine. Whenever  it  is  necessary  to  set  an 
anchor  bolt  in  an  old  foundation,  the 
difficulty  may  be  met  in  one  of  two  ways. 
In  the  first  method  a  hole  is  drilled  in 
the  concrete  slightly  larger  in  diameter 
than  the  bolt  to  be  used  and  to  the 
proper  depth.  A  bolt  is  then  prepared 
by  cutting  a  slot  in  one  end  lengthwise 
of  the  bolt  and  about  six  or  eight  inches 
long.  This  slot  is  then  fitted  with  a  wedge 
of  hardened  steel  held  in  place  by  a  pin 
of  soft  copper  or  other  soft  metal.  The 
bolt  is  lowered  into  the  hole  and  struck 
several  hard  blows  on  the  upper  end 
with  a  heavy  hammer.  This  shears  the 
soft  metal  pin  and  drives  the  wedge  into 
the  slot,  thus  enlarging  the  diameter  of 
the  bolt  at  the  lower  end.  The  bolt  is 
then  grouted  into  the  hole  and  the  nut  is 
tightened   to   complete  the   work. 

In  the  second  method  a  hole  is  drilled 
for  the  bolt  as  before.  A  second  hole 
is  then  drilled  laterally  through  the  side 
of  the  masonry  to  meet  the  first  hole 
and  this  is  enlarged  sufficiently  to  take 
the  standard  anchor  plate.  The  work  is 
completed  in  the  customary  manner,  pre- 
cautions being  taken  to  grout  the  anchor 
plate  to  a  firm  bearing  in  the  old  con- 
crete. The  first  method  is  cheap  and  sim- 
ple, although  there  is  no  certainty  as  ;o 
what  happens  in  the  bottom  of  the  hole.  It 
also  has  the  disadvantages  of  the  grouted 
bolt  previously  mentioned.  The  second 
method,  while  it  is  more  troublesome  and 
expensive,  is  the  more  reliable  and  should 
be  used  in  preference  to  the  first. 

The  reciprocating  engine,  since  the 
tendency  to  produce  vibration  is  greater 
than  in  the  case  of  the  steam  turbine, 
requires  a  comparatively  heavy  founda- 
tion. In  some  cases  and  in  peculiar  lo- 
cations this  advantage  of  the  turbine  may 
be  so  great  that  the  choice  of  equip- 
ment is  strongly  influenced  in  its  favor. 
The  heavy  foundation  is  expensive  to 
build  and,  in  the  case  of  large  units,  the 
cost  of  the  foundation  forms  a  Ip.rge 
percentage   of  the  cost   of  installation. 
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Discharge  Capacity  of  Safety  Valves 


The  February  issue  of  The  Journal  of 
the  American  Society  of  Mechanical  En- 
gineers contains  the  results  of  some  tests 
made  upon  Crosby  safety  valves  by  Prof. 
E.  F.  Miller,  of  tfie  Massachusetts  In- 
stitute of  Technology. 

The  tests  were  made  to  determine  the 
discharge  capacities  of  3-  and  3!,j-in. 
locomotive  pop  safety  valves,  Fig.  1,  at 
varying  lifts  under  200  lb.  steam  pres- 
sure and  of  corresponding  sized  inspector 
valves  of  the  flat-seated  and  bevel-seated 
types.  Figs.  2  and  3,  under  100  and  150 
lb.  steam  pressure.  In  each  case  the 
spring  was  replaced  by  a  spindle  and  the 
valves  were  set  a  definite  distance  from 
their   seats.     In   order  to   avoid    unequal 


A  series  of  tests  upon  pop 
safety  valves  of  the  locomotive 
and  inspector  types  to  determine 
the  discharge  under  200  lb.  steam 
pressure  with  certain  fixed  lifts. 


valves.     Quoting   in   part   these   remarks, 
he  says: 

"Pop  safety  valves  were  invented 
about  60  years  ago  and  about  30  years 
later  were  perfected  in  this  country  and 


1.  Muffled  Locomo- 
tive Type 


Fig. 


Fl.^t-seat 
TOR  Type 


nspec-  Fig.  3. 


Bevel-seat  Inspec- 
tor Type 


expansion,  the  metal  of  the  valve  body 
and  that  of  the  spindle  were  made  the 
same  in  the  case  of  the  Jocomotive 
valves;  and  the  difference  in  expansion 
was  similarly  obviated,  as  far  as  possible, 
in  the  inspector  valves. 

Connection  was  made  to  the  boilers 
through  a  5-in.  line  and  all  the  discharge 
was  condensed  in  a  surface  condenser 
and   weighed. 

The  additional  lift  dqe  to  the  yielding 
of  the  metal  because  of  the  presence  of 
steam  pressure  on  the  under  side  of  the 
valve  was  determined  in  each  case  h.y 
placing  the  valve  in  a  testing  machine 
and  subjecting  it  to  a  load  corresponding 
to  the  steam  pressure,  the  movement  of 
the  valve  with  relation  to  its  seat  being 
measured  by  a  micrometer  caliper. 

The  results  of  the  tests  are  plotted  in 
Figs.  4  and  5.  As  a  result  of  these  tests 
the  muffled  locomotive  pop  safety  valve 
is  now  made  as  shown  in  Fig.  6. 

In  an  addendum  to  Prof.  Miller's 
paper,  Mr.  A.  B.  Carhart,  of  the  Crosby 
Steam  Gage  &  Valve  Co.,  makes  some 
genera!   comments   regarding   pop   safety 


went  into  general  use.  Broadly,  the  in- 
vention consists  of  an  addition  to  the 
disk  of  the  valve  so  that  when  the  valve 
is  closed  the  addition  is  excluded  from 
the  action  of  the  steam.     However,  when 


than  it  would  be  with  a  force  due  to  the 
steam  pressure  acting  upon  the  original 
area  only. 

"The  bevel-seated  valves  (Fig.  3)  gen- 
erally have  this  additional  area  at  the 
periphery  of  the  disk,  outside  of  the  seat, 
where  it  forms  a  chamber  with  a  more 
or  less  contracted  outlet  at  the  extreme 
lip  of  the  valve,  through  which  all  the 
steam  must  pass  after  escaping  over  the 
seat  before  it  reaches  the  open  air. 

"As  the  seat  is  formed  at  an  angle  of 
45  deg.  to  the  vertical,  the  passage  be- 
tween the  seat  and  the  disk  faces,  when 
the  valve  opens,  is  diagonally  upward,  and 
what  is  called  the  lip  of  the  valve  is  so  re- 
lated to  this  seat  that  the  steam  is  forced 
to  impinge  directly  upon  it  before  be- 
ing deflected  downward  toward  the  bot- 
tom of  the  chamber  where  it  reacts.  The 
effect  of  the  impact  upon  the  lip  of  the 
valve  is  increased  by  the  expansive 
force  of  the  steam  acting  in  the  lip  cham- 
ber on  account  of  the  partial  and  mo- 
mentary confinement  before  it  passes  in- 
to the  open  air.  Sometimes  openings  are 
made  through  the  lip  or  in  the  floor  of 
the  chamber,  through  which  the  steam 
escapes  and  so  reduces  the  pressure 
within  the  lip  chamber  that  the  valve 
disk  will  not  lift  too  high. 

"Annular  valves  have  the  additiona'l 
area  located  at  the  center  of  the  disk 
and  within  the  outer  seat.  This  area  isi 
excluded  from  the  action  of  the  steam 
when  the  valve  is  closed,  by  means  of 
an  inner  seat,  but  is  acted  upon  directly 
by  the  steam  when  the  valve  opens.  The 
disk  is  simply  a  flat  cover  for  the  valve 
base  and  has  two  concentric  seats  in 
the  same  horizontal  plane.  The  central 
area  of  the  disk,  which  is  not  exposed 
to  the  steam  when  the  valve  is  closed, 
covers  a  well  which  communicates  to  the 
outer  air  through  four  hollow  arms  radi- 


Pounds  of  Steam  Discharged  per  Minute  ot  ZOO  lb  6age  Pressure 

Fig.  4.  Results  of  Tests  on  Locomotive  Type  of  Pop  Safety  Valve 


the  valve  opens  the  outflowing  steam  acts 
upon  it  and  with  the  initial  force  causes 
the  valve  disk  suddenly  to  rise  higher 
and   the   spring  to  be   compressed  more 


ating   from   it  out  through   the   sides  of 
the   valve   body. 

"When  the  valve  opens,  the  steam  is 
discharged  directly  across  the  outer  flat 
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seat,  and  there  is  also  a  separate  addi- 
tional flow  over  the  inner  seat  into  the 
central  well  and  out  through  the  four 
hollow  arms.  The  openings  through  these 
arms  are  controlled  by  a  sleeve,  threaded 
on  the  valve  body,  so  that  it  may  be 
turned  upward  or  downward  as  desired. 
If  it  should  close  the  open  ends  of  the 
hollow  arms,  preventing  the  escape  of 
the  steam  through  the  central  well,  the 
reactionary  effect  upon  the  disk  to  lift 
it  against  the  spring  would  be  greater 
than  if  the  openings  from  the  well  were 
unobstructed;  and  by  locating  the  sleeve 
at  intermediate  points  the  lift  of  the 
valve  can  be  varied. 
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wings  attached  to  the  disk,  which  is  sim- 
ply a  flat  member  having  the  truncated 
form  of  the  central  zone  of  a  sphere. 

"This  is  placed  in  a  cylindrical  cham- 
ber outside  and  above  the  steam  space, 
and  there  it  lifts  or  moves  freely  as 
acted  upon  by  the  steam  against  its  lower 
face  and  by  the  opposed  spring  which 
presses  upon  it  at  its  center.  The  con- 
tact between  the  chamber  and  the  spher- 
ical part  of  the  disk  is  the  least  pos- 
sible, which  permits  universal  movemen* 
of  the  disk  without  possibility  of  cocking 
or  sticking,  and  yet  insures  that  the 
disk  will  return  accurately  upon  its  seats 
when  the  valve   closes." 
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Pounds  of  Steam  Discharged  per  Minute 
Results  of  Tests  on  Inspector  Type  of  Pop  Safety  Valve 


"In    bevel-seated    valves    the    disk    is     Superheat    and    Vacuum    Cor-     Engineering. 


the  other  hand,  vacuum  corrections  vary 
considerably,  he  remarks,  with  the  de- 
sign of  the  exhaust  end  of  the  turbine. 

With  the  present  design  of  high-pres- 
sure Westinghouse  impulse  turbines,  he 
states  that  the  following  figures  show 
the  improvement  in  steam  consumption 
with  different  vacua.  An  increase  of  vac- 
uum from  26  to  27  in.  diminishes  the 
steam  consumption  by  4  per  cent.,  from 
27  to  28  in.  diminishes  the  consumption 
by  5  per  cent.,  and  from  28  to  29  in. 
it  diminishes  the  consumption  by  6  per 
cent. 

With  exhaust-steam  turbines  the 
consumption  continuously  decreases,  the 
thermodynamic  efficiency  falls  off  as  fol- 
lows: Increasing  the  vacuum  from  26 
to  27  in.  diminishes  the  efficiency  by  1 
per  cent.,  from  27  to  28  in.  by  1  per 
cent.,  from  28  to  28;--2  in.  by  1  per  cent., 
and  from  28'.>  to  29,' j  in.  by  2.5  per 
cent.  With  exhaust-steam  turbines  the 
steam  consumption  improves  by  11.5  per 
cent,  with  an  increase  of  vacuum  from 
26  to  27  in.,  by  13  per  cent,  for  an  in- 
crease from  27  to  28  in.,  and  14.5  per 
cent,  for  an  increase  from  28  to  29 
in.  In  these  cases  it  should,  however, 
be  stated,  that  for  the  higher  vacua  ex- 
haust turbines  are  designed  with  a  higher 
"coefficient." 

Mr.  Baumann  also  gives  pressure  cor- 
rection curves  by  which  the  actual  pres- 
sure in  the  steam  chest  can  be  reduced 
equivalent    standard    pressure. — 


ordinarily  guided  vertically  so  that  it 
will  return  properly  to  its  seat  when  the 
valve  closes,  by  means  of  four  or  more 
radiating  wings  or  vanes  extending  from 


rections  in  Steam  Turbine 
Practice 

In  a  valuable  and  interesting  paper 
read  before  the  Institution  of  Electrical 
Engineers  at  Manchester,  on  Jan.  16, 
K.  Baumann  gave  what  is  believed  to  be 
tr  c  most  complete  set  of  correction 
t  .;rves  for  superheat  and  vacua  which 
tiave   yet   been   published. 

He  pointed  out  at  the  same  time  that 
too    frequently    turbines    using    different 


Ferranti's  Turbine 

In  order  to  prevent  distortion,  and  thus 
to  permit  drum  turbines  to  run  with 
closer  clearances,  Ferranti  proposes  to 
carry  the  stationary  blades  upon  a  stator 
entirely  separated  from  the  outer  casing, 
or  to  provide  separate  organs  to  fulfill 
the  different  functions  now  performed  by 


Fig.  6.  Muffled  Locomotive  Pop  Safety 
Valve  as  Now  Made 

the  face  of  the  disk  in  the  steam  space 
and  bearing  against  the  sides  of  the  in- 
let or  throat  of  the  valve.  But  in  the 
annular    valve   there    are    no    guides    or 


Ferranti's  Turbine,  with  Stator  Free    from  Case 


superheats  are  compared  together,  to  the 
great  advantage  of  that  having  the  higher 
superheat.  The  percentage  gain  by  a 
given  amount  of  superheat  is,  moreover, 
nearly  the  same,  whatever  the  initial 
pressure  and  whatever  the  vacuum.     On 


the  casing  alone,  so  that  the  stator  is 
relieved  of  influences  tending  to  produce 
unequal  extension.  The  accompanying 
sectional  drawing  showing  the  proposed 
arrangement  is  reproduced  from  The  Me- 
chanical Engineer. 
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Tom  Hunter,  Hoisting  Engineer 


The  more  I  saw  of  Hunter  the  better 
I  liked  him.  Not  only  was  he  a  com- 
panionable fellow,  but  he  seemed  to  know 
his  business,  and  I  soon  had  a  suspicion 
that  he  held  a  higher  position  than  that 
of  hoisting  engineer,  if  the  truth  were 
known. 

We  met  at  breakfast  the  next  morning 
after  he  had  related  his  experience  with 
overwinding  and,  as  the  day  was  fine,  he 
proposed  that  we  visit  a  few  hoisting 
engineers  in  the  vicinity,  to  which  pro- 
position I  readily  agreed. 

During  our  ride  to  the  mines  in  a 
street  car  the  subject  of  hoisting  engi- 
neers was  broached  and  Hunter  dis- 
coursed at  length  upon  how  engineers 
had  made  mistakes  when  the  signals  had 
been  confused  or  the  machiner>'  had  be- 
come  deranged. 

"There  is  as  much  difference  in  en- 
gines as  there  is  in  the  men  who  op- 
erate them,"  said  Hunter,  as  the  car 
started.  "Some  men  are  always  on  the 
outlook  for  anything  that  may  get  out  of 
order    and    others    seem    content    to    let 


By  Warren  O.  Rogers 


Several  hoisting  engineers  are 
visited,  and. although  some  have 
clean,  pleasant  surroundings, 
others  are  obliged  to  work  in 
dark,  dirty  engine-rooms. 

Hoisting  engineers  receive  prac- 
tically the  same  pay,  regardless 
of  their  ability,  condition  of  plant 
and  amount  of  work  performed. 


face,  the  cars,  which  were  filled  with 
huge  chunks  of  coal,  were  drawn  up  an 
incline  by  means  of  a  barney-car  and 
cable.  After  the  coal  had  been  dumped 
into  the  breaker  rolls  the  barney-car  was 
drawn  back  over  the  incline  or  plane  and 
passed  on  its  own  track  to  the  ground 
level,  while  the  mine  car  returned  to 
the  ground  level  by  taking  the  upper 
track. 

As    each    empty    car    returned    to    the 
ground  level,  the  section  of  track  where 


"You  were  speaking  about  inspecting 
hoisting  machinery,"  I  said,  as  we  left 
the  engine  room  and  started  for  another 
which  showed  above  a  culm  pile  some 
distance  away. 

Need   for  Thorough    Inspection 

"Yes,  the  engineer  in  charge  of  a 
hoisting  engine  should  make  at  least  one 
thorough  inspection  each  day.  The  cables 
require  especial  attention  and  the  valve- 
gear  links  and  auxiliary  gear  should  al- 
so be  carefully  inspected.  How  a  man 
is  going  to  detect  cracks  and  other  de- 
fects in  machinery  which  is  covered  with 
a  thick  layer  of  grease  and  coal  dust  is 
more   than   I   can   understand. 

"But,"  I  protested,  "the  engine  rooms 
we  have  visited  have  not  been  so  very 
dirty.  They  may  not  have  been  as  shiny 
and  clean  as  some  high-grade  power 
plants  that  I  have  seen,  but  for  a  coal 
mine  are  they  not  in  as  good  condition 
as  could  be  expected,  considering  the 
surroundings?" 

"I  admit  that  some  are  in  fair  condi- 


We  Crossed  a  Field  and  Came  to  the  First  Colliery  I  Had  Ever  Visited 


matters-  take  care  of  themselves,  with 
the  exception  of  an  occasional  inspec- 
tion. The  fact  is,  many  hoisting  plants 
are  so  dark  and  so  dirty  that  an  ordi- 
nary inspection  will  not  disclose  the  de- 
fects." 

Mine-car  Operation 

By  this  time  the  car  had  reached  the 
end  of  the  line  and,  alighting,  we  crossed 
a  field  and  came  to  the  first  anthracite 
collien-  I  had  ever  visited.  The  cages 
in  the  two  shafts  were  hoisted  in  rapid 
succession  and,  upon  reaching  the  sur- 


the  upper  joins  the  lower  track  or  in- 
cline lifted  so  that  the  loaded  car  was 
given  a  clear  passage  to  the  breaker. 
Then  the  movable  section  of  track  was 
lowered  into  place  and  the  empty  car 
would  take  the  top  instead  of  the  lower 
track  on  its  return  passage.  This  method 
of  handling  the  mine  cars  prevented  con- 
gestion and  kept  the  empty  cars  out  of 
the  way  of  those  which  were  loaded. 

The  rapidity  with  which  the  shaft 
cages  were  handled  greatly  interested 
me,  and  I  soon  switched  Hunter's  con- 
versation to  this  subject. 


tion,"  answered  Hunter,  "but  I  am  go- 
ing to  show  you  a  few  engine  rooms 
that  are  about  as  near  perfection  as  com- 
mercial conditions  will  warrant — then 
some  others." 

"I  suppose  the  attitude  of  the  com- 
pany determines  the  condition  of  the  en- 
gine rooms  to  a  considerable  extent,"  I 
remarked,  as  we  neared  No.  9  colliery  of 
the  Pennsylvania  Coal  Co. 

Ideal  Conditions 

"It  does,  as  I  will  show  you,"  replied 
Hunter,   as  he   opened  the   door  of  the 
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engine  room  at  the  Leadville  shaft  of  the 
colliery.  And  indeed  he  did,  for  not  only 
were  the  walls  of  the  room  painted  a 
cream  color,  with  a  dark-red  wainscoting, 
but  the  floor  was  also  painted  and  var- 
nished; the  engines  were  painted  a  ma- 
roon color  and  all  was  as  clean  as  it  is 
possible  to  keep  it.  The  ceiling  was 
sheathed  and  oiled,  so  that  it  reflected 
the  various  apparatus  in  the  plant. 

Hunter  introduced  me  to  the  engineer 
on  duty  who,  on  account  of  a  slight  ac- 
cident to  a  slope  engine,  was  not  very 
busy  and,  therefore,  had  a  little  time  in 
which   to   talk. 

He  told  me  that  the  company  made 
regular  inspections  of  its  plants  and 
rated  the  standing  of  each  engineer  ac- 
cording to  the  conditions  in  which  the 
plant  was  found.  He  stated  that  his 
last  mark  was  99  per  cent,  perfect,  and 
from  the  condition  of  the  machinery  and 
its  surroundings  I  judged  that  he  was 
the  "top-notcher"  of  the  company's  hoist- 
ing engineers. 

"This  company,"  said  Hunter,  "en- 
courages, and  expects,  its  engineers  to 
keep  their  plants  in  good  order.     I  be- 


advancement  for  the  engineer  if  he  pre- 
pares himself  to  fill  the  position  when 
the  opening  presents  itself. 

Where  It  Was  Different 

The  next  plant  visited  was  about  as 
dirty  and  as  nasty  as  one  could  imagine. 
No  attention  was  given  to  cleanliness 
and  the  engineer  looked  no  more  at- 
tractive than  his  engine.  Grease,  oil, 
coal  dust,  oil-waste  and  rubbish  littered 
the  floor,  and  the  windows  were  thickly 
covered  with  grime,  which  added  to  the 
dinginess  of  the  place. 

Hunter  grinned  as  he  pushed  me 
through  the  open  door,  and  the  grin 
broadened  as  the  engineer  started  up  and 
the  clatter  and  grinding  of  the  gears 
began.  The  engineer,  however,  was  evi- 
dently at  home  in  such  surroundings,  and 
he  showed  no  signs  that  he  was  con- 
scious that  neither  he  nor  his  engine 
room  was  unpresentable.  Compared 
with  that  of  the  engineer  we  had  last 
visited,  his  standing  would  have  been 
several  degrees  below  zero. 

"Let's  get  out  of  here!"  I  shouted  in 
Hunter's  ear,  as  a  train  of  empty  coal 
cars    rattled    past,    and    without    waiting 


A  Well  Kept  Engine  Room,  the  Engineer  of  which  Rated  9i' 
Perfect 


lieve  the  company  has  the  right  idea,  for 
a  man  can  do  better  work  under  such 
surroundings  as  we  find  here  than  he  can 
when    the    conditions    are    filthy." 

My  visit  to  the  various  hoisting  engi- 
neers showed  me  that  I  had  a  mistaken 
idea  as  to  their  standing.  Those  who 
are  in  charge  of  the  better  class  of  hoist- 
ing engines  were  bright,  intelligent  men, 
and  I  found  out  afterward  that  several 
of  the  outside  superintendents  I  after- 
ward met  had  at  one  time  been  em- 
ployed as  hoisting  engineers.  This  goes 
to  show  that  there  is  an  opportunity  for 


company.  One  man  may  be  twice  as  effi- 
cient as  another;  but  he  don't  get  twice 
the  pay.  The  only  reward  he  gets  is  the 
knowledge  that  he  is  doing  his  work 
right,  is  keeping  his  plant  clean,  and  that 
he  stands  a  chance  of  promotion.  It  is 
a  safe  bet  that  our  last  engineer  will  not 
be  selected   for  a  position  higher  up." 

We  returned  to  the  hotel  that  night 
tired  and  hungry,  and  after  dinner  we 
were  well  content  to  retire  to  our  rooms 
after  a  profitable  day  spent  among  hoist- 
ing engineers. 


Automatically  .Operated 
Duplex   Pump 

In  mine  practice  it  is  not  always  con- 
venient to  discharge  the  cooling  water 
used  in  the  cooling  jackets  of  air  com- 
pressors, where  it  will  ruil  to  some  con- 
venient place  out  of  the  way.  In  one  in- 
stance it  was  necessary  to  discharge  this 


Valve  Operated  by  a  Flo.at 

cooling  water  into  a  tank  under  the  floor 
of   the    compressor   room. 

In  order  to  keep  the  water  level  in  the 
tank  uniform,  a  pump  was  used,  which 
discharged  the  water  at  a  distant  point. 
The  steam  pipe  of  the  pump  had  a  globe 
valve,  the  stem  of  which  was  fitted  with 
a  sprocket  wheel.  A  sprocket  chain  ran 
over  this  wheel,  one  end  being  attached 
to  a  suitable  weight  and  the  other  to  a 
float  in  the  tank  which  was  directly  un- 
der the  pump.  .4s  the  height  of  the 
water  increased  or  decreased,  the  float 
opened  and  shut  the  valve,  so  that  the 
water  level  was  kept  practically  constant. 


for   a    reply    I    made    for    the    door,    fol- 
lowed by  Hunter. 

"That  is  the  worst  I  know  off,"  he 
grinned.  "I  don't  think  there  is  another 
like  it;  if  there  is,  I  don't  know  where  it 
is  located." 

"There   must   be    a   difference    in    the 
salaries  of  some  of  these  men,"  I  sug- 
gested,  as  we   made   our   way   toward   a 
colliery  farther  down  the  valley. 
Well-doing  Is  Its  Own  Reward 

"Well,  there  isn't;  a  hoisting  engineer 
is  a  hoisting  engineer  in  the  eyes  of  the 


Water  Power  Law  Upset 

The  Wisconsin  Supreme  Court,  in  a 
decision  issued  Jan.  30,  held  the  water- 
power  law  enacted  by  the  1911  Legisla- 
ture unconstitutional.  The  law  sought 
to  vest  in  the  state  all  rights  to  water 
power  heretofore  held  by  corporations 
and  individuals,  subject  only  to  lease. 
The  decision  was  the  unanimous  con- 
clusion  of  the   justices. 

The  court  declared  the  law  involved 
the  wrong  conception  of  the  state's  in- 
terest in  the  power  element  of  navigable 
■waters  and  the  capacity  to  deal  with  it. 
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Notes  on    Metering   Coal 

Some  interesting  notes  upon  metering 
coal  have  recently  been  compiled  by 
the  O.  D.  Havard  Co.,  maker  of  the 
Havard  coal  meter.  This  meter  was  de- 
scribed in  our  Mar.  29,  1910,  issue  and 
consists  essentially  of  a  spiral  vane 
placed  centrally  in  the  vertical  part  of 
the  coal  chute.  The  vane  is  caused  to 
rotate  as  the  coal  passes  down  the  pipe 
and  these  rotations  are  recorded  on  a 
chart  or  dial. 

For  the  accurate  operation  of  this  de- 
vice with  steam  sizes  of  hard  coal,  the 
pipe  must  be  completely  filled  with  coal 
at  the  meter  and  the  cross-section  of  the 
coal  must  move  uniformly.  If  the  coal 
should  fall  on  the  meter  in  a  shower, 
the  revolutions  of  the  vane  will  bear  no 
fixed  relation  to  the  amount  of  coal 
passing,   and    when    the   cross-section    of 


meters  may  be  gained  from  the  following 
figures  taken  from  the  records  of  four- 
teen meters  in  one  plant: 


Fig.  1.  Wrong  and  Right  Ways  for  Coal 
TO  Strike  Meter  Vane 

the  coal  does  not  move  uniformly,  there 
will  be  a  shearing  across  the  vane,  which 
will  affect  the  accuracy  of  the  reading. 
This  condition  is  illustrated  in  Fig.  1. 
Furthermore,  the  meter  should  al'X'ays 
be  placed  as  far  as  possible  above  any 
influence  tending  to  disturb  the  stream 
of  coal,  such  as  a  branch,  sharp  turns 
or  an  open  valve  in  the  line.  Also,  it 
is  important  to  have  the  pipe  as  nearly 
vertical  as  possible. 

In  the  matter  of  soft  coal  the  require- 
ments are  said  to  be  more  exacting  on 
account  of  the  varying  sizes  of  the  lumps 
and  because  it  does  not  flow  as  freely 
as  hard  coal.  This  is  overcome  by  de- 
creasing the  diameter  of  the  vane,  in- 
creasing its  length  and  protecting  it  from 
the  impact  of  large  lumps  by  a  conical 
shield  placed  at  the  top.  as  shown  in 
Fig.  2;  it  having  been  found  that  without 
this  shield  the  lumps  struck  the  edges  of 
the  vane  and  caused  it  to  stop  until 
the  lump  had  descended. 

An    idea    of    the    accuracy    of    these 


Fig.  2.  Meter  Designed  for  Measuring 
Soft    Coal 


Meters,   Inventory,    Variation, 

Ions  tons  per  cent. 

Jan 3,443  3,364  +2.35 

Feb 3,086  2,904  +6.25 

Mar 2,!)97  2,922  +2.50 

Apr 2,573  2,495  +3.13 

May      2,414  2,439  — 1.03 

June     2,364  2,341  +0.98 

July     2.662  2,791  — 4.63 

Aug 2.846  2.880  —1.18 

•Sept 2,618  2,604  +0.54 

Oct 2.437  2,441  —0.164 

Nov 2,945  2,824  +4.3 

Dec :  .      2.1175  3.080  — 3.4 

33.360  33,085  +  0.S3 


Combustion  of  Pulverized 
Coal 

In  a  paper  read  before  the  American 
Institute  of  Chemical  Engineers,  L.  S. 
Hughes  summarized  the  advantages  of 
using  pulverized  coal  and  discussed  the 
difficulties  encountered  in  its  use.  The 
chief  difficulty  has  been  the  destruction 
of  the  firebox  and  crown-sheet.  Both 
bricks  and  steel  "melted"  little  by  little, 
which  effect  has  been  attributed  to  the 
high  temperature  of  the  flame  produced 
by    pulverized    coal. 

When  the  temperature  of  the  flame  was 
reduced,  the  grate  bars,  crown-sheet  and 
walls  of  the  firebox  became  covered  with 
a  vitreous,  adherent  coating  of  slag  or 
clinker.  This  clinker  is  similar  to  the 
slag  produced  in  blast  furnaces  and  is 
evidently  formed  by  the  action  of  the^ 
silica  of  the  ash  with  iron  oxide  forming 
a   complex    fusible   silicate.     The    silica 


would   also   act  on   the   firebrick   by   re- 
ducing its  melting  point. 

The  remedy  suggested  and  tried  con- 
sisted in  introducing  powdered  limestone 
with  the  coal  dust.  A  simple  air-blast 
injector  fed  the  coal  into  the  firebox  and 
a  small  amount  of  limestone,  roughly 
equal  in  weight  to  the  ash  of  the  coal, 
was  introduced  with  it.  Immediately  the 
character  of  the  ash  formed  changed 
from  a  sticky  shower  to  a  dry,  pulverulent 
dust  which  displayed  no  tendency  to 
cohere  or  clinker  in  anv   wav. 


Large  Turbo-Compressors 

Our  English  contemporary.  Engineer- 
ing, publishes  in  its  issue  of  Dec.  15 
a  description  of  several  turbo-compres- 
sors built  by  Pokorny  &  Wittekind,  of 
Frankfort-Bockenheim.  One  of  these, 
installed  at  the  Reden  mine,  near  Saar- 
briicken,  in  1909,  runs  at  4200  r.p.m., 
handles  247,000  cu.ft.  of  air  per  hour, 
and  delivers  it  at  a  pressure  of  seven 
atmospheres  absolute,  about  100  lb.  per 
sq.in. 

Another,  installed  in  Westphalia,  runs 
also  at  4200  r.p.m.,  has  a  capacity  of 
353,000  cu.ft.  of  free  air  per  hour,  de- 
livered at  a  pressure  of  eight  atmos- 
pheres, or  118  lb.  per  sq.in.  The  iso- 
thermal efficiency  of  the  compressor 
varies  between  64  and  65  per  cent.,  and 
the  steam  turbine  works  with  exhaust 
steam  at  efficiency  of  about '68  per  cent., 
and  with  boiler  steam  at  an  efficiency  of 
about  66  per  cent.  There  is  also  a  4000- 
hp.  electrically  driven  compressor  for  the 
Rand  mine  to  handle  1'+  million  cu.ft.  of 
air  per  hour  at  a  pressure  of  128  lb.  per 
sq.in.,  with  an  efficiency  of  nearly  68  per 
cent. 


Utilizing  Ontario's  Peat  Bogs 

It  is  announced  by  the  Canadian  gov- 
ernment's mine  department,  reports  U.  S. 
Consul  H.  A.  Conant,  that  the  associated 
manufacturers  at  Brantford,  Ont.,  have 
become  so  convinced  that  the  air-dried 
peat  method  employed  by  the  mines 
branch  can  be  made  a  commercial  suc- 
cess that  they  have  contracted  with  the 
government  to  continue  the  work  at  Al- 
fred, Ont.,  and  will  spend  over  $50,000 
in  trying  to  improve  peat  machines.  This 
action  was  decided  on  only  after  a  thor- 
ough investigation.  The  machine  to  be 
used  will  have  a  capacity  of  60  to  80 
tons  per  day,  as  compared  with  the  30 
tons   the   government   turned    out. 

The  government  experimental  plant  at 
Alfred  exhibited  samples  of  machinery 
and  of  peat  ready  for  market  at  the  Ot- 
tawa fair.  A  thousand  tons  of  peat  were 
made  up,  which  was  sold  at  $3.25  a  ton. 
The  orders  came  with  such  a  rush  that 
the  supply  was  soon  exhausted.  The 
peat  was  used  in  parlor  grates,  in  kitchen 
ranges,  and  in  furnaces.  It  burns  to  a 
fine  ash,  there  being  practically  no  resi- 
due, and  is  much  cheaper  than  coal. 
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Gas   Power   Department 

Worth-while  gas-engine  and  producer  information  treated  in  a  way  that  can  be  of  practical  use 


Comparison   of    Gas,  Oil    and 
Steam  Motive  Powers 

By  R.  E.  Mathot 

It  may  be  stated,  as  a  principle,  that 
every  system  of  motive  power  is  good 
and  reliable,  provided  it  is  properly  ap- 
plied in  view  of  meeting  the  require- 
ments of  each  particular  case.  It  would 
not  be  wise,  for  an  example,  to  install 
a  costly  gas  plant  in  a  sugar  mill  need- 
ing an  enormous  quantity  of  steam  and 
having  a  very  short  manufacturing  sea- 
son of  a  few  months.  For  similar  rea- 
sons, the  cost  of  operating  a  Diesel 
engine  plant  would  be  extravagant  in 
countries  located  far  from  the  oil  fields 
or  in  such  countries  where  crude  fuel  oil 
is    burdened    with    prohibitive    duties. 

Besides  the  foregoing  considerations 
of  primary  importance  there  is  another 
one  which  seems  to  be  too  often  disre- 
garded by  those  who  have  to  select  a 
motive  power;  I  refer  to  the  load  factor, 
or  the  relation  between  the  normal  aver- 
age load  and  the  maximum  power  the 
engine  is  expected  to  be  able  to  supply 
Biomentarily. 

The  question  of  space  required  also 
must  not  be  neglected,  because  the  cost 
of  the  buildings  containing  the  power 
equipment  and  fuel  depends  on  it.  In 
this  particular  the  Diesel  engine  has  the 
advantage  over  any  other  kind  of  prime 
mover,  because  it  does  not  require  any 
boiler  or  producer  and  the  volume  of 
fuel  is  the  smallest. 

The  accompanying  tables  Show  the 
comparative  costs  of  installation  and  op- 
eration for  3000-hp.  power  plants 
equipped  with  different  types  of  prime 
mover.  In  fixing  the  number  of  units 
which  are  necessary  for  realizing  the 
3000  hp.  maximum  under  consideration. 
I  have  taken  into  account  different  fac- 
tors derived  from  practice,  such  as  re- 
liability, allowing  the  number  of  spare 
units  to  be  reduced;  margin  of  power, 
depending  upon  the  system;  influence 
of  load  variations  upon  the  fuel  con- 
sumption; facility  of  attendance,  etc.  I 
have  considered  four  Diesel  engines, 
three  of  which  would  be  running  while, 
owing  to  the  facility  of  starting,  the 
fourth  engine  would  be  at  standstill  but 
ready   for  service   in  case   of  need. 

In  the  producer-engine  plant  I  have 
reckoned  upon  five  units  of  600  hp.  each, 
because  this  power  is  easily  realized 
from  single-acting,  twin  tft'o-cylinder 
engines    connected    by    couplings,    with 


the  flywheel  in  the  middle.  For  some 
time  this  kind  of  engine  has  met  much 
favor  in  the  manufacturing  industry.  It 
is  cheaper  to  build  and  its  upkeep  and 
attendance  are  simpler  than  the  double- 
acting  engine  which  seems  to  be  prefer- 
able on  the  Continent  for  power  above 
1000  hp.  Moreover,  the  single-acting 
engine  with  trunk  pistons  works  better 
with  suction  producer  gas  without  re- 
quiring the  thorough  purification  neces- 
sary in  the  case  of  steel  works  using 
blast-furnace  or  coke-oven  gas. 

I  have  considered  suction  producers 
for  feeding  the  five  engines  in  prefer- 
ence to  pressure  producers  because  the 
former  are  simpler  and  less  expensive. 
They  are  also  less  cumbersome  and  of 
higher  efficiency.  I  have  reckoned  upon 
ten  producers  of  300  hp.  each,  plus 
two  generators  which  would  constitute 
the    spare    apparatus. 

Bituminous  producers  have  not  been 
considered  because  for  economic  working 
they  involve  the  installation  of  a  re- 
covery plant  for  ammonia,  tar,  etc. 

The  working  dimensions  of  the  en- 
gines have  been  calculated  for  a  margin 
in  power  of  10  to  20  per  cent.;  to  this 
end  they  should  develop  the  600  hp.  with 
a  mean  effective  pressure  on  the  pis- 
tons of  65  lb.  per  square  inch,  although 
in  good  modern  engines  this  pressure 
easily  reaches  80  lb. 

The  German  semi-portable  steam  en- 
gines, although  units  of  800  to  1000 
hp.  have  not  been  long  in  industrial 
use,  have  proved  their  remarkable  qual- 
ities. The  self-contained  boiler  and  en- 
gine form  a  compact  equipment  which 
needs  no  expensive  foundations.  The 
exceptionally  low  fuel  consumption, 
which  is  less  than  1  lb.  of  gross  coal 
per  brake  horsepower-hour,  allows  the 
use  of  a  small  chimney.  The  semi- 
portable  engine  has  a  large  margin  of 
powei ;  therefore  it  is  unnecessary,  as 
with  turbines  or  other  steam  engines,  to 
hr.'e  spare  units. 

For  the  other  steam  plants  I  have  as- 
sumed the  installation  of  one  or  two 
additional  boilers  for  the  purpose  of 
cleaning  or  repairing.  The  Lancashire 
type  of  boiler  with  two  or  three  corru- 
gated internal  furnace  tubes,  without 
Galloway  tubes,  has  been  chosen.  This 
kind  of  boiler,  with  its  large  volume  of 
water,  presents  the  advantage,  as  com- 
pared to  the  tubular  boilers,  of  a  large 
margin  of  steam  production.  It  has  a 
high  efficiency  at  the  rate  of  3  to  3^ 
lb.    of    water   evaporated    per   hour   per 


square  foot  of  heating  surface  and  can 
attain  5  lb.  without  sensible  priming, 
giving  then  8'j  lb.  of  steam  per  pound 
of  good  coal. 

For  some  years,  by  virtue  of  the  use 
of  corrugated  steel  flues  and  plain  drop- 
forged  ends  of  large  diameter,  these  boil- 
ers have  been  constructed  for  pressures 
up  to  215  lb.  per  square  inch,  with  heat- 
ing surfaces  as  large  as  1600  sq.ft.  per 
boiler. 

For  establishing  the  cost  of  operation 
for  each  type  of  motive  power,  ap- 
propriate rates  of  depreciation  derived 
from  practice  have  been  used.  In  this 
respect  the  Diesel  engine  may  be  con- 
sidered on  the  same  basis  as  fuel-gas 
engines  of  good  construction,  and  could 
be  written  off  within  10  years,  while 
15  years  would  be  required  for  semi- 
portable  steam  engines  and  turbines  and 
20  years  for  stationary  steam  engines  of 
the  Corliss,  Sulzer  and  piston-valve 
types. 

The  costs  of  upkeep  and  repairs  are 
not  mentioned  here,  as  they  depend  al- 
most exclusively  upon  the  original  qual- 
ity of  construction  and  workmanship  and 
also  upon  the  character  of  attendance 
and  supervision.  The  cost  of  labor  for 
each  type  of  plant  has  been  taken  into 
account,  but  these  costs  are  applicable 
only  to  Belgium,  where  wages  are  rela- 
tively low. 

CO.MP.'iH.ATIVE  IN8T.\LLATI0N  COSTS  FOE 
.\   POWER   PL.\NT  OF  3000  HP. 

For  a  Factory  Utilizing  an  Average  of  2000 
Hp.  and  a  Minimum  of  800  Hp.  Duking 
300  Days  per  Year,  24  Hours  per  Day 

Diescl-lijpe  Eiigincs 

Four  SOO-hp.  engines  at 

.?29,000  each .S116.000 

Foundations,        pipings 

and  connections 4.000 

5120,0011 

Suction  Producers  and  Engines 
Five  600-hp.  engines  at 
813,200  and  ten  SOO- 
hp.  producers  at82000 

each $86,000 

Two  spare  producers. . .  4,000 
Foundations,  pipings 

snd  connections 6,000 

■ 396,000 

Semi-portable  Steam  Engines 
Five  600-hp.  engines  at 

SI 7, 000  each $85,000 

llasonry,  connections 

and  stacks 3,000 

388,000 

Turbo-alternators 

Three  750-kw.  units  at 

S16.600  each $49,800 

Foundations  and  piping  3,00( 
Eight    Lancashire    boil- 
ers,    1300     sq.tt,     of 

heating  surface  each .  16,000 

Masonry  for  boilers ....  2,800 

Flues  and  stacks 1.400 

Automatic  stokers 2,400 

Superheaters 3,200 

— 878,600 
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Piston  Steam  Engines 

Two  1500-hp.  engines,  .      $30,000 

Foundations  and  con- 
nections    5,000 

Seven  boilers  of  1300  sq. 
ft.  heating  surface 
each 14,000 

Masonry  for  boilers ....  2,400 

Flues  and  stacks 1 ,200 

Automatic  stokers   and 

heaters 4,800 

S57.400 

COMPARATIVE  ANNUAL  LABOR  COSTS 

Crude-oil  Engines 
Four  engines  require 

Two  engineers  at   13c.  per 

hour $0 .  26 

Three  laborers    at    6c.  per 

hour O.IS 

Total $0.44 

Per    year:     300    days  X  24 

hours  X$0.44 $3,168 

Fuel-gas  Engines 
Five  engines  require 

Three  engineers  at  13c.  per 

hour SO.  39 

Five  stokers  at  9c.  per  hour       0 .  43 
Five  la  borers  at  6c.  per  hour      0.24 

Total SI.  US 

Per  year:  7200X81.08 $7,776 

Semi-pobtable  Engines 

Five  engines  require 

Three  engineers  at  130.  per 

hour $0.30 

Five    stokers    at    10c.    per 

hour 0 .  .50 

Five  laborers  at  6c.  per  hour      0 .  30 

Total $1.19 

Peryear:  7200X$1.19 $8,568 

Turbo-Genekators 
Three  engines  require 

Two  engineers  at   15c.  per 

hour $0 .  30 

Two  stokers  at  10c.  per  hour      0 .  20 
(The   boilers   are   provided 
with   autom?tic  stokers) 
Three   laborers  at   6c.    per 

hour 0.18 

Total $0.68 

Per  year:  7200  X  $0.68 $4,896 

Piston  Steam  Engines 
Tuo  engines  require 

Two  engineers  at   13c.  per 

hour $0.26 

Two  stokers  at  10c.  per  hour      0.20 
(Automatic  coal  feeders) 
Three   laborers   at   6c.   per 

houi 0.18 

Total $0  64 

Fer>year:   7200XS0.64 $4,608 

ANNUAL  EXPENDITURE  FOR  FUEL, 
Average  Load,  2000  Hp.    during  300  Days  of 
24   Hours   Each,   Giving   2000X24X300  = 
14,400,000  Brake  Hor.sepowek-    ■ 
hours  per  Annu.m 

Per  Year 

Diexl-tupc  Engines 
Consuming  about  200  gT.  of  crudeoil 
per  brake  horsepower-hour.  Rus- 
sian or  Texas  oil  costs  S 1 .  40  per  100 
kg.,  giving  a  cost  ot  0.28c.  per 
brake  horsepower-hour  or  $0.0028 
X  14,400,000= $40,493 

Producer  Gos  Engines 
Consuming  at  variable  load  per 
brake  horsepower-hour  400  gr.  of 
lean  coal,  which  costs  $3  a  ton, 
or  12c.  per  brake  horsepower-hour; 
$0,012  X  14,400,000= $17,280 

Turbines 

It  variable  foad  consuming  about 
6  kg.  ot  steam  per  brake  horse- 
power-hour, which  gives  a  con- 
sumption per  brake  horsepower- 
hour  of  7.5  kg.  of  steam  =  1  kg.  of 
coal  at  $3.20  a  ton,  or  0,^32c.  per 
brake  horsepower-hour;  $0.0032  X 
14,400,000= $46,080 

Sf  mi-portable  Steam  Engines 

Consuming  per  brake  horsepower- 
hour  520  gr.  of  .semi-bituminous 
coal  at  $3.20  a  ton  or  16.64c.  per 
brake  horsepower-hour;  $0.1664X 
14,400,000  = $23,962 


Piston  Steam  Engines 

Consuming  4^  kg.  of  steam  per 
indicated  horsepower-hour  or  5  Kg. 
steam  per  brake  horsepower-hour. 
With  a  normal  evaporation  of  7i 
kg.  of  steam  per  kilogram  of  semi- 
bituminous  coal,  one  brake  horse- 
power-hour requires  0.665  kg.  of 
coal,atS3.20aton,giving21.28c.per 
brake  horsepower-hour;  $0.2128  X 
14.400,000  = $30,643 

Considering  the  plants  are  supposed 
to  work  day  and  night  without  interrup- 
tion, the  rates  and  interests  and  de- 
preciation have  been  calculated  upon 
nearly  relative  short  time. 

It  should  be  borne  in  mind  that  the  fig- 
ures   for    labor    fuel    consumption    and 


As  the  function  of  the  exhaust  pipe 
is  simply  to  carry  off  inert  products  of 
combustion  from  the  engine,  its  con- 
struction seldom  receives  any  engineer- 
ing attention,  and  consequently  it  is  in- 
stalled in  the  quickest,  cheapest,  and 
most  convenient  manner  possible.  The 
result  of  this  almost  always  is  decreased 
engine  efficiency  due  to  back  pressure 
produced  by  incorrectly  constructed  e.\- 
haust  pipes. 

The  arrangement  of  exhaust  pipe 
which  produces  the  least  b.ack  pressure 
is   that   which   passes   directly    from   the 


COMPARISON  OF  THE  PRINCIPAL  ANNUAL  OPERATING  COSTS 

Type  of  Equipment 

Deprecia- 
tion Rate 

Fixe.. 
Charges* 

Fuel 

Attendance 

Annual 
Total 

12.9% 
12.9% 
11.3% 

$18,600 
14,880 
11,352 
10,139 
6,486 

$40,493 
17,280 
23.962 
46,080 
30,643 

.$3,168 
7,776 
S,.568 
4,896 
4,008 

.$62,261 

39,936 

Semi-portabb  steam 

Turbines,  etc 

Piston  engines,  etc 

43,882 
61,115 
41,737 

*Depreciation  plus  5%  interest  on  investment. 

working  apply  to  Belgium,  where  they 
are  sensibly  lower  than  in  America.  For 
United  States  said  figures  should  be  in- 
creased accordingly  with  the  exception 
of  the  price  of  crude  oil. 


Exhaust  Pipe-s  for  Gas 

Engines 

By  F.  B.  Hays 

The  exhaust  from  a  steam  engine  can 
be  used  for  many  purposes  and  is  piped 
from  the  engine  to  heat  buildings,  dry 
stock,  etc.  The  exhaust  from  an  in- 
ternal-combustion engine  consists  prin- 
cipally of  carbon  dioxide,  water  vapor 
and  nitrogen,  which,  combined  as  they 
are,  are  entirely  useless  for  any  com- 
mercial purposes.  As  these  gases  can- 
not be  put  to  any  practical  application 
they  should  be  discharged   directly  into 


exhaust  port  of  the  engine  to  the  out- 
side of  the  building,  the  pipe  being  a 
straight  "run"  extending  from  the  en- 
gine cylinder  to  the  nearest  external 
wall.  The  only  back  pressure  produced 
by  this  sort  of  exhaust  pipe  is  due  to 
the  friction  between  the  moving  gases 
and  the  internal  wall  surface  of  the  ex- 
haust pipe.  A  perfectly  straight,  direct 
exhaust  pipe  is  seldom  found  in  actual 
practice,  as  it  forms  a  barrier  from  the 
engine  to  the  wall  of  the  building  and 
occupies  space  that  can  generally  be  em- 
ployed to  better  advantage.  For  these 
reasons  the  arrangement  shown  in  Fig.  1 
is  mostly  used,  although  it  is  more  ex- 
pensive to  construct.  This  'orm  of  ex- 
haust pipe  produces  great  back  pres- 
sure, due  to  the  sharp  turns  and  the  pro- 
jections of  the  butt  ends  of  the  pipe 
into  the  elbow  connections.  The  course 
of  the  exhaust  gases  in  this  type  of  pipe 


f.  The   Wrong   Way 


the  atmosphere  at  the  exhaust  port  of 
the  engine  in  order  to  secure  the  great- 
est thermal  efficiency  of  the  latter.  How- 
ever, this  is  rarely  found  practical  be- 
cause of  the  disagreeable  and  injurious 
odors  of  the  exhaust  gases,  so  they  are 
generally  piped  to  some  point  outside 
the  building  containing  the  engine,  for 
which  purpose  some  form  of  pipe  is 
used. 


Fig.  2.  A  Better-  Way 


is  indicated  approximately  by  the  arrow 
heads.  Besides  the  cross-currents  shown, 
eddy  currents  are  also  produced  by  the 
gases  striking  the  butt  ends  of  the  pipes, 
so  that  there  are  three  sources  of  back 
pressure. 

A  type  of  exhaust  pipe  which  has  the 
advantage  of  both  of  the  types  referred 
to,  without  the  disadvantages  of  the  sec- 
ond, is  shown  in  Fig.  2.     This  arrange- 
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ment  allows  the  pipe  to  be  run  under 
the  floor  and  at  the  same  time  eliminates 
the  cross-currents  and  eddy  currents  pro- 
duced by  short  bends  and  projecting  pipe 
ends.  The  construction  is  evident  from 
the  figure.  Such  an  exhaust  pipe  can 
be  installed  almost  as  cheaply  as  the 
one  in  Fig.  1,  and  it  eliminates  all  back 
pressure  except  that  due  to  wall  friction. 

The  Marine  Diesel  Engine 

Experience  with  the  Diesel  engine  in 
marine  service  has  developed  the  ad- 
vantage that  the  air  in  the  engine  room 
is  continuously  changed  by  reason  of 
the  demand  by  the  engines  for  air  for 
combustion.  The  engine-room  air,  there- 
fore, cannot  become  stale  and  unwhole- 
some as  long  as  the  engines  are  run- 
ning. 

This  sanitary  advantage,  however,  is 
accompanied  by  the  disadvantage  that 
the  engines  do  not  radiate  sufficient  heat 
to  keep  the  engine  room  warm  in  cold 
weather.  Builders  of  oil-power  vessels, 
therefore,  are  confronted  with  the  prob- 
lem of  devising  means  for  heating  their 
engine  rooms! 

LETTERS 

Timing  the  Ignition 

Earl  Pagett's  recent  letter  on  a  method 
of  timing  the  ignition  of  an  internal- 
combustion  engine  prompts  me  to  de- 
scribe the  method  I  generally  use  for 
this  purpose — a  method  which  is  not 
unique  by  any  means  but  which  I  do  not 
remember  having  seen  described  in 
Power  before.  When  the  crank  is  on 
the  inner  center,  1  place  an  adjustable- 
angle  spirit  level  on  the  top  of  the  crank 
web  and  read  the  angle  at  which  the 
level  must  be  set  to  the  straight-edge  in 
order  to  get  the  bubble  central.  If  it  is 
desired  that  the  engine  shall  fire  20 
deg.  ahead  of  dead  center,  I  set  the 
spirit  level  20  deg.  steeper  to  the 
straight-edge,  place  the  straight-edge  on 
the  crank  web,  and  turn  the  engine  round 
until  the  desired  position  is  reached. 
Then  the  ignition  trip  or  timing  gear  can 
be  adjusted  to  spark  at  that  point.  For 
valve  timing  the  method  of  procedure  is 
exactly  similar,  but  for  the  out-center 
timings  (inlet  closing  and  exhaust  open- 
ing), it  is  necessary  to  obtain  a  fresh 
base  to  work  from  with  the  engine  at 
outer  center,  since  the  webs  are  not  al- 
ways  machined    exactly    parallel. 

Allowing  for  the  comparatively  rough 
planing  or  milling  of  the  crank  webs.  I 
should  prefer  this  method  to  Mr.  Pagett's, 
since  one  obtains  the  results  right  away 
in  degrees  and  avoids  the  errors  intro- 
duced into  Mr.  Pagett's  method  by  the 
indefinite  length  of  the  flywheel  circum- 
ference and  the  difficulty  of  measuring 
linear  distances  to  the  second  place  of 
decimals  around  the  rim.  An  adjustable- 
angle   spirit   level    will    not   be    found    in 


every  plant,  I  know,  but  one  which  will 
be  good  enough  for  the  job  may  be 
bought  very  cheaply  and  once  bought, 
the  level  will  be  found  to  be  very  con- 
venient for  many  purposes. 

John   S.   Leese. 
Manchester,  Eng. 


Starting  Suction  Gas  Pro- 
ducers 

There  are  a  great  many  suction  pro- 
ducers in  operation  throughout  the  coun- 
try on  intermittent  service  and  putting 
them  in  operation  again  after  a  night's 
shutdown  constitutes  the  greater  part  of 
the  labor  necessary  to  their  operation. 
The  writer  spent  some  time  in  a  plant 
that  was  in  continuous  operation,  except 
for  eight  or  nine  hours  on  Sunday,  pro- 
viding electric  service  to  a  town  of  about 
5000  inhabitants  and  our  experiences  in 
putting  producers  in  operation  after  the 
Sunday  shutdown  may  prove  of  interest 
Upon  shutting  down  on  Sunday  morn- 
ing the  fires  were  not  cleaned,  as  was 
customary  in  the  early  morning,  but  the 
producers  were  filled  with  coal  and  left 
standing  with  the  purge  pipes  open.  The 
first  thing  was  to  clean  the  fires;  any 
clinker  that  could  not  go  through  the 
grates  must  be  removed  and  also  the 
ash  accumulating  around  the  sides  of 
the  producers.  Considerable  care  was 
necessary  to  get  around  the  entire  cir- 
cumference without  having  the  fire  fall 
down  and  block  the  work.  Next,  the 
fires  were  sliced  down  from  the  top  and 
by  keeping  well  to  the  sides  the  ash  was 
worked  down  to  the  grates. 

The  producers  were  then  fired,  but 
were  not  filled,  for  occasionally  it  was 
necessary  to  add  fuel  later,  to  maintain 
unifonn  conditions.  The  fires  were  then 
barred  from  the  bottom.  In  this  opera- 
tion a  slicing  bar  was  worked  across 
the  grates  to  loosen  and  break  up  any 
clinker  that  might  not  have  been  reached 
in  cleaning.  The  center  of  the  fire  was 
then  lowered  by  shaking  the  grates  until 
it  fell  through  into  the  ashpits,  and  the 
ashes  were  removed.  During  these  op- 
erations one  must  keep  well  away  from 
the  front  of  the  open  doors  for  there  is 
no  draft  to  remove  the  gas  and  it  very 
often  puffs  out  in  explosions  that  are 
dangerous. 

After  this  preparation,  ihe  fires  were 
blown  with  the  blower  until  the  gas 
burned  at  the  test  cocks  on  the  producers, 
when  the  valves  on  the  lines  to  the  purge 
pipe  were  closed  and  those  on  the  line 
to  the  engine  were  opened.  As  soon  as 
the  gas  burned  at  the  vents  at  the  en- 
gines, the  blast  was  turned  off  and  the 
vaporizers  were  cut  in,  care  being  taken 
that  the  vaporizers  were  in  working 
order  and  not  plugged  with  deposit.  To 
keep  the  temperature  of  the  fires  down 
until  the  vaporizers  began  to  furnish 
steam,  a  small  amount  of  water  was 
usually  run  into  the  ashpits. 


The  engines  were  then  started  and  the 
scrubber  water  turned  on.  Occasionally, 
when  in  a  hurry  to  start,  only  one  pro- 
ducer was  cleaned  and  started  and  the 
other  was  cut  in  later  after  the  engines 
had  been  running  for  some  time. 

During  the  week,  the  fires  were  cleaned 
at  4  o'clock,  morning  and  afternoon,  and 
coal  was  added  five  times  during  the 
24  hours.  The  fires  were  poked  once, 
in  addition  to  the  cleaning  periods,  each 
day.  Our  best  results  were  obtained  by 
operating  the  producers  on  a  light  load 
and  avoiding  the  high  temperatures  which 
come  with  heavy  loads.  By  so  doing, 
there  was  very  little  poking  and  the 
quality  of  the  gas  was  kept  very  uniform. 
J.  C.  Parmely. 

Kewanee,   111. 


An  Unusual  Cause  of   a    Hot 
Crankpin 

While  on  installation  work  recently,  I 
ran  across  a  peculiar  case  of  trouble  that 
developed  on  an  engine  which  had  been 
installed  two  months  previously.  It  was 
a  crankpin  which  would  not  run  cool  and 
which  finally  burned  out  four  sets  of 
boxes  in  which  experts  from  both  Boston 
and  Roxbury  had  been  unable  to  locate 
the  cause  of  the  trouble.  I  succeeded 
in  getting  rid  of  the  trouble  absolutely 
in  two  days  of  nine  hours  each  and  op- 


Crankpin  End  of  Rod 

erated  the  engine  three  days  continuous- 
ly under  full  load,  with  an  average  tem- 
perature at  the  crankpin  of  90  deg., 
running  24   hours. 

Upon  scraping  the  babbitt  clear  of 
rough  places  caused  by  the  overheating, 
I  put  them  back  in  place,  first  coating  the 
crankpin  with  Prussian  blue,  and  turned 
the  engine  over  through  a  couple  of 
revolutions.  Taking  the  boxes  out  showed 
that  they  touched  the  crankpin  only  from 
A  to  B  on  top  and  C  to  D  on  the  bottom, 
although  I  got  a  good  bearing  all  around 
with  the  boxes  held  on  the  crankpin  by 
hand  instead  of  in  the  connecting-rod. 
Trying  the  brasses  again  in  the  end  of 
the  rod,  easing  them  in  by  hand,  indicated 
a  binding  at  the  edges  X  of  the  jaws,  and 
caliper  measurements  showed  that  the 
outside  diameter  of  the  brasses  at  the 
corresponding  points  was  a  shade  larger 
than  the  diameter  of  the  jaw  circle. 
Filing  the  brasses  so  they  slipped  into 
their  seats  without  forcing  remedied  the 
trouble. 

D.  L.  Fagnan. 

New  York. 
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Conducted  to  be  of  service  to  the  men  in  charge  of  electrical  equipment  in  the  power  house 


An    Ingenious    Emergency 
Arrangement 

B.Y  A.  S.  Specht 

In  a  large  manufacturing  plant  near 
Boston,  electric  power  is  supplied  by 
both  alternating  and  direct  currents.    The 


ammeter  in  order  to  prevent  it  from  try- 
ing to  indicate  backward  and  possibly 
damaging  the  pointer. 

With  one  electrode  pulled  out  of  the 
barrel  and  all  switches  open,  the  op- 
eration of  starting  is  as  follows: 

Close  the  switch  short-circuiting  the 
ammeter;      throw     No.      1      switch     up. 


EQffi 


Fig.  1.  Normal  Arrangement  of  Generating  Equipment 


direct  current  is  generated  by  a  local 
plant  comprising  reciprocating  engines 
belt-connected  to  compound-wound  gen- 
erators running  in  parallel. 

Recently  it  became  necessary  to  shut 
down  one  of  the  engines  for  repairs;  this 
was  a  vertical  engine  and  it  had  been 
driving  two  of  the  generators,  arranged 
as  in  Fig.  1.  One  of  these  generators 
could  be  dispensed  with,  but  not  both, 
because   the   peak   load    was   too   heavy. 

There  happened  to  be  available  an 
idle  alternating-current  generator,  and,  as 
there  was  a  plentiful  supply  of  alternat- 
ing current,  it  was  decided  to  slip  this 
generator  into  the  position  occupied  by 
No.  1  direct-current  machine  and  run 
it  as  a  synchronous  motor  to  drive  No. 
2  machine,  utilizing  the  engine  shaft 
as   a   jackshaft,   and  the  same  belts. 

Some  provision  had  to  be  made  for 
starting  this  set  and  getting  the  alternat- 
ing-current motor  up  to  speed  and  into 
synchronism,  and  in  order  to  accom- 
plish this  it  was  decided  to  run  No.  2 
direct-current  generator  as  a  motor  until 
the  alternating-current  machine  got  on 
the  line.  Accordingly,  connections  were 
made  as  in  Fig.  2,  the  water  rheostat 
consisting  of  a  tight  barrel  filled  with 
water  and  equipped  with  a  couple  of  old 
pipe  fittings  bolted  to  the  leads  for 
electrodes. 

At  first  clear  water  was  used,  but  it 
was  found  to  be  of  too  high  resistance. 
Therefore,  a  bucket  of  salt  was  thrown 
in  the  barrel  and  the  water  stirred  up; 
this  increased  its  conductivity  enough  to 
bring  the  set  up  to  speed.  A  short- 
circuiting  switch  was  used  to  cut  out  the 


cutting  out  the  water  rheostat,  and  pull 
the  top  electrode  out  of  the  barrel;  then 
increase  the  speed  of  the  machine  by 
slowly  cutting  in  the  resistance  of  the 
field  rheostat,  to  get  the  alternator  into 
synchronism. 

After  the  alternating-current  machine 
has  been  synchronized  and  cut  in  on  its 
line,  running  as  a  motor,  trip  the  direct- 
current  circuit-breaker  and  pull  the  main 
switch  (No.  2)  out.  Turn  the  field  re- 
sistance all  in  and  throw  No.  1  switch 
down,  which  puts  the  series  field  wind- 
ing into  normal  connection  with  the 
equalizer.  The  machine  is  now  ready  to 
be  built  up  again  as  a  compound-wound 
generator. 

[It  is  not  necessary  to  open  the  direct- 
current  leads  after  the  alternating-cur- 
rent machine  has  been  thrown  on  its 
line.  As  soon  as  this  has  been  done, 
the  field  rheostat  lever  or  wheel  may  be 
short-circuiting  the  series  field  wind-  turned  two  or  three  points  in  the  "all 
ing;  turn  the  field  rheostat  to  cut  out  out"  direction  and  the  ammeter  put  back 
all  of  the  resistance;  throw  in  the  cir-  in  circuit;  then  the  rheostat  can  be  ad- 
cuit-breaker  and  the  main  switch,  No.  2;  justed  until  the  ammeter  shows  no  arma- 
lower  the   top   electrode   into  the   barrel     ture   current.     Throwing  the  switch   No. 


Fic.  2.  Emergency  Connections  for  Starting  Up 


very  slowly  until  it  comes  in  contact 
with  the  bottom  one,  and  then  close 
switch  No.  3;  cut  in  field  resistance  un- 
til it  is  up  to  speed,  when  No.  2  switch 


1  downward  will  then  put  the  machine 
in  circuit  normally  and  the  field  rheostat 
can  be  adjusted  to  make  it  take  its  share 
of  the  load. — Editor.] 
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Safety  Device  for  Traveling 
Cranes 

By  E.  H.  Marzolf 

It  frequently  happens  around  steel 
mills  that  men  are  required  to  work  on 
the  bridge  rail  of  an  electric  traveHng 
crane.  This  places  them  in  an  extremely 
dangerous  position,  even  though  the  crane 
operator  has  been  notified  to  that  ef- 
fect, for  there  is  always  the  chance  of 
his  forgetting  or  becoming  careless. 

To  provide  against  accident  in  such 
cases  the  writer  has  planned  a  safety 
device  consisting  essentially  of  an  auto- 
matically operated  switch  which  reverses 
the  direction  of  the  motor  when  the 
crane  comes  within  the  danger  zone. 

Very  often  with  large  cranes  a  flat 
bar  or  T-rail  is  used  instead  of  a  trolley 
wire,  and  in  such  cases  the  application 


latter  from  the  sudden  rush  of  current. 
A  red  light  is  in  series  with  the  solenoid 
so  as  to  indicate  to  the  operator  what 
has  happened. 

The   device   has  been   tried   out   thor- 
oughly and  has  given  entire  satisfaction. 


will  flow  between  them.  We  shall  be 
glad  to  publish  comments  from  readers 
of   Power. — Editor.] 


LETTERS 

Field  Excitation  and  Load  Di- 
vision of  Alternators  in 
Parallel 

Will  someone  please  explain  why, 
when  two  alternators  are  running  in 
parallel,  if  one  tends  to  run  a  little  faster 
than  the  other  the  field  ammeter  on  the 
machine  doing  the  most  work  does  not 
indicate  as  much  as  the  one  doing  less 
work? 

Of  course,  both  machines  are  running 
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Diagram  of  Connections 


of  the  safety  device  is  very  simple.  Holes 
are  drilled  in  the  bottom  rail  about  15 
or  20  ft.  apart  and  through  them  are 
hung  short  bars  about  2  ft.  long.  Ordi- 
narily these  are  kept  up  out  of  the  way, 
but  when  a  man  is  working  on  the  track 
he  lets  down  the  nearest  bar  to  the  place 
at  which  he  is  working. 

If  the  crane  is  traveling  toward  him 
and  the  operator  does  not  stop  it 
before  coming  to  the  auxiliary  rail,  a 
dummy  trolley  wheel  carried  on  the  main 
trolley  staff  will  make  contact  with  the 
rail.  This  closes  the  circuit  through  a 
solenoid  which  throws  a  double-throw 
double-pole  switch  and  reverses  the 
polarity  of  the  armature.  A  diagram  of 
the  connections  is  herewith  shown. 

A  resistance  is  placed  in  series  with 
the   armature  to  prevent  damtge  to  the 


at  the  same  speed  when  in  parallel,  but 
not  when  disconnected  from  each  other. 
V.  C.  Morris. 

Mogollon,   N.   M. 

[Field  excitation  does  not  determine 
the  division  of  load  between  alternators; 
that  depends  on  the  driving  power  ap- 
plied to  the  respective  machines.  If  the 
two  machines  deliver  equal  voltages  at 
no  load  when  running  at  equal  speeds 
and  with  equal  excitations,  speeding  one 
of  them  up  will  necessitate  reducing  its 
excitation  in  order  to  keep  the  voltages 
equal.  When  the  machines  are  paralleled, 
the  one  that  has  been  running  the  faster 
will  take  more  load  than  its  mate,  be- 
cause of  the  governor  setting  and  in 
spite  of  the  weaker  field  excitation,  but 
its  power  factor  will  be  lower  than  that 
of  the  other  machine  and  cross-currents 


Automatic  Exchange  of  Ex- 
cess Loads  between    Two 
Systems 

In  the  plant  where  I  am  employed  there 
are  in  regular  operation  a  600-volt  direct- 
current  system  for  street-railway  service 
and  a  2200-volt  alternating-current  sys- 
tem for  lighting  and  motor  service.  Some- 
times the  railway  load  is  heavy  while  the 
lighting  load  is  moderate,  and  at  other 
times  the  alternating-current  load  is  rela- 
tively the  heavier.  In  order  to  enable  one 
system  to  help  out  the  other  one  under 
either  of  these  conditions,  we  decided  to 
tie  them  together  electrically.  Accord- 
ingly, a  200-kw.,  550-volt,  compound- 
wound,  direct-current  generator  and  a 
180-kw.,  2200-volt,  alternating-current 
generator  of  about  the  same  speed  were 
purchased  second-hand,  both  being  nearly 
as  good  as  new.  The  pulleys  were  re- 
moved and  the  shafts  connected  by  a 
flexible  coupling.  A  starting  box  was  con- 
nected up  for  starting  the  direct-current 
machine  as  a  motor  and  the  alternator 
was  provided  with  the  usual  connections 
for  parallel  operation  with  the  main  units. 

The  improvised  motor-generator  set 
now  floats  between  the  two  systems  very 
nicely  and  automatically.  The  set  is  in 
operation  every  day  and  is  frequently 
loaded  to  the  capacity  of  the  alternating- 
current  machine  when  there  is  a  heavy 
peak  load  on  the  railway  system.  When 
the  railway  load  is  light  it  operates  as  a 
direct-current  motor  and  an  alternating- 
current  generator,  taking  up  to  60  per 
cent,  load,  and  would  take  more,  but  we 
adjust  the  rheostat  to  hold  it  within  this 
limit,  for  when  it  takes  much  more  than 
this  the  current  passing  through  the 
series  field  winding  in  the  direction  op- 
posing the  shunt  field  weakens  the  total 
field  so  much  that  the  machine  speeds  up 
until  its  load  throws  the  circuit-breaker. 
By  adjusting  the  field  rheostat  of  the  di- 
rect-current machine  several  times  a  day 
it  very  seldom  throws  the  breaker. 

When  this  way  of  operating  the  set 
was  mentioned  to  some  engineers  they 
would  not  believe  it  until  they  saw  it, 
and  one  engineer  came  over  100  miles  to 
see  it. 

Chas.  E.  Nigh. 

Morgantown,  W.  Va. 


The  more  nearly  steel  approaches  a 
pure  iron,  the  longer  it  resists  corrosion. 
Wrought  iron,  notwithstanding  its  slag, 
is  the  nearest  approach  as  the  slag  is 
mechanically  mixed  and  does  not  inter- 
fere with  the  chemical  properties  of  the 
product,  says  an  exchange.  Cast-iron 
pipe,  properly  casted,  is  good  for  a  hun- 
dred years  and  under  almost  any  condi- 
tion of  soil. 
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Principles  and  operation  of  ice-making  and  refrigerating  plant  and  machinery 


Overhauling  an  Ice    Plant 

By  W,  S.  Luckenbach 

The  season  is  at  hand  for  starting  up 
the  refrigerating  plant.  It  is  essential 
that  the  engineer  of  an  ice  or  refrigerat- 
ing plant  take  advantage  of  every  pos- 
sible economy  from  the  steam  boiler  to 
the  dump  tub,  in  order  to  produce  the 
largest  possible  quantity  of  ice  or  re- 
frigeration  at  the   least  cost. 

Steam  Boilers 

One  of  the  principal  expenditures  of 
an  ice  plant  is  for  fuel.  Hence  any  im- 
provements that  tend  to  reduce  the  fuel 
consumption  is  money  well  invested,  and 
if  the  following  adjuncts  are  not  already 
installed,  it  would  be  well  to  consider 
them.  First,  a  feed-water  heater  and 
purifier  of  ample  capacity  is  a  great 
help  because  the  water  will  enter  the 
boiler  near  the  boiling  point  and  foreign 
matter  that  would  otherwise  accumulate 
in  the  boiler  will  be  precipitated.  It  is 
clear  that  the  less  impurities  fed  into 
the  boiler  the  less  there  will  be  to  blow 
out,  and  the  boiler  will  steam  more  easily 
as  the  tubes  will  be  comparatively  free 
from  scale.  While  a  high-and-low-water 
alarm  is  not  an  actual  necessity  with  a 
careful  fireman,  yet  by  its  use  the  source 
of  bad  "butts"  may  be  located.  For  in- 
stance, the  water  in  the  boiler  may  ac- 
cidentally get  too  high,  the  alarm  be 
sounded  and  perhaps  48  hours  afterward 
defective  ice  is  found.  There  would  be 
no  occasion  to  search  far  for  the  cause. 
The  steam-flue  cleaner  is  another  de- 
vice that  is  both  a  labor  and  fuel  saver 
because  the  flue  doors  are  not  open  while 
the  cleaning  is  being  done. 

Pumps 

The  pumps  need  a  careful  examina- 
tion, especially  if  steam  driven.  In  all 
cases  it  will  be  necessary  to  determine 
what  will  be  required  to  put  both  ends 
cf  the  pump  in  first-class  condition  while 
the  pump  is  working  under  normal  con- 
ditions. If  pumping  from  a  well  or  stream 
and  using  a  submerged  foot  valve,  be 
sure  to  see  that  it  will  give  no  trouble 
when  every  gallon  of  water  is  needed  in 
the  plant.  Do  not  take  any  chances  and 
have  cause  to  regret  it  before  the  season 
is  over.  Rig  up  a  chain  block  and  hoist 
it  out  into  the  clear.  If  the  water  valves 
are  rubber  and  rough  on  the  face,  but 
not  cracked,  they  can  be  used  again  by 
heating    a    smooth    flat    disk    somewhat 


larger  in  diameter  than  the  valves;  then 
grasp  the  disk  in  both  hands,  pass  it 
lightly  over  the  hot  disk  and  occasionally 
scrape  off  the  burnt  rubber  on  the  disk. 
Continue  until  a  flat  surface  is  obtained. 
This  requires  a  little  practice  with  a 
few  old  valves,  but  it  pays  to  do  it. 

Some  of  the  above  suggestions  apply 
also  to  the  ammonia  pumps.  Have  as 
little  clearance  as  possible  between  the 
plungers  and  the  heads,  also  between  the 
top  of  the  valve  disks  and  bonnets  in 
order  to  avoid  the  pump  becoming  gas 
bound,  as  this  will  reduce  its  capacity 
because  the  compressed  gas  will  expand 
when  the  plunger  recedes  and  take  up 
space  in  the  cylinder  that  should  be  filled 
with  rich  liquor.  In  case,  however,  the 
pump  should  become  gas  bound,  it  is 
a  good  thing  to  have  a  connection  be- 
tween the  poor  liquor  pipe  and  the  pump 
suction  from  the  absorber,  with  a  valve 
between.  By  drawing  some  of  the  poor 
liquor  directly  into  the  pump  the  surplus 
gas  will  be  absorbed  in  a  few  minutes. 

Generator 

If  the  generator  has  been  closed  for 
a  few  seasons  it  would  be  a  good  plan 
to  open  it  because  frequently  the  coils 
or  tubes  become  incrustated  from  impuri- 
ties in  the  aqua  ammonia  and  consequent- 
ly require  a  higher  steam  temperature  to 
liberate  the  gas.  The  foregoing  applies 
equally  well  to  the  dehydrator,  exchanger 
and   absorber. 

Condensing  Coils 

If  the  condensing  coils  are  of  the  at- 
mospheric type,  there  will  be  very  little 
to  do,  providing  a  test  of  the  cooling 
water  showed  no  leaks;  with  the  inclosed 
double-tube  type,  however,  it  may  be 
different  by  reason  of  sediment  in  the 
water  adhering  to  the  pipes.  Hence,  in 
order  to  get  full  benefit  of  the  cooling 
water  it  is  essential  that  they  be  clean 
and  kept  clean.  This  also  applies  to  the 
absorber  coils  or  tubes.  The  pipe  con- 
veying the  liquid  ammonia  from  the  con- 
densing coils  to  the  expansion  valve  or 
collector  should  be  run  through  the  cool- 
est part  of  the  building  in  order  to  main- 
tain the  same  temperature  if  possible  as 
when  it  left  the  condensers.  For  every 
degree  that  the  liquid  is  heated  in  pass- 
ing from  the  condenser  to  the  expansion 
valve  it  loses  about  V,,,,,  or  0.25  of  I  per 
cent,  of  its  effective  heat-absorbing 
power.  For  this  reason  it  is  good  prac- 
tice to  place  a  thermometer  in  the  liquid 
pipe  close  to  the  expansion  valve  so  that 


the  engineer  when  passing  can  see  at  a 
glance  whether  he  is  maintaining  the 
regular  temperature  on  the  high-pressure 
side.  Should  he  find  the  temperature  in- 
creasing he  will  at  once  know  that  one 
of  two  things  must  be  done:  either  more 
cooling  water  must  be  supplied  or  the 
condenser  coils  need  cleaning,  and  it  will 
not  be  necessary  to  wait  until  the  bath 
has  gone  up  several  points  and  then  hunt 
all  over  the  plant  for  the  cause. 

Freezing  Tank  and  Coils 

Suppose  that  the  coils  and  bottom  of 
the  tank  have  not  been  cleaned  for  sev- 
eral years.  This  work  should  be  done 
expeditiously  because  the  coils  should 
not  be  exposed  to  the  atmosphere  any 
longer  than  is  absolutely  required.  After 
the  tank  is  emptied,  give  it  a  thorough 
cleaning;  be  sure  and  include  the  can 
covers  and  timbers  which  they  rest  on  to 
prevent  any  dirt  dropping  into  the  cans 
when  they  are  filled  with  distilled  water. 

In  the  meantime  have  the  top  and  bot- 
tom manifolds  or  headers  disconnected, 
clean  the  flanges  nicely  and  with  a  little 
oil  on  the  bolts  run  the  nuts  over  them. 
By  this  time  the  tank  will  be  clean.  Then 
see  that  the  standards  holding  the  coils 
are  all  right  and  also  see  that  there  is 
no  trap  in  any  of  the  pipes.  This  Is 
very  important.  Blow  out  each  coil  sep- 
arately with  steam  and  test  with  brine, 
if  the  weather  is  cold,  to  about  300  lb. 
If  a  leak  should  develop,  put  in  a  new 
pipe;  do  not  patch  submerged  coils  un- 
less in  the  case  of  an  emergency.  In 
case  of  extreme  cold,  finish  one  coil 
at  a  time  and  if  there  is  compressed  air, 
finish  by  blowing  through  each  coil.  The 
coils  should  be  divided  into  sections  with 
from  two  to  four  coils  per  section,  ac- 
cording to  the  size  of  the  tank.  The 
section  should  be  connected  to  a  main 
line  or  header  running  the  whole  length 
of  the  bath.  By  this  means  a  more  even 
distribution  of  the  expanded  gas  is  ob- 
tained, and  while  this  is  not  quite  so  im- 
portant in  the  flooded  system,  yet  it  is 
of  equal  importance  should  one  or  more 
coils  get  clogged  or  spring  a  leak,  be- 
cause repairs  can  then  be  made  without 
much  loss,  and  if  there  is  a  valve  on  the 
top  and  the  bottom  of  each  coil,  the  de- 
fective coil  can  be  cut  out  at  once. 

If  the  tank  is  made  of  steel  it  should 
be  painted  fully  as  far  as  the  lowest 
water  level,  but  before  painting  it  must 
be  thoroughly  cleaned.  As  to  painting 
coils,  there  are  various  opinions,  but  one 
thing  is  clear;  if  the  coils  are  not  thor- 
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oughly  cleaned  of  rust  the  paint  will 
not  adhere,  and  if  by  oversight  a  few 
square  inches  are  painted  over  rust,  all 
the  labor  and  material  are  not  of  much 
benefit. 

The  writer  has  personal  knowledge  of 
extra-heavy  butt-weld  bath  coils  that 
were  in  constant  use  for  10  years  and 
never  had  an  ounce  of  paint  except  the 
cheap  stuff  put  on  at  the  factory  to  pre- 
vent rusting  while  in  transit.  The  coils 
stood  a  test  of  300  lb.  with  only  three 
leaks.  The  secret  of  the  lasting  qual- 
ities is,  in  the  writer's  judgment,  due  to 
their  being  submerged  continually.  In 
reconnecting,  see  that  the  nuts  do  not 
jamb  into  the  body  of  the  bolt  before 
the  flanges  are  properly  tightened  or  there 
may  be  lots  of  worry  for  the  man  who 
has  to  crawl  down  to  replace  the  bolt 
with  too  much  body  after  the  machine  is 
started;  above  all,  get  the  best  rubber 
on  the  market  for  that  part  of  the  job. 

Pipe  and  Fittings 

Use  nothing  but  extra-heavy  lap-weld 
pipe  on  any  part  of  the  high-pressure 
side  of  the  ammonia  system;  do  not  put 
up  a  single  piece  of  pipe  or  nipple  with- 
out looking  through  it  for  blisters.  In 
using  a  pipe  cutter,  it  frequently  hap- 
pens that  It  leaves  not  only  a  ragged 
edge  but  reduces  the  pipe  area;  hence 
every  piece  should  be  examined.  Do  not 
use  old  fittings  on  ammonia  piping  for 
two  reasons:  First,  it  costs  half  as 
much  to  take  them  off  the  pipe  and  clean 
them  as  new  ones  cost  and  the  threads 
are  never  as  sharp  and  smooth  as  on 
the  new  fittings.  Do  not  use  any  thick 
pasty  substance  to  make  a  joint  as  it 
will  only  be  a  question  of  time  (and  a 
short  time  at  that)  when  the  ammonia 
will  penetrate  this  paste  and  a  leak  re- 
sult. The  writer  has  personally  made 
thousands  of  joints  and  found  that  by 
having  good  threads  on  both  pipe  and 
fitting,  using  a  little  flake  graphite  with 
good  oil  and  screwing  up  good  and  hard, 
iron  to  iron,  a  lasting  job  will  be  ob- 
tained. 

Adjuncts 

In  addition  to  those  mentioned  for  the 
boiler,  an  automatic  poor-liquor  regulator 
attached  to  the  absorber  is  an  excellent 
investment.  It  is  installed  under  a  guar- 
antee and  it  does  the  work.  This,  in 
connection  with  a  good  ammonia-pump 
governor,  leaves  the  engineer  free  to  do 
something  besides  watch  the  absorber 
glass  because  several  pounds  variation 
in  pressure  either  in  the  generator  or 
absorber  will  require  regulation  or 
chance  must  be  taken  of  a  boil-over  or 
flooding  the  absorber.  On  the  other 
hand,  if  these  parts  can  be  relied  upon,  he 
will  have  ample  time  to  devise  ways  and 
means  of  improving  the  plant  that  will 
soon  repay  the  first  cost.  Another  ad- 
vantage   to    the    engineer   is   to    have    a 


thermometer  in  the  poor-liquor  pipe  lead- 
ing from  the  cooling  coils  'to  the  ab- 
sorber, for  the  same  reason  that  the 
thermometer  would  be  inserted  in  the 
pipe  leading  to  the  expansion  valve.  A 
thermometer  inserted  in  the  feed  pipe 
between  the  boiler-feed  pump  and  the 
steam  boiler  is  also  a  help  to  the  engi- 
neer because  he  can  see  at  a  glance 
whether  he  is  getting  the  best  work  out 
of    the    heater. 

The  general  appearance  of  the  plant 
should  be  made  inviting,  not  only  for 
the  employees,  but  for  the  employer  as 
well  as  visitors  who  may  be  invited  to 
make  a  tour  of  inspection.  While  it  :s 
true  that  neither  paint  nor  whitewash 
will  make  ice,  yet  a  neatly  kept  engine 
and  boiler  room,  with  tool  racks  and  fit- 
ting bins,  lends  a  cheerfulness  to  the 
place;  it  is  a  credit  to  the  man  in  charge 
and  is  more  or  less  inspiring  to  all  the 
help  in  the  plant. 


Properties  of  Carbon  Dioxide 

By  F.  B.  W.  Barker 

Carbon  dioxide  (or  carbon  anhydride^, 
often  improperly  called  carbonic  acid  or 
carbonic-acid  gas,  is  composed  of  one 
part  carbon  and  two  parts  oxygen.  It  is 
the  product  of  complete  combustion  of 
carbon  and  is  always  formed  when  car- 
bon or  any  carbon  compound  is  burned 
under  conditions  that  afford  an  abundant 
supply  of  oxygen,  and  also  during  decay 
(slow  combustion),  fermentation  and 
putrefaction  of  organic  matler. 

For  refrigeration  purposes,  carbon 
dioxide  is  usually  manufactured  by  de- 
composing marble  dust  (CaCO:)  with 
hydrochloric  acid.  It  is  also  manufac- 
tured to  some  extent  as  a  byproduct  in 
breweries,  distilleries  and  in  the  calcina- 
tion of  lime  and  from  othe-  sources. 

The  gas  from  the  retorts  or  other  gen- 
erating apparatus  is  confined  in  a  gas 
tank  before  its  process  of  liquefaction. 

A  plant  almost  identical  in  its  main 
features  with  a  carbonic  anhydride  re- 
frigerating plant  is  used  for  the  manu- 
facture of  liquid  carbon  dioxide.  The 
cylinders  or  drums  in  which  the  carbon 
dioxide  is  stored  and  shipped  have  a 
capacity  of  800  cu.in.  and  liold  20  lb.  of 
the  liquid. 

As  a  refrigerating  medium  the  value 
of  carbon  dioxide  is  due  to  its  noncor- 
roding  action  on  any  of  the  metals.  That 
it  cannot  decompose  during  compression, 
and  that  liquid  carbon  dioxide  is  cheap, 
are  other  points  in  its  favor  as  a  re- 
frigerating agent,  as  is  also  its  lesser 
danger  to  respiration  in  case  of  leakage. 
It  is  claimed  that  air  containing  8  per 
cent,  of  carbon  dioxide  can  be  inhaled 
with  impunity,  and  it  is  particularly  ap- 
plicable for  marine  service  and  confined 
places  on  this  account.  Carbon  dioxide 
is  also  neutral  to  meat,  water,  beer  and 


other   products   subject   to   cold   storage. 

The  cubic  contents  of  the  compressor 
may  be  considerably  less  as  compared 
with  machines  using  other  refrigerating 
mediums,  and  the  parts  must  be  made 
stronger  on  account  of  the  high  pressure 
of  the  gas.  The  efficiency  of  a  carbonic 
anhydride  system  is  somewhat  less  than 
that  of  one  using  ammonia,  due  to  the 
small  latent  \heat  available  for  effective  re- 
frigeration per  pound  of  liquid  circulated 
through  the  system.  The  theoretical  co- 
efficient of  performance  of  ammonia  is 
13.2;  that  of  carbonic  anhydride  is  11.4; 
its  theoretical  performance  in  a  Carnot 
cycle  is   13.6. 

A  number  of  practical  tests  published 
by  Linde  a  few  years  ago  led  him  to  the 
compilation  of  the  following  table,  which 
shows  the  excess  of  efficiency  in  per- 
centages of  the  ammonia  over  and  above 
that  of  the  carbonic  anhydride  system, 
both  working  at  different  temperatures 
before  the  expansion  valve,  the  tempera- 
ture of  the  brine  surrounding  the  ex- 
pansion coil  being  23  deg.  F.  in  all  cases: 

Temperature  before  expansion  valve, 

54°,  65°,  72°,  84°,  90°. 

Excess  of  efficiency  of  ammonia  system, 

17%,  23%,  31%,  477o,   101%. 

As  a  leak  of  carbonic  anhydride  can- 
not be  detected  by  its  smell,  considerable 
quantities  can  escape  before  it  is  notice- 
able; for  this  reason  special  care  and 
supervision  are  required  to  prevent  leaks 
in  the  system  when  it  is  in  service. 

At  atmospheric  pressure  liquid  car- 
bonic anhydride  has  a  specific  gravity  of 
1.529  and  becomes  liquid  at  a  tempera- 
ture of  —  124  deg.  F.  At  32  deg.  it  is 
liquefied  at  a  pressure  of  540  lb.,  and 
at  this  temperature  its  specific  weight  is 
0.93,  while  at  42  deg.  F.  it  is  0.883;  at 
47  deg.,  0.853;  at  65  deg.  F.,  0.7385,  and 
at  86  deg.  F.,  0.60  (water  equals  1).  At 
32  deg.  F.  its  latent  heat  of  evaporation 
is   102.35  B.t.u.  per  pound  of  liquid. 

From  the  foregoing  it  appears  that 
enormous  pressure  is  required  to  liquefy 
the  gas;  this  pressure  varies  in  amount 
in  different  climates  from  750  lb.  with 
water  at  50  deg.  F.,  to  1125  lb.  with 
water  at  84  deg.  F.  Another  feature 
worthy  of  notice,  due  to  the  nonpoisonous 
nature  of  the  gas,  is  that  it  is  possible  to 
introduce  a  safety  valve,  which  is  a  wel- 
come addition  to  any  system  employing 
high  pressures. 


Once  a  practicable  form  of  super- 
heater had  been  evolved,  the  growth  in 
popularity  of  the  locomotive  using  super- 
heated steam  was  inevitable.  Had  the 
compound  locomotive  not  made  such  a 
bold  bid  for  popularity,  superheat  would 
have  come  into  its  own  many  years  ago. 
The  latest  notable  engine  of  this  <vpe  is 
a  Pennsylvania  Railroad  Mallet,  with  four 
27x28-in.  cylinders  and  a  boiler  pressure 
of  160  lb. — Scientific  American. 
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The  Engineering  Congress 

Preparations  for  the  Panama  Pacific 
Exposition,  which  is  to  be  held  in  San 
Francisco  in  1915  to  commemorate  the 
completion  of  the  Panama  Canal,  are 
now  in  progress.  From  present  indica- 
tions, it  will  marl^  in  a  fitting  manner  the 
consummation  of  this  great  undertaking 
which  the  United  States  will  have  had 
the  distinction  of  carrying  through. 

Aside  from  the  commercial  aspect  of 
the  canal,  it  represents  one  of  the  great- 
est engineering  feats  ever  undertaken. 
For  this  reason  it  has  been  suggested 
that  the  several  leading  engineering  so- 
cieties of  this  country  unite  in  taking  of- 
ficial cognizance  of  the  fact.  To  this  end 
tentative  plans  have  been  formulated  for 
holding  a  great  engineering  congress  in 
conjunction  with  the  exposition  in 
September,   1915. 

A  preliminary  nieeling  of  delegates 
from  the  American  Society  of  Civil  Engi- 
neers, the  American  Society  of  Mechan- 
ical Engineers,  the  Pacific  Coast  Gas 
Association,  the  American  Society  for 
Testing  Materials,  the  Society  of  Naval 
Architects  and  Marine  Engineers,  the 
Mining  and  Metallurgical  Society  of 
America,  the  American  Institute  of  Min- 
ing Engineers,  the  American  Institute  of 
Electrical  Engineers  and  the  Technical 
Society  of  the  Pacific  Coast  was  held 
on  Jan.  15  of  this  year  and  questions 
relating  to  an  engineering  congress  were 
carefully  considered. 

As  a  result,  it  was  decided  that  the 
delegates  recommend  to  their  respective 
societies  that  the  annual  meeting  of  each 
society  be  held  in  San  Francisco  in  Sep- 
tember, 1915;  and  thafeach  society  rep- 
resented invite  as  its  guests  the  corre- 
sponding engineering  societies  abroad. 
Thus  the  congress  would  be  made  inter- 
national in  scope. 

Furthermore,  it  was  planned  that,  al- 
though each  society  is  to  proceed  in- 
dependently, there  shall  be  arranged 
joint  meetings  at  which  papers  upon 
kindred  subjects  shall  be  read.  The  ex- 
position  authorities   have   agreed   to    fur- 


nish a  suitable  auditorium  for  the  pur- 
pose and  already  several  of  the  societies 
have  acted  upon  the  suggestions  of  their 
delegates. 

The  importance  of  the  congress  cannot 
be  too  strongly  emphasized,  and  all  those 
who  have  the  advancement  of  engineer- 
ing at  heart  should  use  every  effort  to 
make  it  a  success.  By  having  the  con- 
gress international  in  character,  as  sug- 
gested, an  opportunity  will  be  afforded 
for  clearing  up  many  of  the  inconsist- 
encies in  engineering  methods  and  prac- 
tice which  are  now  .so  troublesome  when 
attempting  to  reduce  things  to  a  standard 
basis    for   comparison. 


One  of  Many 

A  correspondent  writes  us  that  he 
"positively  knows  engineers  do  not  get 
their  dues."  In  other  words,  he  means 
that  he  is  not  getting  as  much  for  his 
labor  as  he  is  worth;  that  his  efforts  are 
not  appreciated,  and  that  putting  in  long 
hours  for  small  pay  is  a  losing  game 
with  some  employers. 

We  know  this  engineer;  he  is  not  a 
mere  starter  and  stopper,  but  is  the  chief 
of  a  well  known  office-building  power 
plant.  He  buys  all  supplies  for  the  build- 
ing, and,  although  this  item  is  added 
.to  the  operating  and  maintenance  ac- 
count, the  cost  for  operating  this  plant 
for  the  past  year  was  one  and  sixty-eight 
one-hundredths  cents  per  kilowat'-hour. 
Not  bad! 

But  his  employers  are  not  satisfied  with 
the  showing  of  their  engineer,  who,  in 
looking  after  their  interests,  puts  in  from 
twelve  to  fifteen  hours  daily  at  the  plant. 
The  men  with  the  manicured  finger  nails, 
filled-out  vests  and  slick  ways  are  not 
satisfied  with  getting  their  heat,  power 
and  light  for  a  sum  far  less  than  the 
light  alone  could  be  purchased  from  a 
central   station. 

And  so  they  want  the  chief  engineer  to 
get  along  with  two  assistants  instead  of 
three  for  the  twenty-four  hours'  service, 
three  hundred  and  sixty-five  days  in  the 
year.      They    want    the    chief    engineer 
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with  his  executive  ability  to  become  a 
common  wiper  about  the  plant,  a  general 
repair  man  and  jack-of-all-trades. 

And  why?  Simply  because  they  are 
greedy;  they  will  not  credit  to  the  power 
plant  a  sum  commensurate  witlh  the 
plant  service  rendered. 

It  looks  as  if  the  Taylor  system 
was  about  to  be  applied;  that  is,  work 
a  man  like  a  machine  and  expect  him  to 
stand  the  grind  equally  well. 

It  cannot  be  done. 

This  chief  engineer  admits  that  such 
closeness  on  the  part  of  the  officials  of 
his  company  makes  his  position  far  from 
satisfactory,  and  he  shows  the  proper 
spirit  when  he  says,  "It  is  discouraging 
work,  but  so  long  as  I  am  here,  I  shall 
dig  in  and  do  more  and  better  work, 
whenever  I  can  and  wherever  I  can." 

This  attitude  has  had  much  to  do  with 
this  engineer's  success.  It  will  have 
much  to  do  with  his  'future.  While  his 
present  employer  may  be  willing  to  lose 
an  efficient  chief  engineer  and  save  the 
wage  of  one  assistant,  there  are  those 
who  are  looking  for  this  chief  engineer 
to  operate  their  plant,  but  do  not  know 
where  to  find  him.  More,  they  are  will- 
ing to  employ  enough  men  to  obtain  ef- 
fective supervision  and  would  not  per- 
mit a  chief  to  do  an  oiler's  work. 

We  predict  that  this  engineer  will,  ere 
long,  be  called  to  fill  a  better  and  more 
responsible   position. 


Power  Station  Records 

Power-station  records  are  a  necessity 
if  it  is  desired  either  to  obtain  the  unit 
cost  of  the  power  or  to  study  plant 
economie.s.  In  manufacturing  plants, 
power  is  an  item  of  operating  ex- 
pense and  hence  a  positive  factor  in 
the  final  cost  of  the  manufactured  pro- 
duct. In  plants  furnishing  heat,  light 
and  power,  the  unit  cost  becomes  the 
basis  of  the  selling  price.  This  knowl- 
edge while  not  as  important  in  the  op- 
eration of  small  isolated  plants  as  in 
connection  with  central  power  stations,  is 
even  here  essential  to  an  analysis  of  the 
costs.  Many  a  plant  is  operated,  how- 
ever, with  no  attempt  to  differentiate  the 
cost  of  running  the  power  department, 
dependence  being  placed  upon  the  ledger 
balance  to  determine  whether  the  estab- 
lishment as  a  whole  is  profitable.  If 
this  is  the  case,  but  little  further  at- 
tention is  usually  paid  to  the  power  costs. 


This  information  is  valuable  when  the 
question  of  continuing  the  operation  of 
the  small  plant  or  taking  current  from 
the  central  station  is  under  considera- 
tion. The  management  is  justified  in 
changing  to  central-station  power,  other 
things  being  equal,  if  it  may  be  obtained 
continuously  at  a  cheaper  rate  than  the 
manufacturing  cost  of  the  power  in  the 
small  isolated  plant.  If  this  cost  is  not 
definitely  known,  there  is  no  way  of 
telling  which  arrangement  is  actually  the 
cheaper. 

The  importance  of  this  information  is 
quite  generally  understood  by  efficient 
plant  managers,  but  it  is  not  always  easy 
to  obtain  it.  The  principle  is  very  sim- 
ple. The  cost  of  the  coal,  supplies,  labor 
and  the  fixed  charges  for  a  definite  per- 
iod divided  by  the  total  power  output 
for  the  same  period  will  give  a  value 
for  the  unit  cost.  This  involves  the  mak- 
ing and  keeping  of  various  records  in 
the  power  plant. 

If  the  load  is  entirely  electrical,  the 
value  of  the  total  work  output  may 
readily  be  obtained  either  by  reading 
the  integrating  wattmeter  or  by  aver- 
ages obtained  from  consecutive  readings 
of  the  ammeters  and  voltmeters.  If  the 
output  is  not  entirely  electrical,  the 
procedure  is  usually  more  complicated. 
In  each  case,  however,  it  will  be  pos- 
sible to  take  such  measurements  and 
keep  such  records  as  will  enable  one  to 
ascertain  the  total  work  output. 

The  operating  expenses  are  made  up 
of  the  cost  of  the  coal  or  other  fuel, 
water,  supplies,  repairs,  labor,  office  ex- 
pense and  the  fixed  charges,  which  items 
must  be  determined  separately  and  added 
together  to  make  the  total  for  a  given 
period. 

The  duration  of  the  period  is  a  matter 
of  some  importance.  It  must  neither  be 
too  short  nor  too  long;  a  month  would 
seem  to  be  about  right.  This  is  short 
enough  for  but  slight  climatic  changes 
and  long  enough  to  get  a  fairly  repre- 
sentative result. 

The  plant  test  is  another  method  of 
obtaining  the  unit  cost.  In  addition  to 
yielding  the  desired  information  concern- 
ing the  cost  of  power,  a  large  amount  of 
information  in  connection  with  plant 
economies  would  be  obtained  in  this 
manner.  This  method  involves  a  spe- 
cial arrangement  of  apparatus  and  the 
making  and   recording  of  a  considerable 


number  of  observations.  TVie  principle 
is  necessarily  the  same  as  that  previous- 
ly explained.  The  total  work  output 
for  a  limited  period,  usually  short  (twelve 
to  twenty-four  hours),  and  the  total  op- 
erating expenses  for  the  same  period 
must  be  obtained.  This  means  that  the 
coal  and  water  consumption  must  be  ac- 
curately measured  for  the  duration  of 
the  period.  A  number  of  such  repre- 
sentative tests  taken  within  a  compara- 
tively short  interval  may  be  averaged  to 
obtain  the  final  result. 

The  records  made  in  connection  with 
the  ordinary  operation  of  the  plant  are 
largely  a  matter  of  judgment  and  per- 
sonal convenience.  The  problem  is  what 
records  are  useful  in  each  particilar  in- 
stance, rather  than  how  many.  The  in- 
struments of  measurement  available  are 
automatic  coal  weighers,  water  meters, 
steam-flow  meters,  carbon-dioxide  meters, 
smoke  recorders,  thermometers,  pyrom- 
eters, tachometers,  calorimeters,  etc.  All 
of  these  records  are  not  necessary  in  any 
one  plant  or  even  desirable  unless  the 
plant  is  operated  on  the  basis  of  a  con- 
tinual  test. 

The  making  and  keeping  of  power-sta- 
tion records  is  one  thing  and  the  interpre- 
tation of  them  is  another,  as  the  record 
itself  has  no  virtue  unless  it  is  used  and 
profit  made  of  it;  it  must  be  studied 
and  interpreted  and  the  conclusions  ar- 
rived at  must  be  carefully  and  'hought- 
fully  applied. 


In  our  attempt  to  ward  off  from  Arthur 
C.  Davis,  of  the  engineering  department 
of  the  Equitable  Building,  the  storm  of 
criticism  which  was  being  directed  against 
him  for  having,  as  it  was  asserted,  neg- 
lected to  send  in  an  alarm  and  trying  to 
extinguish  the  fire  with  his  own  force, 
we  did  the  gentleman  an  unintentional 
wrong  by  questioning  how  the  chief  en- 
gineer of  a  plant  like  that  of  the  Equit- 
able happened  to  be  on  hand  at  that  un- 
timely hour  unless  he  had  an  intimation 
of  trouble.  It  develops  that  Mr.  Davis 
is  not  the  chief,  as  all  the  papers  were 
calling  him,  but  the  night  engineer.  He 
was  on  duty,  as  he  should  have  been,  and 
did  an  engineer's  duty  under  exceptionally 
trying  circumstances  to  prevent  the  burst- 
ing of  boilers  from  adding  to  the  horror 
of  the  catastrophe.  We  regret  that  even 
by  implication  we  should  have  called  his 
conduct  into  question. 
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Readers  with  Something  to  Say 

A  letter  good  enough  to  print  will  be  paid  for.     Ideas,  not  mere  words,  wanted 


Automatic  Pump  Regulator 

The  accompanying  figure  shows  an 
arrangement  which  I  have  devised  to  au- 
tomatically keep  the  storage  tank  on  the 
roof  full.  The  small  pail  A  controls  the 
steam  valve  of  the  pump.  The  overflow 
from  the  tank  empties  into  the  pail,  caus- 
ing the   valve   to   close.   '  A   small   hole 


was  found  that  the  patch  was  cracked,  in 
the  offset,  as  indicated  at  C. 

This  patch  was  ripped  off  and  a  new 
one  cut  and  rolled  to  the  required  radius, 
but  not  offset,  as  shown  at  D.  After 
scarfing  the  patch  it  was  bolted  to  the 
boiler,  four  holes  having  been  drilled  for 
that   purpose.      A   gasoline    burner   was 


Automatic  Pump  Control  Scheme 

in  the  bottom  of  the  pail  allows  the 
water  to  drain  out.  When  no  overflow 
is  falling  into  the  pail  the  water  drains 
out  and  the  weight  on  the  valve  lever 
over-balances  the  weight  of  the  pail, 
opens  the  valve  and  starts  the  pump. 

The  makeup  water  is  automatically 
supplied  by  the  pipe  B,  which  is  con- 
trolled by  a  tioat  valve,  as  shown. 

E.   T.   Lehman. 

Chicago,  111. 


Patch  Cracked 

One  of  our  boilers  had  a  patch  on  the 
bottom,  e.xtending  about  half  way  of  the 
circumference,  as  shown  at  A.  This  was 
an  offset  patch,  as  shown  at  B  and — 
evidently  due  to  the  mud  settling  in  the 
V-shaped  hollow,  as  indicated  at  B — got 
overheated  at  that  point  probably  many 
times  before  the  plate  cracked. 

All  of  a  sudden  one  of  the  firemen 
noticed  steam  issuing  from  the  boiler 
setting,  and  by  the  time  the  fire  was 
pulled,  the  ashes  in  the  back  end  of  the 
boiler  were  soaked  to  a  paste.  A  light 
was  fastened  to  the  end  of  a  long  stick 
and  held  under  the  boiler,  when  it  was 
discovered  that  a  stream  of  water  was 
issuing  from  the  shell  of  the  boiler.  When 
the  boiler  was  cooled  down  sufficiently 
for  a  man  to  get  inside  the  brickwork,  it 


Where  the  Patch  Cracked 

used  to  heat  the  edges.  After  it  was 
fitted,  holes  were  scribed  to  match  the 
holes  in  the  boiler;  the  patch  was  then 
removed,  the  holes  drilled  and  it  was  then 
riveted   in  place,  as  shown  at  E. 

Making  a  straight  patch  obviates  the 
hinge  feature  in  its  offset  part.  The  ex- 
pansion tends  to  straighten  the  plate,  as 
indicated  by  the  arrows  at  F.  The  point 
where  the  crack  developed  is  also  shown 
in  this  view. 

Using  the  straight  patch  lessens  the 
tendency  of  mud  to  settle  on  account  of 
a  more  gradual  slope  to  the  plate. 

V.    T.    Kropidlodlowski. 

Winona,  Minn. 


Improved   Turbine    Steam 
Valve  Spindle 

A   great    fault    with   the   nozzle   valves 
of  the  electric-control  type  of  steam  tur- 


and  drop  the  spindle  through  the  piston, 
thereby  closing  the  valve  or,  in  the  case 
of  the  latter  pattern  of  pistons  and 
spindles,  where  keys  and  keyways  are 
provided  to  prevent  this  trouble,  the 
threads  of  the  nut  and  often  of  the 
spindle  will  strip,  resulting  either  in 
costly  repairs  or  putting  a  valve  out  of 
commission  when  it  may  be  badly  needed. 

This  defect  can  be  prevented  by  re- 
modeling the  spindle  A,  shown  herewith, 
and  making  a  new  part  B  to  which  the 
valve  disk  is  to  be  secured.  The  piston 
is  then  put  on  the  spindle  in  the  usual 
manner;  afterward,  drilling  and  riveting 
it  as  at  DD.  The  spindle  can  then  be  put 
in  place  in  the  valve-chest  bonnet,  and 
the  part  B  screwed  on,  drilled  and  riveted 
as  at  E. 

Wilfred   E.  Bertrand. 

Philadelphia,  Penn. 


Pumping  Engine  Speed 
Limit   Device 

A  horizontal  cross-compound  Corliss 
type  of  pumping  engine  pumping  to  a 
reservoir  against  a  practically  constant 
head  had  a  speed-changing  device  ap- 
plied to  the  governor  to  regulate  the 
supply  to  suit  the  demand.  The  governor 
controlled  the  cutoff  for  the  high-pres- 
sure cylinder  while  the  cutofl"  for  the 
low-pressure  cylinder  was  regulated  by 
hand. 

This  arrangement  worked  all  right 
within  certain  limits,  but  when  the  de- 
mand was  light  and  the  engine  was  run 
at  low  speeds  the  governor  would  often 
take  to  surging,  and  on  one  occasion  the 
belt  ran  off  and  the  safety  cams  failed 
to  work.  Of  course,  the  engine  started 
to  race — and  so  did  the  engineer. 

This  engine  was  equipped  with  a  well 
known  type  of  stop  which  closes  the 
throttle  when  the  speed  reaches  a  pre- 
determined point.  In  this  instance,  the 
engine  stop  operated,  sounding  an  alarm; 
but  it  was  then  discovered  that  it  was 
possible  to  lighten  the  packing  on  the 
throttle-valve  stems  to  such  an  extent  as 
.0 


Improved  Turbine  Valve  Spindle 


bine  is  that  the  pistons  will  work  loose 
from  the  valve  spindles. 

The  brass  nut  which   fastens  the  pis- 
ton  to   the   spindle   will   either   unscrew 


to  make  this  form  of  engine  stop  almost 
inoperative. 

The   increase   in   load   due  to  speeding 
up  the  pump  was  sufficient  to  keep  the 
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speed  from  reaching  a  dangerous  point 
before  the  throttle  could  be  closed  enough 
to   control   the    engine. 

Steadier  and  more  satisfactory  opera- 
tion was  afterward  had  by  putting  a 
positive,  hand-adjusted  cutoff  arrange- 
ment on  the  high-pressure  valve  gear, 
discarding  the  governor  altogether,  and 
keeping  the  engine  stop  in  good  operat- 
ing condition  to  act  as  a  speed  limit. 
William  E.  Francis. 

Lynn,  Mass. 


Troublesome   Heating  System 
Pump 

In  1906  I  took  charge  of  a  plant  which 
included  a  60-in.  by  16-ft.  return-tubular 
boiler  and  a  S]i  and  3' j  by  6-in.  piston- 
packed  duplex  steam  pump.  The  man- 
ager assured  me  that  the  plant  was  to  be 
considered  as  the  last  word  in  factory 
construction,  steam  heating,  etc.,  but  I 
viewed  the  future  with  misgivings  after 
I  had  wrestled  with  the  steam-heating 
end  of  it  for  a  week. 

The  architect  had  very  carefully  de- 
signed a  hole  about  6x7x4  ft.  deep,  and 
down  in  that  hole  the  receiver  and  pump 
had  been  placed.  The  pump  was  set 
against  one  side  of  the  pit  wall  and  in 
order  to  pack  the  pump  it  was  neces- 
sary to  recline  on  one  side,  wedged  be- 
tween the  pump  and  the  wall. 

No  valves  were  placed  in  any  of  the 
return  pipes  discharging  into  the  re- 
ceiver, so  that,  when  the  plunger  pack- 
ing gave  out,  the  new  packing  had  to  be 
put  in  while  the  contents  of  the  factory 
return  pipes  poured  over  the  hands  of 
the  unfortunate  victim.  In  addition  to 
this,  the  bucket  traps  on  the  kilns  gave 
a  double-barrelled  discharge  of  more  hot 
water  about   once   every   three   minutes. 

Next,  the  brass  lining  on  the  water 
end  of  one  side  tore  loose  from  its  moor- 
ings, and  trotted  up  and  down  with  the 
plunger  until  it  brought  up  against  the 
covers,  blanking  tl  e  port  and  staving  up 
the   end  of  lining. 

The  antics  of  that  pump  would  make 
our  friend  "Potblyn's"  pump  look  like 
a  Sunday-school  superintendent.  Of 
course,  a  new  bushing  had  to  be  pro- 
cured and  when  it  arrived  I  discovered 
that  it  was  a  full  ^a  in.  too  small.  I 
called  up  the  pump  makers  and  was  in- 
formed that  they  depended  on  the  bead- 
ing of  the  ends  to  hold  the  bushing  in 
place.  The  manager,  who  was  aware 
of  all  the  facts  in  the  case,  began  to 
hint  that  he  preferred  the  word  of  the 
pump  makers  to  mine,  and  I  saw  that  the 
best  thing  for  me  to  do  would  be  to 
rely  on  my  own  resources,  and  prove  the 
makers  wrong. 

I  took  a  piece  of  galvanized  iron  and 
bent  it  around  the  outside  of  the  bush- 
ing, applied  white  lead  to  it  and  pulled 
both  snugly  into  place  with  a  long  threaded 
bolt,  after  which  I  beaded  it  over.     AH 


this    was    done    while    deluged    with    hot 
water. 

The  brass  suction  and  discharge 
valves,  four  of  which  were  on  each  deck, 
were  made  so  thin  that  after  a  couple  of 
months'  use  they  dished  up  all  round, 
bearing  only  at  the  center. 

I  made  a  pattern  and  got  eight  new 
bronze  valves  of  the  same  size  as  the 
original  ones,  but  reinforced  with  little 
webs,  radiating  from  the  center,  so  that 
bending  would  be  impossible  in  the 
future. 

The  next  thing  to  receive  attention  was 
the  steam  valves.  One  side  of  the  pump 
always  cushioned  very  nicely  but  the 
other  side  traveled  until  the  spool  struck 
the  stuffing-boxes.  I  found  one  of  the 
valves  longer  than  the  other  and  a  dif- 
ference of  '.s  in.  in  the  thickness  of  the 
valve  nuts  which  in  this  case  were  pieces 
of  iron  about  2  in.  long  and  i;-^  in.  wide. 
One  was  !  j  in.,  the  other  5^  in.  thick. 
I  made  the  valve  short  enough  to  just 
reach  from  the  extreme  edge  of  the  ad- 
mission port  at  one  end  to  the  extreme 
end  at  the  other. 

Right  here,  I  made  a  radical  departure 
from  accepted  practice  in  pump  construc- 
tion. I  made  the  new  nuts  thick  enough 
to  just  fill  the  slot  in  the  back  of  the 
slide  valves,  so  that  there  was  none  of 
that  famous  "lost  motion"  except  what 
the  wear  in  the  valve  motion  supplies. 

Brass  bushings  in  the  links,  the  re- 
moval of  the  receiver  out  of  the  hole  al- 
together, placing  the  pump  on  a  neat 
concrete  bed,  made  in  the  middle  of 
the  pit  and  a  foot  higher  than  former- 
ly, were  changes  I  made  after  the  first 
winter,  and  "Potblyn"  himself  would  be 
satisfied  with  the  smooth  running  of  our 
old  pump,  now  that  the  causes  that  be- 
witched her  are  removed. 

George  Hilton. 

Hamilton,  Ont.,  Can. 


Fitting  Fractured 

While  working  on  a  job  last  fall,  an 
incident  occurred  in  a  plant  which  con- 
tained   four    return-tubular    boilers,    the 


Fractured  Fitting 

safety  valves  of  which  were  set  to  blow 
at  100  lb.  pressure.  These  boilers  were 
connected  in  the  rear  to  a  cross  connec- 
tion. An  asbestos-packed  blowoff  cock 
next  to  the  boiler  was  always  left  open. 
Connected  to  this  was  a  second  blowoff 
valve. 

On  looking  for  the  cause  of  a  small 


leak,  1  found  the  blowoff  cross  cracked 
as  shown  in  the  accompanying  sketch. 
The   boiler  carried    100  lb.   of  steam. 

I  believe  that  the  fireman  in  blowing 
down  the  boiler  closed  the  blowoff  valve 
too  suddenly  and  caused  a  water-hammer 
which   cracked   the    fitting. 

Hugh  McDonald. 

Oak  Park,  111. 


Starting  Bar 

Having  had  considerable  trouble  with 
engine-bars  slipping  and  wearing  the 
slots  out  of  shape,  I  made  the  bar  shown 
in  the  sketch,  and  it  has  proved  very 
effective. 

It  can  be  used  on  any  engine  or  com- 
pressor if  the  flywheel   is  provided  with 


Starting  Bar  in  Position 

slots;  it  will  not  slip,  for  the  harder  the 
pull,  the  tighter  it  grips.  It  fills  a  long- 
felt  want  in  our  plant. 

The  handle  may  be  made  short  and 
fitted  with  a  suitable  piece  of  pipe  if 
preferred. 

H.   H.   Delbert. 

Titusville,  Penn. 


A  Reducing  Valve  Repair 

A  reducing  valve  on  a  pipe  line  supply- 
ing steam  to  an  engine  at  100  lb.  pres- 
sure gave  trouble.  In  the  same  plant 
there  were  a  number  of  small  steam  en- 
gines, heaters,  etc.,  supplied  from  two 
boilers  working  at  60  lb.  pressure.  The 
idea  of  the  reducing  valve  was  to  re- 
lieve the  other  two  boilers,  should  there 
be  a  heavy  demand  for  steam.  The  valve 
consisted  of  a  valve  and  piston  controlled 
by  a  small  valve  which  could  be  ad- 
justed to  blow  off  at  any  desired  pres- 
sure. 

The  valve  had  been  in  place  for  some 
time,  but  was  not  working.  This  was 
rather  troublesome  as  there  might  be  a 
light  load  on  the  engine  during  the  day, 
and  a  heavy  demand  for  steam  from  the 
other  two  boilers.  The  piston  of  the 
main  valve  was  grooved  for  a  ring,  but 
the  ring  had  been  removed.  The  re- 
sult was  that  the  main  valve  would  not 
lift,  should  the  small  valve  open  and 
admit  steam,  as  the  steam  passed  the 
piston   without   moving   it. 

I  was  told  that  with  the  ring  in  place 
the  valve  would  open  all  right,  but  that 
it  would  open  too  far  and  refuse  to  close, 
thus  causing  a  sudden  rush  of  steam  in- 
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to  the  other  pipes,  resulting  in  the  other 
boilers  blowing  off,  and  the  steam  sup- 
ply taken   from  the  engine. 

I  decided  that  this  action  of  the  valve 
was  due  to  lack  of  drainage  of  the 
space  under  the  piston — the  space  would 
fill  with  water — and  that  when  the  small 
valve  opened  the  steam  would  lift  the 
piston  all  right  but  the  space  would  then 
fill  with  condensed  water.  When  the 
small  valve  closed  there  would  be  prac- 
tically no  escape  for  the  water;  this 
would  account  for  the  valve  remaining 
open. 

Acting  on  this  idea,  I  had  a  new  ring 
made,  and,  instead  of  fitting  the  ends 
as  closely  as  possible,  I  left  them  a 
short  distance  apart  so  that  any  water 
could  readily  escape;  this  also  kept  the 
piston  from  rising  too  quickly.  This 
seemed  to  have  been  the  matter,  as  the 
valve  gave  no  further  trouble;  it  opened 
and  closed  gently  at  any  desired  pres- 
sure. 

W.  Burns. 

Govan,  Scotland. 


Braced   Heater  Heads 

Some  time  ago  I  was  employed  at  a 
small  boiler  shop  where  a  home-made 
heater  was  used.  The  joints  on  the  heads 
could  not  be  kept  tight  with  different 
kinds  of  gaskets,  although  the  faces  were 
forced  off  true. 

I   decided   that   the   head    was   spring- 


In  the  case  of  the  central-station  com- 
panies the  power  house  and  the  man  in 
charge  are  all  important,  but  in  many 
other  organizations,  while  the  power 
plant  is  a  necessary  part,  it  does  not  al- 
ways receive  proper  consideration. 

There  are  among  engineers,  as  there 
are  among  other  classes  of  workmen, 
those  to  whom  it  would  be  impossible  for 
any  employer  to  make  any  advances  of 
a  nature  favorable  to  the  employee  which 
would  not  be  viewed  with  suspicion,  for 
they  would  be  so  fearful  of  there  being 
"a  string  to  it"  that  the  favor  would  be 
unappreciated.  For  these  there  is  not 
much  hope  of  making  their  relations  with 
their  employers   any   more   pleasant. 

There  is  a  large  number  of  men,  how- 
ever, who  wish  to  do  the  right  thing 
and  with  such  as  these  it  will  pay  the 
employers  to  keep  in  closer  touch  not 
only  by  simply  using  them  well  and  not 
bothering  them,  but  also  by  showing  them 
that  some  interest  is  being  taken  in  their 
work. 

I  know  of  an  instance  where  a  small 
central-station  company  had  a  very  diffi- 
cult power  plant  to  operate,  and  even 
though  it  was  new,  for  the  first  year  and 
a  half  there  were  frequent  shutdowns 
and  accidents.  Having  hired  a  new  en- 
gineer who  took  great  interest  in  the 
business  from  the  start,  things  began  to 
look  brighter  for  the  company. 

Now,  I  do  not  wish  to  do  the  manager 
any   injustice   by   saying  that   he  did   not 


How  THE  Heater  Head  Was  Braced 


ing,  as  it  was  made  of  ni-in.  boiler  plate 
and  was  about  30  in.  in  diameter.  The 
heads  were  bumped  slightly.  I  put  a 
stay-bolt  through  the  center  tube  with  a 
lead  washer  under  each  nut  on  the  heads. 
This  cured  the  trouble.  The  heater  was 
used  with  a  feed-water  pressure  of  about 
125  lb.  per  square  inch. 

Leo  Grandmontagne. 
Youngstown,  Ohio. 


Relation  between  Employer 
and  Engineer 

For  the  employer  there  is  this  to  be 
said,  he  has  the  many  cares  and  respon- 
sibilities that  go  with  any  business  on 
his  mind  all  of  the  time  and  he  may  be 
excused  if  he  forgets  for  a  time  his  em- 
ployees and  their  troubles.  On  the  other 
hand,  to  get  business  success  he  must 
depend  largely  upon  his  employees,  and 
the  shrewd  manager  realizes  this. 


appreciate  the  improved  condition  of 
things,  for  undoubtedly  he  did;  not,  how- 
ever, because  it  was  better  for  the  com- 
pany but  because  it  relieved  him  of  some 
personal    responsibility. 

When  the  ambitious  engineer  had  the 
plant  running  on  a  good  operating  basis 
he  rarely  ever  saw  the  manager  at  the 
plant  and  if  he  went  to  the  office  he 
found  that  his  employer  seemed  to  be 
ready  to  discuss  almost  anything  else. 
Even  when,  after  an  increase  of  busi- 
ness, the  load  became  so  great  as  to 
make  it  a  question  whether  the  machin- 
ery would  pull  it,  the  manager  showed 
no  alarm  nor  would  he  bring  himself  to 
look  into  the  matter  with  the  engineer, 
thus  making  the  employee  feel  that  he 
was  wasting  his  energy  when  the  man 
higher  up  did  not  seem  interested.  He 
felt  the  lack  of  that  support  which  would 
have  strengthened  his  interest  and  kept 
him  contented   with   his  position. 


This  man  had  proved  by  several  years' 
good  work  that  he  was  the  right  man  for 
the  place  and  any  far-seeing  manager 
would  have  discovered  that  fact.  Instead, 
the  manager  in  this  case  forced  the  en- 
gineer to  resign  in  disgust  because  of 
the  indifference  which  he  displayed. 

How  often  one  hears  of  a  position  as 
engineer  of  which  it  is  said:  "The  job 
pays  well,  but  they  are  hard  people  to 
work  for."  This  may  not  mean  that 
they  are  continually  hounding  their  en- 
gineers, but  that  they  hold  them  at  such 
a  distance  that  there  is  no  bond  of 
sympathy  and  that  when  something  seri- 
ous does  happen,  the  employee  is  given 
no  chance  to  explain  and  either  leaves 
or  is  discharged. 

Relationship  is  a  great  factor  in  mak- 
ing faithful  employees  and  when  it  is 
properly  followed  it  makes  up  for  years 
of  system  and  rules  in  maintaining  effi- 
ciency. In  all  cases  it  is  first  necessary 
to  get  a  good  man  and  then,  to  get  good 
work   from   him,  to  use   him   well. 

G.  H.  Kimball. 

East    Dedham,   Mass. 


See  the  Hump 

The  hump  which  appears  in  the  ex- 
pansion line  of  the  accompanying  dia- 
grams seems  to  be  due  to  the  indicator 
itself.  I  took  seven  sets  of  diagrams, 
five  with  one  indicator  and  two  with  an- 
other. Of  the  first  five  sets,  four  showed 
the  hump  and  one  did  not.  Neither  of  the 
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Diagram  Having  Hump  in  E,xpansion 
Line 

two   sets   taken   by    the   second   indicator 
showed  the  hump. 

What  is  your  explanation? 

Phil  Lighte. 

Woodhaven,   N.  Y. 


Graphite  for  Hot  Bearing 

A  few  days  ago  I  paid  a  visit  to  my 
friend  Sam  who  runs  a  large  pumping 
station. 

I  noticed  as  I  entered  that  there 
seemed  to  he  quite  a  bit  of  excitement 
going  on  and  all  hands  were  congre- 
gated about  the  crankshaft  of  one  of  the 
40,000,000-gaI.   engines. 

The  usual  paraphernalia  most  in  evi- 
dence where  there  is  a  hot  bearing  were 
lying  around  accompanied  by  a  1  J4-in. 
water  hose.  The  hose  was  being  ap- 
plied with  indifferent  success. 

A  crackling,  sizzling  sound  came  from 
the  bearing,  which  was  steaming  profuse- 
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ly,  and  no  amount  of  water  seemed  to 
have  any  effect;  the  shaft  and  quarter 
boxes  were  cold.  But  the  face  of  the 
drag-crank  was  about  the  hottest  thing 
I  ever  saw. 

Sam  said  the  engine  had  been  on  for 
about  two  hours  before  it  started  to  heat 
up.  He  had  tried  to  cool  it  off  by  dump- 
ing buckets  of  fresh  oil  into  the  hand- 
hole,  but  this  only  made  it  smoke  worse. 
They  use  a  light,  cheap  oil  and  a  gravity- 
oili'ig  system,  the  oil  costing  about  S75 
per  1000  hp.  per  month,  which  does  not 
speak  well  for  his  choice  of  oil.  He 
tried  to  get  grease  to  the  bearing  but 
could  not,  so  he  applied  his  trusty  hose. 

Sam  has  great  faith  in  water,  but  he 
would  lose  it  mighty  quick  if  he  were 
driving  generators  instead  of  pumps. 

After  he  had  shut  down  and  taken 
the  cap  off  and  the  top  shell  out,  we 
found  that  the  face  of  the  crank  had 
worn  tightly  against  the  frame  and  the 
oil  could  not  get  to  it. 

We  tried  to  push  it  over  by  setting  the 
quarter  boxes  in,  but  the  crankpin  held 
it.  We  could  not  slide  the  bottom  shell 
out,  as  the  flywheel  was  too  close.  To 
raise  the  crankshaft  and  chip  oil  grooves 
in  the  bottom  shell  would  mean  a  two 
days'  job  and  the  unit  could  not  be 
spared  that  long.  So  Sam  chipped  oil 
grooves  in  the  cap  and  top  shell  and  put 
them  and  the  other  stuff  on  again  and 
started  up. 

Ten  minutes  later  he  had  the  hose 
going  again  and  the  steam  and  oil  were 
sizzling  as  merrily  as  ever. 

"Sam,"  I  said,  "suppose  you  take  the 
hose  out — it  isn't  doing  any  good — and 
pour  graphite  and  cylinder  oil  down  that 
hole." 

Sam  came  back  with  a  snort,  saying 
that  if  that  was  all  I  knew  it  would  be 
better  for  me  to  get  back  to  the  power 
house  and  my  toy  engines.  "Graphite," 
he  said,  "was  good  stuff  to  put  on  water 
gaskets  and  to  make  pipe  dope  of,  but 
for  hot  bearings,  cold  bearings  or  any- 
thing  that   moved,   it   was  nix." 

He  had  read  an  advertisement  which 
said  graphite  was  "grand"  for  bearings 
and  he  said  he  was  foolish  enough  to 
try  some  on  a  little  20-hp.  vertical  en- 
gine used  for  driving  a  circulating  pump, 
whereupon  the  box  got  so  hot  that  if 
he  had  not  used  the  hose  it  would  have 
been  a  case  of  pouring  a  box,  or  perhaps 
a  broken  crankshaft.  Out  in  the  boiler 
house,  under  the  vise  bench,  I  found 
an  old  teapot  about  half  full  of  the 
kind  of  graphite  used  in  foundries,  which 
had  about  as  much  grit  in  it  as  graphite. 

1  had  just  bought  a  5-lb.  tin  of  graph- 
ite, so  I  went  over  to  the  power  plant 
and  brought  it  back,  finally  persuading 
Sam  to  let  me  try  it  on  his  bearing. 

It  was  Hobson's  choice  with  him  as 
he  had  shut  down  again.  He  turned  the 
engine  over  slowly  while  I  poured  the 
graphite  into  the  oil  groove  that  had 
been  cut  in  the  top  shell  and  cap,  pour- 


ing about  a  teaspoonful  of  graphite  and 
a  little  cylinder  oil  for  about  every  10 
revolutions.  We  kept  this  up  for  about 
half  an  hour  and  then  speeded  the  en- 
gine up  to  about  25  r.p.m.;  its  full  speed 
is  35'i    r.p.m. 

I  continued  putting  a  little  graphite 
and  a  lot  of  cylinder  oil  down  the  groove 
for  an  hour  longer  and  left  half  a  can 
with  him.  At  that  time  the  bearing  was 
pretty  hot,  but  it  seemed  to  stay  at  the 
same  temperature,  and  so  I  took  that  as 
a  sign  that  it  would  cool  off  in  an  hour 
or  so. 

I  visited  Sam  the  next  day  and  found 
the  box  about  110  deg.  F.,  and  there 
were  two  cans  of  good  graphite  in  the 
supply  cupboard. 

Charles  Bennett. 

Chicago,  111. 


Will  the  Injector  Work? 

The  accompanying  illustration  shows 
the  arrangement  of  two  injectors  and  a 
boiler-feed  pump.     I  would  like  to  know 


Injector  Connections 


if  both  injectors  will  work  at  the  same 
time  in  case  the  boiler-feed  pump  failed. 
One  injector  will  not  supply  both  boilers. 
J.  L.  Brouse. 
Elvria,   Ohio. 


Grinding  Hard  Rubber  Valves 

When  truing  up  hard-rubber  pump 
valves  with  emery  cloth  the  surface  soon 
glosses  over. 

My  present  arrangement  for  truing 
them  up  is  to  use  two  pieces  of  broken 
grindstone  about  1 0x8x2 '-S  in.  in  size, 
in  which  two  of  the  flat  surfaces  were 
made  perfectly  true  by  abrasion,  wetting 
and  rubbing  them  together  until  each 
piece  has  a  perfectly  clean,  true  surface. 

When  about  to  grind  the  valves,  wet 
both  pieces  and  bring  the  true  surfaces 
together  and  rub  slightly  to  make  each 
surface  sharp  and  clean  and  deposit  fine 
sand  on  the  surface.  Then  rub  the  hard 
valve  over  the  stones  until  a  true  surface 
has  been  obtained.    As  soon  as  the  float- 


ing sand  has  been  used  or  the  pores 
seem  to  close  with  the  grinding  sub- 
sfnce  of  the  valve,  rub  the  stones  to- 
gether again  to  clean  them. 

George  B.  Michael. 
Dayton,  Ohio. 


Temperatures  in  Engine  and 
Boiler  Rooms 

I  have  observed  at  this  time  of  year 
that  great  losses  occur  in  engine  and 
boiler  rooms  that  ought  to  be  avoided.  It 
is  surprisingly  common  to  see  engine 
and  boiler  rooms  with  windows  and  doors 
open  on  days  when  the  temperature  is 
anywhere  from  30  deg.  down  to  zero 
weather,  sometimes  with  a  cold  wind 
blowing  right  through  on  the  cylinders 
of  the  large  engines  and  on  the  walls 
of  the  boiler  settings. 

Where  the  practice  exists,  it  is  because 
the  men  in  charge  have  never  thought  of 
making  a  simple  calculation  of  the  ef- 
fect of  temperatures  on  the  radiation  of 
heat.  In  one  plant  of  which  I  had  charge 
I  made  a  practice  of  going  around  and 
closing  the  windows  and  doors  on  cold 
days  for  two  or  three  days,  soon  finding 
that  in  a  short  time  someone  would  raise 
them  again. 

Finally,  one  day  as  an  assistant  was 
raising  the  window  near  the  cylinders 
of  a  tandem-compound  engine,  through 
which  the  cold  air  would  blow  on  the 
lagging  of  the  cylinders,  I  asked  him  if 
he  did  not  realize  that  all  the  air  thus 
admitted  to  the  engine  and  boiler  rooms 
was  being  raised  in  temperature  at  least 
30  deg.  I  then  told  him  to  make  a  cal- 
culation with  me  to  determine  what  this 
radiation  of  heat  meant.  I  explained  that 
the  amount  of  heat  radiated  depended 
mainly  on  the  difference  in  temperature 
of  the  heated  body  and  the  surrounding 
air. 

After  going  over  the  matter  with  him, 
it  was  not  necessary  to  advise  care  in 
this  particular  again;  he  was  much  sur- 
prised at  the  result  of  our  calculations. 

I  then  explained  to  all  the  men  that 
the  only  object  in  ventilating  an  engine 
and  a  boiler  room  was  to  keep  them  at  a 
comfortable  temperature,  and  that  in 
summer  to  favor  the  bearings  when  nec- 
essary it  is  desirable  to  keep  the  engine 
room  as  cool  as  possible.  In  winter  there 
is  no  fear  for  the  bearings;  the  rooms 
should  be  kept  well  warmed  to  avoid 
excessive  condensation  in  pipes  and  cyl- 
inders, and  in  the  boiler  room  to  avoid 
radiation  of  heat  as  much  as  possible 
from  the  boilers  and  settings. 

Of  course,  insulation  assists  in  this 
very  much,  but  it  is  not  claimed  that 
the  most  careful  insulation  prevents  this 
loss.  The  amount  of  these  losses,  how- 
ever, u-ill  vary  according  to  the  tempera- 
ture differences  between  the  air  in  the 
room    and    the    heated    body. 

William  Westerfield. 

Lincoln,  Neb. 
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Questions  Before  the  House 

Comment,  criticism,  suggestions  and  debate  upon  various  articles, 
letters  and  editorials   which  have  appeared  in  previous  issues 


Knocking  in  Air  Compressor 

In  reply  to  Frank  Richards'  criticism 
in  the  Jan.  30  issue,  I  would  say  that 
the  knock  referred  to  does  not  occur 
near  midstroke  but  when  the  cranks  are 
passing  the  centers.  TTiis  is  due  entire- 
ly to  the  wear  and  take-up  of  the  side 
rods.  The  accompanying  figure  shows 
a  construction  in  which  the  builders  pro- 
vided threaded  rods  so  that  they  may 
be  adjusted.     When  this  style  of  machine 


Detail  of  Crosshead  and  Connecting 
Rods 

gets  out  of  true  much  friction  is  caused. 
I  have  seen  a  balance-wheel  key  worked 
loose   by   this   trouble. 

Mr.  Richards  is  mistaken  when  he 
says  that  a  machine  can  be  run  with 
much  variation  in  the  length  of  the  side 
rods. 

C.   R.  McGahey. 

Baltimore,  Md. 


Engine    Load    Not   Equalized 

The  unequal  load  trouble  described  in 
the  Jan.  23  issue  is  due  to  the  late  cutoff 
in  the  low-pressure  cylinder.  The  cutoff 
in  this  cylinder  should  be  shortened;  this 
will  raise  the  receiver  pressure  and  put 
more  work  on  the  low-pressure  side. 

From  the  appearance  of  the  low-pres- 
sure diagram  it  would  seem  as  though 
this  were  an  engine  running  noncon- 
densing  which  was  designed  to  run  con- 
densing. To  take  the  loop  out  of  the 
low-pressure  diagram  it  will  be  necessary 
to  do  one  of  the  following  things:  at- 
tach a  condenser,  increase  the  load  on 
the  engine,  reduce  the  steam  pressure, 
or  reduce  the  number  of  revolutions. 
J.  K.  McIntyre. 

Newburgh,  N.  Y. 


If  Mr.  Gordon  will  shorten  the  cutoff 
on  the  low-pressure  cylinder  the  load  on 
this  cylinder  will  increase  and  become 
less  on  the  high-pressure  cylinder.  This 
change  of  load  comes  from  the  shorter 
cutoff  giving  a  higher  receiver  pres- 
sure, and  thus  more  back  pressure  in  the 
high-pressure  cylinder;  less  power  is 
then  developed  in  the  high  and  more  in 
the  low. 

John  Wallace. 

Syracuse,   N.   Y. 


Connecting  Rod  Endc 

J.  A.  Levy's  article  on  "Connecting 
Rod  Ends,"  in  the  issue  of  Jan.  30,  is  of 
considerable  interest.  Though  perhaps 
outside  the  scope  he  intended,  it  would 
have  been  interesting  to  have  noted  the 
different  types  of  gas-engine  rods  as 
well.  There  is  one  make  of  connecting- 
rod  for  such  work  that  I  have  never  seen 
illustrated  outside  the  maker's  catalog. 
The  sketch  herewith  shows  the  principle 
of  the    rod    very   well. 

The  outer  parts  of  the  rod  ends  are 
hinged  below  and  pulled  together  at  the 


In  regard  to  J.  A.  Levy's  article  per- 
taining to  connecting-rod  ends,  in  the 
Jan.  30  issue,  I  would  say  that  from  his 
statement  in  the  last  paragraph  we  are 
to  believe  that  one  type  is  as  good  as 
another;  that  it  is  only  a  matter  of  in- 
dividual taste  as  to  which  type  is  se- 
lected. 

Admitting  that  each  type  shown  repre- 
sents a  great  number  in  use  giving  en- 
tire (  ?)  satisfaction  to  the  users,  it  does 
not  necessarily  mean  that  all  are  alike,  as 
there  are  many  engineers,  owners,  etc., 
using  machinery  who  have  come  in  con- 
tact with  one  style  only;  they  do  not 
know  whether  anything  else  is  better. 

Referring  to  Figs.  5  and  6  of  his  arti- 
cle, Mr.  Levy  says  these  are  mostly  used 
on  center-crank  engines.  This  is  because 
they  are  employed  extensively  by  steam- 
ship-engine builders,  and  are  therefore 
termed  "marine  ends." 

I  know  of  one  company  which  em- 
ploys this  type  on  all  of  its  engines — 
traction,  portable  and  stationary.  One 
great  advantage  of  this  type  is  that  by 
taking  out  the  proper  number  of  shims 
the   brasses   can   be   brought   together  so 
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Connecting   Rod  with    Hinged   Ends 


top  with  a  sleeve  nut  shown  on  top.  The 
piston  end  is  brass  lined  while  the  large 
crank  end  is  babbitt  lined.  With  the 
rod  properly  designed  the  pressures  at 
the  ends  are  always  in  correct  relation 
so  that  when  one  end  is  adjusted. for 
proper  running  the  other  is  also.  This 
is  a  great  advantage,  particularly  in 
gas-engine  work,  where  the  boxing  in  the 
piston  is  very  hard  to  get  at  for  ad- 
justing. 

In  assembling  the  engine  it  was  the 
custom  to  slip  the  rod  into  the  piston, 
force  in  the  pin  and  then  the  piston  and 
rod  were  erected  in  the  engine.  The 
large  end  opened  wide  enough  to  slip 
over  the  crankpin  readily.  In  this  respect 
it  has  no  advantage  over  the  rod  with  a 
solid  end  in  the  piston,  but  it  is  superior 
in    respect   to    its   ready   adjustment. 

M.  W.  Pullen. 

Boston,  Mass. 


rigidly  that  they  are  "locked,"  as  it  were, 
and  yet,  the  bore  is  just  "an  easy  fit" 
on  the  pin,  whereas  with  other  types,  if 
this  "locking"  were  attempted,  the  pin 
would  be  clamped  until  it  would  be  im- 
possible   for   the   engine   to   operate. 

With  the  marine  end  there  is  never  a 
question  of  new  brasses;  only  a  small 
quantity  of  good  babbitt  is  needed  oc- 
casionally, and  enough  common  sense 
with   which  to  apply   it. 

Lloyd  V.  Beets. 

Nashville,  Tenn. 


Another  Dynamiting  Case 

I  was  much  interested  in  the  letter, 
"Dynamite  for  Removing  Pinion  from 
Shaft"  which  appeared  in  the  Jan.  30 
issue,  because  of  an  experience  I  once 
had  with  dynamite. 

Our  problem  was  to  remove  two  wheels 
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from  a  car  axle  from  which  we  wished 
to  turn  a  shaft  for  an  electric  mine  lo- 
comotive. The  first  wheel  was  heated 
and  then  forced  off  with  two  screw  jacks 
placed  between  the  two  wheels,  but  the 
other  gave  us  trouble.  After  some  dis- 
cussion dynamite  was  resorted  to  in  the 
following  manner: 

A  short  stump  of  tree  sawed  square 
at  both  ends,  about  18  in.  in  diameter 
and  2  ft.  long,  was  placed  on  end  in  an 
out-of-the-way  place.  The  axle  was 
placed  on  this  and  also  stood  on  end. 
As  the  axle  extended  beyond  the  wheels 
about  8  in.  to  form  bearings,  there  was 
room  enough  to  shoot  the  wheel  down- 
ward and  off.  Two  stici^s  of  dynamite 
were  placed  on  the  wheel,  one  on  either 
side  of  the  shaft,  the  shot  was  fired,  and 
the  wheel  came  off;  but  the  shaft  broke 
at  the  upper  end,  even  with  the  shoulder 
formed  by  turning  down  for  the  bearing. 
However,  the  shaft  was  long  enough  for 
our  purpose  as  the  axle  was  from  a  car 
of  a  standard-gage  road  and  the  locomo- 
tive was  for  a  narrow-gage  mine  road. 
M.   A.   Hansen. 

Richfield,  Utah. 


Wanted:      Engineer  of  Pleas- 
ant Disposition 

I  believe  Mr.  Morton  is  altogether 
wrong  in  his  definition  of  "pleasant-dis- 
position engineers."  For  the  life  of  mc 
I  cannot  see  that  an  engineer  with  :i 
pleasant  disposition  need  necessarily  be 
backboneless,  brainless,  a  coward,  a 
knownothing,  etc.,  as  suggested  by  Mr. 
Morton. 

An  engineer's  greatest  asset  is  a  dis- 
position to  be  calm  and  pleasant  under 
trying  or  adverse  circumstances.  Subordi- 
nates have  no  respect  for  a  surly  superior, 
although  they  may  fear  his  usually  un- 
just and  caustic  remarks. 

John  Thorn. 

Toronto,  Ont. 


License  Laws  of  Massachusetts 
and  Ohio  Contrasted 

The  interesting  article  by  Joseph  King 
in  the  Jan.  23  issue  on  "Examiners  and 
License  Laws"  is  one  of  the  many  re- 
cently published  which  take  a  fling  at  the 
Massachusetts  license  law  and  its  exam- 
ining force. 

In  Ohio  we  have  a  law  and  an  ex- 
amining force,  and  the  contrast  between 
the  two  laws  shows  everything  in  favor 
of  the  Massachusetts  statute.  In  the 
latter  state  the  provisions  of  the  law 
are  carried  out  in  spirit  as  well  as  in 
letter,  and  the  examinations,  as  a  gen- 
eral thing,  are  thorough  and  to  the  point, 
sifting  and  weeding  out  the  incompetents. 
The  oral  form  of  examination  gives  the 
examiner  an  opportunity  to  size  up  the 
applicant,  and  with  the  aid  of  the  large- 
size  models  a  very  thorough  and  prac- 
tical examination  can  be  made. 


On  the  other  hand,  the  license  law  of 
Ohio  is  not  as  efficacious.  The  form 
of  examination  is  the  coveted  written  one 
which  so  many  of  the  men  in  Massa- 
chusetts would  like  to  have.  With  this 
form,  however,  the  examining  force  does 
not  have  a  chance  to  estimate  the  man's 
personality  and  mental  make-up  as 
thoroughly  as  they  would  with  the  oral 
form.  Another  point  against  this  form 
of  examination  is  the  fact  that  an  ap- 
plicant can  be  "loaded,"  as  the  examina- 
tion questions  are  printed  and  not 
changed  for  each  new  set  of  applicants. 

Some  day  the  people  of  Ohio  are  go- 
ing to  wake  up  and  send  a  carload  of 
men  down  to  Massachusetts  to  see  how 
business  is  transacted  there,  and  how 
the  laws  are  enforced. 

I  will  say  that  the  wage  condition  in 
our  state  is  somewhat  improved  since 
our  law  was  passed. 

Orrin    C.    Werner. 

Kent,  Ohio. 


The  Management's  View 

The  foreword  in  Power  of  Jan.  23 
is  one  of  the  truest  things  ever  published. 
It  is  a  regrettable  fact  that  a  large  per- 
centage of  employers  fail  to  see  just 
why  a  man  in  charge  of  a  power  plant, 
even  only  a  small  one,  should  be 
possessed  of  any  special  knowledge  of 
power-plant  apparatus,  to  secure  eco- 
nomical results.  This  ignorance  seems 
10  be  almost  universal,  and  it  is  not  con- 
fined exclusively  to  employers;  there  are 
numerous  engineers  (?)  in  every  com- 
munity who  enjoy  the  same  misbelief. 

Within  sight  of  the  plant  where  I  am 
employed  is  a  small  factory  where  I 
worked  over  10  years  ago.  I  installed  a 
new  boiler  and  small  Corliss  engine 
there,  and  as  soon  as  everything  was  op- 
erating nicely,  I  was  informed  by  the 
management  that,  since  things  were  run- 
ning so  smoothly,  it  was  not  worth  so 
much  to  run  the  plant  and  that  a  cut 
from  $2.25  a  day  to  S2  would  be  made; 
that  it  was  not  business  to  pay  the  en- 
gineer much  more  than  the  superintend- 
ent— he  got  $1.75  per  day. 

I  stepped  out.  A  man  took  my  place 
who  was  a  so  called  engineer  while  I 
was  still  in  the  country  school,  and  he 
accepted  $1.75  per  day. 

Just  previous  to  his  retirement  a  few 
months  ago,  this  engineer  bragged  that 
during  the  time  he  had  run  the  plant 
he  had  never  seen  the  valves  of  the 
engine  or  the  inside  of  the  cylinder  and 
had  never  applied  the  indicator  to  the  en- 
gine; neither  had  he  been  inside  of  the 
boiler,  either  to  examine  it  or  to  wash  it 
thoroughly. 

He  cut  out  the  exhaust-heating  sys- 
tem which  I  installed  and  not  only  used 
live  steam  (which  was  never  put  in  for 
service  only  when  there  was  no  exhaust 
steam),  but  let  the  returns  run  to  the 
sewer. 


His  successor  is  a  young  man  full  of 
enthusiasm,  and  with  a  good  knowledge 
of  his  business.  After  examining  the  plant 
carefully  he  got  into  the  boiler  and  found 
that  near  the  back  head  the  scale  had 
filled  in  solid  between  the  tubes.  Tha 
engine  cylinder  had  to  be  rebored  and  a 
new  piston  head  put  in.  The  valves  were 
worn  down  fully  Vs  in.  The  ports  were 
also  rebored  and  new  valves  furnished. 

The  plant  now  uses  more  than  a  ton 
of  coal  per  day  less  than  formerly,  and 
the  management  now  sees  that  my  suc- 
cessor would  have  been  dear  had  he 
worked  for  nothing.  Yet  the  manage- 
ment had  been  satisfied  because  it  did 
not  know  any  better  and  fully  believed 
that  as  the  plant  was  comparatively 
small,  no  skill  was  required  to  operate 
it.  It  should  have  hired  an  engineer 
when  it  wanted  an  engineer! 

George  H.  Wallace. 

Racine,  Wis. 


Water    Softeners 

In  the  Jan.  9  issue,  Mr.  Hawkins 
inquires  about  water  softeners.  There 
are  certain  features  and  requirements 
which  should  be  filled  by  every,  water- 
softening  and  purifying  process.  Briefly, 
these  are  as  follows: 

( 1 )  The  water  should  be  examined 
and  analyzed  by  a  competent  person  to 
insure  its  accurate  chemical  treatment. 
(2)  The  final  result  must  be  perfect 
clarification.  (3)  The  chemical  reagents 
must  be  thoroughly  and  efficiently  mixed 
with  the  water.  (4)  The  chemical  re- 
actions must  be  complete.  (5)  They 
must  also  be  as  rapid  as  possible.  (6) 
The  sedimentation  brought  about  by  the 
action  of  the  softening  plant  must  also 
be  rapid. 

Any  water  which  contains  over  2 
pints  of  total  solid  matter  per  10,000 
pints  or  over  1.75  pints  of  calcium 
or  magnesium  sulphate  or  carbonate, 
should,  of  course,  be  treated  by  some 
method  of  purification. 

There  are  two  methods  of  water  puri- 
fication, one  in  which  the  necessary 
amount  of  chemical  ingredients  is  added 
to  the  water  in  one  or  more  large,  in- 
termittently used  tanks,  one  feeding  while 
the  water  in  the  other  is  being  treated. 
The  other  method  is  that  in  which  the 
mixing  is  automatically  accomplished. 

Constant  and  intelligent  supervision  is 
essentia!  to  the  successful  application  of 
either  method,  however.  The  operator 
should  make  sure,  by  daily  tests,  that 
the  plant  is  working  satisfactorily  and 
sufficient  time  is  allowed  for  the  proper 
performance  of  the  chemical  reactions 
or  else  there  will  be  much  waste. 

There  are  three  undesirable  kinds  of 
impurities  in  boiler-feed  water  which 
cause  scaling,  corrosion  and  oil  deposits. 
Scaling  may  be  partly  avoided  by  pre- 
heating the  feed  water,  but  the  substances 
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producing  the  hardest  scale,  namely 
magnesinm  and  calcium  sulphates  and 
carbonates,  require  chemical  treatment 
for  their  removal. 

The  treatment  of  water  containing  cor- 
rosives usually  involves  the  use  of 
caustic  soda,  the  effect  of  which  is  to 
neutralize  the  acid  content  of  the  water 
and  to  leave  it  slightly  alkaline.  Gaseous 
impurities  causing  corrosion — usually 
either  chlorine,  carbon  dioxide  or  o.xy- 
gen — may  be  got  rid  of  by  heating  the 
feed  water  up  to  about  200  deg.   F. 

Filtration  is  the  only  satisfactory  meth- 
od of  dealing  with  oily  impurities.  If 
the  oil  is  emulsified  with  the  water  to 
such  an  extent  that  filtration  alone  will 
not  separate  them,  it  is  advisable  to  use 
this  method  as  a  preliminary  to  the  after 
treatment.  The  latter  may  undertake  the 
removal  of  the  oil  by  coagulation  and 
precipitation  or  by  electrical  treatment. 
The  general  run  of  oil-separating  de- 
vices is,  however,  rather  unreliable  and 
the  effluent  therefrom  should  be  tested 
for   purity   every   day. 

In  order  of  importance,  the  foregoing 
classes  of  impurities  should  read:  oil, 
corrosives,  scalers.  The  first  two  are 
dangerous,  while  scale  only  reduces  the 
efficiency  and  not  the  life  of  the  boiler. 
John   S.   Leese. 

Manchester,   England. 


Sand  for  Hot  Boxes 

The  articles  appearing  in  Power  under 
this  heading  have  led  to  considerable 
verbal  discussion  in  England,  and  for  the 
most  part  the  suggestion  of  using  sand 
for  hot  boxes  appears  to  be  a  huge  joke. 
However,  during  my  experience  of  many 
years  as  a  seagoing  engineer,  I  have  my- 
self adopted  the  sand  treatment,  as  a  last 
resort  in  difficult  cases,  with  complete 
success 

British  marine  engineers  do  not  in- 
clude sand  in  their  list  of  stores,  but  for 
scouring  bright  work  they  use  a  mixture 
of  sand  and  silt,  found  in  the  bed  of  a 
tidal  river  in  Somersetshire,  known  as 
bathbrick. 

Many  years  ago,  when  I  was  a  junior 
engineer  on  the  Warren  Line  steamers, 
sailing  between  Boston,  Mass.,  and 
Liverpool,  we  had  on  one  voyage  con- 
siderable trouble  with  a  main  bearing, 
14  in.  in  diameter,  which  persisted  in 
running  hot  in  spite  of  all  attempts  to 
keep  it  cool.  We  had  tried  all  the  time- 
worn  methods  of  slacking  back  the  cap 
and  drenching  the  bearing  alternately 
with  graphite,  white  lead  and  sulphur, 
mixed  with  oil  in  each  case,  and  even 
the  ship  doctor's  available  supply  of 
castor  oil  was  poured  in,  but  without 
success.  All  this  was  done  under  the 
supervision  of  the  second  engineer,  who 
naturally  thought  himself  able  to  over- 
come a  hot  bearing  without  the  chief's 
assistance. 


Apparently,  the  chief  suspected  some- 
thing wrong — he  probably  smelt  it — for 
he  came  down  into  the  engine  room  to 
find  the  writer  holding  a  hose  over  the 
bearing  while  three  other  engineers  stood 
by  and  told  one  another  in  poetic  lan- 
guage what  they  thought  about  it. 

When  informed  that  the  bearing  sim- 
ply would  not  run  cool,  he  lold  one  of  the 
juniors  to  scrape  a  handful  of  bathbrick 
into  a  pint  of  oil  and  pour  it  into  the 
bearing  through  the  handhole  in  the  cap. 
Although  we  had  the  greatest  respect  for 
our  chief's  ability  as  an  engineer,  it 
seemed  to  us  that  he  had  suddenly  de- 
veloped a  kink  in  his  brain,  but  we  were 
there  to  carry  out  his  orders  and  we  did 
as  we  were  told,  the  second  engineer  in 
the  meantime  standing  by  the  throttle, 
ready  to  slow  down  when  the  sand  got  a 
grip  on  the  journal  and  began  to  pull  up 
the  engines. 

The  mixture  of  sand  and  oil  was 
poured  into  the  bearing  slowly,  being 
stirred  constantly  to  prevent  the  sand 
from  settling,  and  when  it  was  all  in, 
the  bearing  was  allowed  to  run  for  about 
a  minute;  then  about  half  a  gallon  of 
kerosene  was  run  through  to  wash  it  out 
thoroughly,  and  finally  the  bearing  was 
well  oiled  in  the  usual  manner.  The 
whole  performance  did  not  cover  five 
minutes,  after  which  the  chief  left  us 
without  waiting  for  results.  The  bearing 
did  not  trouble  us  any  more,  and  when 
it  was  opened  in  port  everything  was 
clean,  unscored  and  in  perfect  order. 
Many  years  afterward,  as  chief  of  a 
Mediterranean  trader,  I  plucked  up  cour- 
age to  try  the  same  cure  on  an  ob- 
streperous main  bearing  sy,  in.  in  diam- 
eter, with  equal   success. 

Now  for  the  other  side  of  the  picture. 
Shortly  after,  I  met  in  Genoa  an  old 
shipmate  who  was  chief  of  another 
steamer,  and  in  the  course  of  conversa- 
tion the  subject  of  hot  bearings  was 
broached  and  I  spoke  of  my  experience 
with  the  sand  remedy.  Like  most  people, 
he  was  skeptical,  and  said  so,  but  when 
I  explained  my  theory  he  recovered  suf- 
ficiently to  admit  that  there  might  be 
something  in  it.  We  were  sailing  next 
day,  both  bound  for  Odessa,  and,  of 
course,  we  made  a  small  bet  on  who 
would  get  there  first.  We  lost  sight  of 
one  another  soon  after  sailing,  and  when 
my  ship  arrived  at  Odessa  I  was  mildly 
pleased  to  find  that  my  friend  had  not 
arrived. 

His  ship  turned  up  two  days  later,  and 
as  soon  as  she  was  made  fast  he  came  to 
me  with  blood  in  his  eye.  He  had  ap- 
plied the  sand  remedy  to  a  hot  bearing 
exactly  as  I  had  prescribed,  and  as  a 
consequence  was  obliged  to  put  into  Con- 
stantinople to  take  out  the  bearings  and 
file  and  scrape  them  into  working  order 
before  they  could  proceed.  He  flatly 
accused  me  of  playing  a  low-down  trick 
on  him  in  order  to  win  the  bet,  which  he 
declared  to  be  off  on  a  foul. 


I  went  aboard  his  ship  and  had  a  look 
at  the  bearing,  which  bore  undoubted 
signs  of  ill  treatment,  and  as  I  puzzled 
over  the  problem,  the  truth  came  to  me. 
In  each  case  where  I  had  used  sand  the 
bearings  were  of  gunmetal,  but  in  this 
instance  the  bearings  were  lined  with 
white  metal,  so  that  when  the  sand  had 
been  put  in  it  had  .become  embedded  in 
the  soft  metal  and  stayed  there  to  scratch 
the   journal. 

It  is  obvious,  then,  that  while  sand 
can  be  applied  with  success  in  some 
cases,  in  others  it  would  ruin  a  bearing 
under  similar  conditions. 

The  term  "sand"  suggests  a  hard, 
gritty  abrasive,  and  this  probably  ac- 
counts for  the  derision  with  which  the 
idea  has  been  received  in  some  quarters, 
but  there  are  plenty  of  fine  sands,  similar 
to  that  to  which  I  have  referred,  which, 
when  mixed  with  oil  or  water,  are  easily 
ground  to  a  soft  mud  under  pressure 
between  two  metallic  surfaces. 

I  quite  agree  with  the  theory  that  the 
cooling  is  due  to  the  roughened  surfaces 
allowing  the  oil  to  have  access  to  the 
wearing  parts  in  a  manner  that  would  be 
impossible  with  smooth  or  highly  polished 
surfaces,  but  I  also  go  farther  and  sug- 
gest that  the  effect  is  chiefiy  due  to  the 
fact  that  the  sand  rubs  down  the  high 
spots  that  are  the  primary  cause  of  the 
trouble.  The  amount  rubbed  off,  how- 
ever small,  is  sufficient  to  ease  the  load 
and  distribute  it  among  the  other  bear- 
ing  points   in   the   same   line. 

Whether  either  of  these  theories  is 
right  or  wrong  has  yet  to  be  proved,  but 
the  fact  remains  that  sand  is  good  for 
cooling  hot  bearings — provided  one  has 
the  right  kind  of  sand  and  a  suitable 
bearing. 

S.  Jones. 

London,   Eng. 


Why  Not  Glass  for  Hot  Boxes? 

When  I  read  the  first  account  of  using 
sand  in  a  hot  bearing,  I  thought  the 
writer  must  have  lots  of  sand  to  publish 
the  fact.  I  believe  in  the  adage,  "Where 
there  is  smoke  there  must  be  fire,"  and 
after  reading  more  articles  I  became  less 
skeptical;  at  the  present  time  I  would 
like  to  see  it  tried  out. 

As  I  understand  the  matter,  it  is  a 
question  of  being  able  to  get  rid  of  all 
the  sand  after  the  operation.  Very  finely 
ground  glass  is  now  used  for  grinding 
in  gas-engine  valves.  This  has  super- 
seded emery  because  it  does  not  tend  to 
bed  itself  into  the  metal  like  the  latter. 
If  this  is  the  case,  why  would  it  not  be 
a  good  substitute  for  the  grit  we  have 
read  so  much  about  people  using  which 
varied  all  the  way  from  gravel  to  brick- 
dust  ? 

1  would  like  to  hear  from  anyone  wno 
tries  this  method  out. 

John  Bailey. 

Milwaukee,  Wis. 


POWER 


March  5,  1912 


Inquiries  of  General  Interest 

Questions  are  not  answered  unless  accompanied  by  the  name  and 
address  of  the  inquirer.     This  page  is  for  you  when  stuck — use  it 


Center  of  Gravity 

Where  is  the  center  of  gravity  of  a 
trapezoid  50  in.  long  at  the  base,  6  in. 
high  at  one  end  and  4  in.  high  at  the 
other? 

G.  G. 

Referring  to  the  illustrition,  the  line  L 
joining  the  middles  of  the  altitudes  is  a 
line  of  gravity  and  is  divided  in  such 
a  ratio  by  the  center  of  gravity  that  the 
following  construction  for  finding  the 
latter  holds  good.  Prolong  each  altitude 
in   opposite   directions   an    amount   equal 
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Center  of  Gravity  of  a  Trapezoid 

to  the  other  altitude;  join  the  two  points 
thus  found ;  the  intersection  with  the 
other  line  of  gravity  is  the  center  of 
gravity. 

Another  rule  to  obtain  the  center  of 
gravity   is : 

Measure  along  the  line  of  gravity  from 
the  higher  altitude  a  distance  equal  to 
one-third  the  length  of  the  base  multi- 
plied by  the  sum  of  the  high  altitude  and 
two  times  the  low  altitude  and  divided 
by  the  sum  of  the  high  and  the  low  al- 
titudes. 

Substituting  figures  for  the  rule,  it 
would  be  expressed  thus: 

50      6  +  (2  X  4)_5o.,  i4_7o_      . 

3  6  +  4  3         10        3 


Refrigeratmg  Capacity  of  an 
A  mvionia   Compressor 

What  is  the  refrigerating  capacity  of 
a  double-acting  12|Jx25'4-in.  ammonia 
compressor,  speed  60  r.p.m.,  in  tons  per 
24  hours,  if  the  back  pressure  is  30  lb., 
the  head  pressure  150  lb.,  the  average 
temperature  of  the  cooling  water,  86  deg. 
F.  and  the  temperature  to  be  maintained 
in  the  brine  tank  is  17  deg.  F.  ? 

K.  J.  E. 

To  detenriine  the  refrigerating  capa- 
city of  an  ammonia  compressor,  divide 
the  product  of  its  cubic  capacity  and  its 
volumetric  efficiency  by  the  number  of 
cubic  feet  of  gas  per  minute  required  at 
the  temperature  and  pressure  of  expan- 
sion, and  the  temperature  and  pressure 
of  liquefaction   of  the  gas. 

The  capacity  in  cubic  feet  per  minute 


of  this  compressor  may  be  determined 
by  multiplymg  the  area  of  the  cylinder  by 
twice  the  length  of  stroke  and  by  the 
number  of  revolutions  per  minute,  and 
the  product  divided  by  1728.  Substitut- 
ing figures  for  the  rule,  it  would  be  ex- 
pressed as  follows: 

(12.6875)-  X  0.7854  X  21.25  X  2  X  60  _ 
1728  - 

186  cu.\t. 
To  produce  one  ton  of  refrigeration  per 
24  hours  at  150  lb.  head  pressure  with 
cooling  water  at  86  deg.  F.  and  30  lb. 
back  pressure  and  17  deg.  F.  temperature 
of  expansion,  2.615  cu.ft.  of  gas  pumped 
per  minute  would  be  required  of  the  com- 
pressor. For  other  pressures  and  tem- 
peratures more  or  less  gas  would  be  re- 
quired, according  to  circumstances.  This 
can  be  found  in  a  table  showing  the  re- 
frigerating effect  of  ammonia  at  different 
pressures  and  temperatures,  in  any  of 
the  better  class  of  engineers'  handbooks. 
Assuming  the  volumetric  efficiency  of 
the  compressor  to  be  80  per  cent. 
0.80  X  186 


.615 


56.8  tons 


per  24  hours  would   be  the  capacity   of 
the  compressor. 


Ekvatiofi   of  Boiling  Point 

Can  the  temperature  of  the  boiling 
point  of  water  at  a  given  pressure  be 
raised? 

G.    P. 

Substances  held  in  solution  by  water 
will  raise  its  boiling  point.  A  saturated 
solution  of  salt  will  boil  at  214  deg.  F. ; 
and  a  saturated  solution  of  calcium 
chloride  at  370  deg.  at  atmospheric  pres- 
sure. The  boiling  point  of  pure  water 
free  from  gases  may  be  as  high  as  260 
deg.   F. 


Heat  Units  per  Ampere 

How  much  heat  is  developed  in  a  wire 
per  ampere  of  current? 

R.  W.  O. 

The  heat  units  developed  per  second 
are  proportional  to  the  watts  passed 
through  the  wire.  The  rise  in  tempera- 
ture is  proportional  to  the  watts  divided 
by  the  effective  radiating  surface.  One 
watt  is  equal  to  1.35625  ft. -lb.  per  sec- 
ond, and  778  heat  units  equal  1  ft. -lb.; 
therefore 

1.35625  X  778  =  1055.1625  heat  units 
per  second  will  be  developed  when  one 
watt  or  one  ampere  at  a  pressure  of  one 
volt  will  be  applied  to  the  circuit. 


Size  of  Generator  for  an  Efigine 

What  size  generator  could  be  operated 
by   a  50-hp.   engine,  and  how  many    16- 
cp.  lights  would  the  generator  supply? 
C.  L.  R. 

Assuming  the  overall  efficiency  of  the 

engine  and  dynamo  to  be  85  per  cent., 

this  engine  would  produce  at  the  dynamo 

terminals 

50    X    0.85    =    42.5   hp. 

One    electrical    horsepower    equals    746 

watts;    therefore    this    engine    would    be 

capable  of  driving  a  generator  producing 

42.5  X  746  =  31,705  watts 

or  31.7  kw.     The  nearest  standard  size 

generator    would    be   30   kw.,    or   30,000 

watts.      A    16-cp.    carbon-filament    lamp 

requires  56  watts,  and  a  tungsten-filament 

lamp  requires  20  watts.     The  generator 

would  furnish  current  for 

30,000  ^        ,       ^, 

' 7 —  =    536    carbon-filament    lamps 


=  1500  tungsten-filament  lamps 


Heat  Values 

What  are  the  relative  heat  values  of 
gasoline,  kerosene  and  ordinary  illuminat- 
ing gas  as  used  in  internal-combustion 
engines? 

S.  E.  M. 

Ordinary  commercial  gasoline  contains 
about  18,000  B.t.u.  per  pound.  Petroleum 
of  a  specific  gravity  of  0.87,  has  18,000 
B.t.u.  per  pound.  Kerosene  of  a  specific 
gravity  of  0.8  has  a  value  of  19,000  to 
20,000  B.t.u.  per  pound.  The  heat  value 
of  illuminating  gas  varies  greatly  with 
the  character  of  the  gas,  ranging  from 
500  to  700  heat  units  per  cubic  foot. 


Absolute  Zero 

What    is   the   temperature    of   absolute 
zero,  and  how  is  it  determined? 

G.  A.  Q. 
The  expansion  of  a  perfect  gas  under 

constant   pressure    is   about    —    of   its 
492 

volume  at  32  deg.  F.     If  the  gas  were 

cooled  down  to  492  deg.  below  freezing, 

or  460  deg.  below  zero,  its  volume  would 

in  all  probability  become  zero.     Various 

values  are  given  by  different  authorities. 

That  adopted  by  Marks  and  Davis  in  their 

steam  tables  as  representing  the  greatest 

degree  of  accuracv  attained  is  459.64. 
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Annual   Dinner  of  New  York 
Steam  Boiler  Inspectors 

The  American  Institute  of  Steam  Boiler 
Inspectors  of  New  York  City  held  its 
second  annual  dinner  at  the  Broadway 
Central  Hotel,  on  Wednesday  evening, 
Feb.  21,  President  T.  T.  Parker  presiding. 

Among  the  guests  was  Joseph  H.  Mc- 
Neill, chief  inspector  of  boilers  for 
Massachusetts,  who,  by  special  permis- 
sion of  Governor  Eugene  N.  Foss,  ad- 
dressed the  guests  on  "The  Advancement 
and  General  Adoption  of  the  Massa- 
chusetts Boiler  Laws  in  the  United 
States  and  the  Philippine  Islands." 

Mr.  .McNeill  told  rf  a  new  book  which 
the  department  will  shortly  issue  giving 
the  details  of  all  the  ordinary  sorts  of 
riveted  joints.  He  said  that  the  usual 
attempts  were  being  made  to  amend  the 
law.  One  of  these,  that  requiring  all 
boilers  to  be  inspected  by  the  state 
whether  insured  or  not,  the  department 
was    opposing,    but    it    was    urging    an 


New    Orleans    Convention    of     "lo^e   n^en.   and   this   increase   has   con- 
,  .  ij    -i  AT  tinued  until  today  the  company  occupies 

American     Boiler      JManU-  factories   covering   acres   of   ground    and 

in  which  are  employed  1500  men. 


facturers'  Association 

A  round-trip  rate  of  $56.30  has  been 
established  from  New  York  to  New  Or- 
leans for  the  twenty-fourth  annual  con- 
vention of  the  American  Boiler  Manu- 
facturers' Association  and  the  Supply- 
men's  Association  at  New  Orleans,  Mar. 
12  to   15. 

This  rate  entitles  the  holder  to  stop 
off  at  all  the  principal  points  along  the 
line,  and  is  good  going  and  returning, 
until  May  31,  1912.  The  Southern  Ry. 
Co.  is  offering  through-train  service  be- 
tween New  York  and  New  Orleans,  solid 
Pullman  trains  with  drawing-room,  com- 
partment, sleeping,  dining  and  observa- 
tion cars. 

It  is  advisable  to  secure  Pullman  ac- 
commodations at  once.  Also  advise  F.  B. 
Slocum,  secretary,  Supplymen's  Associa- 
tion,   West    and    Calyer    Sts.,    Brooklyn, 


New  York  Boiler  Inspectors  ai   .Annual  Banquet 


amendment  authorizing  a  state  inspector 
to  shut  down  any  boiler  which  he  found 
in  a  dangerous  condition  regardless  of 
insurance.  Mr.  McNeill  related  an  in- 
stance where  a  boiler  was  found  running 
with  the  safety  valve  removed  and  the 
opening   plugged. 

Brief  speeches  were  made  by  other 
guests  and  members  of  the  institute, 
and  letters  of  regret  were  read  from  Col. 
Meier,  of  the  Heine  Boiler  Co.,  Inspector- 
General  George  Uhler,  of  the  govern- 
ment steamboat  service,  and  Chief  In- 
spector Wirmel,   of  Ohio. 

An  election  was  held  resulting  in  the 
choice  of  the  following  officers  for  the 
ensuing  year:  President,  J.  M.  Winter; 
vice-president,  J.  C.  Shaw;  secretary, 
R.  A.  Thomson,  Travelers  Insurance  Co., 
1  Madison  Ave.;  treasurer,  James  White; 
executive  committee,  Charles  H.  Mc- 
Aleenan,  chairman;  F.  C.  Williams,  J.  G. 
Gillespie,  L.  A.  Turribull,  A.  J.  Lappan. 

Retiring  President  Parker  was  pre- 
sented a  handsome  gold  watch. 


N.  Y.,  as  to  the  time  of  arrival  in   New 
Orleans. 


Fiftieth  Birthda\'    of  Lunken- 
heimer  Co. 

The  Lunkenheimer  Co.,  of  Cincinnati, 
Ohio,  in  honor  of  its  fiftieth  anni- 
versary, tendered  its  employees  and 
families  an  elaborate  entertainment  and 
dance,  Saturday  evening,  Feb.  17,  at  the 
Armory,  and  over  4000  people  attended. 
Provision  was  mads  for  the  entertain- 
ment of  the  employees'  children,  who 
/ere  present  in  largf,  numbers,  and  re- 
freshments were  served  in  great  abund- 
ance. 

Some  conception  of  the  growth  of  the 
Lunkenheimer  Co.  in  less  than  a  life 
time  may  be  had  when  consideration  is 
given  the  fact  that  in  1862,  when  the 
late  Frederick  Lunkenheimer  laid  its 
foundation,  it  had  a  small,  one-man  shop. 
He  created  a  demand  for  Jiis  products 
that  soon  necessitated  larger  shops  and 


Swedish  Engineers  Honor 
Ericsson's  Memory 

The  American  Society  of  Swedish  En- 
gineers celebrated,  on  Feb.  17,  at  its 
home,  271  Hicks  St.,  Brooklyn,  N.  Y., 
in  connection  with  its  annual  dinner,  the 
fiftieth  anniversary  of  ihe  "Monitor"  and 
"Merrimac"  battle,  and  paid  tribute  to  the 
memory  of  Capt.  John  Ericsson,  the  in- 
ventor of  the  "Monitor." 

Among  the  speakers  were  the  Swedish 
consul,  Magnus  Clarholm;  Erik  Oberg, 
associate  editor  of  Machinery,  and  W. 
Apel  Warn,  of  the  New  York  Times. 


Civil  Service  Examinations 

United  States  civil-service  examinations 
will  be  held  on  Mar.  13  for  a  junior  me- 
chanical engineer  for  the  Bureau  of 
'Mines,  and  on  Apr.  10  for  a  cadet  engi- 
.neer  in  the  lighthouse  ser\'ice,  an  engi- 
neer in  the  inland  service  and  a  junior 
engineer — mechanical  or  electrical— in 
the  engineering  department  at  large.  Ap- 
plication forms  and  full  information  may 
be  obtained  by  addressing  the  United 
States  Civil  Service  Commission,  Wash- 
ington,  D.   C. 


OBITUARY 

Louis  Delaunay-Belleville,  the  cele- 
brated French  engineer,  died  at  Cannes, 
France,  on  Feb.  10.  He  was  well  known 
as  the  inventor  and  manufacturer  of  the 
Belleville  boiler.  Born  in  1843,  M.  De- 
launay-Belleville studied  at  the  Ecole 
Polytechnique  and  the  Ecole  Navale,  and 
in  1867  entered  the  Belleville  engineer- 
ing works.  The  works  had  established  a 
reputation  for  the  excellence  of  their  boil- 
ers, but  Delaunay-Belleville,  by  his  talent 
and  energy,  gave  an  added  impetus  to 
the  business  and  rose  rapidly  to  be  head 
of  the  firm.  He  enjoyed  wide  respect  and 
esteem  in  commercial  and  engineering 
fields,  and  was  an  associate  member  of 
the  British  Institution  of  Naval  Archi- 
tects. 


PERSONAL 

G.  J.  Wells  and  A.  J.  Wallis-Tayler 
have  formed  a  partnership  under  the  title 
Wells  &  Tayler,  as  consulting  engineers 
at  78  Fleet  St.,  London,  England.  Mr. 
Wells  has  held  positions  on  the  staffs 
of  the  British  Westinghouse  Co.  and 
other  well  known  firms.  Mr.  Tayler  has 
for  some  years  had  charge  of  extensive 
sugar  estates  and  mines  abroad  and  has 
also  had  considerable  experience  in  re- 
frigeration and  cold  storage.  He  is  known 
in  this  country  through  his  works  on  re- 
frigeration. 
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Moments  with  the  Ad.  Editor 


You  remember  that  in  the  issues  of  Jamiar}^  23 
and  February  6  we  asked  these  questions: 

I.  Which  ad  in  this  week's  SelHng  Section  of 
Power,  describing  a  product  you  have  not  been  pre- 
vioiisly  interested  in  and  so  far  as  you  know  have  no 
present  need  for,  gives  you  the  strongest  impulse  to 
investigate  it  immediately?     Why? 

2  .  Which  ad  in  this  week's  Selling  Section  seems 
to  you  to  have  the  biggest  "storing-up"  value — as 
described  above?     Why? 

3 .  Which  ad  seems  to  you  THE  BEST,  in  every 

way?     Why? 

4.  Does  any  ad  seem  to  you  open  to  improve- 
ment?    If  so,  how? 

5  .      Which  ads  did  you  answer  ?• 

The  answers  have  been  surprisingly  good  and 
unusually  interesting. 

It  is  gratifying  to  note  the  interest  manifested 
by  Power  subscribers  in  the  subject  of  advertising 
and  particularly  Power  advertising. 

Like  most  questions  on  subjects  which  are  not 
mathematically  scientific,  they  provoke  widely  dif- 
ferent opinions. 

They  are  individual  opinions,  yet,  taken  as  a 
whole,  there  is  a  consensus  of  opinion  favoring  certain 
kinds  of  advertisements  which  well  informed  adver- 
tising men  know  are  the  most  productive. 

In  all  questions  pertaining  to  the  worth  of  certain 
ads  the  critic  is  led  in  his  selection  by  the  product  in 
which  he  is  most  interested.  It  influences  his  decision 
somewhat. 

Question  foiu-,  which  asks  for  expressions  as  to 
which  ads  are  open  for  improvement  brought  out  some 
good  constructive  criticism.  These  opinions  will  be 
forwarded  to  the  advertisers,  but  will  not  be  printed 
here  for  the  very  good  reason  that  it  would  be  obvi- 
ously unfair  to  the  advertisers.  They  are  manufac- 
turers and  do  not  pose  as  advertising  experts. 

Those  letters  which  seem  to  be  the  best  fitted  to 
teach  a  lesson  to  readers  or  advertisers  will  be  pub- 
lished from  week  to  week.  The  ad  editor  may  have 
something  to  say  about  each  letter— a  little  friendly 
talk  from  his  point  of  view. 

In  many  cases  the  writers  have  asked  that  their 
names  be  withheld  and  this  will  be  done  in  every  case. 


Number  one  is  from  the  chief  engineer  of  a  large 
concern  in  Winsted,  Conn.,  and  just  because  he  says 
we  "dassent,"  we  will  let  it  see  the  light  of  printers' 
ink — and  see  it  first. 

In  your  editorial  of  Jan.  23,  you  ask  for  our  opinion  on 
several  very  delicate  questions,  some  of  which  require  the  engi- 
neer to  be  a  diplomat  in  the  art  of  telling  a  man  that  his  child 
is  all  right,  but —  Now,  you  see,  we  are  dealing  with  the  most 
of  these  good  fellows,  as  well  as  you  who  have  a  mission  to  ful- 
fill with  an  object  which  is  honorable  and  ambitious  on  your 
part.  The  advertising  business  undoubtedly  lies  very  close 
to  your  heart.  Therefore  I  make  a  guess  that  none  of  our  views 
ever  see  daylight  in  printers'  ink,  but  for  what  good  my  indi- 
vidual opinion  will  be,  you  are  welcome  to  it. 

In  looking  over  the  ads  of  this  week,  I  find  one  from  the 
American  District  Steam  Co.,  of  North  Tonawanda,  N.  Y., 
advising  investigation  into  the  problem  of  using  surplus  exhaust 
steam  for  heating  neighboring  buildings.  I  am  not  in  a  position 
at  present,  or  do  I  know  when  the  time  will  be  opportune  for 
such  a  proposition,  but  I  know  that  my  environments  are  ideal, 
and  all  data  on  the  subject  will  some  day  be  of  great  value, 
so  they  got  an  inquiry  from  me  on  this  subject. 

The  ad  that  in  my  opinion  has  the  biggest  educative  value 
is  the  Simplex  Seatless  Blow-Off  Valves  of  Varnall-W'aring  Co., 
of  Philadelphia,  Pcnn.,  on  page  77,  notwithstanding  that  the  Nel- 
son \'alV'e  Company  has  a  full  page  ad  on  the  same  subject,  and 
practically  the  same  article;  but  the  question  is,  why  was  my 
attention  called  to  the  vSunplex  with  half  the  space?  My  opinion 
is  that  it  was  the  cut  of  the  valve  taking  up  most  of  the  space, 
and  being  very  explicit  in  detail.  Then  it  may  be  because  the 
Nelson  ad  came  afterward  that  my  interest  and  inquiry  were 
obtained  in  this  instance,  but  the  Nelson  Valve  Co.  will,  later  on, 
receive  a  letter  from  the  firm  asking  for  information  on  the  sub- 
ject. 

The  ad  that  I  consider  par  excellence,  is  the  American 
vSteam  Gauge  and  Valve  Mfg.  Co.,  of  Boston,  Mass.,  on  pages 
54  and  55  of  Jan.  23,  1912,  issue. 

Its  prominence  in  position  and  space,  its  make  up  of  bold 
face  type  treating  intelligently  and  concisely  each  subject  they 
wish  to  bring  before  the  reader  are  good.  The  initiative  place  in 
the  department  of  business  is  a  factor,  for  the  saying  that  tnere 
is  a  place  for  everything  and  everything  in  its  place  hclds  good, 
especially  in  advertising.  It  is  my  opinion  that  such  matter 
placed  in  the  first  pages  or  on  the  covers  of  any  publication 
receives  secondary  consideration  from  those  regularly  classified. 

This  ad  as  I  open  the  doors  of  business,  strikes  me  like 
meeting  one  of  the  firm  in  the  engine  room  with  hand  extended, 
with  the  cheerful  greeting  of,  "\\'ell,  my  boy,  how  is  this  old 
world  using  you?"  Although  I  have  to  say  in  the  end  that  there 
is  nothing  in  his  line  that  I  am  in  need  of  at  present. 

The  ads  I  answered  this  week  are:  Schaeffer  &  Budenberg, 
and  Schuchardt  &  Schutte,  tachometers;  the  American  District 
Steam  Co.,  bulletin;  Yarnall-Waring  Co.,  valves. 

There  you  are,  chief.  Your  letter  is  in  printers' 
ink  and  it  deserves  to  be  because  you've  put  the  matter 

well. 

Next  week  one  or  more  additional  letters  will  be 
published  and  these  show  other  angles  of  the  question. 
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We  have  some  thirty  thousand  sub- 
scribers scattered  all  over  the  country. 
It  ought  to  be  impossible  for  anything 
of  general  interest  in  the  power-plant 
line  to  happen  without  our  getting 
quick  knowledge  of  it.  No  such  thing 
could  happen  if  any  large  proportion 
of  our  readers  would  consider  them- 
selves a  part  of  the  Power  family  and 
if  each,  when  anything  happened  in 
his  neighborhood  that  seemed 
to  be  of  more  than  local  inter- 
est, would  drop  us  a  line,  or 
telegraph  at  our  expense  if  the 
importance  of  the  event  war- 
rants. 

What  a  power  we  could  be  if 
we  had  a  lookout  in  every  town! 

We  do  not  expect  such  ser- 


vice for  nothing.  We  try  to 
make  any  effort  exerted  for  us 
worth  while. 

It  is  not  to  us  that  the  service  is  ren- 
dered. It  is  through  us  to  the  power- 
plant  owners  and  engineers  of  the 
country.  They  pay  us  and  we  pay 
those  who  help. 

We  do  not  expect  finished  articles. 
We  want  the  news,  facts,  ideas.  If 
every  time  a  boiler  explodes,  or  a  fly- 


wheel bursts,  somebody  would  even  tele- 
graph us  that  it  had  happened  we  could 
follow  up  the  clue  and  assemble  here 
statistics  of  such  casualties  that  would 
be  extremely  valuable  for  use  in  argu- 
ments for  remedial  legislation. 

We  could  draw  from  such  of  them 
as  offered  the  material,  engineering  les- 
sons upon  the  design,  construction  and 
operation  of  such  apparatus  that  would 
help  avert  further  catastrophes. 

We  should  like  to  know  of 
new  power  plants  and  of  im- 
portant extensions  to  existing^ 
installations. 

We  should  like  to  know  of 
changes  in  position  by  promi- 
nent engineers,  of  important 
papers  presented  to  engineers' 
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societies,  of   new    things    pro- 
posed    for     power-plant    use, 
whether  these  promise  to  be    of   real 
value  or  are  of  the  too  frequent  falla- 
cious or  fraudulent  variety. 

Won't  you  take  this  to  yourself,  and 
the  next  time  you  learn  of  anything  that 
you  think  Power  readers  would  be  in- 
terested in,  send  it  to  us.  You  will  be 
doing  the  engineers  a  service,  and  we 
will  see  that  your  trouble  is  not  lost. 
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Hazard  M'fg  Co.'s  New  Power  Plant 


Originally,  the  Hazard  Manufacturing 
Co.,  Wilkes-Barre,  Penn.,  following  the 
practice  of  the  day,  had  its  several  steam 
engines  used  in  the  manufacture  of  wire 
rope,  insulated  wire  and  cables,  etc.,  lo- 
cated at  convenient  points  in  the  fac- 
tory and  adjacent  to  the  machines  which 
they  were  to  drive. 

Some  of  these  engines  are  in  use  at 
the  present  time,  but  their  days  are  num- 
bered and  they  will  soon  be  displaced  by 
electric  motors,  which  will  obtain  elec- 
trical energy  from  the  generators  in  the 
new  power  plant  that  has  recently  been 
constructed;  much  of  the  machinery  in 
the  factory  has  already  been  changed  to 
motor  drive. 

The  engine  room  is  40  ft.  wide,  92  ft. 
long  and  30  ft.  high  from  the  floor  to 
the  trusswork  which  supports  the  roof, 
which  is  sheathed  with  2'_-in.  planking 
and  covered  with  asphalt  and  gravel.  The 
room  is  made  exceptionally  light  by  the 
Targe  amount  of  window  area.  The  floor 
is  made  of  2'j-in.  flooring  and  this  is 
cevered  by  1-in.  hard  maple,  upon  which 
strips  of  Scotch  linoleum  arc  laid  where 
the  greatest  wear  takes  place. 

Engines  and  Generators 

At  present  there  are  two  22x36-in., 
four-valve,  double-eccentric  Corliss  en- 
gines installed,  each  of  328  amperes 
capacity,  and  run  at  120  r.p.m.  Each 
engtne  is  connected  to  a  250-kw.  alter- 
nating-current generator,  which  delivers 
electrical  energy  to  the  switchboard  at 
440  volts.  This  voltage  permits  of  op- 
erating the  motors  in  the  factory  without 
the  use  of  transformers.  Where  lights 
are  installed  using  a  lower  voltage,  the 
transformers  are  placed  in  a  fireproof 
vault  built  in  that  part  of  the  factory  in 
which  the  motor  is  located.  All  wires 
are  placed  in  iron-pipe  conduits,  and  all 
switches  and  fuses  are  confined  in  an 
asbestos-lined  wood  or  metallic  box. 
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An  ideal  station  supplanting 
several  steam  engines  scattered 
throughout  the  factory. 

Individual  motor  drive  will  be 
used  on  the  wire  rope  making 
machinery. 


Both  generators  are  run  in  parallel 
without  difficulty.  Each  engine  is  equipped 
with  a  special  flywheel  16  ft.  in  diam- 
eter,   the    extra    weight    in    the    flywheel 


assisting  in  the  regulation.     Fig.  1  shows 
a  view  of  the  engine  room. 

Auxiliaries 

The  other  machinery  in  the  engine 
room  consists  of  a  belt-driven  125-volt 
exciter  generator  and  an  induction  motor 
driving  a  direct-current  250-volt  gen- 
erator. The  latter  unit  is  used  for  sup- 
plying direct  current  to  the  factory  for 
elevator  and  crane  service. 

Switchboard 

The  switchboard  is  placed  at  one  end 
of  the  engine  room  and  is  made  up  of 
seven  marble  panels,  two  of  which  are 
for    the    generator    control,    three    dis- 


New  Engine  Room  of  the  Hazard  Manufacturing  Co. 
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Fig.  2.  Vacuum  Pumps  on  Heating  System 


Fig.  3.  Boiler-feed  Pumps 
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tributing  panels  and  two  instrument 
panels.  Double  busbars  have  been  pro- 
vided so  that  in  case  the  motor  load 
causes  fluctuations  in  the  lighting  circuit 
the  motor  and  lighting  circuits  could 
be  handled  separately  from  the  two  bus- 
bars. Under  present  conditions,  how- 
ever, both  services  are  taken  from  the 
same  busbar.  The  power  factor  ranges 
between  80  and  85.  There  is  floor  space 
for  an  additional  unit  of  double  the 
capacity  of  either  of  the  single  engines. 

Boilers 
In  the  boiler  room.  Fig.  4,  there  are 
four  308-hp.  water-tube  boilers.  They 
are  set  with  two  boilers  in  a  battery,  and 
a  steam  pressure  of  100  lb.  per  square 
inch  is  carried.  No.  2  buckwheat  coal 
is  burned  with  the  aid  of  forced  draft, 
which  varies  from  '_:  to  1  in.,  according 
to  the  thickness  and  condition  of  the 
fires.  The  forced-draft  fan  is  located 
in  the  pump  room  beside  the  brick  stack. 
The  air  is  forced  through  the  ashpit  of 
each    boiler    and    through    a   44-in.    gal- 
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vanized-iron  air  duct,  which  tapers  from 
an  end  section  75  in.  in  diameter  at  the 
fan    connection.       The    fan    is    10    ft.    in 
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operates  a  butterfly  throttle  valve.  The 
gases  of  combustion  pass  from  the  com- 
bustion chamber  of  the  boilers  to  a  brick 


Fig.  5.  Elevation  of  Coal  Bins,  Boiler  and  Engine  Room 


diameter,  5  ft.  wide  and  is  driven  by  a 
small  steam  engine  that  is  automatically 
controlled  by  a  damper  regulator,  which 


Fig.  4.  New  Boiler  Room,  Showing  Dutch  Ovkn  Construction 


smoke  flue  constructed  under  the  rear 
end  of  the  boilers.  This  smoke  flue  is 
9  ft.  wide  and  7  ft.  6  in.  high,  with  the 
roof  curved  at  f  9- ft.  radius. 

The  smoke  connection  between  the 
combustion  chamber  of  each  boiler  is  2 
ft.  6  in.  wide  and  10  ft.  long.  The  smoke 
flue  extends  along  the  back  of  and  under 
the  boiler  to  a  brick  stack  which  is  125 
ft.  high  and  10  ft.  and  13  ft.  inside  and 
outside  diameter  respectively  at  the  bot- 
tom, and  8  ft.  and  9  ft.  2  in.  inside  and 
outside  diameter  respectively  at  the  top. 
Aside  from  the  forced  draft,  each 
boiler  is  fitted  with  a  steam  blower  and 
a  shaking  and  dumping  grate,  each  fur- 
nace having  lOxlO-ft.  grate  surface.  The 
blowers  are  not  used  while  the  air  fan 
is  in  operation,  but  are  an  auxil- 
iary feature  in  case  the  fan  arrangement 
becomes  deranged.  The  boilers  are 
equipped  with  dutch-oven  furnaces  and 
hand  firing  is  used.  Exhaust  steam  from 
the  fan  engine  is  passed  to  the  ashpit 
of  the  boilers  to  assist  in  preventing  the 
formation  of  clinkers. 

The  boiler  furnaces  are  designed  to 
burn  the  finer  sizes  of  anthracite  coal. 
Another  feature  is  that  the  clean- 
out  doors  in  the  side  walls  are  hinged 
at  the  top  so  that  in  case  of  gas  explo- 
sion the  doors  will  be  blown  out  at  the 
bottom  and,  swinging  on  the  hinge,  dam- 
age   to    the   boiler    fittings    is    avoided. 

The  mud  drum  of  each  boiler  is  fitted 
with  two  3-in.  blowoff  pipes  which  con- 
nect with  the  main  8-in.  blowoff  pipe. 
This  permits  the  steam  to  expand  before 
it  passes  to  the  sewer.  A  trap  is  formed 
between  the  sewer  and  the  boilers  by  a 
drop  leg,  cross-section  and  a  riser  pipe, 
the    latter    discharging    to    the    sewer. 

Coal  is  delivered  to  the  coal  bins  by 
a  bucket  conveyor  and  the  ashes  are 
handled  by  the  same  conveyor.  The  fuel 
is  dumped  on  the  firing  floor  from  the 
coal  bins  after  it  has  passed  through 
a  coal  weigher. 
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Pumps 

Two  10  and  7  by  18-in.  outside-packed 
pumps  supply  feed  water  to  the  boilers, 
taking  the  water  from  an  open  heater  at 
a  temperature  of  between  210  and  212 
deg.  F.  The  boiler- feed  pumps,  shown 
in  Fig.  3  are  made  with  a  long  stroke, 
thus  avoiding  frequent  reversal  in  the 
piston  travel. 

Exhaust  steam  is  used  in  the  factory- 
heating  systems,  but  when  exhaust  steam 
is  not  available,  such  as  holidays  and 
Sundays,  live  steam  is  reduced  from 
boiler  pressure  to  between  25  and  30 
lb.,  after  which  the  steam  passes  through 
a  second  reducing  valve  and  goes  to  the 
factory  at  a  pressure  of  ' .-  lb.  per  square 
inch.  The  returns  are  taken  care  of  by 
two  vacuum  pumps,  shown  in  Fig.  2. 

Piping 

In  Fig.  5  is  shown  an  elevation  of 
the  boiler  and  engine  rooms  and  illus- 
trates the  design  of  some  of  the  more 
important  pipe  lines.  Fig.  6  is  a  plan  view. 
Each  boiler  is  connected  to  an  18-in. 
steam  header  by  an  8-in.  steam  pipe. 
The  connection  between  the  header  and 
each  engine  is  made  with  an  8-in.  pipe 
which  extends  just  through  the  wall  be- 
tween the  boiler  and  the  engine  rooms 
and  then  drops  to  the  basement;  then  it 
runs  across  to  the  engines.  The  steam 
passes  through  a  separator  which  is 
placed  in  the  engine-room  basement. 

The  exhaust  pipes  from  each  engine 
are  each  10  in.  in  diameter  and  connect 
with   a  20-in.   exhaust  main. 

The  exhaust  steam  passes  to  a  feed- 


water  heater  and  either  escapes  to  the 
atmosphere  in  warm  weather  or  is  ex- 
hausted to  the  heating  system  during 
cold  weather.  All  steam  piping  is  fitted 
with  steel  flanges  tested  to  250  lb.  pres- 
sure per  square  inch. 


The  boiler-feed  pipes  are  fitted  with 
Y-valves  when  possible  and  are  made  of 
brass. 

Several  intereating  features  of  this 
plant  will  be  treated  in  a  separate  article 
which  will  be  published  in  an  early  issue. 


Fig.  6.  Plan  of  Boiler  and  Engine  Rooms 


EQUIPMENT    OF    POWER    PLANT    OF    HAZARD    MFG.    CO. 


Equipment 


Boilers 

Engines 

A.-C.  generators  . 
D.-C.  generator. . 
D.-C.  generator  . 
Induction  motor. 
Induction  motor. 
Switchboard . . .  . 


Fan 

Damper . . 
Chimney. 


Water  columns . 

Regulators 

Blowers 

Grates 

Separator 


Pumps 

Pumps 

Injector 

Regulators 

<.»pen  iieater  .  . 
Heating  system 
Lubricators.  .  .  . 
Filter 


Conveyor 

Piping 

Fittmgs 

Valves,  large. . 
Valves,  small . 


Make 


Water  tube 
Rice  &  Sergeant 
Westmghouse 
Crocker- Wheeler 
Westinghouse 
Westinghouse 
Westinghouse 
Marble 

Sturtevant 

Spencer 

Custodis 

Reliance 

Vigilant 

Argand 

McClave 

Sweet 

Duplex 

Vacuum 

Hancock 

Mason 

Cochrane 

Webster 

Richardson 

^\■hite  Star 

McCaslin 
Extra  heavy 
Crane 
Chapman 
Hancock 


Use 


Main  steam  generator 
Main  generator  units 
Main  generator  units 
Auxiliarj'  generator 
Exciter  unit 
AuxUary  generator 
Coal  conveyor  motor 
Jlch.  and  line  control 

Forced  draft 

Damp,  and  fan  control 


Safety  water  column 
Feed  water  regulators 
Steam  jet  blower 
Furnace  shak.  grates 
Steam  separator 

Boiler  feeders 
Heating  system 
Boiler  feeder 
Pump  regulators 
Feed  water  heater 
Factory  heating 
Force  feed 
OU  filter 

Coal  and  ash 
Steam  and  water 
Pipe  lines 
Steam  mains 
Steam  and  water 


-ss 


10'  dia. 

i-is' ' 
I  igh 


Manufacturers 


Babcock  &  Wilcox  Co. 
Providence  Engineering  Works 
Westinghouse  Elec.  &  Mfg.  Co. 
Crocker- Wheeler  Co. 
Westinghouse  Elec.  &  Mfg.  Co. 
Westinghouse  Elec.  &  Mig.  Co. 
Westinghouse  Elec.  &  Mfg.  Co. 
Westinghouse  Elec.  &  Mfg.  Co. 

^.  Sturtevant  Blower  Co. 
Thompson,  Richards  &  Co. 
.\Iphons  Custodis  Chinuiey  Con- 
struction Co. 
The  Rehance  Gauge  Column  Co. 
The  Chaplin-Fulton  .Mfg.  Co. 
McCIave-Brooks  Co. 
McCIave-Brooks  Co. 
Direct  Separator  Co. 

Nelson-Snyder  Mfg.  Co. 
Nelson-Snyder  Mfg.  Co. 
Hancock  Inspirator  Co. 
Mason  Regulator  Co. 
Harrison  Safety  Boiler  Works 
Warren  Webster  &  Co. 
Richardson  Phenix  Co. 
Pittsburg  Valve,  Foundry  & 

Construction  Co. 
Meade  Morrison  Mfg.  Co. 
W.  K.  Mitchell 
Crane  Co. 

Chapman  Valve  Mfg.  Co 
Hancock  Inspirator  Co: 
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Forces  of  Expansion  and  Contraction 


Readers  of  Tyndall's  "Heat:  a  Mode 
of  Motion,"  will  remember  how  vividly 
he  pictures  the  practically  irresistible 
forces  which  are  set  up  when  the  atoms 
which  go  to  make  up  the  material  uni- 
verse are  exposed  to  the  action  of  heat 
or  cold.  For  example,  a  sphere  of  cast 
iron,  only  2  or  3  inches  in  diameter,  with 
walls  as  much  as  ■ ..  inch  thick,  when 
filled  with  water  and  hermetically  sealed, 
and  then  placed  in  a  freezing  mixture,  is 
violently  ruptured  in  a  short  time  by  the 
all-powerful  atomic  forces  brought  into 
play  when  the  water  expands  during  the 
process  of  freezing. 

When  the  iron  vessel  is  placed  in  the 
cooling  mixture,  the  water,  as  it  first 
begins  to  cool,  contracts  in  bulk.  The 
contraction  continues  until  the  point  of 
maximum  density,  39  degrees  Fahrenheit, 
or  4  degrees  Centigrade,  is  reached,  after 
which  the  water  commences  to  expand, 
and  later  changes  from  the  liquid  to  the 
solid  form. 

At  this  point,  a  small  vacuous  space 
exists  within  the  sphere,  due,  of  course, 
to  the  contraction  of  the  liquid,  and  as 
the  expansion  and  the  change  from  the 
liquid  to  the  solid  form  proceed,  this 
vacuous  space  gradually  becomes  filled. 
To  accomplish  the  change,  however,  more 
room  is  required,  and  this  the  rigid  iron 
refuses  to  grant.  But  its  rigidity  is 
powerless  in  the  presence  of  the  atomic 
forces  of  expansion,  and  the  iron  shell 
is  violently  ruptured. 

A  very  simple  calculation  of  the  pent- 
up  steam  pressure  which  would  be  re- 
quired to  burst  this  iron  vessel  will  give 
some  idea  of  the  tremendous  force  which 
has  been  exercised  by  the  molecules  of 
an  ounce  or  two  of  water  in  merely  chang- 
ing its  state.  In  fact,  the  pressure  re- 
quired would  be  well  over  10,000  pounds 
per  square   inch. 

The  writer  recalls  an  instance  where  a 
steam  boiler  over  7  feet  in  diameter  had 
been  filled  over  night  with  water  for  a 
hydraulic  test  on  the  following  morning. 
The  boiler  was  situated  in  the  yard  of  the 
boiler  works,  and  during  the  night  a 
severe  frost  set  in.  As  a  result,  when 
the  boilermakers  came  to  apply  the  water 
pressure  the  following  morning,  they  dis- 
covered that  the  water  in  the  boiler  had 
been  converted  into  a  solid  core  of  ice, 
and  a  gaping  rent  in  the  side  of  the 
boiler  showed  that  the  shell  had  been 
burst  along  the  whole  length  of  one  of 
the  longitudinal  seams. 

The  expansion  of  metals  when  sub- 
jected to  the  continued  action  of  heat,  as 
in  the  case  of  the  expansion  of  water 
when  subjected  to  cold,  is  practically  ir- 
resistible. Thus  the  rays  of  the  sun,  act- 
ing down  upon  railway  rails,  cause  the 
latter  to  expand,  and  unless  space  is  pro- 
vided at  the  joints,  to  permit  expansion 
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Showing  force  exerted  by  freez- 
ing water  within  a  closed  vessel, 
also  that  due  to  the  expansion 
and  contraction  of  a  boiler  shell 
when  subjected  to  a  consider- 
able change  in  temperature. 

How    these    factors 
vided  for  in  design. 


are    pro- 


taking  place,  the  rails  will  bend  and 
curve  and  practically  wriggle  like  snakes, 
as  their  temperature  is  increased. 

Necessity  for  Provision  against 
Expansion 

Again,  in  the  case  of  steam  pipes,  un- 
less provision  be  made  for  taking  up  the 
elongation  which  is  certain  to  occur  when 
steam  is  turned  into  them,  the  forces  of 
expansion  are  such  that  the  pipes,  if 
made  of  cast  iron,  will  often  snap.  Also 
in  structural-steel  work  one  of  the  most 
important  points  to  be  considered  by  the 
engineer  is  suitable  provision  against 
these  expansive  forces. 

Although,  as  stated  in  the  foregoing 
remarks,  the  interatomic  forces  set  up 
in  the  molecules  of  iron  and  steel  are 
well  nigh  irresistible,  yet  it  is  not  only 
possible  to  make  suitable  provision 
against  these  forces  in  the  design  of 
structures,  but  it  is  also  possible  to  put 
them  to  practical  use.  Furthermore,  suf- 
ficient knowledge  has  been  obtained  from 
investigation  and  experiment  to  permit 
calculations  being  made  to  ascertain  the 
limits  within  which  these  forces  may  be 
usefully  controlled.  From  experiments 
it  is  known  with  great  accuracy  how 
much  a  bar  of  iron  or  steel  or  other 
metal  will  expand  when  heated  through 
a  certain  number  of  degrees.  The  force 
necessary  to  elongate  such  a  bar  through 
any  given  distance  is  also  known  within 
certain  limits.  Hence,  knowing  the  range 
of  temperature  through  which  a  bar  is 
heated,  or  cooled,  it  is  possible  to  cal- 
culate the  stress  which  is  set  up  in  the 
bar  when  its  free  expansion  or  contrac- 
tion is  prevented. 

Considering,  for  example,  the  case  of 
a  steam  boiler  30  feet  long  whose  tem- 
perature is  raised  from,  say,  50  degrees, 
that  of  the  cold  water  with  which  it  is 
fed,  to  350  degrees,  that  of  the  steam 
which  it  generates,  corresponding  to  the 
pressure  of,  say,  120  pounds.  Then  the 
range  of  temperature  through  which  the 
metal  will  be  heated  is  300  degrees.  Tak- 
ing the  coefficient  of  expansion  of  mild 
steel  as  0.0000067,  the  boiler  will  expand 
30  X  12  X  0.0000067  X  300  =  0.724 
inch 


:  604,000 


in  having  steam  raised  from  cold  water, 
and  it  will  contract  in  cooling  down  again 
to  the  same  extent.  The  modulus  of 
elasticity  of  mild  steel  is  about  30,000,- 
000  pounds  per  square  inch.  Therefore 
the  stress  which  will  be  set  up  in  the 
boiler  plates  if  these  contract  0.724  inch 
by  sudden  cooling  will  be 

0.724  X  30,000,000 
30  X  12 

pounds  per  square  inch,  a  force  sufficient 
to  rupture  the  metal  of  which  the  plates 
are  made.  This  calculation,  of  course, 
assumes  the  boiler  to  be  a  rigid  structure, 
which,  however,  it  is  not. 

Enormous  Stresses  from  Sudden  Cool- 
ing 

Some  idea  may  thus  be  obtained  of 
the  severe  stresses  which  are  set  up 
in  steam  boilers  when  cold  water  is  run 
over  the  hot  plates  for  the  purpose  of 
quickly  cooling  them  for  cleaning  or  in- 
spection purposes.  Where  this  objec- 
tionable method  of  cooling  down  is 
adopted,  it  cannot  be  wondered  at  if  the 
seams  begin  to  leak  and  give  trouble, 
or  even  if  a  fracture  of  the  plates  re- 
sults. No  intelligent  fireman  having  any 
idea  of  the  enormous  stresses  produced 
by  sudden  cooling,  would  cool  his  boilers 
by  playing  cold  water  over  the  plates 
while  the  surrounding  brickwork  and 
other  parts  are  hot. 

The  importance  of  providing  against 
expansive  forces  is  well  seen  in  the  case 
of  steam  pipes,  particularly  where  super- 
heated steam  is  used.  The  amount  of 
expansion  which  takes  place  in  a  100- 
foot  length  of  steam  piping  when  steam 
is  turned  on  is  usually  about  2^  or  3 
inches  for  ordinary  steam  pressures. 
With  high  pressures  and  superheated 
steam,  it  is  considerably  more  than  this. 
It  will  thus  be  obvious  that  in  designing 
steam  pipes,  considerable  expansive 
movements  are  to  be  provided  for. 
Numerous  devices  are  employed  for  this 
purpose,  such  as  gland  expansion  joints, 
mild-  or  wrought-steel  spring  bends,  cop- 
per expansion  pieces,  etc.,  and  these, 
when  properly  designed  and  fitted,  will 
be  found  effective  in  taking  up  the  ex- 
pansion which  occurs. 

An  incident  which  might  have  had 
serious  results  occurred  some  years 
ago  in  connection  with  two  boilers  which 
were  coupled  together.  An  expansion 
gland  joint  was  placed  on  the  steam-pipe 
range  between  the  two  boilers,  but  owing 
to  the  fact  that  the  joint  was  not  pro- 
vided with  guard  bolts,  there  was  noth- 
ing to  prevent  the  free  end  of  the  pipe 
from  being  drawn  out  of  the  gland  should 
the  expansion  be  sufficient.  This  actually 
took  place,  and  as  the  end  of  the  pipe 
drew  out,  one  of  the  boilers,  which  was 
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empty  at  the  time  and  was  being  ex- 
amined, was  gradually  turned  on  its  set- 
ting through  a  small  distance,  much  to 
the  astonishment  of  the  inspector. 

Liability  of  Fracture 

In  the  case  of  steam  engines,  con- 
siderable e.xpansion  takes  place  under 
steam,  especially  with  tandem  engines. 
If  the  cylinders  be  rigidly  bolted  to  the 
frame  or  beds  so  that  expansion  can- 
not freely  take  place,  fracture  of  the 
cylinder  feet  or  other  parts  is  liable  to 
result,  and  many  breakdowns  have  oc- 
curred in  this  way.  A  simple  method 
of  avoiding  this  danger  is  to  screw  up 
the  nuts  of  the  cylinder-feet  bolts  against 
a  ferrule,  so  that  the  feet  may  be  al- 
lowed to  move  with  the  expansion  but 
at  the  same  time  cannot  be  lifted  from 
their   seats. 

Again,  steam  boilers  must  be  care- 
fully designed  so  as  to  accommodate  the 
expansion  which  takes  place  under  or- 
dinary working  conditions.  A  large 
Lancashire  boiler  30  feet  long  will  ex- 
pand '4  inch  in  having  steam  raised  from 
cold  water.  This  expansion  frequently 
makes  it  difficult  to  prevent  leakage  of 
cold  air  into  the  flues;  the  movement  of 
the  boiler  forces  back  the  brickwork  of 
the  downtakes  and  a  space  is  thus  liable 
to  be  left  between  the  back  end  plate 
and  the  brickwork  through  which  cold 
air  rushes  and  impairs  the  draft.  The 
difficulty  may  be  overcome  by  making 
the  covers  of  such  a  form  that  they  are 
capable  of  moving  with  the  boiler  as  the 
latter  expands  or  contracts. 

Elasticity  to  End  Plates 

The  furnace  and  flue  tubes  of  a  Lan- 
cashire boiler,  being  in  direct  contact 
with  the  furnace  and  hot  gases,  expand 
more  than  the  shell.  This  throws  a 
strain  upon  the  end  plates,  which  fre- 
quently leads  to  grooving  at  the  place 
where  the  tubes  are  attached  to  the  end 
plates.  To  avoid  such  grooving,  the  boiler 
must  be  so  designed  that  these  expansive 
movements  are  properly  provided  for, 
and  the  tendency  to  straining  is  thus  re- 
duced to  a  minimum.  This  is  done  by 
giving  a  certain  amount  of  elasticity  to 
the  end  plates,  so  that  they  are  able  to 
accommodate  the  expansion  of  the  fur- 
nace and  flue  tubes.  Hence,  the  end 
plates  of  modern  boilers  are  made  as  thin 
and  as  light  as  is  consistent  with  safety. 
Furthermore,  no  end  gusset  stays 
are  carried  down  nearer  than  about  10 
or  II  inches  from  the  circle  of  rivets  in 
the  furnace  angle  irons  or  flanges,  so  as 
to  leave  a  certain  amount  of  breathing 
space.  In  this  way,  the  ends  of  the 
boiler  are  made  sufficiently  elastic  and 
flexible  to  take  up  the  motion  of  the  in- 
ternal tubes  as  these  lengthen  and  shorten 
due  to  changes  in  pressure  and  tempera- 
ture  within  the  boiler. 

In  building  a  steam-engine  crank  shaft, 


the  crank  is  bored  to  a  diameter  slightly 
less  than  the  boss  of  the  shaft  on  which 
it  is  to  be  placed.  It  is  then  heated  in  a 
fire,  and  expands  the  diameter  of  the 
bored  hole,  increasing  sufficiently  to  per- 
mit the  crank  being  placed  on  the  shaft. 
After  placing  on  the  shaft,  the  crank  is 
allowed  to  cool,  and  as  cooling  goes  on. 
contraction  takes  place  and  the  crank 
grips  the  shaft  so  tightly  that  there  is 
little  possibility  of  its  being  moved  after- 
ward even  under  the  heavy  strains  to 
which  it  is  exposed  during  working.  Fly- 
wheels, engine  beds,  etc.,  are  frequently 
fastened  together  by  hoops  put  on  while 
hot,  which,  on  cooling,  make  a  very  se- 
cure  fastening. 

Utility  of  Contraction 

Again,  the  contractile   force  of  cooling 
metals  has  been  utilized  by  engineers  for 


Water   Supply  from   Under- 
flow of  River 

By  C.  W.  Wiley 

The  accompanying  photograph  shows 
he  discharge  of  over  2100  gal.  per  min- 
ute from  a  well  only  44  ft.  deep  and  2 
ft.  in  diameter.  The  discharge  pipe  is 
854  in.  in  diameter,  and  the  well  could 
have  easily  supplied  50  per  cent,  more 
water  than  it  did  on  the  test  had  it  not 
been  for  the  limiting  capacity  of  the 
pump  and  the  small  traction  engine  driv- 
ing it.  The  head  of  v/ater  in  the  well 
was  lowered  only  15  ft.  in  supplying  this 
large  quantity  of  water. 

The  well  is  one  of  two  supplying  city 
water  for  Arkansas  City,  Kan.,  the  sup- 
ply being  taken  from  the  underflow  of 
the   Arkansas   River. 

The  picture  shows  the  results  which 
may  be  attained  by  proper  methods  ap- 


PuMP  Working  at   Full  Capacity 


straightening  the  bulged  or  leaning  walls 
of  buildings.  Long  bolts  with  large 
washers  and  nuts  are  placed  between  the 
walls,  the  nuts  and  washers  being 
screwed  up  until  they  bear  against  the 
walls.  The  bolts  are  then  heated  and 
consequently  expand,  and  the  nuts,  which, 
of  course,  become  slack  through  the 
lengthening  of  the  bolts,  are  screwed  up 
again.  On  leaving  the  bolts  to  cool,  con- 
traction results  and  the  walls  are  thus 
gradually  pulled  to  the  required  position. 
Many  other  such  instances  might  be 
cited,  but  sufficient  has  been  said  to  show 
that  engineers  are  not  only  able,  by  care- 
ful design,  to  provide  against  the  forces 
of  expansion  and  contraction,  but  they 
can,  under  certain  circumstances,  put 
them  to  actual  practical  use  as  pointed 
out. 


plied  to  well-work  and  furnishes  an  evi- 
dence that  there  is  an  almost  inexhaust- 
ible source  of  clean,  cool  water  in  all 
river  valleys  having  an  underflow  through 
sand  beds.  A  similar  well  and  pump 
have  just  been  put  in  at  Evansville,  Ind., 
for  the  Evansville  Public  Service  Co.,  to 
secure  condensing  water  for  its  turbines. 
This  well  is  110  ft.  deep  and  furnishes  an 
abundant  supply  of  water,  the  tempera- 
ture of  which  is  56  deg. 

The  underflow  of  the  Ohio  River  is 
also  very  favorable  for  furnishing  large 
quantities  of  cool  water.  Many  cities  in 
the  Ohio  Valley  are  using  the  river  water 
and  many  power  plants  in  such  places 
are  either  running  noncondensing  or  on 
low  vacuums,  due  to  warm  condensing 
water,  not  realizing  that  an  unlimited 
supply  has  been  furnished  below  them. 
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Confessions   of  an   Engineer 


It  is  said  that  one  learns  as  he  grows 
older.  This  may  be  true  in  some  in- 
stances, but  it  did  not  seem  to  have  been 
so  in  my  case.  The  instance  of  the 
smol;e-recording  device  did  serve  to  make 
me  look  about  the  plant  for  something 
more  that  could  be  improved  upon,  but 
as  nothing  came  to  my  immediate  atten- 
tion I  soon  lapsed  back  into  normal  con- 
ditions. 

Another  Jolt 

Matters  went  on  smoothly  for  a  time 
until  Wood  gave  me  another  jolt.  He 
strolled  into  the  engine  room  one  after- 
noon and  found  me  working  on  one  of 
the  tandem-compound  engines.  After 
the  usual  greeting  he  said,  "How  much 
steam  goes  to  waste  during  a  year,  do 
you    suppose?" 

"Just  what  do  you  mean?"  I  inquired, 
with  some  surprise,  for  i  had  never 
given    the    matter   a    thought. 

"About  how  much  money  are  we  throw- 
ing away  that  could  be  saved?"  answered 
Wood. 

Wood  had  me  stumped  for  I  had  never 
made  any  attempt  at  keeping  a  record  of 
what  became  of  the  steam  after  it  was 
made.  It  was  doubtful  if  I  could  have 
told  how  great  the  steam  losses  were, 
anyway.  I  certainly  did  not  know  how 
much  water  was  used;  I  just  pumped 
the  water  out  of  the  pond  and  shoveled 
coal  into  the  furnace. 

Although  I  made  a  report  of  the  amount 
of  coal  consumed  each  day  and  knew  how 
many  tons  I  used  in  a  year,  there  were 
a  good  many  sources  for  steam  waste, 
now  that  my  attention  had  been  called 
to  the  fact,  that  could  possibly  have 
been  stopped. 

Continuing,  Wood  said:  "Our  condi- 
tions are  the  same  as  many  other  es- 
tablishments. We  operate  the  main  en- 
gines during  the  day  and  a  small  engine 
during  the  night,  so  that  there  is  con- 
siderable loss  of  exhaust  steam,  or  would 
be  if  we  were  not  running  condensing 
during  the  24  hours.  The  question  is, 
is  it  cheaper  to  run  condensing  than  it 
would  be  to  run  noncondensing  and  use 
our  exhaust  steam?" 

"I  suppose  we  could  use  exhaust 
steam  for  heating  the  shop,"  I  replied, 
"as  you  know  at  present  we  run  con- 
densing and  the  live  steam  is  used  for 
heating  purposes.  If  there  is  no  other 
use  for  the  exhaust  steam,  I  do  not  see 
how  you  are  going  to  utilize  all  of  it." 

Creating  a   Demand  for   E.xhaust 
Steam 

"What  is  the  matter  with  creating  a 
demand  for  the  exhaust  steam?  Nov/ 
there  is  the  Knox  shoe  factory,  which 
is  motor  driven  from  the  centra\  station; 
it  could  use  exhaust  steam    for  heating 


By  R.  O.  Warren 


Manager  Wood  believes  that  it 
is  more  economical  to  sell  ex- 
haust steam  than  it  is  to  run  the 
engines  condensing. 

Money  is  made  by  carrying 
out  the  idea  and  the  engineer 
again  sees  where  he  could  have 
made  good. 


purposes  if  the  price  could  be  made 
attractive.  As  it  now  is,  a  boiler 
is  kept  under  steam  during  the  winter 
for  heating  and  a  small  boiler  for  sup- 
plying steam  for  manufacturing  purposes 
during  the  warmer  months.  Why  couldn't 
we  heat  their  shop   for  them?" 

"Well,  I  suppose  we  could.  About  70 
or  80  per  cent,  of  the  steam  taken  from 
the  boilers  would  go  to  the  exhaust  pipe, 
were    we    running    noncondensing;    well, 


Continuing  the  calculation,  I  said: 
"Take  the  small  lOO-hp.  simple  engine 
which  we  run  at  night  and  the  steam 
consumption  would  be  about  26  lb.  per 
horsepower  per  hour,  or  100  x  26  x  14 
=  36,400  lb.  of  steam  for  the  14  hours' 
run.  That  makes  a  total  of  52,500  + 
36,400  =  88,900  lb.  per  each  24  hours' 
run." 

"Well,  that  would  be  v/orth  saving, 
wouldn't    it?"    asked    Wood. 

Reaching  Out  for  Consumers 

"Why,  yes,"  I  answered.  "Of  course 
it  would,  but  how  are  you  going  to  do 
it?  The  Knox  Shoe  Co.  does  not  want 
to  use  all  of  the  exhaust  steam  we 
make,  or  could  make,  even  if  you  could 
get  it  to  shut  down  its  boilers  and  dis- 
charge the  two  firemen." 

"There  is  the  Linden  Shoddy  Co.  with- 
in a  stone's  throw  of  us.  It  runs  by 
water  power  and  uses  steam  in  the  pro- 
cess of  manufacture.    A  boiler  has  to  be 


Wood  Found  Me  Working  on  One  of  the  Engines  and  Wanted  to  Know 
How  Much  Steam  Was  Being  Wasted 


perhaps  a  little  less,  taking  the  heater 
into  consideration.  Take  this  500-hp. 
compound  engine;  it  is  using  somewhere 
in  the  neighborhood  of  15  lb.  of  steam 
per  horsepower  per  hour,  when  cutting 
off  at  'sJstroke,  wifh  100  lb.  boiler 
pressure  on  the  high-pressure  cylinder. 
That  would  make — let  me  see — 500  x  15 
X  0.7  =  5250  lb.  of  steam  that  would 
go  up  the  exhaust  pipe  each  hour,  and 
5250  X  10  =  52,500  lb.  of  steam  which 
would  escape  through  the  exhaust  pipe 
in  10  hours.  Of  course,  the  night  loss 
would   be   somewhat   less." 


kept  in  service  for  that  purpose  and  a 
day  and  night  fireman  are  each  paid 
Si. 70  per  day  besides  the  item  of  fuel, 
which  amounts  to  about  l;j  tons  a  day. 
This  costs  $6.15,  and  with  the  firemen's 
wages  would  amount  to  a  total  of  S9.55 
per  day,  the  cost  of  running  the  steam 
end  of  the  plant.  I  know  this  company 
could  save  money  if  it  used  our  exhaust 
steam. 

"Then  there  is  the  Brooks  Machine 
Shop.  Its  power  plant  is  about  on  its 
last  legs  and  half  of  the  shop  is  motor 
operated    from   our  electric   plant   at   the 
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present.  It  would  not  cost  much  to  run 
our  exhaust-steam  main  to  the  Brooks 
plant  and  heat  the  place  with  the  steam 
we  are  using  in  furnishing  it  with  elec- 
trical energy." 

"By  George,  I  don't  know  but  you  are 
right,"  I  exclaimed.  "It  is  funny  I 
hadn't  thought  of  this  myself.  Why,  it 
was  way  baci<  in  1872  that  the  first  sys- 
tem of  the  kind  was  installed  up  in  Lock- 
port,  N.  Y.,  and  since  then  the  idea  has 
been  so  well  advanced  that  now  it  is  a 
regular  business  with  some  companies 
to  make  and  sell  steam  for  heating  pur- 
poses alone,  while  others,  such  as  elec- 
tric-light and  power  plants,  make  a  busi- 
ness of  selling  the  exhaust  steam  to  near- 
by office  buildings,  etc.  The  fact  is  that 
the  business  has  been  so  advanced  that 
one  can  purchase  insulated  piping,  ex- 
pansion joints,  heaters,  etc.,  without 
having  them  made  especially  for  the 
purpose.  All  one  has  to  do  is  to  order 
the  goods — and  pay  for  them,"  I  added, 
as  an  afterthought. 

"Yes,  I  suppose  these  supplies,  etc., 
have  been  made  standard.  Now,  my  way 
of  figuring  it  is  that  there  are  from  seven 
to  eight  months  of  the  year  when  these 
three  companies  will  want  steam  for 
heating  purposes  and  I  believe  that  there 
is  a  neat  little  business  that  can  be  ob- 
tained if  we  want  it,  and  go  about  it  in 
the  right  way." 

"Of  course,  running  condensing  re- 
duces the  back  pressure  on  our  engines 
and  running  noncondensing  and  selling 
the  exhaust  steam  would  put  from  2 
to  10  lb.  back  pressure  on  the  engine, 
which  will  necessitate  a  greater  coal  con- 
sumption for  the  same  amount  of  power 
utilized  in  driving  the  factory." 

"Ten  pounds  is  pretty  high  back  pres- 
sure," said  I,  looking  wise. 

Where  Power  Cost  Practically 
Nothing 

"Not  so  very  much,"  rejoined  Wood. 
"I  see  where  they  are  running  steam 
turbines  in  textile  mills  as  reducing 
valves,  taking  steam  from  the  second 
stage  for  the  purpose  of  heating  water, 
etc.,  and  it  has  proven  to  be  so  eco- 
nomical that  the  power  to  operate  the 
mill  costs  practically  nothing,  outside  of 
the  interest  of  the  investment  tied  up  in 
the  turbines. 

"My  idea  is  to  shut  the  cpndensers 
down  during  the  cold  months  and  sell 
the  exhaust  steam  to  these  three  com- 
panies. We  have  more  engine  capacity 
than  we  require  and  I  do  not  believe  that 
the  slight  back  pressure  will  amount  to 
very  much  when  compared  to  the  revenue 
that  can  be  obtained  from  the  sale  of 
the  exhaust  steam.  Another  thing,  dur- 
ing semi-cold  weather,  when  there  would 
be  more  exhaust  steam  than  could  be 
used,  some  of  the  engines  could  be  run 
condensing  and  the  exhaust-steam  load 
kept  at  a  point  just  sufficient  to  supply 
the  demand. 


"Of  course  there  would  have  to  be  a 
live-steam  connection  from  the  boiler  to 
the  heating  main,  so  that  a  steam  sup- 
ply could  be  had  in  case  all  of  the  en- 
gines were  shut  down  at  the  same  time. 
A  reducing  valve  would  have  to  be  used 
to  keep  the  steam  pressure  between  the 
2-  and  10-lb.  pressures.  I  guess  that 
would    about   fix   things." 

"Not  so  fast!"  I  exclaimed,  for  as 
Wood's  idea  became  evident  I  began  to 
see  where  the  details  would  fit  in.  "There 
will  have  to  be  a  bypass  around  to  the 
reducing  valves,  a  back-pressure  valve 
would  be  required  in  the  atmospheric 
exhaust  pipe  and  it  will  be  necessary  to 
have  an  oil  and  water  separator  in  the 
underground  pipe  leading  to  the  heating 
main,  besides  the  necessary  gages  and 
recording  devices.  If  you  are  going  in- 
to this  thing  there  is  no  use  half  doing 
it." 

"Then  there  is  the  insulating  of  the 
steam  pipe.  There  will  be  no  use  of 
running  a  lot  of  piping  to  these  com- 
panies and  then  find  that  there  is  no 
steam  to  sell  because  it  has  all  been  con- 
densed on   its  way  to  them." 

Best  Way  to   Lay   the   Pipes 

"Huh!  I  hadn't  thought  of  that.  What 
do  you  consider  the  best  method  of  lay- 
ing the  pipes?  Of  course,  they  will 
have   to   be   insulated." 

"There  are  several  ways  of  putting  In 
the  pipes,"  I  replied.  "There  are  con- 
duits in  which  the  pipes  are  run  and 
covered  with  insulating  material,  such 
as  asbestos,  hair  felt,  mineral  wool, 
magnesium  covering,  cork  and  other  ma- 
terials." 

Insulating    the    Pipes 

"I  remember  reading  some  time  ago 
that  the  best  result  according  to  tests 
were  obtained  from  pipes  which  were 
covered  with  sheet  asbestos  and  inclosed 
in  round,  tin-lined,  white-pine  stave  cas- 
ings, having  a  shell  thickness  of  from  4 
to  5>4  in.  The  interior  diameter  was 
sufflcient  to  allow  of  an  annular  dead  air 
space  of  not  less  than  1  in  between  the 
tin  lining  and  the  asbestos  covering.  The 
pipes  were  held  in  place  by  means  of 
guides   on   rollers." 

"Sounds  good,  but  I  should  suppose 
that  the  wood  would  soon  decay  from 
contact  with  the  earth." 

"No,  you  see  it  is  coated  with  as- 
phaltum  and  then  rolled  in  sawdust.  It 
is  then  covered  with  three-ply,  extra- 
heavy  tar  paper.  This  protects  the  pipe 
from  excessive  electrolysis  and  reduces 
the  heat  radiation  to  a  low  degree." 

"There  will  have  to  be  extension  joints 
and  anchorages  to  make  the  system  up 
to  date.  The  more  I  think  of  it,  the  more 
I   believe   it  will  pay." 

Where  the  Profits  Came  In 

"Now,  the  Knox  company  has,  accord- 
ing to  its  engineer,  about  4000  sq.ft.  of 


heating  surface  in  its  plant.  We  could 
afford  to  supply  steam  for  about  0.0011c. 
per  square  foot  per  day  of  24  hours,  or, 
0.0011  X  4000  :=  S4.40  per  day.  At 
that  rate,  the  company  would  make  a 
profit,  and  without  any  trouble,  of  $5.15 
each  day.  Worth  saving,  I  should  say. 
Of  course  the  proper  way  would  be  to 
put  in  a  suitable  meter  and  then  you 
would  know  exactly  where  you  stand  and 
how  much  steam  each  firm  is  using." 

The  upshot  of  the  matter  was  that 
contracts  were  made,  the  piping  and 
other  necessary  apparatus  were  pur- 
chased, and  at  the  end  of  the  next  year 
Wood  found  that  a  neat  sum  had  been 
collected  from  the  sale  of  exhaust  steam, 
so  much,  in  fact,  that  the  system  was 
extended  and  the  revenue  increased  un- 
til the  system  was  fully  loaded. 

While  Wood  gave  me  credit  for  work- 
ing out  many  of  the  details,  the  big 
thought  was  his,  while  it  might  have  been 
m.ine  just  as  well,  and  that  is  the  way 
it  goes  with  most  of  us. 


Transmitting  Power  by  Ropes 

By  Everard  Brown 

The  amount  of  power  that  can  be 
transmitted  by  a  rope  drive  is  limited,  to 
a  certain  extent,  only  by  the  size  of  the 
installation.  There  are  numerous  drives 
of  4000  hp.  that  are  running  satisfac- 
torily, while  systems  of  from  1000  to 
2000  hp.  are  quite  common.  For  trans- 
missions exceeding  4000  hp. ,  however, 
the  rope  drive  is  not  so  generally  used. 
A  single  rope,  2  in.  in  diameter  and 
running  at  a  speed  of  from  4000  to  4500 
ft.  per  minute,  will  easily  transmit  50 
horsepower. 

The  speed  and  working  tension  are  the 
two  most  important  factors  that  deter- 
mine the  amount  of  power  that  can  be 
transmitted  by  a  given  sized  drive.  The 
best  practice  as  to  speeds  seems  to  be 
between  4000  and  5000  ft.  per  minute, 
although  some  as  low  as  2000  ft.  have 
been  used.  It  is  hardly  advisable,  how- 
ever, to  exceed  5000  ft.,  for  as  the  speed 
increases  the  available  tension  for  trans- 
mission is  reduced;  in  fact,  at  speeds 
over  4800  ft.  per  minute  the  centrifugal 
force  increases  faster  than  the  power, 
due  to  the  increased  velocity.  Further- 
more, the  wear  on  the  rope  is  much 
greater  at  very  high  speeds  because  of 
the  more  frequent  bending  over  the 
sheaves,  thus  causing  internal  wear  by 
the  rubbing  of  the  fibers  on  each  other. 
There  is  also  a  greater  amount  of  slip- 
ping and  wedging  in  the  grooves  of  the 
pulleys.  It  is  usually  assumed  that  both 
of  these  causes  of  wear  are  directly 
proportional  to  the  speed. 

In  calculating  the  power  that  can  be 
transmitted  by  a  certain  sized  rope  it 
is  common  practice  to  assume  that  1  lb. 
of  tension  on  the  slack  side  is  equiva- 
lent to  2  lb.  on  the  driving  side  and  that 
the  maximum  strain  advisable  to  put  on 
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is  about  200  times  the  square  of  the 
diameter  of  the  rope.  The  centrifugal 
force  must,  of  course,  be  deducted  from 
the  force  available.  This  centrifugal 
force  is  found  by  multiplying  the  weight 
of  the  rope  in  pounds  per  foot  by  the 
square  of  the  velocity  in  feet  per  second 
and  then  dividing  this  product  by  the 
force  of  gravity,  or  32.16.  Upon  this  is 
based  the  following  formula: 


=(' 


ood^  ■ 


in  which 

A  =  Power  in  foot-pounds  per  min- 
ute, available  for  actual  work; 
d=  Diameter  of  the  rope  in  inches; 
W  =  Weight   of   rope   in   pounds   per 
foot; 

V  =  Velocity    of    rope    in    feet    per 

second; 

V  =  Velocity    of    rope   in    feet    per 

minute; 
g  =  32.16. 
If  the   result   is   desired   in  horsepower, 
divide  by  33,000. 

Assuming,  as  an  illustration,  a  2-in. 
rope,  which  weighs  about  1.4  lb.  per 
foot,  running  at  a  speed  of  4200  ft.  per 
minute,  the  power  that  could  be  trans- 
mitted would  be 

1.4  X  4900I  ^  /2_X^£Oo\ 
32.16      ]^K        3        ) 


[(200  X  4)  — 


1,639,750  foot-pounds 


1,639.750 


^  49-69  hp. 


33,000 

In  order  to  obtain  the  maximum  arc 
of  contact,  the  lower  should  always 
be  the  tight  or  driving  side  and  the  rope 
should  be  allowed  to  sag  quite  freely  so 
that  it  will  hang  between  the  pulleys  in 
catenary  curves  approximating  parabolas. 
The  distance  between  the  sheaves  may 
range  anywhere  from  20  to  150  ft.,  but 
for  vertical  drives  they  should  be  at 
least  far  enough  apart  horizontally  to 
get  proper  adhesion. 

Experience  has  demonstrated  that  the 
grooves  in  the  sheaves  incline  toward 
each  other  at  an  angle  of  45  deg.,  so 
that  the  rope  cannot  touch  the  bottom. 
The  successful  running  of  a  rope  drive 
also  depends  largely  upon  the  sizes  of 
the  pulleys,  which  should  never  be  less 
in  diameter  than  30  to  40  times  the 
diameter  of  the  rope. 

The  Continuous  System 

In  this  system,  sometimes  called  the 
"American"  system,  the  rope  is  con- 
tinuous, being  wound  spirally  around  the 
driving  and  driven  pulleys  as  many  times 
as  needed  to  transmit  the  required  horse- 
power; then  the  last  wrap  is  carried  over 
a  tension  pulley  and  back  to  the  first 
groove  of  one  of  the  main  pulleys.  The 
tension  pulley  is  usually  mounted  on  a 
carriage  so  as  to  preserve  a  certain  ten- 
sion on  the  rope  and  to  be  free  to  take 
up  any  stretch.     The  driving  and  driven 


pulleys  should  be  so  placed  that  their 
grooves  will  be  out  of  line  one-half  their 
pitch  and,  as  there  is  no  great  tendency 
for  the  ropes  to  sway,  the  grooves  may 
be  made  quite  shallow;  this  will  avoid 
severe  chafing  of  the  rope  due  to  this 
side  lead.  It  is  not  advisable  to  have 
them  so  shallow,  however,  that  the  rope 
will  extend  beyond  the  flanges. 

In  vertical  drives,  as  well  as  those 
where  the  sheaves  are  close  together, 
the  continuous  system  has  its  advantages 
because  under  such  conditions  it  is  nec- 
essary to  keep  the  rope  relatively  taut, 
which  can  easily  be  done  by  means  of 
the  tension  pulley.  Another  advantage 
is  that  the  ropes  must  necessarily  revolve 
or  turn  in  the  grooves,  a  condition  that 
seems  to  be  desired  as  it  results  in  even 
and  uniform  wear  of  the  rope  by  pre- 
venting it  from  becoming  wedge-shaped 
and  thus  shorten  its  life. 

For  the  larger  drives,  however,  par- 
ticularly horizontal  ones,  where  the  dis- 
tance between  the  pulleys  is  40  ft.  or 
more,  this  method  of  driving  is  not  so 
generally  used,  one  of  the  principal  rea- 
sons for  this  probably  being  that  it 
necessitates  a  very  long  rope  to  be  car- 
ried as  a  spare  and  a  suspension  of  op- 
erations until  a  new  rope  could  be  put 
on  or  the  old  one  repaired  should  the 
rope  break. 

The  Multiple  System 

The  multiple,  or  so  called  "English," 
system  is  much  simpler  than  the  con- 
tinuous system  and  is  therefore  more 
popular.  It  consists  of  one  or  several 
individual  ropes  working  side  by  side, 
which  necessitates,  of  course,  many  more 
splices  than  in  the  other  method,  but  it 
has  the  advantage  that,  if  one  of  the 
ropes  should  break,  the  load  can  usually 
be  transmitted  by  the  remaining  ropes 
until  closing-down  time,  when  a  new 
one  can  be  put  on;  hence  there  need  be 
no  interruption  or  delay  in  operations. 

A  peculiar  feature  of  the  multiple  rope 
drive  is  that  frequently  some  of  the 
ropes  revolve  in  the  grooves  while  others 
do  not.  There  appears  to  be  no  explana- 
tion for  this;  it  is  the  consensus  of  opin- 
ion, however,  among  men  experienced 
with  rope  drives  that  the  life  of  the  roll- 
ing rope  is  from  15  to  20  per  cent, 
greater  than  that  of  the  nonrolling  rope. 
This,  it  is  claimed,  is  due  to  the  non- 
rolling  rope  finally  becoming  wedge- 
shaped,  and  that  the  two  sides  thus 
formed  by  the  grooves  sustain  the  larg- 
est portion  of  the  external  wear.  There 
are  several  ways  of  forcing  a  rope  to 
revolve,  one  of  which  is  to  move  it  out 
of  line  one  groove,  or  more  if  necessary, 
and  another  is  to  turn  the  drive  slowly 
and  twist  the  rope  vigorously  on  the 
tight  side  as  the  driver  is  approached. 

Splicing 

No  doubt  most  of  the  troubles  en- 
countered in  rope  drives  are  caused  by 


bad  splicing;  therefore,  too  much  atten- 
tion cannot  be  paid  to  this  point.  It  is 
absolutely  essential  for  success  with  this 
type  of  power  transmission  that  the  diam- 
eter of  the  splice  be  the  same  as  that 
of  the  original  rope  and  that  it  be  smooth 
and  free  from  lumps.  The  original  lay 
of  the  strands  must  be  disturbed  as  lit- 
tle as  possible  and  where  the  several 
strands  are  rejoined  each  fastening 
should  be  made  in  such  a  manner  as  to 
prevent  its  wearing  away  and  the  rope 
unstranding. 

The  number  of  strands  to  be  used  in 
a  rope  is  a  somewhat  contested  point. 
For  small  drives  having  rope  of  small 
diameter  and  subject  to  much  bending, 
the  three-strand  rope  is  considered  good; 
while  for  large  drives  the  four-  and  six- 
strand  ropes  are  preferred  as  they  aie 
more  nearly  circular  and  of  greater  cross- 
section,  thus  securing  larger  surface  of 
contact  in  the  grooves.  The  rope  of  four 
strands,  however,  has  again  a  slight 
preference  over  that  of  six  as  it  is  not 
so  difficult  to  splice. 

Manila  rope,  especially  for  mill  work, 
where  properly  proportioned  sheaves  can 
be  used,  no  doubt  gives  better  satisfac- 
tion than  cotton  rope.  It  is  more  durable, 
has  a  greater  tensile  strength  and  less 
stretch  than  the  other.  It  is  also  more 
easily  spliced  and  is  considerably 
cheaper. 

Manila  Rope 

The  following  information  relative  to 
the  source  of  manila  rope  might  be  of 
interest: 

It  is  made  from  the  fiber  of  the  abaca 
plant,  which  grows  only  in  the  Philippine 
Islands,  and  the  trunk  of  which  some- 
what resembles  that  of  the  banana  tree. 
This  trunk  is  closely  covered  by  long 
leaves  from  which  the  fiber  is  procured 
in  lengths  ranging  from  5  to  10  ft.,  and 
sometimes  as  long  as  18  ft.  The  ten- 
sile strength  of  the  fiber  is  remarkable 
only  when  subjected  to  a  longitudinal 
strain  as,  transversely,  owing  to  its  cel- 
lular formation,  it  is  comparatively  weak. 
It  is,  therefore,  quite  essential  in  manu- 
facturing the  rope  to  exercise  the  great- 
est care  to  secure  the  right  amount  of 
twist,  etc.,  in  both  yarns  and  fibers  so 
as  to  avoid  any  crosswise  strains,  and 
also  to  prevent  as  much  as  possible  the 
wear  and  tear  resulting  from  the  rubbing 
of  one  strand  upon  the  other  while  pass- 
ing over  the  pulleys. 


A  Montreal  syndicate,  it  is  reported, 
has  prepared  plans  for  a  million-horse- 
power hydro-electric  development  near 
Montreal.  It  is  proposed  to  divert  the 
whole  course  of  the  St.  Lawrence  River 
at  Coteau  and  Cedar  Rapids.  The  cost 
of  the  dam  will  be  $25,000,000,  and  the 
syndicate's  capitalization  is  said  to  be 
$100,000,000.  To  pay  dividends  on  this 
enormous  sum  will  require  the  develop- 
ment of  nearly  one-half  million  horse- 
power. 
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/application  of  the  Arithmetical  Mean 


There  are  two  distinct  conceptions  of  the 
rithmetical  mean.  For  example,  when  re- 
erring  to  the  mean  effective  pressure  of 
1  steam  engine,  it  signifies  a  single 
luantity  that  represents  or  replaces  a 
eries  of  varying  values  of  the  steam 
ressure.  The  process  involved  is  theo- 
etically  without  error,  for  if  a  rectangu- 
ar  indicator  diagram  be  constructed  hav- 
ng  the  mean  hight  of  the  actual  one, 
he  area  obtained  from  it  will  equal  the 
rea  of  the  actual  diagram.  What  is 
;one  is  to  replace  for  a  varying  quan- 
ity  a  constant  one  which  produces  ex- 
ctly  the  same  result.  The  process  has, 
if  course,   unlimited   applications. 

On  the  other  hand,  the  problem  may 
leal  with  a  number  of  discordant  re- 
lults  obtained  from  various  measure- 
nents  of  a  single  constant  quantity.  For 
xample,  under  exactly  the  same  condi- 
ions  of  load  and  running,  and  using  the 
ame  care  in  making  measurements,  the 
i'ater  rate  of  a  steam  engine  may  be 
'ariously  determined.  One  is  forced  to 
he  concluil'^n  then,  that  some  accidental 
■rrors  in  measuring  have  occurred  and 
hese  account  for  the  variation  of  the  re- 
;ults.  There  is,  however,  no  reason  for 
jelieving  that  any  one  of  the  results  is 
Tiore  doubtful  than  the  rest.  Under 
:hese  circumstances,  the  most  natural 
:ourse  is  to  take  the  mean  of  the  deter- 
iiinations;  that  is,  to  divide  the  sum  of 
he  results  by  the  number  of  determina- 
:ions,  and  to  consider  this  result  as  the 
Dest  one  obtainable  from  the  data.  This 
s  not  only  the  most  natural  procedure; 
it  is  obviously  correct.  But  if  asked 
ft'hy  it  is  correct,  it  will  be  difficult  to 
Dbtain  a  satisfactory  answer.  To  prove  it 
unaided    will    probably    be    impossible. 

Substantial  causes  for  doubt  of  the 
arithmetical  mean  may  easily  be  found. 
Suppose  calculations  have  been  made  for 
the  same  quantity,  using  a  slide  rule 
from  which  could  be  read  three  sig- 
nificant figures,  these  determinations  and 
their  mean  being  as  follows: 

396 
3-99 
4.CXJ 
398 

4)15-93 
39825 

That  is,  a  result  has  been  obtained 
having  two  more  decimal  places  than  any 
of  the  single  measurements.  But^  as 
stated,  the  limit  of  accuracy  of  the  in- 
strument is  the  second  decimal  place; 
hence,  the  question  arises  as  to  whether 
any  confidence  may  be  placed  in  the 
0.0025  of  the  result.  The  question  can- 
not be  answered  offhand.  It  may  be 
answered,  however,  by  first  calculating 
the  probable  error  of  the  mean. 

Consider  a  case  in  which  the  arithmet- 
ical mean  is  wrongly  applied.     Referring 
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The  arithmetical  mean  as 
applied  to  engineering  obser- 
vations and  some  of  the  errors 
resulting  from  its  indiscrimi- 
nate use. 


the  arithmetical  mean.  Sometimes  it  is 
necessary  to  obtain  the  mean  of  a  large 
number  of  quantities  which  have  been 
arranged  in  groups,  already  averaged, 
such   as  the   following: 


♦Associate  professor  of  espiTimental   engiu- 
eering,    Syracuse    L'niversit.v. 

to  Fig.  1,  suppose  that  the  points  A  and 
B  have  been  measured  from  X  and  that, 
as  a  check,  the  distance  between  A  and 
B  has  been  measured.  The  determina- 
tions are  20  feet,  22  feet  and  3  feet,  as 
shown,  and  therefore  the  results  do  not 
agree.  There  is,  however,  no  reason  for 
doubting  any  one  of  the  measurements 
more  than  the  rest.  Therefore,  it  is  de- 
sirable to  modify  them  so  that  the  most 
accurate  result  will  ensue.  It  seems  ob- 
vious that  the  arithmetical  mean  may  be 
used,  and  one  will  naturally  take  as  the 
determinations  of  the  position  of  A, 
(20  +  22  —  3)   -=-  2  =   19.5  feet 
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The  mistake  referred  to  consists  in  get- 
ting the  total  mean,  thus 

(53  +  54.5)   -H  2  =  53.75 
Clearly  this  is  incorrect,  because 

(265  +  327)  ^  11  =  53.82 
This  mistake  is  caused  by  averaging 
the  averages  of  groups  having  unequal 
numbers  of  the  quantities  averaged.  If 
the  groups  contain  the  same  number  of 
quantities  the  process  is  a  correct  short 
cut. 

Another  very  common  mistake  made  in 
averaging  is  to  include  in  the  quantities 
averaged  one  or  more  of  doubtful  value. 
Consider,  for  example,  four  tensile  tests 
upon  the  same  steel  resulting  as  follows: 


Fig.  1. 

as  the  mean..  Similarly  one  might  take 
for  the  two  locations  of  B,  22  feet  and  20 
feet  plus  3  feet,  in  which  case  the  mean 
is  22.5  feet.  But  by  this  method  of  ad- 
justing the  values  there  is  no  correction 
of  the  distance  A  B,  whicii  is  still  3  feet. 
One  might  adjust  the  data  in  the  same 
way  so  that  there  will  be  no  error  in  the 
measurement  of  X  ^  or  of  X  B.  Which 
set  of  values,  then,  should  be  selected  as 
approximately  correct? 

There  is  only  one  way  of  adjusting 
such  data  and  that  is  by  the  method  of 
least  squares.  The  location  of  A  ob- 
tained by  first  measuring  B  is  indirect 
and  to  such  measurements  the  arithmeti- 
cal mean  does  not  apply.  The  lesson  to  be 
learned  from  this  example  is  that  when 
adjusting  data  to  get  the  most  accurate 
result  the  arithmetical  mean  applies  only 
to  direct  determinations  upon  a  single 
quantity.  This  use.  however,  must  not  be 
confounded  with  the  other  purpose  of  the 
mean,  previously  considered. 

It  might  be  well  here  to  point  out  a 
mistake  that  is  often  made  in  calculating 
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5.50                                 4.00            4.45-             5.00 
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60,000  pounds 
61,000  pounds 
62,000  pounds 
33,000  pounds 

Mean  value  54,000  pounds 
This  result  is  unfair  to  the  material.  It 
would  be  a  natural  inference  that  be- 
cause the  last  specimen  failed  at  so 
much  less  load  than  the  other  three,  it 
was  defective.  If  this  result  is  omitted 
the  mean  will  be  61,000  pounds.  In  gen- 
eral, then,  one  must  examine  and  com- 
pare results  that  are  to  be  adjusted  and 
cast  out  or  modify  those  whose  peculiari- 
ties can  be  accounted  for  by  circum- 
stances not  applying  to  all  of  them.  If 
this  is  not  done  the  arithmetical  mean 
may  have  no  significance  whatever.  A? 
a    rule,    for   adjusting   determinations  il 
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must  be  applied  only  to  those  quantities 
which  are  equally  reliable  and  subject 
to  the  same  accidental  causes  of  error. 
Another  improper  calculation  of  the 
arithmetical  mean  is  due  to  lack  of  con- 
sideration of  the  element  of  time.  Sup- 
pose readings  of  an  ammeter  registering 


Fig.  3. 

a  uniformly  increasing  current  are  taken. 
Fig.  2  represents  the  actual  variation  of 
She  current,  amperes  being  plotted 
against  time,  such  as  would  be  obtained 
from  a  recording  device.  The  actual 
mean  amperage  is  then  the  mean  hight 
of  the  curve,  or  70  amperes.  If  no  re- 
cording device  is  used  and  readings  are 
taken  by  an  observer  at  irregular  inter- 
vals of  time,  such  as  are  indicated,  the 
resulting  mean  would  be 

290  -^  4  =  72.5 
It  is  evident,  therefore,  that  such  obser- 
vations  should   be   made    at   uniform    in- 
tervals of  time. 


that  the  more  determinations  that  are 
made  of  a  desired  quantity,  the  more 
precise  is  the  mean  resulting  from  them. 

There  are  many  cases  where  the  rule 
of  the  mean,  as  used  to  obtain  a  single 
quantity  representing  a  varying  one,  is 
theoretically  wrongly  applied,  yet  the  er- 
ror introduced  into  the  result  is  negligible 
for  practical  purposes.  In  the  use  of 
the  throttling  calorimeter,  for  example, 
the  quantities  from  the  steam  tables  cor- 
responding to  each  set  of  thermometer 
readings  should  be  substituted  in  the 
heat  equation  and  the  resulting  values  of 
the  quality  averaged.  The  common  meth- 
od of  averaging  the  observations  and  ap- 
plying the  heat  equation  only  once  for 
all  of  them  yields  a  somewhat  erroneous 
result.  Generally,  in  such  a  case,  the 
smaller  the  variations  in  the  readings, 
the  less  the  error  involved  in  the  use  of 
the   mean. 

What  has  been  so  far  adduced  goes  to 
show  that  certain  uses  of  the  arithmetical 
mean  lead  to  wrong  results.  There  are 
also  other  cases  wherein  it  is  doubtful 
how  it  should  be  obtained.  In  this  con- 
nection, consider  a  series  of  determina- 
tions made  for  the  quantity  of  water  dis- 
charged as  measured  by  a  venturi  meter. 
This  instrument  gages  the  flow  of  water 
through  a  pipe  by  the  difference  in  level 
of  a  water  or  mercury  column.  The 
formula  is  of  the  form 

O  =  A-  1  1 
Q  being  the  quantity  in  cubic  feet  per 
second;  K,  a  constant  depending  upon 
the  instrument,  and  /;  the  reading  from 
the  U-tube  employed.  This  and  similar 
forms    of   equation    are    used    in    a    vast 


of  a  number  of  quantities  or  the  mean 
of  the  square  roots  of  the  quantities.  To 
determine  which  is  the  better  procedure 
it  is  necessary  to  determine  the  con- 
ditions of  operation.  First,  assume  that 
the  rate  of  flow  is  absolutely  constant. 
The  variation  is  then  due  to  errors  in 
the  records,  either  through  the  imper- 
fect sight  of  the  observer  or  through 
accidents  influencing  the  manometer  ex- 
ternal to  the  rate  of  flow.  Clearly,  then, 
the  readings  should  be  averaged,  be- 
cause by  doing  so  a  more  precise  result 
is  obtained  to  represent  the  quantity  in 
which  there  is  supposed  to  be  error. 

If,  however,  it  is  known  that  a  high 
degree  of  precision  has  been  maintained 
in  the  observations,  and  that  the  rate  of 
flow  fluctuated,  the  rate  at  the  time 
of  each  reading  may  then  be  considered 
to  be  exactly  the  quantity  calculated  from 
that  reading.  In  this  case,  the  rates 
should  be  averaged,  and  not  the  heads. 

Enough  has  now  been  presented  to 
convince  the  reader  that  the  rule  of  the 
arithmetical  mean  may  not  be  applied 
without  careful  consideration  and  that 
serious  error  may  follow  its  indiscriminate 
use. 


Locomotive  Came   to  Grief 

The  extent  to  which  coal  mining  is 
carried  on  long  ago  necessitated  the 
abandonment  of  mules  for  transporting 
purposes  and  the  adoption  of  narrow- 
gage  locomotives  in  their  stead.  In  fact, 
the  progressive  mine  cannot  well  do 
without  them.  Occasionally  these  little 
locomotives     come     to     grief     and     are 


Fig.   1.  Typical  Mine  Locomotive 


Fig.  2.    After  an  Accident 


Again,  assuming  the  amperage  to  vary 
irregularly,  as  shown  in  Fig.  3,  it  Is  pos- 
sible that  simply  by  chance  the  measure- 
ments are  taken  at  points,  such  as  a,  b 
and  c,  the  low  parts  of  the  curve.  The 
mean  resulting  from  these  observations 
is  lower  than  the  true  mean.  If  readings 
had  been  taken  at  d  and  e,  however — 
that  is,  if  the  time  intervals  had  been 
halved — a  more  accurate  result  would 
have   been    obtained.      It    follows,    then. 


number  of  engineering  calculations.  With 
a  number  of  readings  of  h  and  wishing 
to  obtain  a  mean  value  of  Q,  one  may 
get  two  different  results,  depending  upon 
whether  one  first  averages  all  the  values 
of  h  and  substitutes  their  mean  in  the 
equation  or  substitutes  each  value 
of  h  in  the  equation  and  then  cal- 
culate the  mean  of  the  resulting 
values  of  Q.  The  difference  is  that  be- 
tween taking  the  square  root  of  the  mean 


wrecked  as  completely  as  are  the  larger 
ones    on    trunk    lines. 

The  illustration.  Fig.  I,  shows  a  type 
of  these  locomotives  which  can  be  found 
in  almost  any  mining  community.  Fig. 
2  shows  what  is  left  of  an  engine  which, 
due  to  carelessness  or  confusion  on  the 
part  of  the  engineer,  ran  off  the  end  of 
a  culm-pile  track,  wrecking  itself  as 
shown,  and  demolishing  with  other  pipes 
a    14-in.   steam   line. 
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A  Proposed  Basis  for  Coal 
Purchase 

By  John  P.  Coscro 

These  specifications  are  compiled  on 
the  assumption  that  the  available  heat, 
or  what  has  been  called  for  convenience 
"commercial  effect,"  in  a  unit  of  coal 
when  hand  fired  either  in  a  gas  producer 
or  under  a  steam  boiler  is  not  propor- 
tional to  the  total  combustible  content, 
but  is  practically  dependent  for  its  value 
on  the  fixed  carbon  modified  by  the  per- 
centage of  ash  and  moisture. 

The  United  States  government  for 
some  purposes  is  buying  coal  on  a  B.t.u. 
basis  as  determined  by  coal  calorimeter 
tests,  but  as  this  gives  the  accurate  value 
of  coal  only  when  burned  under  ideal 
conditions  it  is  not  an  accurate  meas- 
ure of  its  commercial  value. 

This  statement  is  based  on  the  re- 
sults of  tests  by  eminent  authorities  and 
on  personal  experience,  which  indicates 
that  the  volatile  combustible  matter  in 
coal  burned  under  even  the  best  com- 
mercial conditions  is  so  easily  lost  by 
imperfect  combustion  that  the  fixed  car- 
bon may  be  taken  as  the  principal  use- 
ful element. 

It  is  not  true  that  1  per  cent,  of  mois- 
ture is  as  detrimental  as  1  per  cent,  of 
ash  in  the  coal  under  all  circumstances, 
nor  that  a  reduction  of  one  unit  of  either 
is  equivalent  to  the  addition  of  1  per 
cent,  of  fixed  carbon,  as  these  are  all 
variable  factors;  but  ordinary  practical 
operation  gives  results  closely  approxi- 
mating these  values  and  a  simple  work- 
ing formula  for  comparing  the  com- 
mercial value  of  different  coals  is  ob- 
tained by  such  an  assumption. 

If  the  provisions  of  the  specifications 
are  enforced,  they  will  insure  that  the 
coal  furnished  will  be  of  a  uniform  qual- 
ity, or,  failing  this,  proper  adjustment 
will  be  made.  They  will  also  encourage 
the  dealer  to  maintain  or  enhance  the 
quality  of  the  shipments  by  offering  him 
a  bonus  for  an  increased  percentage  of 
fixed  carbon  or  a  decreased  percentage 
of  ash  and  moisture. 

While  the  gain  to  the  purchaser  will 
be  in  a  slightly  increasing  ratio  to  the 
amount  of  bonus  paid,  the  dealer  will 
not  be  the  loser  thereby.  In  other  words, 
the  dealer  gets  paid  for  exactly  what 
he  furnishes,  while  the  buyer  pays  only 
for  what  he  gets  but  gains  by  having 
less  waste  matter  in  the  coal. 

It  is  not  expected  that  the  proposed 
system  will  meet  with  the  unqualified 
approval  of  the  coal  producer  at  the 
start  as  it  limits  him  rather  closely  at 
a  point  where  he  has  hitherto  been  free 
to  ship  an  inferior  grade  with  no  fear 
of  being  penalized. 

To  coal  companies  which  have  con- 
fidence in  the  superiority  of  their  pro- 
duct and  which  desire  to  trade  on  a 
strictly  business  basis,  this  method   of- 
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fers  many  advantages,  as  the  price  they 
receive  per  ton  is  controlled  by  the 
grade  of  coal  supplied,  limited,  of  course, 
by  the  provisions  of  the  specifications, 
and  it  is  believed  that  once  the  arrange- 
ment is  made  clear  to  any  coal  com- 
pany looking  for  business,  no  difRculty 
will  be  experienced  in  getting  it  into 
line.  The  method  of  putting  this  system 
into  operation  would  be  to  have  a  coal 
company  submit  either  a  standard  sam- 
ple or  a  statement  of  the  fixed  carbon, 
ash,  moisture  and  sulphur  content  of 
the  coal  they  propose  to  furnish  under 
the  terms  of  the  specifications  which 
would  be  made  a  part  of  the  buying 
agreement  together  with  prices,  tonnage 
and  shipping  facilities.  In  some  cases 
where  the  coal  dealers  have  a  monopoly 
it  will  be  necessary  to  use  considerable 
care  in  getting  the  system  into  opera- 
tion, but  a  large  consumer  should  have 
no  great  difficulty  in  effecting  an  agree- 
ment along  the  lines  laid  down.  Where 
competition  is  keen  the  provisions  of  the 
specifications  should  be  rigidly  enforced, 
as  the  conditions  are  entirely  equitable. 

It  may  be  advisable  to  send  a  repre- 
sentative to  visit  any  accessible  coal 
fields  for  the  purpose  of  determining  the 
best  economic  grade  to  be  adopted  as  a 
standard,  get  an  idea  of  the  facilities  of 
the  company  for  furnishing  a  continuous 
supply,  and  possibly  to  establish  work- 
ing relations  on  a  friendly  basis. 

The  matter  of  sampling  will,  of  course, 
require  some  threshing  out  before  a 
working  arrangement  is  agreed  upon,  but 
when  it  is  considered  that  practically  all 
metal  mines  dispose  of  their  product 
along  similar  lines,  no  serious  difficulty 
need  arise. 

The  expense  of  making  the  necessary 
proximate  analyses  will  be  comparatively 
slight,  and  the  sampling  can  be  super- 
vised by  the  engineer  or  some  other 
qualified  person. 

Proposed  Standard  Coal  Specifications 

It  is  the  intention  of  these  specifica- 
tions to  provide  for  the  maintenance, 
within  reasonable  limits,  of  a  uniform 
percentage  of  fixed  carbon,  ash,  moisture 
and  sulphur  in  the  coal  furnished  here- 
under by  (a)  establishing  a  standard 
percentage  in  the  case  of  the  first  three 
constituents  and  paying  a  bonus  for  an 
increased  percentage  of  fixed  carbon  or 
a  decreased  percentage  of  ash  or  mois- 
ture; (b)  by  penalizing  in  the  same 
ratio  a  decreased  percentage  of  fixed 
carbon  or  an  increased  ash  or  moisture 
content;  (c)  by  putting  a  limit  on  the 
maximum  acceptable  percentage  of  sul- 
phur; (d^  by  establishing  a  rejection 
limit  of  10  per  cent,  above  or  below 
standard. 

Standard  Grade 

The  standard  grade  to  be  taken  as  a 
basis  for  settlement  is  to  be  that  quality 
of  coal  forming  the  base  of  the  buying 
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agreement  and  on  which  the  standard 
price  is  fixed,  the  numerical  value  of 
which  will  be  the  "commercial  effect" 
as  defined  in  the  following  paragraph. 

"COiMMERCiAL  Effect" 

It  is  assumed  that  ash  and  moisture 
are  equally  detrimental  in  the  fuel  and 
that  a  reduction  of  1  per  cent,  of  either 
constituent  is  equivalent  to  an  increase 
of  1  per  cent,  of  fixed  carbon;  therefore 
what  will  be  termed  for  convenience 
"commercial  effect"  in  a  shipment  of  coal 
will  be  determined  by  subtracting  the 
sum  of  the  ash  and  moisture  in  per- 
centage from  the  percentage  of  fixed 
carbon  in  the  coal.  Thus: 
Commercial  effect  =  per  cent,  fixed  car- 
bon —    (per  cent,  ash  +  per  cent. 

moisture) 
For  instance,  assume  the  buying  agree- 
ment to  be  based  on  a  coal  of  the   fol- 
lowing composition: 

Per  Cent. 

Fixed  carbon 60 

.\sh 12 

Moisture 5 

Then 

12  +  5.=  17 
and 

60  —  17  =  43  commercial  effect 
which,  in  this  case,  is  also  the  unit  of 
standard   grade   or  standard   commercial 
effect,  as  the  buying  agreement  was  pre- 
dicated on  coal  of  this  quality. 

Settlement 

As  the  conditions  under  which  this 
coal  is  to  be  used  favor  a  high  per- 
centage of  fixed  carbon  and  a  low  ash 
and  moisture  content,  a  pro  rata  settle- 
ment will  be  made  on  each  car  lot,  pro- 
viding a  bonus  or  a  penalty  accordingly 
as  the  commercial  effect  of  the  ship- 
ment compares  with  the  standard  com- 
mercial effect.  Thus  assuming  the  buy- 
ing agreement  to  be  based  on  coal  of  43 
per  cent,  commercial  effect  at  35  per  ton 
and  that  shipments  showed  the  follow- 
ing composition: 

Per  Cent. 

Fixed  carbon 62 

Ash 11 

Moisture 3 

Ash  -\-  moisture  =  11  -f  3  =  14 

62  —  14  =  48  =  commercial  effect 

Then  the  settlement  basis  equals 

~  X  5  =  $5.58  per  ton 
43 

Again  assuming  the  same  standard 
grade  and  price,  the  shipment  shows 
composition  as  follows: 

Per  Cent. 

Fixed  carbon 58 

.\sh 14 

Moisture 4 

Ash  +  moisture  =  14  +  4  =  18 
58  —  18  =  40  =  commercial  effect 
Then  the  settlement  basis  equa'<" 

—  X  5  =  $4-65  per  ion 
43 
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Sampling 

Each  car  of  coal  shall  be  sampled 
separately  and  an  individual  settlement 
made  thereon;  a  sample  of  approximate- 
ly 100  lb.  per  car  will  be  taken  during 
unloading,  care  being  taken  to  secure 
pieces  representing  the  average  quality 
of  the  shipment.  This  sample  will  be 
broken  and  divided  to  about  10-lb.  pieces 
which  will  be  reduced  to  40  mesh  for 
proximate  analysis  on  the  results  of 
which  the  commercial  effect  will  be  cal- 
culated by  the  above  method  and  settle- 
ment will  be  made  in  accordance  there- 
with. 

The  process  of  sampling  and  analysis 
shall  at  all  times  be  open  to  representa- 
tives of  the  coal  dealer  and  of  the  buyer, 
and  each  party  shall  receive  a  sufficient 
sample  for  check  analysis  and  a  further 


to  the  purchasing  agent  a  proximate 
analysis  of  the  grades  they  are  prepared 
to  furnish,  together  with  the  maximum 
and  minimum  tonnage  they  agree  to 
supply  under  the  terms  stated  herein, 
also  to  describe  in  detail  any  suggested 
departure  whatsoever  from  these  speci- 
fications, together  with  their  reasons 
therefor. 


Electric   Traction   in    London 

An  idea  of  the  growth  of  electric  trac- 
tion in  London  may  be  gained  from  the 
following  account  of  the  work  of  the 
London  county  council.  This  council 
was  constituted  under  the  local  govern- 
ment act  of  1888,  its  administrative  area 
being  over  120  sq.m.,  and  one  of  its 
most  important  committees,  the  highway 
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sample  shall  be  placed  in  a  sealed, 
stoppered  jar  for  future  reference  until 
the  settlement  is  made. 

Rejection   Limit 

The  constituents  of  fixed  carbon,  ash 
and  moisture  shall  not  vary  to  exceed 
10  per  cent,  above  or  below  the  stand- 
ard grade  in  any  car  lot  and  a  variation 
in  excess  of  this  amount  shall  be  con- 
sidered just  and  sufficient  cause  for  the 
rejection  of  shipments  at  the  purchaser's 
option  and  the  coal  company  shall  reim- 
burse the  purchaser  for  freight  paid  on 
any  shipment  rejected  under  this  clause. 

An  excess  of  1.5  per  cent,  of  sulphur 
will  also  be  considered  sufficient  cause 
for  rejection  of  any  shipment  subject 
to  the  same  conditions  as  above. 

Proposals 

Parties  bidding  on  coal  under  these 
specifications   are   requested   to    forward 


committee,  has  supervision  over  the  tram- 
way system. 

The  London  County  Council  Tramways 
consists  of  what  was  formerly  a  number 
of  independent  tramway  undertakings 
operating  within  the  county  of  London, 
together  with  certain  new  lines  subse- 
quently built  by  the  council.  Each  of 
these  companies  owned  from  4  to  50 
miles  of  line,  but  gradually  the  council 
has  taken  over  by  purchase  all  the  tram- 
way companies  within  its  area.  The  first 
transfer  took  place  in  1895  and  the  last 
in    1909. 

At  the  end  of  March,  1910,  the  system 
extended  over  135!-2  miles  of  street,  of 
which  n5'/<  miles  were  electric  lines. 
The  remaining  20  miles  were  at  that 
time  still  worked  by  horse  traction,  but 
the  latter  have  now  practically  all  been 
converted   to  electricity. 

The  accompanying  table  indicates  the 
progress  which  has  been  made  with  the 


work  of  electrification.  In  some  years 
it  will  be  observed  that  while  the  amount 
of  electrified  lines  increased,  the  length 
of  horse  lines  also  increased.  This  is 
accounted  for  by  the  acquisition  by  the 
council  of  other  tramway  undertakings. 
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Total 

Street  Street  Street 

miles  miles  miles 

March    31,    1904          19 14  69%  88% 

March    31.    1905          26%  68%  95% 

March    31,    1906          30%  73%  104 

March    31.    1907          58%  571/8  116% 

March    31,    1908          68%  51%  120% 

March    31.    1909           84%  54 '/g  129 1/2 

March    31,    1910        115 1/2  20  135 1/2 

The  total  capital  outlay  of  the  London 
County  Council  Tramways  amounted  on 
Mar.  31,    1911,  to   about  $50,000,000. 

Generating  Station 
The  electric-generating  station  for  the 
whole  tramway  system  of  London  is  situ- 
ated at  Greenwich,  close  to  the  River 
Thames.  It  was  erected  in  two  sections, 
and  the  site  covers  an  area  of  approxi- 
mately 334  acres.  The  plant  contains  four 
vertical  reciprocating  engines  coupled  to 
three-phase  generators,  of  3000  kw.  capa- 
city each,  and  four  three-phase  turbo- 
generators each  of  5000  kw.  capacity. 
Two  of  the  latter  have  only  recently  been 
installed.  They  were  manufactured  by 
the  British  Westinghouse  Electric  &  Man- 
ufacturing Co.  and  are  shown  in  the  ac- 
companying photograph. 

The  normal  capacity  of  the  Greenwich 
generating  station  is  34,000  kw.  The 
current  is  generated  at  a  pressure  of 
6600  volts  and  is  conveyed  to  various 
substations  over  the  tramway  area.  The 
substations  are  provided  with  motor-gen- 
erators and  rotary  converters  having  a 
total  capacity  of  45,750  kw.  transforming 
the  current  from  alternating  to  direct  at 
from  550  to  600  volts. 


Paraffin  Motor  Driven 
Launch 

A  motor  launch  has  recently  been  built 
to  the  design  of  John  I.  Thornycroft  & 
Co.,  London,  for  use  in  Australian  waters, 
especially  designed  for  both  pleasure 
cruising  and  carrying  bales  of  wool. 
Hatches  are  fitted  over  the  stern  tubes 
and  propellers  to  facilitate  inspection, 
and  are  made  large  enough  to  admit 
34-in.  bales  in  case  of  emergency. 

Her  length  is  60  ft.,  with  a  10-ft.  beam 
and  a  draft  not  exceeding  18  in.  She 
is  equipped  with  two  sets  of  Thorny- 
croft six-cylinder  4;4x6-in.  paraffin 
motors,  developing  45  brake  horsepower, 
and  has  a  speed  of  13  miles  per  hour. 
The  main  fuel  tanks  are  of  60  gal.  capa- 
city. A  large  dynamo  set  driven  from 
the  main  engines  furnishes  current  for 
a  powerful  searchlight,  the  ventilating 
fans  and  general  illumination. 
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Electrical     Department 

Conducted  to  be  of  service  to  the  men  in  charge  of  electrical  equipment  in  the  power  house 


Hydro-Electric   Irrigation 

Projert 

By   H.   B.   McDermid 

In  the  southeastern  part  of  Idaho,  lying 
on  both  sides  of  the  Snake  River,  is 
the  Minidoka  project  of  the  United  States 
Reclamation  Service.  There  are  now  un- 
der the  ditches  about  120,000  acres  of 
land,  served  by  several  hundred  miles 
of  irrigation  canals,  operating  for  the 
most  part  under  the  gravity  system. 
There  is,  however,  a  considerable  acre- 
age in  that  locality  to  which  water  can  be 
brought  only  by  a  pumping  system, 
about  50,000  acres  now  being  sitpplied 
by  three  pumping  stations  operating  in 
series.  Each  of  these  has  a  lift  of  31 
ft.,  the  first  taking  its  water  from  the 
main  south-side  gravity  canal,  at  a  point 
some  15  miles  from  the  dam;  the  second, 
taking  its  suction  from  the  discharge 
canal  of  the  first  station  and  at  a  point 
about  a  mile  from  the  latter  and  de- 
livering to  the  third  level;  half  a  mile 
further  on,  the  third  station  takes  its 
suction  and  raises  another  portion  to  the 
fourth  and  final  level  of  the  development 
as   at    present   completed. 

The  power  for  these  stations  is  fur- 
nished by  the  generating  plant  at  the 
dam,  some  15  miles  to  the  northeast, 
from  which  it  is  transmitted  at  33,000 
volts.  The  capacity  of  the  hydro-electric 
installation  is  10,000  hp.,  practically  all 
of  which  is  utilized  by  the  pumping  sta- 
tions mentioned. 

Hydraulic  Features 

The  dam,  which  serves  both  to  divert 
the  water  for  the  two  main  gravity 
canals,  one  on  each  side  of  the  river,  and 
to  furnish  power  for  the  pumping  plants 
and  the  towns  within  the  project  area, 
is  six  miles  southwest  of  the  village  of 
Minidoka  on  the  Oregon  Short  Line,  this 
station  being  the  nearest  shipping  point. 

The  out-cropping  lava-rock  ledges,  so 
prevalent  in  this  locality,  have  been  taken 
advantage  of  by  the  engineers  in  building 
the  dam,  and  particularly  the  spillway 
shown  in  Fig.  1.  A  sinuous  ledge  of 
rock  stretching  across  the  valley  has  been 
utilized  to  form  a  portion  of  the  retain- 
ing walls,  thus  affording  a  bed-rock  foun- 
dation for  all  concrete  work  and  effect- 
ing a  considerable  saving  in  the  amount 
of  concrete  used  over  that  which  would 
have  been  necessary  had  the  dam  and 
spillway  been  built  straight  across  the 
deeper  portions  of  the  valley. 


In  choosing  the  power-house  equip- 
ment, several  points  had  to  be  carefully 
considered.  First  of  these  was  the  nor- 
mal efficiency  of  the  turbines  chosen 
at  the  head  of  46  ft.  Since  the  begin- 
ning of  the  official  gaging  of  the  river, 
it  has  been  known  to  have  a  minimum 
flow  less  than  ithat  required  for  tiie 
present  development,  and  not  only  must 
the  government  adopt  all  means  to  pro- 
tect the  water  rights  of  the  settlers  it 
has  induced  to  take  up  land  there,  but  the 
prior  rights  of  other  irrigation  projects 
farther  down  the  river  must  also  be  sup- 
plied. Except  for  a  short  period  in  the 
summer  season,  this  has  so  far  been  com- 
pletely taken  care  of  by  ample  pondage 


the  service  at  all  times  without  interrup- 
tion. 

A  careful  study  of  these  conditions  re- 
sulted in  the  adoption  of  the  vertical  type 
of  unit,  the  snail-shell  type  of  hydraulic 
turbine,  with  sheet-steel  casings,  be- 
cause of  the  high  efficiencies  obtainable 
under  the  moderate  head  conditions  and 
the  durability  of  the  material,  and,  third, 
the  installation  of  sufficient  spare  appar- 
atus to  enable  continuous  operation 
through  a  period  of  interruption. 

The  apparatus  consists  of  five  main 
units  arranged  as  shown  in  Fig.  2,  each 
unit  being  capable  of  developing  2000 
hp.  under  normal  conditions,  and  having 
an  independent  transformer.     Each  unit 


Fic.  1.  Portion  of  2600-ft.  Spillway 


resources  and  the  supply  for  the  past 
seven  years  has  been  more  than  suffi- 
cient. This  positive  requirement  is  of 
advantage  at  the  Minidoka  dam  as  it 
insures  a  minimum  amount  of  water 
available  for  power  purposes  of  approxi- 
mately 3000  cu.ft.  per  second  as  long  as 
the  natural  flow  of  the  river  reaches  that 
amount.  Second,  machinery  had  to  be 
selected  which  would  occupy  the  least 
floor  space,  as  the  space  available  was 
fixed  by  the  penstock  openings  in  the 
dam  and  horizontal  units  would  have 
required  a  much  wider  building.  This 
would  have  greatly  increased  the  cost 
because  the  power  house  is  situated  in 
the  middle  of  a  large  arid  region  sev- 
eral miles  from  the  nearest  railroad, 
with  no  dependable  supply  of  labor 
available  and  with  excessive  cartage 
costs.  A  third  factor  governing  the  choice 
was  that  of  the  reliability  of  the  ap- 
paratus, it  being   necessary  to  keep   up 


also  has  its  own  governor  so  as  to  se- 
cure accurate  and  separate  control.  Two 
duplicate  exciter  units,  each  sufficient 
to  furnish  excitation  for  the  whole  sys- 
tem, are  installed. 

The  turbines  driving  the  main  units' 
are  fed  by  10-ft.  penstocks  leading 
through  the  vertical  wall  of  the  dam, 
which  forms  one  side  of  the  power  house. 
These  penstocks  are  furnished  with 
large  motor-operated  gate  valves  of  the 
single-seat  type,  which  are  controlled 
from  the  main  operating  floor,  directly 
in  front  of  the  unit  whose  penstock  is 
controlled  thereby.  During  the  opera- 
tion of  opening  a  main  gate,  a  small 
filler  gate  acting  as  a  sort  of  pilot  valve 
is  also  opened  and  the  turbine  and  its 
penstock  are  filled,  thus  equalizing  the 
pressures  on  each  side  of  the  main  gate 
so  that  it  can  be  raised  more  easily. 

When  the  filler  gates  reach  their  full 
open  position,  they  engage  with  a  heavy 
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boss  on  the  main  gate  and  at  the  same 
time  automatically  throw  out  a  limit 
switch,  stopping  the  hoisting  motor.  The 
first  three  notches  of  the  controller  are 
so  wired  as  to  bridge  over  this  first  limit 
switch  so  that  when  a  "telltale"  pipe 
shows  that  the  turbine  case  is  filled,  the 
operator  may  again  start  his  motor.  This 
again  raises  the  valve  stems,  which,  as 


The  arrangement  of  the  draft  tubes  is 
worthy  of  notice.  In  building  the  dam- 
large  sluice  gates  to  take  care  of  the 
overflow  were  installed  in  each  main' bay 
directly  back  of  the  draft  tubes.  As  there 
might  be  serious  risk  of  injury  to  the 
draft  tubes  if  a  sluice  gate  were  opened 
while  they  were  in  place,  an  overhead 
trolley  is  arranged  over  each  of  the  10,- 


ing  sufficient  capacity  to  supply  the  whole 
station,  while  a  second  pumping  unit 
is  held  in  reserve. 

Both  these  pumps  are  of  the  cycloidal 
type,  their  working  parts  being  limited 
to  two  gears  running  together  in  a  casing 
with  the  minimum  possible  working  clear- 
ance. The  oil  is  drawn  up  from  the  suc- 
tion openings  into  the  spaces  between 
the  teeth  of  the  gears,  and  is  there  held 
by  the  closely  fitting  casing  until  it 
emerges  into  the  discharge  opening  where 


Stem  Opercrf-in^ 
Both  Main  and 

Filler  Ocrf-es  "'■ 


Fig.  2.  Main  Generator  Room  and  Switch    Gallery 


they  now  solidly  engage  with  the  main 
gate,  raise  the  latter  to  its  full  open  po- 
sition, when  a  second  limit  switch  is 
automatically  thrown,  thus  cutting  off  all 
current  and  making  overrunning  impos- 
sible. 

On  lowering  the  gate  the  main  gate 
closes  by  gravity,  after  which  the  filler 
gates  close  as  the  stems  proceed  on  their 
downward  travel.  A  glance  at  the  sketch 
(Fig.  3)  should  make  the  design  of  the 
two  gates  clear;  the  whole  apparatus  be- 
ing so  designed  and  installed  as  to  auto- 
matically eliminate  danger  from  careless 
operating.  As  a  further  precaution,  a 
suitable  weight-and-pulley  device  con- 
nected to  the  gate  and  having  its  grad- 
uated scale  directly  in  front  of  the  op- 
erator is  installed,  thus  permitting  him 
to  see  at  a  glance  the  position  of  the 
main  gate  at  any  time. 

The  turbines  are  of  the  Francis  type, 
with  52'.  J -in.  runners,  controlled  by 
wicket  gates.  They  are  guaranteed  to 
operate  under  a  normal  head  of  46  ft. 
with  a  maximum  efficiency  of  81.5  per 
cent.;  to  maintain  an  average  efficiency 
of  77  per  cent,  from  half  to  full  gate 
openings,  and  to  deliver  2000  b.hp.  at 
the  stated  head.  In  practice,  however, 
they  are  capable  of  delivering  2060  b.hp. 
and  the  efficiency  guarantee  has  also 
been  exceeded. 

The  sheet-steel  casings  are  heavily 
stayed  throughout  and  are  rigidly  sup- 
ported on  heavy  concrete  foundations 
which  permit  them  to  operate  with  mini- 
mum jar  and  vibration  when  running  at 
their  normal  speed  of  200  r.p.m. 


000-lb.  steel  draft  tubes  (see  Fig.  4),  so 
that  they  may  be  detached  and  run  out 
of  the  bay  and  under  swinging  wall  cranes 
mounted  on  the  down-stream  wall  of  the 
power  house,  thus  being  raised  up  and 
swung  around,  entirely  free  from  all 
danger  of  injury  when  the  sluice  gates 
are  opened. 


lb  Pensfock  ^ 

Filler  6orfe  Fbrt--'      p*" 


Fig.  3.  Showing  Design  of  Main  and 
Filler  Gates 

it  is  prevented  from  escaping  by  the 
meshing  of  the  teeth.  A  glance  at  Fig. 
7  will  make  this  design  clear. 

From  the  pumps,  whose  absence  of 
valves  or  other  small  parts  renders  them 
almost  immune  from  operating  troubles, 
the  oil  is  led  to  a  pressure  tank  of  about 
four  barrels   capacity,   capable   of  with- 
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n-stream  Side  of  Power  House,  Showing  Draft  Tube  Removed 


Regulation 
Each  unit  is  regulated  by  an  oil-pres- 
sure governor  the  operating  cylinder  of 
which  is  coupled  to  the  wicket  gates  of 
the  turbine  by  rigidly  connected  links 
and  levers.  (See  Figs.  5  and  6.)  The 
regulating  cylinders  are  supplied  with 
a  medium-weight  engine  lubricating  oil 
at  175  lb.  pressure  by  a  gear  pump  hav- 


standing  a  working  pressure  of  250  lb. 
per  square  inch.  Normally,  the  upper 
half  of  this  tank  is  filled  with  air 
which  serves  as  a  reservoir  of  energy, 
by  which  means  the  flow  of  oil  may 
be  rapidly  accelerated  to  any  point 
in  the  line  should  sudden  demands 
be  made  upon  the  system.  Since  the  oil 
pumps  are  of  the  constant-capacity  type, 
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a  relief  valve  is  placed  upon  the  pres- 
sure tank  which  opens  at  any  predeter- 
mined pressure  and  automatically  dis- 
charges any  excess  oil  to  the  large  ex- 


the  current  from  2300  to  33,000  volts.  It 
is  then  conveyed  by  duplicate  sets  of 
busbars  to  the  remote-controlled  oil 
switches.     These   switches   on   the   high- 


The  exciter  units  are  driven  by  180- 
hp.  turbines  of  the  same  general  type  as 
the  main  units,  and  are  furnished  in 
duplicate  throughout. 


Fig.  5.  Showing  Method  of  Control  on  Main  Units 


Fig.  6.  Governors  .\nd  Oil  Pumps 


haust  header,  conveying  all  oil  exhausted 
from  either  the  governors  or  the  pumps 
to  the  storage  tank  in  the  basement.  After 
it  has  been  strained  and  cooled,  the  pump 
suctions  take  their  supply.  In  normal 
operation,  the  oil  from  the  pressure  tanks 
flows  into  a  long  pressure  header  running 
the  whole  length  of  the  five  units,  from 
which  risers  are  taken  off  to  supply  each 
governor,  the  exhaust  from  which  is  con- 
veyed through  a  similar  header  to  the 
storage  tank  in  the  same  manner  as  the 
exhaust  from  the  relief  valves. 
Electrical  Equipment 
The  main  generators  are  of  the  mush- 
room type,  furnishing  60-cycle,  three- 
phase  currents  at  2300  volts.  Their  nor- 
mal rated  capacity  is  1400  kv.-a.  at  a 
speed  of  200  r.p.m.  with  a  guaranteed 
efficiency  at  full  load  of  96  per  cent. 
Each  is  direct  connected  to  its  turbine  by 
a  clamp  coupling  and  carries  upon  its 
frame  at  the  top  of  the  shaft  the  thrust 
bearing  which  supports  the  21  tons  of 
revolving  parts.  This  is  a  plain  collar 
bearing  running  in  a  simple  water-cooled 


tension  circuits  furnish  the  means  for 
synchronizing  the  main  units,  there  being 
no  switches  provided  on  the  low-tension 


Discharge 


Fic.  7.  Section  through  Gear  Pump 

side  of  the  transformers.  From  these 
switches  the  current  may  be  delivered 
from   either   set   of  busbars   to   either  of 


Lurbication  System 

A  storage  tank,  situated  near  the  up- 
per entrance  of  the  power  house,  well 
above  the  bearings  to  be  oiled,  contains 
a  supply  of  oil  which  is  led  to  the  dif- 
ferent units  in  brass  pipes,  and  after 
running  through  the  bearings  is  collected 
by  centrifugal  oil  throwers  which  dis- 
charge into  circular  catch  basins  sur- 
rounding the  shafts  of  the  main  units. 
From  these,  drain  pipes  convey  the  oil  to 
a  filter,  where  it  is  again  pumped  to  the 
overhead  storage  tank  by  a  small  motor- 
driven  cycloidal  pump.  This  motor  is 
stopped  and  started  by  a  float-operated 
switch,  and  the  entire  apparatus  demands 
but  little  attention.  A  single  stop-cock, 
to  be  opened  or  closed  as  the  machine  is 
started  or  stopped,  controls  the  lubrica- 
tion of  the  main  steady  bearings  of  its 
unit,  except  the  turbine  steady  bearing 
which  is  fed  by  grease  cups. 

The  turbines,  thrust  bearings  on  top 
of  the  generators,  air-blast  transformers 
and    centrifugal    pumps    were    furnished 


Fig.  8.  Remote  Control  Switchboard 


Fig.  9.  High-tension  Switches 


oil  bath,  which  operates  without  atten- 
tion. 

The  transformers,  which  are  located 
in  the  gallery,  are  air-cooled  and  are 
each  rated  at  1400  kv.-a.    These  step  up 


two  transmission  lines,  each  provided 
with  a  set  of  electrolytic  lightning  ar- 
resters. The  remote-control  switchboard 
is  shown  in  Fig.  8,  and  Fig.  9  shows  the 
disconnecting  and  oil  switches. 


by  the  Allis-Chalmers  Co.,  the  generators, 
motors  and  other  electrical  apparatus  by 
the  Westinghouse  Electric  &  Manufac- 
turing Co.,  and  the  head  gates  by  the  S. 
Morgan  Smith  Co. 
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Gas   Power   Department 

Worth-while  gas-engine  and  producer  information  treated  in  a  way  that  can  be  of  practical  use 


The  Foos  Ignition  System 

The  Foos  Gas  Engine  Co.  has  aban- 
doned the  use  of  batteries  and  other  in- 
dependent sources  of  ignition  current, 
and  placed  its  entire  dependence  on  a 
magneto  which  is  attached  permanently 
to  the  engine  frame  as  shown  in  the 
accompanying  picture.  Fig.  1.  The  mag- 
neto is  practically  an  integral  part  of  the 
engine — just  as  much  so  as  the  governor, 
lubricator  or  other  devices  which  though 
not  component  parts  of  the  power-de- 
veloping structure  are  indispensable  to 
its  operation  and  may  be  regarded  as 
"integral"  auxiliaries. 

As  the  illustration  indicates,  the  mag- 
neto is  gear-driven  from  the  half-time 
gear  of  the  valve-mechanism  shaft.  It 
is  made  unusually  powerful  in  order  to 
enable  it  to  give  sufficient  voltage  to  form 
a  good  ignition  spark  at  the  slow  speed 
obtained  in  turning  the  engine  over  for 
starting  up.  The  field  magnet  is  made 
up  of  six  permanent  magnets,  each  ftx 
1 '  J  in.  in  cross-section,  and  the  armature 
core  is  laminated,  like  that  of  a  high- 
grade  electric  motor  or  generator.     The 


electrode  being  given  a  continuous  rotary 
motion  instead  of  the  usual  oscillating 
movement.  Fig.  2  illustrates  the  con- 
struction; the  spindle  of  the  rotating 
electrode  carries  a  contact  blade  set 
so  that  its  contact  edge  is  eccentric  with 
respect  to  the  axis  of  the  spindle,  and 
as  the  latter  revolves,  the  blade  wipes 
the  tip  of  a  fiat  spring  which  cisn- 
stitutes  the  other  electrode  of  the  igniter. 
This  arrangement  has  two  obvious  fea- 
tures of  merit:  the  wiping  contact  keeps 
the  electrodes  free  from  deposits  of  car- 
bon or  other  objectionable  material  and 
the  release  of  the  spring  by  the  travel 
of  the  stud  causes  the  former  to  open 
the  circuit  with  a  sudden  snap  conducive 
to  maximum  vigor  in  the  resulting  spark. 


Explosive  Pressures  in  Gas 

Engines 

By  G.  W.  Munro 

The  reports  of  the  increasing  number 
of  gasoline-engine  explosions  lead  to 
the  belief  that  the  designers  of  this 
class  of  machinery  are  not  familiar  with 


was  taken  with  a  Crosby  gas-engine  in- 
dicator, equipped  with  a  280-lb.  spring, 
the  drum  being  driven  by  a  descending 
weight,  which  closed  the  electric  circuit 


Pressure-time  Diagram  of  Explosion 

and  fired  the  charge  at  the  proper  time. 
The  spring  subsequently  tested  showed 
'substantial  accuracy.  The  ratio  of  the 
mixture  was  1  of  gasoline  to  S'.i  of  air 
by  weight,  the  initial  pressure  being  68 
lb.  above  atmosphere  and  initial  tem- 
perature 129  deg.  F. 

The  final  pressure  as  measured  on  the 
original  diagram  is  645  lb.  above  atmos- 


FiG.  1.  Mounting  of  Fqds  Magneto 


Fig.  2.  The   Igniter 


machine  delivers  alternating  current  and 
is  so  synchronized  with  the  engine 
through  the  gearing  that  the  voltage 
peaks  occur  at  the  proper  instants  for 
ignition.  No  contact  breaker  is  used, 
and  the  current  is  delivered  through 
brushes  bearing  on  smooth  steel  col- 
lector rings. 

The  igniter  is  of  the  make-and-break 
class    with    wiper   contacts,    the   moving 


the  pressures  which  may  be  developed 
by  the  explosive  combustion  of  gasoline 
and  air  under  favorable  conditions,  and 
consequently  are  making  engines  too 
light  to  withstand  the  pressures  some- 
times  found. 

The  accompanying  illustration  shows 
a  pressure-time  diagram  of  an  explosion 
of  gasoline  and  air  mixture  under  con- 
stant-volume   conditions.      The    diagram 


phere,  an  increase  of  577  lb.  during  ths 
fifteenth  of  a  second  the  combustion 
lasted.  Should  this  occur  in  a  gas- 
engine  cylinder  6'j  in.  in  diameter,  a 
total  pressure  of  over  21,000  lb.  on  the 
piston  might  result  in  the  wrecking  of 
a  light  or  poorly  constructed  engine. 

That  the  accompanying  diagram  is  rep- 
resentative rather  than  abnormal  's 
shown  by  the  fact  that  three  other  dia- 


364 


POWER 


March   12,  I9i: 


grams  gave  pressure  rises  of  over  500 
lb.,  eight  diagrams  rises  of  475  to  500  lb., 
and  nearly  all  mi.xtures  tried  of  what- 
ever ratio  gave  pressure  increases  well 
above  400  lb.  That  such  results  are 
not  shown  by  the  ordinary  gas-engine  in- 
dicator diagram  is  probably  due  to  the 
fact  that  in  the  process  of  compression 
in  a  gas  engine  the  temperature  becomes 
much  higher  than  in  the  experimental 
work,  where  the  iron  cylinder  containing 
the  mixture  was  heated  by  a  torch.  This 
results  in  a  smaller  concentration  of  the 
charge  and  correspondingly  lower  pres- 
sures in  the  engine  cylinder. 

Nevertheless,  the  greater  concentra- 
tion may  sometimes  be  attained  in  prac- 
tice, particularly  with  the  engine  cold. 


LETTERS 

An  Automatic  Engine  Stop 

The  accompanying  sketch  represents 
an  automatic  circuit-breaker  I  had  oc- 
casion to  rig  up  on  a  gas  engine  driving 
a  deep-well  pump  that  was  not  fitted 
with  a  bypass  on  the  discharge  line. 
There  were  times  when  the  engine  would 
be  forgotten  and  the  pressure  would  run 
up  dangerously  high,  and  the  pump  was 
so  placed  that  it  was  almost  impossible 
to  install  a  bypass.  Although  the  circuit- 
breaker  may  be  an  old  idea,  it  serves 
the  purpose;  the  pressure  limit  never 
varies  a  pound. 

I  dismantled  an  old  pressure  gage  and 
attached  the  tube  B  to  the  side  outlet  of 
a  tee  in  the  pipe  leading  to  the  tank 
pressure  gage;  then  pinned  the  head  end 


Pressure  Tortk 


that  the  screw  C  and  disk  fl  control  the 
circuit  to  one  terminal  of  the  solenoid 
winding  and  the  blade  /  and  clips  K 
control  the  circuit  to  the  igniter  and  the 
other  solenoid  terminal.  Normally,  the 
disk  D  is  not  in  contact  with  the  screw 
C,  but  the  blade  ]  is  between  the  clips  K, 
being  set  there  by  hand.  The  terminal  / 
is  connected  to  the  insulated  electrode  of 
the  igniter  and  the  terminal  G  to  the  un- 
insulated electrode  in  order  to  prevent  a 
short-circuit  through  the  path  between 
the  pressure  tank  and  the  engine  frame. 
When  the  pressure  rises  to  a  set  point, 
the  bourdon  tube  draws  the  contact  disk 
against  the  screw  C,  closing  the  battery 
circuit  to  the  solenoid,  which  pulls  the 
blade  /  out  of  the  clips,  opening  the 
fgnition  circuit  and  the  circuit  to  the 
solenoid  winding  at  the  same  time.  The 
reason  for  having  the  solenoid  circuit 
broken  at  the  same  time  is  that  the  con- 
tact points  C  and  D  do  not  open  until 
some  time  after  the  pump  stops,  and 
there  would  be  a  useless  drain  on  the 
battery  during  that  period. 

N.    E.    WOOLMAN. 

Danbury.  Iowa. 


Repairing  and  Improving 
Exhaust  Valve  Stems 

When  I  took  charge  of  the  plant  here, 
the  exhaust-valve  stems  of  our  vertical 
producer-gas  engines  were  badly  worn 
where  they  pass  through  the  packing 
glands,  and  they  were  also  loose  in  the 
guide  bushings,  making  considerable 
racket  when  opening  and  closing.  To 
correct   these    conditions    I     made    new 


Pressure  6age 


Diagram  of  Connections  to  Circuit-breaker 


of  a  screw  to  the  toe  of  the  tube  and 
mounted  on  the  other  end  of  the  screw  a 
contact  disk  D,  backed  up  by  a  locknut  A^. 
Then  I  mounted  a  fiber  block  F  on  the 
pipe  connection  at  the  base  of  the  bourdon 
tube  to  provide  a  support  for  the  sta- 
tionary contact  C,  which  consists  of  a 
screw  set  in  the  fiber  and  a  nut  to  jam 
the  screw  where  it  is  set  and  to  hold 
the  end  of  a  wire  leading  to  a  cutout 
solenoid.  The  screw  carrying  the  disk  D 
passes  through  a  hole  in  the  fiber  with 
ample  clearance.  On  the  end  of  the 
solenoid  plunger  I  mounted  a  contact 
blade  /,  fitted  to  enter  the  spring  clips  K, 
which  are  insulated  from  each  other. 
Following    the   connections    will    show 


valve  stems  of  steel  tubing  of  the  same 
inside  and  outside  diameter  as  the  old 
stems,  threading  the  ends  of  the  new 
stems  to  fit  the  holes  in  the  old  heads 
and  securing  the  union  by  means  of  s 
jam  nut  and  a  pin,  as  shown  in  the 
drawing.  In  the  lower  end  of  each  valve 
stem  I  cut  an  internal  thread  to  receive 
an  extension  piece  in  which  a  copper 
water  tube  is  fastened  and  to  which  the 
water  connections  are  made;  this  exten- 
sion piece  is  shown  alongside  the  valve 
stem.  Then  I  cut  a  groove,  G,  near  the 
end  of  the  stem  to  take  a  split  collar  for 
taking  the  thrust  of  the  valve  spring. 
This  gave  me  new  valves  at  considerably 
less  cost  than   buying   them. 


Now,  when  a  stem  becomes  worn  from 
the  action  of  the  sulphur  in  the  gas  and 
bad  water,  I  take  off  the  extension  piece 
of  the  stem,  turn  the  stem  from  the  jam 
nut  down  to  the  end  and  drive  on  a 
piece  of  thin,  hard  steel  tubing  of  the 
right  length,  as  indicated  in  the  drawing, 
which  makes  the  stem  of  the  same  diam- 
eter as  before;  then  I  cut  through  to  the 
split-collar  groove,  in  the  stem,  put  back 
the  extension  water-connection  piece,  and 
I  have  a  good  stem  again.  When  the 
tubing  becomes  worn,  I  split  it  off  and 
drive  on  another  piece,  and  while  I  have 
the  valve  in  the  lathe  I  usually  reface 
the  disk  true  with  the  stem. 

Another  practice  I  have  adopted  to 
lengthen  the  life  of  the  stems  is  to  make 


,-> 

Copper  Wafer 

Tube  to  Head 

of  Valve 


Valve  Sfem  S 

wear(Exaggerafed)      £ 


,-z  Wall  Steel  Tubing 
,  Driven.on  over  the 
Sfem  \ 


^  Pipe  Tap  for',' 
°  Water  Connecfionst 


Repaired  Exhaust-valve  Stem 

new  water-connection  extension  pieces 
long  enough  to  reach  into  the  lower 
guide  bushings,  cut  off  the  push  rods  and 
take  off  the  caps  over  the  ends  of  the 
push  rods  that  held  the  adjusting  liners; 
the  liners  are  put  in  the  lower  guide 
bushing,  between  the  end  of  the  valve 
stem  and  the  push  rod.  This  prevents 
the  lower  end  of  the  stem  from  jump- 
ing around  when  the  packing  wears,  and 
keeps  the  stem  in  line  with  the  axis  of 
the  seat. 

I  have  also  arranged  the  water  con- 
nection to  the  exhaust  valve  to  take 
warm  water  from  the  jackets  instead  of 
using  cold  water,  thereby  preventing 
sweating  and  considerable  wear.  The 
guide  bushings  for  the  exhaust-valve 
stems  were  also  found  to  be  worn,  so 
they  were  bored  out  M  in.  larger  and 
babbitted  to  the  proper  size;  they  are 
still  in  use.  I  use  a  mixture  of  grease 
and  graphite  for  lubricating  the  stems, 
with  forced  feed. 

J.  W.  Fries. 

Middleboro,  Mass. 
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Heating  and  Ventilation 

Considered  as  power-plant  problems.     Layout  and  operation  of  systems  and  apparatus 


Vacuo    Hot    Water    Heating* 

By  Ira  N.  Evans 

Much  of  the  material  in  the  first  part 
of  this  paper  has  been  previously  covered 
in  Power  in  the  series  of  articles  on  hot- 
water  heating  and  may  therefore  be 
passed  over  to  the  latter  part  of  the 
paper  which  deals  with  a  steam-turbine 
plant  under  variable  load  supplying 
steam  to  the  heating  system.  A  similar 
problem  with  the  turbine  under  constant 
load  has  been  considered  in  the  series 
of  articles  just  referred  to.  See  p.  419, 
Sept.   12,  1911. 

For  a  variable  load,  such  as  is  con- 
sidered in  this  paper,  a  chart  should  be 
worked  out  for  the  heating  in  pounds  of 
steam,  and  one  for  the  daily  load,  show- 
ing the  average  hourly  variations  for  24 
hr.  With  pounds  of  steam  as  ordinates 
and  hours  as  abscissas,  the  curves  of 
steam  consumption  for  each  5  in.  of  vac- 
uum between  full  vacuum  and  atmos- 
phere should  be  plotted  for  the  engine 
or  turbine  for  the  average  daily  load, 
showing  the  hourly  variations.  From  these 
charts  another  should  be  constructed  for 
each  10-deg.  period  from  0  to  60  deg. 
with  pounds  of  steam  as  ordinates  and 
hours  as  abscissas.  Each  chart  will  have 
four  curves:  the  typical  curve  of  tem- 
perature outside,  showing  the  hourly 
variation;  the  turbine  steam  consumption 
at  full  vacuum;  the  heating  curve  in 
pounds  of  steam,  and  the  curve  of  actual 
steam  consumption  of  the  turbine  at 
the  hourly  loads. 


By  dividing  the  hours.  Table  2,  by  24, 
the  number  of  days  can  be  obtained  for 
each  10-deg.  period  of  temperature.  When 
the  areas  between  the  curves  on  each  of 
the  six  charts  are  determined  and  multi- 
plied by  the  number  of  days  in  each 
case,  the  heating,  excess  steam  and  cost 
of  reducing  vacuum  can  be  determined 
for  the  season. 

Heating  and  power  curves  together 
with  the  steam  consumption  are  worked 


The  hatched  spaces  would  show  the 
steam  wasted  to  the  atmosphere  through 
the  relief  valve.  As  the  heating  system 
cannot  be  operated  with  steam  much  be- 
low 212  deg.,  the  curve  H  would  give  the 
steam  requirements  on  a  vacuum  system 
without  allowances  for  condensation 
losses.  This  condition  would  be  nearly 
constant  throughout  the  entire  heating 
season. 

If  the  load  on   the  plant  was  such  as 
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)ld  value.s  used  liefore  Marks  and  Davis  tables  were 


•Excerpt  from  paper  read  before  the 
American  Society  of  Heating  and  Ven- 
tilating Engineers,  New  York  City,  Jan. 
25,    1912. 


out  in  Figs.  1  to  8,  and  Tables  1,  2  and 
3  for  the  entire  heating  season  with  the 
variable  power  load  as  it  actually  oc- 
curred. 

Fig.  3  gives  the  operation  of  a  hot- 
water  system  for  weather  0  to  10  deg. 
outside.  It  also  gives  the  typical  condi- 
tions of  operation  as  they  would  occur 
on   a   vacuum  system   of  steam  heating. 


to  supply  only  exhaust  steam  enough  to 
balance  the  heating  from  5  p.m.  to  8 
a.m.,  allowing  no  exhaust  steam  to  es- 
cape to  the  atmosphere  at  those  periods, 
live  steam  would  have  to  be  used  from 
8  a.m.  to  4  p.m.  This  is  generally  the 
period  of  highest  temperatures  during  the 
day  and  highest  water  temperature  for 
heating.      A   slight   decrease   in    vacuum 


TABLE  2. 

NUMBER 

OF 

HOURS  FOR 

EACH 

10  DEG.  PERIOD  OF 

TEMPERATURE  FROM 

0  TO  60 

DEG 

,  NEW  YORK  DISTRICT 

Week  Days 

HOLm.tYS.    SuND.tYS 

Month 

"A"  Days 
7  a.m.  to  5  p.m. 

"B"  Nights.     5  p.m.  to  7  a.m. 

"C"  Days 
7  a.m.  to  5  p.m. 

"D"  Nights.     5  p.m 

to  7  a.m. 

0°- 
10° 

10"- 
20° 

20°- 
30° 

30°- 
40° 

40°- 
50° 

50-° 
10° 

0°- 
10° 

10°- 
20° 

20°- 
30° 

30°- 
40° 

40°- 
50° 

50°- 
60° 

0°- 
10° 

10°- 
20° 

20°- 
30° 

30°- 
40° 

40°- 
50° 

50°- 
60° 

0°- 
•10° 

10°- 
20° 

20°- 
30° 

30°- 
40° 

40°- 
50° 

50°- 
60° 

Oct 

10 

25 
10 
15 

50 
0  99 

100 

60 

40 

5 

205 
4  07 

5 
90 
80 
135 
95 
90 

5 

35 
105 
20 
25 
35 
90 
35 
5 

350 

6   95 

85 
20 

15 
55 
155 

too 

430 

8  54 

28 
14 

70 
14 

28 

175 
84 
70 
21 

168 
28 
161 
105 
168 
14 

56 
105 
14 
14 

28 
84 
133 
28 

140 
14 

21 
49 
154 
154 



15 
5 

25 
0  5 

45 
25 
40 

110 
2.19 

35 
10 
35 

25 
5 

110 

2.19 

10 
45 
15 
15 

35 
10 

130 

2.58 

30 

15 
40 
25 

110 
2.19 

14 

56 
14 

70 
10 
84 

28 
119 
14 
56 

217 
4  3 

21 
14 

14 
42 
70 
28 

63 

Feb       

Mar 

May 

Total 

Per  cent   . . 

10 

0.19 

500 
9  94 

42 
0  S3 

112 

2.23 

350 
6.95 

644 
12.8 

462 
9.2 

532 
10  6 

14 
0  27 

1   53 

164 
3  26 

189 
3.76 

2038 
4.04 

Total 

1545  hr.     30.68  per  cent. 

2142  hr.     42.6  per  cent. 

485  hr.     9.65  per  cent. 

864  hr.     17.16  per 

'ent; 

3491  hr.     69.32  per  cent. 
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at  these  periods  of  light  load  on  the 
vacuo-water  system  eliminates  the  use  of 
live  steam  at  that  time. 

If  the  plant  were  arranged  for  a  vac- 
uum system  requiring  steam  as  per  Fig. 
3,  curve  H,  there  would  be  no  saving  in 
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operating  the  plant  condensing,  as  the 
steam  would  be  required  for  heating  at 
all  times. 

On  the  other  hand,  if  the  engines 
were  operated  noncondensing,  according 
to  curve  T,  Fig.  3,  there  would  be  no  sav- 
ing in  operating  a  hot-water  plant,  as 
the    steam    consumption    would    be    re- 


power  load  reach  a  balance  the  amount 
of  exhaust  steam  is  reduced  and  the 
steam  consumption  of  the  heating  system 
is  lessened  at  the  same  time.  When  the 
power  load  on  the  unit  is  not  reduced  to 
the  balanced  quantity  or  the  excess  steam 
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spaces  not  taken  care  of  by  the  con- 
denser, the  water  in  the  heating  system 
becomes  heated  very  quiclvly  and  the  con- 
densing effect  destroyed.  This  is  where 
the  saving  on  the  combination  is  ef- 
fected. 

In  cases  where  no  condenser  is  avail- 
able the  power  load  on  the  engine  can 


should  not  be  operated  under  vacuum  on 
the  portion  used  for  exhaust-steam  heat- 
ing. It  is  simply  a  question  whether 
the  remainder  of  the  power  load  is  suffi- 
cient in  quantity  to  warrant  a  condensing 
outfit. 


By  dividing  the  total  steam  for  power 
and  heating.  Table  3,  or  68,870,482  lb., 
by  209.79  days,  the  average  daily  load 
for  power  and  heating  will  be  found  to 
be  328,000  lb.  per  day.  This  shows  that 
Figs.  6  and  7  will  give  the  average  con- 
dition on  a  hot-water  system  that  would 
require   the   same   steam    and    operating 


TABLE  3.  DATA  OBTAINED  FROM  PAGES  1  TO  8 


Curve  H 

Curve  T 

(H  or  T') 

Average  Ordinates 

Outside 

Temperature, 

Decrees  F. 

Days 

Heating 
per  Day, 
Lb.  Steam 

Total  Steam 
Heating,  Lb. 

Steam 
Power  and 
Heat  per 
Day.  Lb. 

Total  Steam 
Heat  and 
Power,  Lb. 

Excess 
Steam,  Lb. 

Total 

Excess 

Steam,  Lb. 

Power  and 
Heating, 
Lb.  Steam 

Heating, 
Lb.  Steam 

Excess, 

Lb. 
Steam 

Steam, 
Rate  per 
Kw.-hr. 

0-10 
10-20 
20-30 
,30-40 
40-50 
50-60 

2.75 
11- 
34.5 
61.3 
47.12 
53.12 

374,500 
353,600 
314,240 
277,440 
224.640 
157.120 

1,029,875 
3,889,600 
10,841,280 
16,820,720 
10,585,040 
8,346,214 

440,000 
428,800 
385,600 
348,800 
307,520 
259,200 

1,210,000 
4,766,800 
13,303,200 
21.381,440 
14,490,342 
13,768.700 

65,600 
75,200 
69,120 
74,400 
63,200 
27.840 

180,400 

827,200 

2,384,640 

4,560,720 

2,977,984 

147,886 

18,333 
17.856 
16,070 
14,533 
12,813 
10,800 

15,604 
14,733 
13,100 
11,433 
9,360 
6,550 

2733 
3133 
2900 
3100 
2633 
1160 

38.2 
37.2 
33.5 
30.3 
26.7 
22.7 

Totals 1     209.79 

51,512,729 

68.870,482 

11,078,830 

Average  power,  480  kw. 

228,800  lb.  per  24  hours.     Curve  7". 

20  lb.  per  kw.-hj.@28-in.  vacuum 


For  209.79  days  X  480  kw.  X  24  =  2,416,800  kw.-hr. 
68,870,482 


2,416,800 


=  28.5  lb.  per  kw.  average  rate 


quired  for  power  regardless  of  the  heat- 
ing system.  There  would  be  a  saving 
with  the  hot-water  svstem  if  the  power 
was  insufficient  to  balance  the  heat- 
ing and  during  periods  of  live-steam  op- 
eration when  the  engines  were  shut  down. 
By  placing  a  vacuum  on  the  engines 
the  full  capacity  of  the  heating  system 
as  a  condenser  is  obtained  for  prac- 
tically no  expense  and  as  the  heating  and 


be  reduced  by  regulating  the  vacuum  and 
water  temperature  and  producing  the 
same  result.  The  power  not  needed  for 
heating  should  be  turned  out  doors.  In 
this  manner  a  lower  rate  per  kilowatt- 
hour  would  be  obtained  for  the  engine 
operated  on  the  heating  system  than  the 
units  exhausted  to  the  atmosphere. 
By  this  arrangement  there  is  no  rea- 
son   why    all    hot-water    heating    plants 


conditions  as  a  vacuum  system  at  0  to  10 
deg.,  as  in  Fig.  3.  These  charts  show  a 
vacuum  of  from  18  to  20  in. 

The  average  heating  ordinate  for  Figs. 
6  and  7  from  Table  3  is  about  10,000  lb. 
per  hour  against  15,000  lb.  for  Fig.  3. 
This  means  that  if  the  power  was  only 
sufficient  to  furnish  10,000  lb.  of  steam 
a  vacuum  could  be  carried  all  the  time 
and   the   heating   accomplished   with   hot 
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water  with  a  very  small  amount  of  live 
steam.  If  a  vacuum  system  were  used 
under  the  same  conditions  5000  lb.  of 
live  steam  would  be  required  nearly  for 
100  days,  or  50  per  cent,  of  the  heating 
season. 

This  shows  the  importance  of  balanc- 
ing the  heating  and  power  load  and  the 
fallacy  of  making  an  uneconomical  power 
plant  on  a  noncondensing  basis  simply 
to  furnish  exhaust  steam,  for  a  vacuum 
system.  The  heating  system  should  in 
no  way  influence  the  question  whether 
a  plant  should  be  operated  condensing  or 
noncondensing. 

Column  H  in  Table  1  gives  heating 
requirements  in  pounds  of  steam  per 
hour  for  each  condition  of  outside  tem- 
perature with  the  maximum  vacuum  nec- 
essary to  produce  the  water  temperatures 
and  maintain  a  constant  temperature  of 


The  double  power  curves  show  when 
two  machines  are  operated  at  the  peak, 
one  under  reduced  vacuum  for  heating 
and  one  at  28  in.  vacuum.  The  load  one 
machine  will  carry  at  no  vacuum  is  375 
kw.,  and  950  kw.  has  been  carried  a 
short  time  at  28  in.  vacuum  with  one 
machine.  A  load  of  375  kw.  just  bal- 
ances the  heating  load  in  amount  of 
steam  and  temperature  by  simply  chang- 
ing the  vacuum. 

Up  to  30  to  40  deg.  outside,  Fig.  6, 
it  is  most  economical  to  operate  two  ma- 
chines from  4  p.m.  to  2  a.m.,  but  for 
Figs.  3  and  8  it  is  necessary  only  to 
operate  two  machines  from  4  p.m.  to  10 
p.m.  Exceot  in  extreme  weather  at  low 
vacuums,  the  load  is  carried  at  all  times 
with  one  machine  or  until  the  vacuum 
gets  below  10  in.  In  working  out  the 
charts  the  minimum  steam  consumption 


steam  areas  between  T  and  H  or  T,  as 
the  case  may  be  deducted  from  the  area 
inclosed  by  T.  AH  areas  were  read  by 
a  planimeter,  and  the  average  ordinates 
and  results  are  tabulated  in  Table  3 
and  graphically  in  Fig.  1.  It  may  be 
seen  that  in  most  cases  H  is  greater 
than  T\  but  for  the  high  temperatures 
out  of  doors,  T'  is  frequently  greater 
than  H.  In  any  case,  the  heating  and 
power  at  full  vacuum  are  fixed  by  re- 
quirements regardless  of  other  condi- 
tions. 

When  less  power  is  generated  than 
the  balanced  load,  the  vacuum  will  have 
to  be  reduced,  to  increase  the  quantity 
of  steam  to  maintain  a  proper  water 
temperature  on  the  heating  system.  It 
will  not  pay  to  carry  normal  vacuum  for 
that  outside  temperature  and  operate  the 
live-steam    heater   to    furnish    the    addi- 
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70  deg.  in  the  room  with  the  proportion 
of  heating  surface  installed  in  this  par- 
ticular case.  These  records  are  plotted 
from  recording  thermometer  charts 
covering  a  considerable  period  of  time. 

Fig.  1  is  the  steam  consumption  of  a 
500-kw.  turbine  unit  under  different  loads 
and  degrees  of  vacuum  with  steam  at 
150  lb.  gage  and  15  deg.  superheat. 

Fig.  2  is  the  steam  consumption  for 
the  hourly  load  under  different  degrees 
of  vacuum.  The  load  varies  from  200  kw. 
to  750  kw.  with  two  peaks,  one  at  5  p.m. 
and  one  at  7  a.m.  The  water  from  the 
condenser  was  weighed  and  the  load  and 
the  vacuum  noted.  These  variations  in 
load  are  handled  entirely  with  two  ma- 
chines, and  if  the  load  was  considerably 
increased,  the  charts  show  that  the  steam 
consumption  due  to  the  higher  vacuum 
would  be  very  little  greater  as  the  ma- 
chines are  underloaded  a  portion  of  the 
time.  The  hourly  load  is  plotted  in  kilo- 
watts at  the  bottom  of  Fig.  2  and  the 
average  hourly  load  is  480  kw.  per  hour. 
All  areas  were  measured  by  a  planimeter. 


will  be  shown  by  operating  the  two  ma- 
chines as  indicated. 

Curve  T  is  the  steam  consumption  of 
the  turbine  under  the  characteristic  load 
at  28  in.  of  vacuum.  Curve  H  is  the 
curve  of  heating  corresponding  to  the 
curve  of  outside  temperature  at  the  bot- 
tom of  each  chart  for  a  typical  day  for 
each  period  of  10  deg.  range  of  outside 
temperature.  Curve  T  gives  the  steam 
consumption  of  the  turbine  under  the 
hourly  load  and  vacuum  which  will  pro- 
duce the  proper  water  temperature  for 
curve  H. 

At  the  peaks  the  vacuum  has  been  de- 
creased slightly  so  as  to  improve  the 
steam  consumption.  From  curve  T  at 
28  in.  of  vacuum  the  area  to  the  base 
line  represents  the  steam  consumption 
required  for  power  if  no  heating  were 
required.  Curve  H  likewise  incloses  the 
area  for  the  hot-water  system,  whether 
live  steam  or  exhaust  is  used.  Curve  T 
gives  the  requirements  for  heating  and 
power  combined  for  each  typical  day  and 
power  load.     The   saving   is   the   excess 


Fig.  5 


tional  heat,  although  the  apparatus  is  ar- 
ranged so  that  this  could  be  done. 

At  noon  in  most  cases,  the  vacuum 
is  reduced  below  normal  to  furnish  steam 
for  heating  on  account  of  light  load. 
Where  this  occurs  on  a  vacuum  system, 
the  reducing  valve  would  have  to  be 
opened  to  supply  live  steam  to  keep  the 
pressure  from  dropping  too  low.  The 
curves  show  that  this  arrangement  would 
be  ideal  from  an  operating  standpoint 
for  a  high  office  building  and  hotels 
where  the  heating  load  at  times  ex- 
ceeds the  power  load.  One  turbine  unit 
could  be  operated  on  the  heating  of  a 
size  to  just  balance  the  requirements  of 
the  heating  system,  and  when  the  ma- 
chine is  underloaded  the  decreased  vac- 
uum   would    be    no    additional    expense. 

When  the  turbine  load  can  be  bal- 
anced against  the  heating,  the  excess 
steam  on  the  charts  will  disappear.  In 
this  case  375  kw.  just  balances  the  heat- 
ing at  all  outside  temperatures.  This 
would  also  eliminate  the  different-sized 
units   to   take   care   of  the  variations   in 
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load  so  as  to  obtain  an  economical  steam 
consumption  as  in  the  case  of  reciprocat- 
ing engines. 

As  tlie  summer  load  is  considerably 
less  than  the  winter  load,  condenser  ca- 
pacity need  be  furnished  to  the  extent 
only  of  the  power  installed  in  addition 
to  that  which  will  balance  the  heating, 
utilizing  the  vacuum  that  this  condensing 
capacity  will  produce  In  summer  under 
the  reduced  conditions  of  load.  This  will 
cut  down  the  first  cost  of  installation 
without  seriously  interfering  with  the 
economy.  It  is  a  question  to  be  deter- 
mined in  each  particular  case.  The  only 
reason  advanced  for  not  operating  con- 
densing engines  for  large  office  buildings 
has  been  the  requirements  of  the  vac- 
uum-heating system  or  possibly  the  ex- 
cess of  heating  over  power  requirements. 
With  the  hot-water  system  as  described. 


This  range  Is  impossible  on  a  steam 
system  except  with  automatic  heat  con- 
trol kept  in  operating  order.  If  the  0-  to 
10-deg.  condition,  and  374,500  lb.  of 
steam  per  day  are  taken  for  the  steam 
consumption  minimum  for  a  vacuum  sys- 
tem at  212  deg.,  the  total  steam  con- 
sumption for  209.79  days  would  be  78,- 
566,000  lb.  against  51,512,729  lb.,  or  a 
difference  in  favor  of  the  hot  water  of 
27,043,271  lb.,  which  at  20c.  per  1000 
lb.  would  be  a  saving  of  $5410  per  year, 
or  35.4  per  cent,  saving.  This  shows 
the  saving  in  favor  of  hot  water,  where 
there  is  no  power  to  be  considered  and 
live  steam  is  utilized  for  heating  in  either 
case. 

If  45  lb.  per  kilowatt-hour  at  the 
switchboard  is  taken  for  the  steam  con- 
sumption of  the  engine  at  atmosphere, 
the  steam  used  during  209.79  days  for 


cent,  of  the  steam  at  full  vacuum. 

In  case  coal  at  a  lower  cost  than  as- 
sumed is  available,  a  proper  proportion 
will  determine  the  saving.  This  saving 
is  figured  in  fuel  at  $3.60  per  ton  and 
does  not  include  city  water  saved  in 
condensation  or  wear  and  tear  on  extra 
boilers  and  apparatus  to  burn  the   fuel. 

If  properly  designed,  a  hot-water  sys- 
tem can  be  installed  for  the  same  cost 
nearly  as  a  low-pressure  steam  system 
if  all  specialties  are  included.  The  cover- 
ing for  risers  within  the  building  re- 
quired on  steam  can  be  omitted,  reduc- 
ing the  temperature  of  the  water  within 
the  system  by  the  amount  corresponding. 
Automatic  heat  control  can  be  omitted  as 
a  constant  temperature  in  the  rooms  can 
be  maintained  by  regulating  the  tempera- 
ture of  the  water  at  the  plant.  These 
items  of  expense  will  more  than  balance 
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more  than  20  in.  of  vacuum  can  be  car- 
ried 80  per  cent,  of  the  time,  and  the 
heating  provided  for  with  exhaust  at  the 
same  time.  It  will  also  be  noted  that 
the  maximum  daily  temperature  occurs 
at  the  time  of  the  peak  load  in  the  New 
York  district,  which  means  a  greater 
vacuum. 

The  operation  of  the  plant  is  simple, 
the  temperature  of  the  return  water  be- 
ing regulated  by  adjusting  a  single  valve 
at  intervals  of  two  hours  as  the  load  or 
outside  temperature  changes.  The  curves 
and  resulting  vacuums  are  entirely  the 
result  of  manipulating  this  one  valve, 
and  the  hourly  load  at  that  period.  The 
second  turbine  is  started  when  neces- 
sary and  the  same  condenser  handles 
both  machines,  one  exhausting  direct  to 
the  condenser  under  full  vacuum  and  the 
other  to  the  hot-water  system  under  re- 
duced vacuum.  Attention  is  called  to 
the  following  facts  demonstrated  by 
Table  3  and  the  charts: 

The  heating  curves  show  100  per  cent, 
range  between  the  0-  to  10-deg.  condi- 
tion  and    the   50-    to   60-deg.   condition. 


480  kw.  average  load  would  amount  to 
108,756,000  lb.,  which,  at  20c.  per  1000 
lb.,  would  cost  $21,751.  This  does  not  al- 
low for  any  live  steam  for  periods  of  low 
load  to  keep  up  pressure  on  the  heating 
system  and  preventing  air  leaks. 

The  cost  of  power  and  heating  com- 
bined on  the  hot- water  system  is  (68,- 
870,482  lb.  at  20c.)  $13,774.  This  repre- 
sents a  saving  of  $7977,  or  37  per  cent. 

The    cost   of   operating   the    hot-water 
system  on  live  steam  and  condensing  the 
engines  under  full  vacuum  would  be 
51,512,730    +    48,000,000    =    99,512,730 

lb. 
which  at  20c.  amounts  to  $19,903.    Also, 
99,512,730  —  68,870,482  =  30,642,248  Zfc. 
which    at    20c.    amounts    to    $6130    per 
heating  season,  or  31  per  cent. 

The  saving  effected  by  utilizing  the 
turbine  under  partial  vacuum  may  be 
found  by  deducting  the  excess  steam 
from  the  steam  under  full  vacuum  or 
48,000,000   —    11,078,830    =    36,921,170 

lb. 
At  20c.  this  amounts  to  $7384,  or  73  per 
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the  cost  of  the  heaters  and  pumps.  In 
any  case,  the  saving  capitalized  would 
warrant  a  considerable  expenditure  in 
addition  in  favor  of  the  water  system. 
These  savings  can  be  taken  as  nearly 
standard   percentages   for  any  condition. 


Recently  the  Census  Bureau  at  Wash- 
ington issued  a  statement  relative  to 
Vr-orks  manufacturing  locomotives. 

There  were  16  establishments  in  1909 
and  15  in  1904;  in  1909  the  capital  in- 
vested was  $52,060,000,  a  gain  of  $13,- 
639,000,  or  35  per  cent.,  over  $38,421,000 
in  1904. 

In  1909  the  value  of  the  products  was 
$31,582,000,  and  $59,552,000  in  1904,  a 
decrease  of  $27,970,000,  or  47  per  cent. 
There  was  added  in  1909  by  manufac- 
ture $16,522,000,  and  $31,849,000  in  1904, 
a  decrease  of  $15,327,000,  or  48  per  cent. 

For  salaries  and  wages  there  were  paid 
$11,211,000  in  1909  and  $17,473,000  in 
1904,  a  decrease  of  $6,262,000,  or  36  per 
cent.  The  army  of  wage-earners  num- 
bered 14,909  in  1909,  but  in  1904  there 
were  28,806,  a  decrease  of  40  per  cent. 
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The    Indicator    and  the  Orsat 

A  neat  way  of  expressing  their  ap- 
preciation of  the  efforts  of  their  engi- 
neers toward  self-improvement  and  of 
aiding  them  to  that  object  without  being 
in  any  way  patronizing,  was  that  adopted 
by  the  manufacturers  of  Fitchburg,  Mass., 
in  presenting  to  the  local  engineers'  as- 
sociation a  complete  indicator  outfit. 

There  is  probably  no  one  thing  that 
has  awakened  more  engineers  to  a  real 
live  interest  in  the  larger  side  of  their 
calling  than  this  stethoscope  of  the  en- 
gine. Its  revelations  have  made  the  in- 
terna! workings  of  the  machine  so  ap- 
parent, their  study  has  led  them  into 
such  pleasurable  and  profitable  paths  of 
study  and  investigation  and  shown  so 
directly  the  bearing  of  the  theories  and 
principles  involved  upon  their  everyday 
work  that  it  has  lifted  its  students  out 
of  the  humdrum  of  manual  labor  and 
started  them  out  to  be  real  engineers. 

But  far  and  away  above  the  worth  of 
the  gift  to  the  association  is  the  sig- 
nificance to  them  of  the  spirit  which 
prompted  its  donors.  They  can  and  will 
make  the  instrument  pay  big  interest  upon 
its  cost  to  the  power-plant  owners  who 
participated  in  its  presentation;  they  will 
esteem  and  respond  to  the  thoughtfulness 
and  kindly  spirit  which  moved  somebody 
to  think  of  it  and  the  others  to  approve 
and  aid  in  carrying  out  the  suggestion. 

There  is  another  instrument  about 
which  the  average  engineer  knows  less 
than  he  does  about  the  indicator.  It 
relates  to  the  boiler  as  the  indicator  does 
to  the  engine.  By  an  analysis  of  the 
gases  rejected  at  the  uptake  it  shows  how 
complete  has  been  the  process  of  com- 
bustion, how  much  unnecessary  air  has 
been  uselessly  heated  up,  what  propor- 
tion of  the  heat  that  was  in  the  coal  is 
going  away  in  the  stream  of  gas  which 
goes  to  the  chimney. 

As  an  engine  is  made  so  must  it  run. 
The  most  that  one  can  do  is  to  set  its 
valves  properly,  keep  it  packed  and  lined 
end  lubricated,  and  accept  its  results. 
The  boiler  is  much  more  flexible.     With 


a  given  installation  one  man  may  make 
twice  as  much  steam  per  pound  of  coal 
as  another.  The  average  efficiency  is 
probably  below  sixty  per  cent.,  while  over 
eighty  is  attainable  and  attained.  The 
processes  of  the  boiler  room  are  more 
interesting  than  those  of  the  cleaner  and 
more  comfortable  engine  room,  and  an 
understanding  of  those  processes  and 
the  intelligent  application  of  that  under- 
standing promise  more  than  any  other 
direction  in  which  the  operating  engi- 
neer's  activities  can   be   exerted. 

We  suggest  that  some  other  group  of 
employers  who  wish  to  do  a  graceful  and 
profitable  act  should  present  their  as- 
sociated engineers  with  a  complete  ap- 
paratus for  sampling  and  analyzing  flue 
gases  with  the  pyrometers,  thermometers, 
etc.,  necessary  to  determine  its  tempera- 
ture, and  furnish  them  with  it  a  lecturer 
or  instructor  who  would  teach  them  how 
to  use  it  and  apply  its  indications. 

The  resultant  interest  in  the  problems 
of  combustion,  the  ability  and  inclina- 
tion to  make  a  heat  balance  and  the 
striving  to  make  the  "heat  applied"  item 
as  large  as  possible  would  pay  an  enor- 
mous interest  upon  the  investment. 


Safety  Precautions  in    Electri- 
cal Work 

The  advent  of  the  steam  turbine  has 
been  a  large  factor  in  introducing  and 
promoting  the  use  of  electricity  for  power 
purposes,  with  the  result  that  there  are 
today  many  plants,  particularly  smaller 
ones,  developing  power  by  means  of 
turbo-generators  and  then  distributing 
this  power  to  the  various  points  where 
it  is  needed.  This  has  naturally  done 
away  with  the  small  individual  steam 
drives  so  common  a  few  years  ago,  and 
with  which  the  operators  were  thorough- 
ly familiar,  and  has  introduced  an  en- 
tirely different  phase  in  power  engineer- 
ing. In  many  instances  where  changes 
of  this  kind  have  been  made,  the  old 
engineers  and  operators  have  been  re- 
tained and  are  expected  to  go  right  along 
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and  handle  the  new  equipment  with  the 
same  degree  of  skill  as  they  did  the  old. 
To  men  not  very  familiar  with  this  form 
of  generation  and  use  of  power  there  is 
always  more  or  less  fear  for  their  per- 
sonal safety  and  often  life  is  endan- 
gered by  their  ignorance  as  to  the  proper 
precautions  to  be  observed  in  protecting 
themselves. 

One  frequently  hears  of  electrical 
workers  being  killed  by  the  current,  and 
from  this  naturally  proceeds  the  belief 
that  all  electric  currents  are  dangerous 
and  that  any  contact  with  a  highly 
charged  conductor  will  result  in  a  seri- 
ous, if  not  a  fatal,  shock.  There  is, 
however,  constderable  misunderstanding 
on  this  point.  Men  in  charge  of  elec- 
trical equipment  survive  their  constant 
attendance  upon  and  care  of  the  most 
dangerous  machines  in  regular  operation 
by  simply  observing  certain  precautions 
and  following  fixed  rules  so  that  prac- 
tically all  danger  is  removed.  While  it 
is  true  that  it  is  the  characteristic  of 
pressure  or  voltage  in  an  electric  cur- 
rent that  makes  it  dangerous,  and  also 
that  this  pressure  must  be  present  in 
order  to  distribute  the  current  economical- 
ly, yet  it  must  also  be  remembered  that 
such  a  current  is  harmful  only  if  al- 
lowed to  pass  through  the  body,  and  in 
order  to  do  this  it  must  have  a  means  of 
exit  as  well  as  one  of  entrance.  Care 
must  be  exercised,  therefore,  to  prevent 
such  a  possibility. 

For  this  reason  there  should  always 
be  provided  a  dry  wooden  or  rubber- 
covered  platform  or  floor  about  a  high- 
tension  generator  so  as  to  give  good 
insulation  and  a  simila--  precaution 
should  also  be  made  in  front  of  the 
switchboard.  A  man  standing  upon  such 
a  floor,  provided  it  and  his  shoes  are 
perfectly  dry,  cannot  possibly  be  injured 
by  the  most  vicious  current  should  he 
simply  touch  one  of  the  wires  conveying 
it  because  his  connection  with  any  re- 
turn conductor  would  be  lacking.  Dry 
shoes  afford,  in  themselves,  some  meas- 
ure of  protection,  as  they  are  of  an  in- 
sulating material,  but  if  they  are  damp 
or  contain  nails,  a  ready  path  to  ground 
will  be  given  to  the  current  with  pos- 
sibly fatal  results.  When  working  upon 
or  about  high-tension  machinery  or  wires, 
many  electricians  make  it  a  rule  to  use 
one  hand  only,  keeping  the  other  away 
from    the    work    entirelv.      In    all    cases. 
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gloves    and    rubber   overshoes    which    at 
least  tend  to  protection. 

Safety  also  demands  that  all  wires  be 
amply  protected  to  prevent  contact  with 
them  and  also  railings  about  the  machin- 
ery and  legible  signs  conspicuously  lo- 
cated so  tl.at  they  will  always  be  a 
warning.  Carelessness  and  contempt 
through  familiarity  with  electrical  equip- 
ment of  a  dangerous  nature  are  probably 
the  chief  causes  for  a  majority  of  acci- 
dents. 
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matters  often  assume  unlooked-for  im- 
portance after  an  interval  of  time.  Such 
a  record  should  be  neatly  and  durably 
bound  and  fully  indexed. 


Some  English  physicians  are  recom- 
mending the  smoky  parts  of  Sheffield, 
England,  for  suff'erers  from  asthma.  Is 
this  a  rebuke  for  the  smoke-abatement 
movement,  or  merely  an  asthmatic 
wheeze  ? 


The   Engineers'    Diary 

The  engineers'  diary  or  log  book  fills 
an  important  place  in  the  daily  operation 
of  the  power  plant.  Items  of  interest 
and  value  for  the  preserving  of  which 
there  is  no  other  provision  may  be  re- 
corded here.  In  addition  to  the  usual 
information  given  in  the  log  or  the  daily 
data  sheets,  there  are  many  items  which 
may  well  be  recorded,  as  memoranda  of 
supplies  needed,  of  repairs  which  are 
necessary  or  soon  to  be  necessary;  re- 
ports of  inspections  of  equipment;  the 
history  of  belts,  packings,  valves  and  the 
minor  paraphernalia  of  the  plant;  obser- 
vations on  the  performance  of  lubricants, 
chemicals  for  treating  feed  water,  heat 
insulators  and  other  materials;  lists  of 
materials  received  and  used.  These  items 
are  merely  suggestions;  the  desirability 
of  recording  many  others  will  be  ap- 
parent. 

The  conclusions  arrived  at  as  the  re- 
sult of  tests  of  the  plant  or  equipment 
should  also  be  entered  here,  with  the 
changes  which  were  suggested  thereby, 
and  summaries  of  the  important  tests 
should  be  included  for  convenience  in 
making  comparisons.  If  experiments  are 
conducted  the  results  should  be  recorded 
for  future  reference.  While  this  in- 
formation is  filed  in  detail  with  the  plant 
records,  it  is  often  not  readily  accessible 
or  easily  consulted.  The  diary  will  serve 
as  a  clearing  house  for  betterment  ideas. 
In  the  event  of  an  unusual  occurrence 
or  accident,  the  report  of  the  engineer 
as  made  at  the  moment  will  furnish  valu- 
able evidence  and  sen'e  as  an  efficient 
prompter  to  his  memory  should  the  neces- 
sity arise.  The  proper  place  for  the 
original  draft  of  this  report  would  be  in 
this  diary. 

It  may  seem  that  much  of  the  informa- 
tion recorded  has  slight  value  when  the 


The  high  cost  of  living  will  doubtless 
be  lowered  in  time,  but  the  man  who  neg- 
lects to  acquire  a  thorough  working 
knowledge  of  his  vocation  will  always 
find  it  hard  to  pay  his  way. 


Only  one  flywheel  explosion  is  listed 
for  the  United  States  and  Canada  for 
last  November,  says  Engineering  News. 
Was  this  luck,  or  increased  care? 


That  over  3000  steam  engineers  have 
been  graduated  by  one  reputable  cor- 
respondence school  is  a  convincing  argu- 
ment of  the  practicability  of  this  kind  of 
education. 


How  much  exhaust  steam  does  your 
manager  sell  to  nearby  shops  and  build- 
ings? If  he  does  not  know  it  is  feasible, 
and   you   do,   why   not  suggest   it? 


The  scientists  tell  us  that  there  is  "a 
vacant  space  in  the  human  nead."  It 
might  be  utilized  as  a  mental  repair  shop 
if  some  of  us  were  awake  to  our  poor  op- 
erating condition. 


Owe  no  man  anything  but  good  will. 
If  you  get  a  helpful  kink  out  of  Power 
this  week,  pay  your  indebtedness  by 
"kinking"  him  back. 


Now  and  then.  Power  is  asked  to 
recommend  a  first-class  operating  engi- 
neer. Are  your  name  and  qualifications 
included   in  its  list? 


At  a  recent  banquet  at  Cincinnati, 
Ohio,  Mayor  Baker  asserted  that  within 
two  years  the  city  will  own  electric 
plants  which  will  furnish  current  at,  if 
not  under,  3  cents  per  kilowatt-hour. 


This  is  the  season  for  starting  up  the 
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Readers  with  Something  to  Say 

A  letter  good  enough  to  print  will  be  paid  for.     Ideas,  not  mere  words,  wanted 


Plank    Baffle   Plate 

One  day  the  vacuum  dropped  from  26 
to  10  in.  The  apparatus  was  looked  over 
carefully  but  the  cause  could  not  be 
found,  so  the  engines  were  kept  running 
at  the  lower  vacuum  until  the  follow- 
ing Sunday  morning;  we  were  obliged  to 


Supply 

Wooden    Baffle   Plate 

have  them  in  operation  again  at  6  o'clock 
that  night. 

The  lower  part  of  the  surface  con- 
denser head  was  removed  and  the  baffle 
or  division  plate  was,  found  broken  in 
several  pieces.  The  chief  suggested  put- 
tirig  in  a  2-in.  plank;  this  was  done,  as 
shown  in  the  illustration.  Although  this 
job  was  done  three  years  ago,  the  plank 
is  as  sound  as  ever,  and  the  condenser 
maintains  between  26  and  27  in.  of  vac- 
uum. 

R.    A.    Hafford. 

Groveton,  N.  H. 


Wrong  Receiver  Piping 

In  a  certain  central  station  all  of  the 
condensers  were  located  in  the  boiler 
room  next  to  the  dividing  wall  between 
the  engine  and  boiler  rooms,  and  it  was 
a  part  of  the  water  tender's  duties  to 
watch   the   condensers. 

One  of  the  units  consisted  of  a  14  and 
28  by  36-iH.  tandem-compound  Corliss 
engine  connected  to  a  single-jet  con- 
denser; the  top  of  the  condenser  cone 
was  about  18  in.  below  the  bottom  of  the 
low-pressure  cylinder.  There  was  a  1J4- 
in.  pipe  from  the  city  water  main  con- 
neeted  to  the  cone  that  was  used  to  prime 
it  when  necessary.  One  day  this  unit  was 
cut  out  in  order  to  do  a  little  work  on  it, 
and  the  attendants  were  standing  by  wait- 
ing for  it  to  stop;  they  stated  the  engine 
would  not  have  made  two  more  revolu- 
tions, when  it  was  wrecked  by  knocking 
out  the  front  of  the  main  bearing,  break- 
ing the  cap  and  springing  the  shaft  at 
the  crank  disk. 


On  investigation  it  was  found  that  the 
I'j-in.  priming  valve  was  wide  open.  The 
receiver  was  set  about  4  ft.  to  one  side  ard 
under  the  floor  in  a  trench  dug  in  the 
ground  and  about  1  ft.  above  the  bottom 
of  the  trench,  as  shown  in  the  sketch. 
It  was  about  24  in.  in  diameter  with  a 
manhole  in  each  end.  About  18  in.  from 
each  end  there  was  a  tube  sheet  with 
four  4-in.  tubes  rolled  in,  the  bottom 
tubes  being  about  5  in.  from  the  bottom 
of  the  shell.  There  was  a  live-steam 
connection  in  the  space  between  the  tube 
sheets  which  v/as  used  as  a  reheater; 
this  space  also  had  a  drain  connected. 

The  end  into  which  the  high-pressure 
cylinder  e.xhausted  was  drained;  the  other 
end  of  the  receiver  connecting  to  the 
low-pressure  cylinder  was  also  fitted  with 
a  drain  connection,  which  was  plugged, 
although  that  end  was  about  4  in.  lower 
than  the  other. 

One  night,  about  three  years  after  the 
first  accident,  in  picking  up  this  uni>, 
when  it  got  to  about  half  speed,  it 
knocked  out  the  main  bearing  and  broke 
the  cap  as  before.  When  both  manheads 
of   the   receiver  were   taken   out   it   was 


Mistakes  and  Carelessness 

It  is  a  mistake  to  remove  all  of  the 
nuts  from  the  flange-bolts  when  breaking 
a  joint,  on  the  assumption  that  there  is 
no  pressure  on  the  steam  pipe.  A  little 
more  time  may  be  taken  in  doing  the 
work  if  the  nuts  are  first  slackened  back 
a  thread  or  two;  the  joint  is  then  started, 
and  if  no  pressure  is  on  the  part  it  can 
be  opened  up;  if  there  is  pressure,  a 
turn  of  the  nuts  makes  matters  all  right 
until  the  steam  can  be  turned  off. 

Not  long  ago  I  saw  an  act  that  might 
have  resulted  in  a  serious  accident.  Sev- 
eral men  started  to  overhaul  a  large 
reducing  valve.  The  nuts  had  been  re- 
moved from  the  mudhole-door  bolts,  the 
wedges  were  driven  in,  and  the  door 
joint  broken,  with  the  result  that  the' 
men  received  a  warm  bath. 

It  is  a  mistake  to  tighten  up  the  nuts 
on  a  joint  under  pressure  when  there 
are  only  three  screws  to  the  joint,  as  one 
of  the  screws  may  be  in  a  dangerous 
condition.  Not  long  ago  a  man  was 
scalded  to  death  through  the  breaking 
of  a   screw  in  an  economizer  cleaning- 
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found  that  the  end  next  to  the  low-pres- 
sure cylinder  was  filled  with  water  up  to 
the  bottom  tubes. 

That,  it  is  supposed,  is  where  it  got 
Its  dose  of  water;  anyway,  that  drain  was 
then  connected.  This  was  neg;ligence 
and  carelessness  in  installing  and  op- 
erating. 

L.  W.  Ragsdale. 

Beverly,  Wash. 


door  joint;  he  was  tightening  it  up  while 
the  economizer  was  working.  He  used 
an  excessively  long  spanner  and  broke 
one  bolt;  the  other  bolt  gave  way  under 
pressure,  there  being  only  two  bolts  to 
the  joint.  Men  have  been  killed  while 
tightening  up  the  tube-caps  on  water- 
tube  boilers  while  the  boiler  was  under 
pressure. 

It  is  also  a  mistake  to  open  the  bypass 
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of  a  steam  trap  draining  a  live-steam 
pipe  through  which  there  is  no  circula- 
tion of  steam  if  there  are  indications  that 
the  trap  is  not  working;  the  main  stop 
valve  should  first  be  closed. 

Once,  after  hours,  I  noticed  that  the 
steam  trap  draining  the  fire-pump  steam 
pipe  had  water  trickling  from  the  gland. 
The  pump  was  not  working  at  the  time, 
and,  without  thinking,  I  opened  the  by- 
pass. Water-hammer  started,  and  before 
I  could  get  out  of  the  pump  house  to 
shut  off  the  steam  the  pump  valve  burst. 

All  know  of  the  grave  danger  of  doing 
these  and  many  other  things,  but  we 
are  apt  to  get  very  careless.  I  knew  an 
Italian  electrician  who  would  not  go  near 
any  electrical  apparatus  without  having 
one  hand  in  his  pocket.  He  said  one 
should  never  shake  hands  without  a 
proper  introduction,  and  that  this  ap- 
plied especially  to  electrical  apparatus. 
William  Gillean. 

Barna,  Scotland. 


Saving   Clerical    Work  in 
Station   Reports 

Keeping  records  is  the  bane  of  many 
an  engineer's  existence.  Hundreds  of 
able  power-plant  operators  would  rather 
pack  a  drip  valve  near  the  bottom  of  a 
dirty,  ill-lighted  sump  than  to  fill  out 
half  a  dozen  lines  of  a  report  blank 
after  making  an  emergency  repair,  and 
they  are  not  to  be  blamed  for  disliking 
the  "old  man's"  red  tape.  But  records 
of  plant  work  and  operation  are  now  as 
much  a  part  of  the  business  as  engine 
and  pump  surgery,  and  the  wise  engi- 
neer faces  the  facts  instead  of  grumbling 
and  puts  some  hard  thinking  into  the 
problem  of  doing  the  clerical  work  as 
easily  as  possible. 

Much  depends  upon  the  form  of  log 
employed  and  the  extent  to  which  graphic 
methods  are  utilized.  Sooner  or  later 
in  every  plant  the  routine  conditions  be- 
come so  well  established  that  most  of 
the  events  can  be  classified,  even  if  they 
cannot  be  foreseen.  Take  the  single 
point  of  service  interruptions.  These  may 
come  very  infrequently  in  a  well  man- 
aged steam  plant,  or  they  may  occur 
oftener  than  one  would  suspect  on  a 
large  system  having  a  number  of  hydro- 
electric stations  feeding  a  common  trans- 
mission network.  The  whole  system  may 
seldom  be  interrupted,  but  for  legitimate 
or  accidental  reasons  some  part  of  it 
may  frequently  be  temporarily  out  of 
service. 

Now,  the  causes  of  such  interruptions 
have  been  classified  on  one  representa- 
tive system  of  this  kind  according  to 
letters  of  the  alphabet,  a  key  being  placed 
on  the  daily  report  sheet  of  each  station, 
and  when  any  portion  of  the  system  is 
cut  off,  it  !G  .only  '-ecessary  for  the  op- 
erator to  insert  the  proper  letter  at  the 
time  of  the  occurrence.  Thus,  "A"  signi- 
fies ^"automatic  switch  tripped";  "E" 
means  "service  switches  held  out  stated 


time  at  request  of  consumer";  "H"  in- 
dicates that  there  was  "interruption  for 
line  work,  arranged  for  by  load  dis- 
patcher"; "J"  indicates  "low  voltage  and 
poor  regulation,"  etc.,  there  being  16 
ordinary  causes  of  trouble.  This  plan 
is  so  simple  that  it  is  surprising  that 
it  is  not  more  generally  used,  along 
with  other  abbreviations  for  repairs  and 
adjustments  of  individual  pieces  of  ap- 
paratus. 

Another  labor-saving  scheme  is  the 
plan  of  leaving  out  most  of  the  vowels 
in  making  notes  on  the  log.  A  little 
practice  soon  enables  the  engineer  to 
describe  events  of  more  or  less  import- 
ance in  surprisingly  little  space.  Thus, 
"Rpd  +  tml  auto  circbkr  sgnl  cntct" 
tells  just  as  much  of  a  story  as  the 
long-hand  sentence,  "Repaired  positive 
terminal  of  automatic  circuit-breaker 
signal  contact."  There  is  a  chance  to 
take  a  leaf  from  the  record  book  of  the 
train  dispatcher  along  the  lines  of  brevity 
without  incompleteness  in  improving  the 
records  of  power-plant  operation. 

Plotting  the  load  variations  and  im- 
portant meter  readings  on  a  station  log 
sheet  instead  of  tabulating  them  also 
saves  time  and  labor.  A  simple  check 
mark  on  a  properly  calibrated  cross- 
section  scale  is  all  that  is  necessary  in 
many  cases.  Where  the  reading  is 
fractional  with  respect  to  the  scale,  it 
may  be  desirable  to  write  the  figure 
against  the  check,  but  usually  the  check 
mark  is  sufficient.  Recording  wattmeter 
readings  of  total  output  of  any  particular 
service  may  properly  be  put  down  in  fig- 
ures, but  there  are  many  entries  on  the 
average  station  log  sheet  which  can  be 
plotted  graphically  without  the  slightest 
injury  to  anybody 

Another  place  where  time  can  be  saved 
is  in  the  use  of  constants  foi  a  given 
installation  of  equipment.  The  displace- 
ment of  a  pump  should  be  figured  once 
for  all,  and  similarly,  the  constant  quan- 
tities imposed  by  an  engine  of  given  size 
and  type  upon  the  equation  by  which 
the  indicated  horsepower  is  calculated 
should  be  determined  once  and  filed  in 
an  accessible  place  rather  than  refigured 
at  every  occasion.  Instead  of  writing  in 
figures  the  times  of  starting  and  stop- 
ping service  from  different  prime  movers 
and  auxiliaries,  numerous  plants  are 
now  utilizing  the  simple  and  effective 
scheme  of  drawing  a  horizontal  line  past 
the  hours  of  operation  and  breaking  it 
at  shutdowns,  on  the  same  scale  as  the 
load  curve. 

There  are  many  ways  in  which  the 
engineer  can  save  himself  trouble  with- 
out interfering  with  the  accuracy  or  com- 
pleteness of  his  records,  and  each  plant 
presents  a  little  different  combination  of 
equipment  and  service  conditions  'rem 
which  the  proper  abbreviations  may  be 
selected. 

H.   S.    Knowlton. 

Newton,  Mass. 


Valve  Locking  Devices 

Many  accidents  are  due  to  the  stop 
valve  on  an  empty  boiler  in  a  battery 
being  left  open  when  a  man  was  inside. 
By  using  the  simple  arrangement  shown 
herewith  this  accident  could  not  occur. 
Safety  valves  and  doors  are  locked,  and 
dangerous  valves  should  be  locked  also. 

In  Fig.  1  B  is  a  strap  having  a  swing- 
ing arm  C.     When  it  is  desired  to  pre- 


Fig.  1.  Lock  for  Valve  Wheel 


© 


Fig.  2.  Lock  for  Large  Valves 

vent  the  valve  from  being  opened  or 
closed  it  is  locked  as  shown.  When  the 
arm  C  is  not  in  use  it  will  hang  down 
out  of  the  way.  For  large  valves  it  is 
good  practice  to  make  an  iron  arm, 
using  it  as  shown  in  Fig.  2.  The  part  E 
is  made  wide  enough  to  prevent  its  being 
turned  between  the  spaces  in  the  valve 
handle.  These  suggestions  are  for  sim- 
ple  locks  only. 

John  Thorn. 
Toronto.  Can. 


Water  in  Ashpit 

Reading  a  recent  article  on  putting 
water  in  the  ashpits  recalls  experiences 
with  using  screenings  or  washings  from 
the  culm  piles  in  a  large  station  with 
boilers  having  two  10x10- ft.  grates  each, 
and  about  an  inch  of  forced  draft  in  the 
ashpits.  The  boilers  were  hand-fired  and 
had  six  doors  to  each  grate. 

When  the  fires  were  cleaned  the  thin 
layer  of  good  fire  was  pushed  to  the 
back  and  the  entire  front  half  of  the 
fire  was  burned  down  and  dumped.  The 
top  of  the  back  half  of  the  fire  was 
spread  ovei  the  front  grate  and  covered 
heavily,  so  that  one  would  think  there 
was  no  fire  there  at  all.  The  draft  was 
then  put  on  and  the  back  half,  the  re- 
maining old  fire,  was  burned  down  and 
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dumped.  The  clean  front  fire  was  then 
evenly  spread  over  the  grates  and  covered 
as   before. 

One  fireinan,  in  a  hurry  to  get  the 
fires  cleaned  as  fast  as  the  peak  load 
dropped  off,  would  turn  the  water  into 
the  ashpit  before  the  new  fire  had  had  a 
good  start  and  the  steam,  blowing  through 
the  fire  from  the  ashpit,  would  com- 
pletely deaden  the  fire  in  large  spots. 

This  rather  upholds  the  theory  that 
water  in  the  ashpit  chills  the  fire,  but 
it  is  no  doubt  necessary  to  wet  the 
ashes  in  the  hoppers  to  prevent  burning 
them  up. 

As  this  coal  was  very  fine  and  dusty, 
some  of  it  would  fall  through  the  grates 
and  collect  in  the  bottom  of  the  hopper 
and  when  the  water  was  put  on,  the 
water-gas  would  burn  out  of  the  bottom 
of  the  hoppers,  and  sometimes  ignite 
with  quite  a  loud  report. 

Webster  Tallmadge. 

Warren,  R.  I. 


started  a  fire  under  the  boiler.  After  fir- 
ing the  boiler  for  about  five  hours,  I 
opened  the  valve  and  it  blew  out  as  free- 
ly as  if  it  had  never  been  clogged. 

Amos    A.    Amstutz. 
Bluffton,   Ohio. 


Home  Made   Crankpin  Oiler 

A  simple  and  effective  centrifugal 
crankpin  oiler  can  be  made  according 
to  the  accompanying  figure.  The  plate  B 
forms  the  cap  for  the  crankpin.  Solid 
with  this  plate  is  the  boss  E,  and  the 
whole  is  held  in  place  by  the  center 
bolt  F  and   a  dowel   pin.     The  bolt,   of 


the  stem,  which  allowed  steam  to  blow 
through  to  the  receiver. 

The  engine  was  stopped  in  time  to 
prevent  any  further  damage.  The  valve 
stem  was  heated  in  the  furnace,  the  end 
up  as  far  as  the  keyway  being  kept  cool 
so  as  to  prevent  distortion  of  the  keyway, 
which  was  all  right.  The  end  of  the 
valve  stem  was  gripped  in  the  vise  and, 
using  a  24-in.  monkey-wrench,  the  tee 
head  was  twisted  back  to  its  original 
position;  when  assembled  it  was  found 
to  have  the  right  amount  of  lap. 

The  throttle-valve  disk  was  trued  up 
in  a  lathe,  and  a  thread  cut  in  the  hole 
for    the    valve    stem ;    a    new    stem    was 


Cotter  Pin  Extractor 

The  accompanying  illustration  shows 
the  shape  and  details  of  a  tool  used  for 
extracting  cotter  pins.  The  pointed  end 
of  the  tool  is  used  for  pulling  out  the 
pins,  and  the  chisel-shaped  end  is  for 
spreading  the  ends  of  new  cotter  pins 
after  they  have  been  put  in  place. 

The  tool   is  made   from    tfe-in.   square 
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Tool  for  Extracting  Cotter   Pins 

tool  steel,  the  ends  being  heated  in  a 
forge,  hammered  into  shape,  tempered 
and  then  smoothed  up  on  an  emery  wheel. 

To  properly  shape  the  tool,  first  lay  it 
out,  full  size,  on  a  piece  of  thin  tin, 
which  can  then  be  cut  out  along  the 
boundary  lines  and  used  as  a  template 
bv  which  to  bend  the  piece  of  steel. 
H.  M.  Nichols. 

Kenyon,    R.    I, 


course,  has  a  hole  e.xtending  through  it 
and  communicating  with  an  oil  hole  in 
the  pin  as  shown. 

It  will  be  seen  by  the  end  view  at  the 
right  of  the  figure  that  the  quill  C  for 
delivering  the  oil  may  be  adjusted  both 
vertically  and  horizontally  by  means  of 
two  setscrews  as  shown. 

C.  R.  McGahey. 

Baltimore,   Md. 


made  and  riveted  in  place,  and  when  as- 
sembled the  valve  was  found  to  be  steam 
tight  when  shut  off  by  hand.  The  use 
of  the  wrench  was  discarded  and  since 
then  there  has  been  no  trouble  with  the 
valve. 

Thomas  Sheehan. 
North  Adams,  Mass. 


Clearing  a  Clogged  Blowcrff 
Pipe 

After  taking  down  a  clogged  boiler- 
blowoff  pipe  several  times  and  finding 
the  vertical  pipe  clogged,  I  thought  of 
another  way  of  freeing  it  of  its  accumu- 
lation. 

I  opened  the  blowoff  valve,  put  a  short 
nipDle  with  an  elbow  turned  up  to  be 
used  as  a  funnel,  poured  a  little  kerosene 
oil   in    the   pipe,   closed   the   valve    and 


Used  Wrench  on  Throttle 
ValVe 

The  6-in.  throttle  valve  of  a  750-hp., 
cross-compound  Corliss  engine  began  to 
leak,  and  when  shutting  down  the  en- 
gine a  wrench  was  used  on  the  hand- 
wheel  to  turn  it  tight.  Things  went  along 
nicely,  outside  of  a  little  rattle  in  the 
valve,  until  one  night,  when  the  night 
engineer  started  to  shut  down;  he  found 
that  he  could  not  shut  off  steam  with  the 
throttle  valve  and  had  to  use  one  on  the 
main  header. 

Upon  examining  the  valve  it  was  found 
that  the  disk  was  off,  the  spindle  threads 
had  been  stripped  and  a  pin  had  sheared. 
As  the  engine  was  needed,  the  engineer 
put  the  disk  back  on  the  stem,  put  a  bolt 
through  and  beaded  over  the  end  on  the 
nut.  This  answered  for  about  three 
weeks,  when  the  relief  valve  on  the  re- 
ceiver started  to  blow,  owing  to  the  high 
receiver  pressure  caused  by  the  bolt 
breaking.  The  end  with  the  nut  caught 
on  the  crank-end  steam  valve  and  twisted 


Auxiliary  Valve  Stem 

A  4-in.  bypass  valve  is  located  be- 
neath the  floor  of  our  power  house,  and 
having  to  open  it  every  time  the  water- 
wheel  is  started,  I  devised  a  way  of  op- 
erating  it   without   going  below. 

Taking  the  handwheel  off  of  the  valve 
stem,  I  filed  the  end  of  the  stem  square, 
and  drilled  a  hole  through  the  floor  large 
enough  to  let  a  1-in.  pipe  through.  Then 
cutting  a  piece  of  1-in.  galvanized  pipe 
of  the  required  length,  I  hammered  the 
burr  in,  and  slightly  dented  the  pipe  on 
each  side,  placed  it  over  the  square  end 
of  the  valve  stem  and  ran  hard  babbitt 
metal  about  2  in.  deep  in  that  end.  I 
then  drilled  a  '<-in.  hole  in  the  other 
end,  and  put  in  a  '^-in.  piece  of  round 
iron,  9  in.  long,  for  a  handle. 

I  can  now  open  or  shut  the  valve 
without  trouble,  and  as  the  extra  stem  is 
slipped  off  after  using,  it  is  not  in  the 
way,  and  the  floor  is  left  clear  of  any 
obstruction. 

V.  C.  Wood. 

Copenhagen,  N.  Y 
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Questions  Before  the  House 

Comment,  criticism,  suggestions  and  debate  upon  various  articles, 
letters   and   editorials    which  have  appeared  in  previous  issues 


A   Pumping   Problem 

All  of  the  letters  in  the  issue  of  Jan. 
23  on  the  centrifugal-pump  problem  were 
shots  in  the  right  direction,  but  none 
brought  out  the  fundamental  principles 
involved  in  the  question  or  the  reason 
why. 

Mr.  Dowd  is  correct  when  he  says  that 
all  pumps  do  not  overload.  A  pump  can 
be  designed  that  will  not  overload,  even 
though  the  static  head  be  suddenly  and 
completely  removed. 

There  should  be  two  distinct  classes 
of  centrifugal  pumps.  One  should  be 
designed  for  variable  speeds,  intended 
for  use  where  there  are  no  sudden 
changes  of  static  head  and  the  speeds  of 
the  pumps  are  fixed  according  to  the 
static  heads.  The  other  should  be  con- 
stant-speed pumps  intended  to  be  con- 
nected to  constant-speed  drivers  and 
where  the  static  head  is  liable  to  change 
suddenly.  The  majority  of  centrifugal 
pumps  are  neither  one  nor  the  other; 
they  are  hybrids,  wtth  the  faults  of  both 
types  and  without  the  virtues  of  either. 

In  the  following  explanation,  to  avoid 
complicating  the  theory,  I  will  neglect 
pipe  friction  and  the  resultant  velocity 
of  the  water;  that  is,  the  resultant  of 
the  radial  flow  and  the  linear  velocity 
at  the  periphery  of  the  impeller.  Assume 
a  pump  having  impeller  vanes  of  an  angle 
of  90  deg.  This  pump  has  a  discharge  pipe 
run  up  to  an  indefinite  height;  see  the 
accompanying  figure.  The  pump  is  primed 
and  started  up  and  run  at  a  given  num- 
ber of  revolutions;  the  peripheral  veloc- 
ity of  the  impeller  will  be,  say,  30  ft. 
per  second,  and  the  water  will  rise  in 
the  discharge  pipe  until  it  comes  to  rest 
at  a  point  balanced  by  the  30  ft.  per 
second,  V'-  ~  2g,  which  would  be  14  ft. 

In  reality  the  water  would  not  come 
to  rest,  it  would  surge  up  and  down;  but 
to  make  this  explanation  clear  I  will 
consider  that  an  equilibrium  is  estab- 
lished. This  14  ft.  would  then  be  the 
total  head  that  the  pump  was  capable 
of  at  the  given  speed.  Now,  suppose 
the  pipe  were  cut  off  at  ^4  1  ft.  below  this 
point,  then  the  water  would  flow  at  a 
velocity  due  to  the  difference  of  heads, 
which,  in  this  case,  would  be  8  ft.  per 
second.  Consider  that  this  is  a  20-in. 
pump  and  pipe,  then  this  pump  would 
deliver  approximately  7840  gal.  per  min- 
ute against  a  total  head  of  14  ft.  and 
the  water  horsepower  would  be  about 
27.7. 


Now  suppose  that  the  pipe  be  cut 
again  at  B,  a  distance  of  4  ft.  from  the 
point  of  no  flow.  Then  the  water  would 
run  off  at  a  velocity  due  to  4  ft.  F  = 
i/  2gh  would  be  approximately  16  ft. 
per  second  and  the  pump  would  be  de- 
livering 15,680  gal.  per  minute,  but  the 
total  head  would  not  be  reduced  at  all; 
it  would  still  be  14  ft.,  which  would 
consist  of  10  ft.  of  static  head  plus  4 
ft.  velocity  head.    The  water  horsepower 


Arrangement  of  Pump,  Showing 
Height  of  Lift 

would  be  just  double,  or  55.4.  This  is 
in  exact  accordance  with  Bernoulli's 
theorem — that  the  sum  of  the  static  head 
plus  the  velocity  head  will  always  equal 
the  total   head. 

These  exact  conditions  are  merely  as- 
sumed for  the  sake  of  clearness;  as  a 
matter  of  fact,  if  the  friction  head  were 
considered  it  would  simply  reduce  the 
velocity  head  but  would  add  a  corre- 
sponding amount  to  the  pressure  head 
and  the  total  head  would  remain  un- 
changed. If  the  resultant  velocity  be 
considered,  as  ihe  flow  would  be  in- 
creased by  a  lower  static  head  the  re- 
sultant   velocity    would    be    greater    and 


the  total  head  would  be  increased.  Thus 
it  is  evident  that  not  only  would  the 
amount  of  water  be  increased  when  the 
static  head  is  decreased  and  the  pump 
kept  at  a  constant  speed,  but  the  total 
head,  instead  of  being  less,  as  claimed 
by  some,  is  not  decreased. 

If  the  vanes  had  a  backward  rake 
there  would  be  a  tendency  to  reduce  the 
total  head,  but  if  the  area  of  passages 
between  the  vanes  was  large  this  reduc- 
tion would  be  small  and  there  would 
still  be  a  tendency  to  overload  when  the 
static  head  is  reduced. 

Will  I.  Bettis. 

Houston,  Tex. 


Measurement    of   Hot  Feed 
Water 

I  read  the  articles  which  appeared  re- 
cently on  "Measurement  of  Hot  Feed 
Water"  and  was  much  surprised  that  no 
mention  was  made  of  the  "Lea"  V-notch 
recorder. 

The  V-notch  method  of  measuring  hot 
water  seems  to  be  growing  in  favor 
among  engineers  because  of  its  sim- 
plicity, accuracy,  freedom  from  error  due 
to  collections  of  sediment  and  deposits  of 
scale,  its  compensating  feature  for 
changes  in  temperature  and  because  there 
are  no  moving  parts  coming  in  contact 
with  the  flow,  except  the  float  which  op- 
erates the  recorder;  this  is  placed  in  a 
chamber  by  itself  and  is  completely  pro- 
tected from  the  flow. 

Like  the  venturi  meter  and  the  Pitot 
tube,  the  V-notch  recorder  is  a  continu- 
ous-flow meter.  The  fact  that  the  V- 
notch  recorder  has  a  storage  tank  to  con- 
tain the  weir  explains  one  reason  why  it 
is  meeting  with  success  in  power  plants; 
this  storage  of  hot  water  requires  a  con- 
siderable interval  of  time  to  change  its 
level,  and  this  change  of  level  gives  an 
opportunity  for  the  recording  apparatus 
to  properly  adjust  itself.  In  other  words, 
the  V-notch  recorder  has  a  dampening 
effect  on  the  record  of  the  fluctuations 
in  the  load. 

The  recorder  is  always  placed  on  the 
suction  side  of  the  feed  pump  and  hence 
the  whole  apparatus  is  at  atmospheric, 
or  very  near  atmospheric,  pressure,  and 
is  raadily  accessible  for  cleaning  and 
repairs.  With  the  recorder  is  also  pro- 
vided a  chart  having  rectangular  co- 
ordinates which  many  consider  an  ad- 
vantage because  it  can  readily  be  filed 
and  a  standard  planimeter  may  be  used 
to   measure   the   area   of  the   chart   and 
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Thereby  calculate  the  quantity  having 
flowed  through  the  recorder  during  any 
period   of  time. 

As  far  as  we  know,  there  is  no  ap- 
paratus which  can  so  readily  be  checked 
as  the  V-notch  recorder,  because  by  a 
pointer  attached  to  the  float  rod  in  front 
of  a  scale  the  actual  head  in  inches  going 
over  the  weir  may  be  seen  at  any  time. 
This  value  may  be  substituted  in  Thomp- 
son's formula  for  the  V-notch  and  the 
result  compared  with  the  indicated  rate 
of  flow  on  the  calibrated  drum  of  the 
recorder  or  on  the  chart  record. 

Some  engineers  fee!  that  the  weighing 
machines  of  the  dumping-bucket  types 
are  preferable  to  the  other  hot-water 
meters   because   they   give   on   a   counter 


Copper   Crosshead    Shoes 

The  letter  in  Power  for  Jan.  23  rela- 
tive to  copper-lined  crosshead  shoes  re- 
minds me  of  an  experience  I  had  in  put- 
ting into  operation  the  power  plant  of  a 
portland-cement  works. 

This  plant  contained  four  heavy-duty 
Corliss  engines,  two  simple,  24x48  in. 
and  two  cross-compound  24  and  48  by 
48  in.,  having  copper-lined  crosshead 
shoes.  During  my  absence  one  of  these 
shoes  heated  (from  lack  of  sufficient 
oil,  probably,  as  the  engines  had  only 
been  in  operation  a  few  days)  and  fire 
flew,  in  spite  of  all  the  attendant  could 
do,  until  the  engine  was  stopped.  Ac- 
cording to  his  report,  less  than  one  min- 


A  "Lea"  Recordlk    i.\    Sukvice 


dial  the  total  quantity  which  has  flowed 
through  the  machine.  If  this  is  the  only 
result  they  are  seeking,  such  information 
is  undoubtedly  given,  but  in  the  opera- 
tion of  a  power  plant  is  it  not  very  much 
more  important  to  know  the  fluctuating 
condition  of  the  load  as  well  as  the  total 
load  on  boilers  and  turbine  or  engines, 
as  the  case  may  be? 

The  fireman  or  water-tender  can  by 
glancing  at  the  chart  see  whether  the 
rate  of  feed  has  been  as  constant  as  the 
load,  and  if  not,  he  can  exercise  more 
care  as  to  the  regulation  of  tha  feed 
pumps.  This  one  principle  alone — viz., 
uniform  rate  of  feed — will,  I  believe,  be 
found  to  be  one  of  the  most  important 
factors  in  obtaining  a  high  evaporation 
and  one  which  is  most  neglected  in  the 
smaller  plants.  Is  it  not  only  by  such 
an  analysis  of  the  load  as  provided  by 
a  recorder  chart  that  economical  and  effi- 
cient working  conditions  may  be  estab- 
lished and  accurately  checked  from  day 
to  day? 

Arthur  C.  Jackson, 
of  the  Miller  Lock  Co. 

Philadelphia,  Penn. 


ute's    time    elapsed    Detween    the    smoke 
and  the  fire. 

The  copper  was  found  to  be  so  hard  in 
spots  that  neither  a  file  nor  a  chisel  would 
take  hold,  and  it  was  necessary  to  grind 
these  spots  off  on  an  emery  wheel.  The 
guide  was  badly  scored  up  during  the 
accident  and  it  was  necessary  to  sub- 
stitute babbitt  metal  for  the  copper  be- 
fore the  engine  could  be  operated  again. 

No  serious  trouble  was  experienced 
with  any  of  the  other  copper  shoes,  but 
after  three  vears'  continuous  service,  the 
scored  guide  with  the  babbitted  shoe 
showed  almost  imperceptible  wear,  while 
the  other  guides  were  worn  down  h  in. 
and  more.  On  the  other  hand,  the  cop- 
per shoes  were  worn  off  less  than  '/s 
in.  while  the  babbitted  shoe  had  been 
relined  twice. 

I  believe  that  yellow  brass  makes  the 
best  lining  for  crosshead  shoes,  as  it  is 
better  that  the  lining  of  the  shoes  should 
wear  than  the  guide;  and  while  babbitted 
shoes  are  too  soft,  the  copper  will  be 
found  too  hard  in  most  cases. 

J.  W.  Fowler. 

Nashville,   Tenn. 


I  noticed  what  C.  L.  Johnson  had  to 
say  regarding  the  merits  of  the  copper 
crosshead  shoes,  in  the  Jan.  23  issue. 
Copper,  while  very  soft,  or  close  grained, 
is  very  tough,  while  babbitt  does  not 
possess  this  quality  and  would  have 
offered  less  resistance  if  it  had  been 
employed.  In  other  words,  it  would  have 
commenced  to  flake  and  "ball  up"  under 
the  shoe  from  the  effect  of  the  grit. 

Lloyd  V.  Beets. 

Nashville,  Tenn. 


What  Means  the  Dome.? 

Referring  to  the  article  in  Power  of 
Dec.  26,  John  Francis'  comment  in  the 
issue  of  Jan.  30  is  about  correct. 

There  are  probably  but  few  old-timers 
left  who  fired  the  pigmy  locomotives 
back  in  ;he  sixties,  like  myself:  The 
cylindrical  part  of  the  boiler  was  small 
and  the  steam  space  above  the  water 
line  was  often  less  than  10  in.  The 
throttle  valve  was  placed  in  the  top  of 
the  forward  dome  to  get  as  dry  steam  as 
possible;  the  second  dome  was  available 
for  steam  if  the  water  level  was  not  too 
high,  giving  the  advantage  that  would 
accrue  from  one  large  dome.  The  single 
large  dome  over  the  firebox  soon  re- 
placed the  double  style,  and  steam  pipe 
and  throttle  valve  were  placed  in  the 
top,  just  beneath  the  old  spring  balance 
safety  valves. 

E.  Stanley  Thomas. 

Fremont,   Ohio. 


Either  is  Right 

My  attention  has  just  been  called  to 
an  editorial  filler  in  Power,  for  Jan.  2,  to 
the  effect  that  if  one  wanted  to  know 
whether  the  name  of  the  Stirling  boiler 
is  spelt  with  an  "i"  or  an  "e,"  he  could 
not  find  out  from  my  paper  on  the  Delray 
tests. 

I  wish  to  point  out  that  all  Stirling 
boilers  are  sterling,  and  that  he  would 
be  right   with   either  spelling. 

D.  S.  Jacobus. 

New  York  City. 


Engine  Load  Not  Equahzed 

Harry  H.  Gordon,  in  the  issue  of  Jan. 
23,  makes  inquiry  about  equalization  of 
load  between  the  high-  and  low-pressure 
cylinders  of  a  14  and  28  by  36-in.  non- 
condensing   steam   engine. 

In  the  first  place,  if  the  diagrams  were 
taken  simultaneously  and  represent  the 
average  load  on  the  engine,  it  is  too  large 
for  its  work,  which  accounts  for  the  loop 
in  the  low-pressure  diagram.  Next,  the 
engine  was  originally  designed  for  a 
condensing  engine  and  the  cylinder  ratio 
is  too  high  for  running  noncondensing. 
This  accounts  for  the  long  cutoff  in  the 
high-pressure  cylinder,  with  excessive 
terminal  drop  (apparently  about  40  lb.), 
although    the   engine   carries   so   light   a 
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load  as  to   form  a  negative  loop  in  the 
low-pressure  diagram. 

The  receiver  pressure  is  too  low,  and 
should  be  about  10  lb.  higher  for  a  non- 
condensing  engine  carrying  130  lb.  gage 
steam  pressure.  If  the  receiver  pres- 
sure were  raised  which  may  be  done 
by  shortening  the  low-pressure  cut- 
off, it  would  go  quite  a  ways  to- 
ward work  equalization  and  would  also 
lessen  the  terminal  drop  in  the  high- 
pressure  cylinder.  There  seems  to  be 
considerable  loss  of  both  pressure  and 
volume  between  the  cylinders,  and  the 
terminal  pressure  in  the  low-pressure 
cylinder  is  much  lower  than  should  re- 
sult from  the  long  cutoff  in  the  high- 
pressure  cylinder.  This  indicates  leak- 
age or  excessive  condensation,  or  both. 

A  cylinder  ratio   of  about  3,  a   some- 
what smaller  low-pressure  cylinder,  say 
a    15    and    26    by    36-in.    engine,    would 
probably  have  been  more  satisfactory. 
William    E.   Ninde. 

Syracuse,  N.  Y. 


Repair  Work  Suggestions 

The  figure  accompanying  Joseph  F. 
Pflum's  letter,  in  the  Jan.  30  issue,  shows 
%-'m.  studs  inserted  in  the  spokes  cross- 
wise of  the  fracture.  The  job  probably 
would  have  been  improved  if  he  had 
drilled  and  tapped  the  rim  of  the  wheel 
for  the  proper  size  studs,  as  shown  in 
Fig.  1. 

I    once    assisted    in    repairing    a    large 


come  a  safe  distance  away  from  the 
crack.  We  then  laid  them  in  the  rim  of 
the  wheel,  one  on  either  side  of  the 
boss,  if  there  was  any,  and  fastened 
them  firmly  with  capscrews,  set  up  good 
and  tight. 

In  case  a  piston  rod  or  a  driving  rod 
is  broken  short  off  and  it  is  impractical 
to  weld  it,  a  good  scheme  to  use  is  il- 
lustrated in  Fig.  3.    Take  the  longer  part 


Fir,.    1.  Showing  Better   Position   of 
Holding   Bolt 

pump  gearwheel  which  had  a  crack  in 
the  rim.  Referring  to  Fig.  2  and  assum- 
ing that  the  crack  was  at  point  A,  we 
first  notched  out  the  spokes  at  B  so  as 
to  afford  a  good  bearing  for  the  U-bolts 
shown  at  D,  which  were  fitted  on  and 
turned  up  tight  with  a  pair  of  turn- 
buckles. 

Another  method  of  repair  which  we 
used  on  smaller  gears  is  shown  at  E, 
Fig.  2.  We  bent  two  heavy  strips  of 
iron,  to  confonn  to  *he  •'nne-  surface  of 
the  wheel  rim,  and  drilled  two  holes  in 
each  end  of  the  strip  so  that  they  would 


Fig.  2.  MEXHon  of  Repairing  Gear 
Wheels 

F  of  the  rod,  and  chuck  it  in  a  lathe; 
turn  the  broken  end  off  square,  drill  and 
tap  it  as  at  C  and  fit  on  a  new  end  piece 
H,  which  has  been  cut  to  the  proper 
size  and  threaded  on  the  end.  Should 
there  be  any  unevenness  at  the  joint,  the 
whole  job  can  easily  be  trued  up  in  the 
lathe,   after    which    not   only    will    it   be 


Personal  Appearance 

The  foreword  in  the  Jan.  23  issue  is 
very  goad  and  much  needed  at  this 
time.  If  the  engineer  of  the  small  plant 
who  is  trying  to  get  a  deserved  increase 
in  salary  would  take  more  interest  in  his 
personal  appearance  as  well  as  that  of 
the  plant,  he  would  stand  much  higher 
in  the  estimation  of  his  employer  and 
help   to   better   conditions. 

If  a  supplies  salesman  came  into  your 
plant  dressed  in  dirty  clothes  and  look- 
ing as  sloppy  as  many  engineers  do  while 
on  duty,  it  would  lower  your  estimation 
of  his  goods  beneath  those  of  his  com- 
petitors. No  one  realizes  this  better  than 
the  salesman.  When  an  engineer  goes 
to  the  office  to  ask  for  an  increase  or  for 
new  equipment,  wearing  overalls  over 
his  underwear,  as  many  do,  with  a  piece 
of  greasy  waste  hanging  from  a  jacket 
pocket  and  an  old  dirty  cap  and  dirty 
hands  and  face,  his  arguments  will  carry 
but  little  weight  because  his  appearance 
has  a  great  effect  on  the  strength  of  the 
arguments. 

A  boiler  inspector's  job  is  long,  dirty; 
yet  his  appearance  in  the  office  is  as 
good  as  that  of  the  boiler  salesman,  and 
he  is  respected. 

The  engineer  has  a  great  many  dirty 
jobs  to  do,  but  when  the  work  is  com- 
pleted he  can  usually  find  time  to  clean 
himself. 

J.  C.  Hawkins. 

Hyaltsville,  Md. 


i^rZE 


G    H 


Fir,.  3.  Method  of  Repairing  Piston  Rod 


Fig.  4.  Method  of  Repairing  Eccentric 
Rod 

haid  to  tell  where  the  splice  is,  but  the 
rod  will  run  with  perfect  smoothness 
through  a  stuffing-box  or  gland. 

In  the  case  of  an  eccentric  rod  or  one 
subjected  to  vibration  as  well  as  endwise 
pull,  I  would  use  the  methods  illustrated 
in  Fig.  4.  The  ends  are  turned  up  and 
threaded.  Then  a  piece  of  shafting  -54 
or  1  in.  larger  in  diameter  than  the  broken 
rod  and  of  sufficient  length  to  give  the 
job  proper  strength  is  drilled  clear 
through  and  tapped  for  each  end.  Should 
the  conditions  demand  great  rigidity,  a 
longer  thread  may  be  cut  on  the  ends  of 
the  rod  and  a  jam  nut  put  on  either 
side  of  the  sleeve 

Thomas  M.  Sterling. 

Middlebranch,  Ohio. 


Central  Station  vs.    Isolated 
Plant 

The  solicitor  for  the  central  station 
tells  a  very  nice  story  of  how  much 
can  be  saved,  etc.,  and  I  am  very  sorry 
to  say  that  in  some  cases  the  engineer 
is  unable  to  show  that  these  statements 
are  not  true.  Here  is  a  case,  however, 
which  I  think  should  show  the  owner  of 
a  plant  of  any  size  that  there  must  be 
some  saving  in  the  isolated  plant. 

The  largest  group  of  buildings  in  this 
city  has  been  served  by  an  isolated  plant 
for  years,  and  when  the  central-station 
company  was  formed  some  years  ago 
the  owners  of  these  buildings  were  in- 
terested in  this  company.  In  course  of 
time  a  large  addition  was  built  to  the 
building  which  the  central-station  com- 
pany occupies  and  for  which  it  furnishes 
light  and  power.  For  some  reason,  I 
do  not  know  what,  two  new  engines  were 
put  into  the  new  part  and  a  large  sum  of 
money  was  spent  in  making  the  engine 
room  uptodate.  Now  why,  if  central- 
station  power  is  so  much  cheaper  and 
better,  did  they  not  use  it  in  the  exten- 
sion? 

C.   L.  Johnson. 

Newark,  N.  J. 


Ar.  interesting  editorial  that,  in  the 
Feb.  13  issue,  entitled  "How  the  Central 
Station  Got  One  Plant."    It  seems  to  me 
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that  there  is  something  to  be  read  be- 
tween the  lines.  Who  really  was  the 
loser?  It  is  true  that  the  engineer  lost 
his  job,  and  those  of  the  men  under  him. 
But  that  loss  was  only  temporary,  for  it 
is  fair  to  assume  that  at  some  time  they 
would  all  be  employed  again,  somewhere. 

How  about  the  employer  who  evidently 
hastily  decided  that  the  central  station 
was  the  thing  for  him?  Did  he  not 
"cut  off  his  nose  to  spite  his  face"?  His 
loss  is  probably  one  that  will  continue, 
even  though  he  may  not  be  aware  of  it, 
forit  is  likely  that  the  plant  could  have 
made   good   if   properly   managed. 

Power  has  told  engineers  a  lot  of 
things  concerning  the  proper  operation 
of  steam  plants,  and  how  to  hold  their 
own  against  possible  invasion,  and,  no 
doubt,  many  engineers  have  profited  by 
acting  accordingly.  It  is  now  time  to 
start  a  campaign  of  education  among 
owners,  employers  and  managers,  and 
try  to  open  their  eyes. 

The  central  station  has  begun  its  course 
of  education  with  owners,  but  there  is 
another  side  to  the  story  which  they 
should  hear  before  doing  as  the  fellow 
did  in  the  editorial. 

Charles   J.    Mason. 

Scranton,  Penn. 


Lubricator    Piping   and 
Lubrication 

In  the  answer  to  D.  C.  Y.'s  inquiry  on 
lubricator  piping  it  is  stated  that  "The 
lubricator  pipe  should  not  extend  into 
the  steam  space  of  the  main  pipe,  but 
should  end  so  that  the  oil  will  run  down 
the  side  of  the  pipe." 

This  is  directly  opposed  to  all  ac- 
cepted practice,  for  if  the  oil  is  allowed 
to  run  down  the  side  of  the  pipe,  it  will 
not  spread  sufficiently  to  oil  one-half  of 
the  frictional  area  in  the  valve  chest  and 
cylinder.  On  the  contrary,  the  pipe 
should  extend  into  the  main  steam  pipe 
to  its  center  and  end  in  a  slight  down- 
ward curve  to  prevent  the  oil  from  fol- 
lowing back  on  the  pipe;  then  the  tem- 
perature and  velocity  of  the  steam  will 
cause  the  oil  to  atomize  and  impregnate 
the  steam,  and  thus  it  is  carried  by  the 
steam  to  all  parts  of  the  steam  chest 
and  cylinder. 

E.    H.   Roberts. 

Norwalk,  Conn. 


Uniform  Boiler  Laws 

I  was  interested  by  the  editorial  in 
the  Feb.  6  issue  on  the  subject  of 
"Uniform  Boiler  Laws,"  and  if  the  Ameri- 
can Boilermakers  and  Manufacturers' 
Association  can  bring  these  into  exist- 
ence it  v.'ill  earn  the  eternal  gratitude  of 
the  boiler  manufacturers  in  this  country 
and  be  instrumental  in  providing  great 
protection  to  steam  users  as  well.  I  doubt, 
however,  whether  it  will  be  possible  to 
get  concurrent  legislation  on  the  part  of 
the  states. 

Although  Congress  could  not  make  an 
enactment  that  would  interfere  with  the 
rights  of  any  state,  it  could  appoint  a 
commission  to  prepare  a  uniform  law 
which  v/ould  be  known  as  the  United 
States  standard  for  stationary  boilers. 
The  adoption  of  this  standard  need  not 
be  made  obligatory,  and  I  believe  that 
in  a  short  time  public  sentiment  would 
compel   the  different   states  to   adopt  it. 

The  present  condition  of  affairs,  due  to 
recent  state  legislation  as  well  as  munici- 
pal regulations,  makes  confusion  worse 
confounded  for  the  boiler  manufacturer. 
It  also  makes  it  a  hardship  for  certain 
classes  of  steam  users;  for  example,  a 
contractor  doing  business  in  several 
states  of  the  country  cannot  very  well 
afford  to  discard  the  boiler  on  his  hoist- 
ing machinery  because  it  does  not  con- 
form to  the  regulations  governing  the 
territory  in  which  he  has  a  contract.  In 
my  opinion,  the  only  way  to  accomplish 
the  desired  legislation  will  be  by  es- 
tablishing a  United  States  standard. 
John  Dick. 
Meadville,  Penn. 


other.  This  can  be  corrected  or  equal- 
ized by  adjusting  the  length  of  the  ex- 
haust eccentric  rod  or  the  exhaust  reach 
rod  to  give  earlier  closing  at  the  former 
and  later  at  the  latter.  After  this,  if  it 
is  desired  to  increase  the  compression 
in  both  ends,  shorten  the  exhaust  reach 
rod  slightly  and  lengthen  the  connection 
rod  between  the  exhaust  valves  by  an 
amount  twice  as  much  as  the  reach  rod 
was  shortened. 

J.  K.  McIntyre. 
Newburgh,    N.    Y. 


Changes  Necessary 

J.  D.  Gilmore  asks,  in  the  Feb.  13  is- 
sue, what  the  readers  think  of  his  indi- 
cator diagrams.  For  a  medium-speed 
engine  they  are  not  bad.  As  to  what  ad- 
justments are  necessary,  if  the  engine 
is  running  quietly,  it  would  be  well  to 
leave  it  as  it  is.  There  are  certain  stand- 
ards for  indicator  diagrams,  such  as  ver- 
tical admission  lines  and  appreciable 
compression. 

At  both  ends  of  the  cylinder  the  steam- 
valve  opening  occurs  late.  Under  a 
heavier  load  the  governor  might  correct 
this,  but  as  the  diagrams  show  approxi- 
mately one-third  cutoff,  the  arrangement 
of  engine  parts  should  be  such  as  to  give 
a   free  admission  at  this  point  of  cutoff. 

To  correct  this  late  admission  there 
are  two  factors  to  consider,  the  governor 
and  the  steam  valves.  Block  the  gov- 
ernor into  position  as  for  lightest  loads 
and  shortest  valve  travel ;  then  turn 
engine  over,  observing  the  steam  valves. 
They  should  come  line  and  line  with  the 
edge  of  the  port,  without  opening  and 
without  lap  when  in  extreme  opening 
position.  If  there  is  lap,  the  steam  con- 
nection rods  can  be  adjusted  to  bring 
the  steam  valves  line  and  line.  Correc* 
the  front  end  first  and  then  the  back 
end. 

If  the  steam  valves  are  correct,  the 
fault  lies  in  the  governor.  To  correct 
this,  an  offset  key  will  be  required  that 
will  allow  the  governor  to  advance  or 
give  greater  lead.  It  is  hard  to  say  how 
much  this  advance  should  be.  As  it  is 
fairly  safe  to  assume  that  the  engine 
builder  keyed  the  governor  in  the  proper 
position,  the  probabilities  are  that  the 
steam  valves  will  be  "ound  to  be  out  of 
adjustment. 

The  diagrams  show  that  compression 
occurs   earlier   at   one   end    than    at   the 


The  diagrams  shown  in  the  issue  of 
Feb.  13  by  Mr.  Gilmore  indicate  that 
the  engine  is  operating  under  a  rather 
heavy  load.  Moving  the  eccentric  ahead 
on  the  shaft  in  the  direction  in  which  the 
engine  Is  running  will  sharpen  up  the 
admission  line  and  improve  the  diagrams 
considerably. 

C.  R.  McGahey. 

Baltimore,  Md. 


Various  Comments 

I  think  if  J.  D.  Gilmore  will  move 
the  eccentric  of  his  engine  ahead,  the 
diagrams  will  be  good.  The  steam  valves 
are  late.  There  may  be  some  other  lit- 
tle adjustments  needed,  but  it  is  hardly 
safe  to  advise  until  the  greater  fault  is 
corrected. 

My  experience  with  gage-glasses  on 
traps  and  separators  is  the  same  as 
that  of  J.  W.  Dickson  and  Edgar  Alt- 
man;  it  is  quite  impossible  to  keep  them 
in  even  when  the  pressure  is  moderate. 

I  think  Mr.  Strachan's  cure  for  hot 
bearings  is  the  most  novel  I  ever  heard 
of;  if  it  cures,  all  right.  I  think  that 
a  little  fine  abrasive,  like  grindstone  grit 
or  Sapolio,  will  cut  away  the  high  spots 
and  when  the  bearing  is  good  the  trouble 
always  disappears. 

When  there  is  a  knock,  I  give  the  box 
that  appears  to  be  the  offender  a  liberal 
dose  of  oil;  that  will  usually  deaden  the 
noise.  Then  I  make  a  pencil  mark  across 
the  key  and  gib  and  drive  the  key  the 
width  of  the  mark.  If  this  is  not  enough 
it   can   be   repeated   the   next   day. 

I  have  been  in  my  present  position  five 
years  and  have  had  no  trouble  from  hot 
bearings  in  that  time.  I  have  one  26  and 
48  by  72-in.  cross-compound  and  one 
20  and  36  by  60-in.  cross-compound  en- 
gine running  at  60  and  70  r.p.m.,  and 
doing  about  2000  hp.  Four  gallons  per 
day  of  oil,  costing  14c.  per  gallon,  with 
ordinary  oil  cups,  oil  these  engines  as 
well  as  all  the  auyiliaries.  Does  not 
this  speak  well  for  the  man  who  looks 
after  the  oiling? 

If  Scott  Norton,  when  punching  out 
bolt-holes  in  sheet  packing,  will  do  his 
cutting  on  the  end  of  the  grain  instead 
of  the  side  of  the  board,  he  will  find 
that  his  punches  cut  m.uch  better  as  the 
wood  is  more  solid. 

J.  Swallow. 

Utica,   N.  Y. 
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Inquiries  of  General  Interest 


Questions  are 

address  of  the  inquirer. 


not  answered  unless  accompanied  by  the  name  and 
This  page  is  for  you  when  stuck — use  it 


Cement  for  Leather  Belts 
What   is    a  good   cement    for   leather 

^^"^  ■  R.    W. 

Place  equal  parts  of  common  glue  and 
isinglass  in  a  glue  pot  and  add  suffi- 
cient water  to  cover  the  whole.  Let  it 
soak  for  10  hours  and  then  bring  it  up 
to  a  boiling  heat.  Add  pure  tannin  umil 
the  mass  looks  like  the  white  of  an  egg. 
Apply  warm. 

Oil  Switch 

What  is  an  oil  switch  for.  and  how  is 

it  operated? 

M.  G. 

An  oil  switch  is  similar  in  its  action 
to  other  switches,  except  that  its  con- 
tacts are  immersed  in  a  small  tank  of 
oil.  It  is  used  principally  on  high-ten- 
sion voltage  service;  the  large  arc  which 
would  result  from  breaking  a  high-volt- 
age line  with  an  ordinary  switch,  is  al- 
most entirely  eliminated  by  the  oil  which 
flows  between  the  contacts  of  an  oil 
switch  when  opened.  The  oil  has  a  high 
electrical  resistance;  it  is  a  mineral  oil 
free  from  acid  and  water. 


The  arc  of  the  circle  in  the  illustration 
is  drawn  with  the  radius  AB.  The  line 
BC  dropped  from  the  extremity  of  one 
radius  perpendicular  to  the  other  radius 
AD  inclosing  angle  a  is  the  sine  of  that 
angle.  The  line  AC  between  the  center 
A  °of  the  circle  and  the  intersection  C 
of  the  sine  is  the  cosine.     For  a  given 


Cosine 


Sulphur  Dioxide  as  a  Refrig- 
erant 

How    does    sulphur    dioxide    compare 
with  ammonia  as  a  refrigerant? 

F.  M.  M. 

Sulphur  dioxide  gives  a  low  efficiency 
at  very  low  refrigerator  temperatures,  and 
requires  about  three  times  as  much  com- 
pressor capacity  as  ammonia.  In  tests 
made  by  Shroder  and  Denton,  on  sulphur 
dioxide  with  a  condenser  temperature  of 
80.6  deg.  F.  and  a  suction  temperature 
of  —15.9  deg.  F.,  Ihe  ice-melting  capa- 
city per  ponnd  of  coal  was  10.1  lb.  and 
the  per  cent,  loss  due  to  cylinder  super- 
heating was  39.2.  With  ammonia  hav- 
ing a  condenser  temperature  of  84.6  and 
a  suction  temperature  of  —  10.4  deg.  F. 
the  ice-melting  capacity  per  pound  of 
coal  was  14.5  lb.  and  the  per  cent,  loss 
due  to  cylinder  superheating  was  22.9. 


angle,  the  lengths  of  these  lines  will  have 
a  definite  relation  to  each  other,  and 
these  relative  lengths  are  given  in  the 
table  of  trigonometrical  functions,  the 
length  of  the  radius  being  taken  as 
unity.  In  the  problem,  if  the  hypotenuse 
is  taken  as  the  radius,  the  altitude  will 
be  the  sine  and  the  base  the  cosine. 
The  table  gives  the  following  values: 

Anglo 


Steam  per  Horsepoiver  Hour 

If  the  duty  trial  of  a  triple-expansion 
steam  pump  was  123,000,000  ft.-lb.  per 
1000  lb.  of  steam,  what  is  the  steam  con- 
sumption per  indicated  horsepower-hour? 
C.  F. 

Assuming  the  mechanical  efficiency  to 
be  90  per  cent.,  the  foot-pounds  developed 
in  the  engine  cylinders  would  be 

123,000,000  ^  ,36666,666  n--ib. 
0.90 
per  1000  lb.  of  steam,  or 

136,666,666  ^  ,36_666.7  /«.-»■ 
1000 

per  pound  of  steam,  or 
136,666.7 
60  X  33.000 
per   pound   of   steam,   the   reciprocal   of 
which  would  be  the  pounds  of  steam  per 
horsepower-hour,   or 

-i—  =  14.5  lb. 
0.069 

of  steam  per  horsepower  per  hour. 


-  =  0.069  hp.-hr. 


Sine  Cosine 

0  iOia  0.9781 

0  3746  0  9272 


This  means  that  for  an  angle  of  12 
deg.  the  sine  is  0.2079  of  the  radius  and 
the  cosine  is  0.9781  of  the  radius.  Since 
the  radius  or  hypotenuse  is  3000  ft.,  tne 
base  and  ahitude  of  the  12-deg.  angle 
are 

Altitude  0.2079   X   3000  =  623.7  ft. 
Base  0.9781    X   3000  =  2934.3  ft. 
and  for  the  22-deg.  angle  the  base  and 
altitude   are 

Altitude  0.3746  X  3000  =   1123.8  ft. 
Base  0.9272  x  3000  =  2781.6  ft. 


Base  and  Altitude 

What  are  the  base  and  altitude  of  a 
figure  w^hose  hypotenuse  is  3000  ft.  long 
and  the  angle  12  deg.?  What  would 
they  be  if  the  angle  was  22  deg.? 

P.  J.  D. 


Low    Pressure    Cylinder  Valves 

How  can  the  valves  of  the  low-pres- 
sure cylinder  of  a  cross-compound  en- 
gine be  prevented  from  slamming  on 
their  seats  when  running  light  all  day, 
with  a  2-in.  vacuum  on  the  receiver  gage? 
J.  M. 

Try  raising  the  receiver  pressure  by 
making  the  cutoff  in  the  low-pressure 
cylinder  a   little   eariier. 


Heating  the  Feed  Water 

If  the   steam   pressure   is  90   lb.   and 

the  initial  tem.perature  of  the  feed  water 

is  60  deg.,  what  saving  in  fuel  may  be 

expected   by   heating   the   feed  water   to 

208  deg.  F.? 

P.  F.  B. 

To  find  the  saving  by  heating  the  feed 
water  a  given  amount,  divide  the  differ- 
ence in  the  total  heat  of  the  w.ater  above 
32  deg.  before  and  after  heating  by  the 
total    heat    required    to    convert    it    into 
steam     from     the     initial     temperature. 
Multiply  the  quotient  by  100  and  the  pro- 
duct will  be  the  percentage  of  saving  to 
be   expected.      In   90   lb.   gage  pressure 
or,  say,  105  lb.  absolute,  there  are  1187.2 
B.t.u.  above  32  deg.,  and  water  at  60  deg. 
F.  contains  28.08  B.t.u.    Therefore  steam 
at  105  lb.  absolute  pressure  contains 
1187.2  —  28.08   =    1159.12  B.t.u. 
above   60   deg.     This   is  the   amount   of 
heat    which    the    boiler    would    have    to 
supply  to  make  a  pound  of  steam  from 
the   given    inhial    temperature.    Water   at 
208  deg.  F.  contains   175.98  B.t.u.     Thus 
175,98  —  28.08  =    147.9  B.t.u.  are  sup- 
plied   by    the    heater,    saving    147.9    -4- 
1159.12  of  the  heat  required  or 

147.9  X    100  _  ,,  .^6  per  cent. 
1159-12 
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New  Pumping  Engines  for  N.  Y.  City 


During  1908  it  became  evident  that  the 
pumping  capacity  of  the  Ninety-eighth 
Street  pumping  station  of  New  Yorl<  City 
would  have  to  be  practically  doubled  in 
order  to  meet  the  demand.  The  increased 
pumping  capacity  was  made  imperative 
not  only  because  of  the  natural  increase 
in  the  population  of  the  territory  served, 
but  also  because  of  territory  being  added 
to  that  already  supplied. 

The  pumping  station  is  situated  just 
west  of  Columbus  Ave.  and  extends  from 
Ninety-eighth  through  to  Ninety-seventh 
St.  and  has  an  extreme  length  of  199 
ft.  8  in.  and  a  width  of  50  ft.  The  room 
in  which  the  pumping  apparatus  is  in- 
stalled is  about  81  ft.  long  by  50  ft. 
wide,  the  remainder  of  the  station  being 


Description  of  the  two  18,000- 
000  gal.  horizontal  triple-expan- 
sicn  pumping  engines  recently 
installed  at  the  Ninety-eighth 
St.  station  for  pumping  into  the 
city  main. 


space  occupied  by  the  two  old  engines). 
A  further  complication  was  the  fact  that 
only  one  old  engine  could  be  replaced  at 
a  time,  the  other  being  left  in  operation 
until  the  first  new  engine  could  take  up 
its  work. 


Fig.  1.  General  View  of  Pumps 


occupied  by  the  boilers  and  other  ap- 
paratus. 

The  pumping  equipment,  at  the  time 
the  enlargment  was  contemplated,  con- 
sisted of  a  Worthington  horizontal  high- 
duty  compound  condensing  engine,  in- 
stalled in  1890,  and  two  Worthington 
horizontal  low-duty  compound  condens- 
ing engines,  installed  in  1879.  The  de- 
livery of  the  former  was  10,000,000  gal. 
and  of  the  two  latter,  7,500,000  gal. 
each,  making  a  combined  pumping  capa- 
city of  25,000,000  gal.  per  24  hr. 

The  city  desired  to  retain  the  10,000,- 
000-gal.  engine  and  replace  the  other 
two  with  new  and  larger  machines.  The 
problem  was  then  resolved  into  the  se- 
lection of  an  economical  type  of  engine, 
two  of  which  could  be  installed  in  a 
space   39  ft.   long  by  43   ft.   wide    (the 


As  the  increased  capacity  contemplated 
made  it  necessary  to  enlarge  the  suction 
and    delivery    mains   within    the    station, 


seventh  and  Ninety-eighth  Sts.,  and  as 
the  station  was  not  then  equipped  with  a 
crane,  although  one  has  since  been  in- 
stalled, it  can  be  readily  seen  that  there 
were  mechanical  difficulties  in  the  way 
of  making  the  change. 

The  specifications  as  prepared  by  the 
Department  of  Water  Supply,  Gas  and 
Electricity  covere'd  two  18,000,000-gal. 
triple-expansion,  direct-acting  pumping 
engines,  complete  with  foundations,  con- 
densers, primary  heaters,  main  steam 
piping  and  auxiliary  steam  and  water 
piping,  supports  and  all  other  appurte- 
nances ready  for  regular  service.  The 
duty  of  each  engine  was  to  be  not  less 
than  100  million  foot-pounds  of  work 
performed,  per  thousand  pounds  of  dry 
steam  consumed  by  the  engine  and  its 
condensing  apparatus,  when  working  un- 
der a  steam  pressure  of  150  lb. 

To  meet  these  conditions,  two  Worth- 
ington horizontal  triple-expansion  direct- 
acting  pumping  engines  were  selected. 
These  are  shown  erected  in  Fig.  1.  Each 
engine  has  two  15-in.  high-pressure,  two 
23-in.  intermediate-pressure  and  two  38- 
in.  low-pressure  steam  cylinders,  and 
two  double-acting  water  plungers  each 
34  in.  in  diameter  with  a  common  stroke 
of  24  in. 

There  are  three  steam  cylinders  on 
each  side,  the  low-pressure  cylinders  be- 
ing outboard  and  the  high-pressure  cyl- 
inders being  nearest  the  water  cylinders. 
The  cylinders  are  placed  in  line  with 
the  pumps  and  are  secured  to  them  by 
heavy  cradles  in  such  manner  as  to  make 
the  engine  self-contained  so  far  as  all 
working  stresses  are  concerned.  The  ar- 
i.Tngement  of  the  piston  and  plunger 
rods  is  such  that  each  steam  piston  or 
water  plunger  may  be  inspected  or  re- 
moved by  merely  taking  off  the  head  of 
its  own  cylinder,  as  shown  by   Fig.  2. 

The  steam  valves  are  of  the  Corliss 
semi-rotative  type,  placed  underneath  the 
cylinders.  This  insures  good  drainage, 
as  any  moisture  carried  over  by  the  steam 
does  not  enter  the  cylinders,  but  passes 
out   at   once   through   the   exhaust,   thus 


Fig.  2.  Section  through  Cylinders 


and  to  so  arrange  them  that  it  would 
be  possible  to  deliver  the  water  to  the 
city  mains,  running  parallel  with  Ninety- 


avoiding  the  use  of  drip  valves  or  drains 
of  any  kind.  The  cutoff  valves  are 
placed   in   the   high-pressure   steam   cyl- 
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inders  only  and  are  set  to  cut  off  at  from 
one-half  to  three-quarters  of  the  stroke. 

The  water  ends  are  of  the  outside, 
center-packed  plunger  type,  having  valves 
of  the  usual  voluntary  type,  which  are 
arranged  in  decks  around  the  plungers 
instead  of  in  horizontal  flat  decks.  This 
construction  was  necessary  in  order  to 
confine  the  length  and  width  of  the  water 
ends  to  the  smallest  practical  limit. 

The  condensing  apparatus  consists  of 
a  surface  condenser  placed  in  the  dis- 
charge of  each  engine,  the  products  of 
condensation  being  removed  by  vertical 
duplex  double-acting  air  pumps,  driven 
from  the  main  rock  shaft  of  each  ma- 
chine. 

The  primary  heater  is  placed  in  the 
main  exhaust  line  of  each  engine,  be- 
tween the  low-pressure  steam  cylinders 
and  the  condenser.  The  heaters  are  of 
the  straight-tube  type  with  one  end  of 
each  tube  fixed  in  a  tube  head  in  the 
usual  manner  and  the  other  end  fixed 
in  a  floating  head,  which  construction 
compensates  for  expansion  and  contrac- 
tion. 


bill  is  rendered  at  cost,  based  upon  the 
time  of  those  concerned  in  the  work. 
No  profit  is  added  to  the  bills,  for,  ac- 
cording to  Mr.  Martin,  the  company 
makes  its  profit  in  other  ways,  although 
just  what  oJher  ways  he  irefused  to 
divulge. 

The  only  plant  which  the  New  York 
Service  Co.  admitted  supervising  at 
present  was  that  at  the  corner  of 
Fine  St.  and  Broadway.  Here  it 
operates  the  heating  plant  and  buys 
electricity  from  the  Edison  Co.  It  sells 
the  latter  to  the  owners  at  cost  and 
claims  tr  make  its  profit  on  the  heat- 
ing alone.  According  to  this,  it  must 
make  such  a  large  profit  during  the  com- 
paratively short  heating  season  (to  use 
the  Edison  Co.'s  own  argument)  that  it 
can  afford  to  operate  during  the  rest  of 
the  year  at  cost. 


Twin  Vertical  Double  Acting 
Air  Pump 

This   pump    has    a   flexible    and    inde- 
pendent control,   and   pistons  have  been 


DATA    FROM   DUTY    TRIALS 


Duration  of  test,  hours 

Revolutions    per    minute 

Lengtli    of   stroke,    inclies. 

Piston    speed   per    minute,    feet 

Steam  pressure,  pounds  per  square  Inch  at  engine. 

Vacuum   in   condenser,    inches   of   meicury 

Barometer    reading,    inches    of    mercury 

Moisture   in  steam,   per  cent ■ 

Air  pump  and  jacket  water  corrtcted.  pounds 

Discharge   pressure,   feet 

Suction    pressure,    feet 

Distance  between  gage  centers,  feet 

Total   net   head.    feet. 


Total  water  pumped    (meter),   gallons    iir  ciq  ncn 

Dutv  per  1000   pounds  of  dry  steam 115.&ia,950 

Excess  duty  made  above  specifications,   per  cent 

Slip,   per   cent 


33. 4G 

33.67 

24.58 

24.45 

137.05 

137.1S 

153.72 

153.67 

27.42 

27.39 

30.28 

29.94 

1.68 

1.80 

47.077 

151,203 

125.84 

125.24 

26.62 

23.69 

10.3 

10.3 

109.52 

111.85 

44,300 

18,460,000 

19,950 

113,884.400 

15.16 

13.88 

0.31 

0.34 

The  accompanying  table  shows  the  re- 
sults of  the  duty  trials  on  the  two  pump- 
ing engines. 


substituted  for  the  buckets,  making  each 
cylinder  double  acting. 

The    operation    of   the    combined    wet- 
and  dry-vacuum  cylinders   with  the  auxil- 


Edison  Rate  Discrimination 
Hearing 

An  interesting  bit  of  information  was 
brought  to  light  in  connection  with  the 
New  York  Edison  rate-discrimination 
case  at  the  hearing  before  the  Public 
Service  Commission  on  Feb.  29.  At  the 
previou.s  hearings  little  or  no  damaging 
evidence  was  brought  out,  owing  to  the 
attitude  of  the  company's  officials  in 
refusing  to  answer  relevant  questions  and 
the  commissioner's  apparent  lack  of 
power  to  compel  them  to  do  so. 

But  a  new  factor  has  now  been  intro- 
duced into  the  case  in  the  form  of  the 
New  York  Service  Co.  Its  vice-president 
and  general  manager,  Mr.  Martin,  testi- 
fied that  the  New  York  Service  Co.  did 
a  strictly  supervising  business  and  was 
in  no  way  subsidiary  to  or  connected 
with  the  New  York  Edison  Co.  He  later 
admitted,  however,  that  the  principal 
business  of  his  company  was  to  investi- 
gate and  report  upon  the  cost  of  steam 
heating  in  private  plants  at  the  request  of 
the  Edison  Co.  For  this  service  a  monthly 


Twin  Double-acting  Air  Pump 

iaries  is  as  follows:  Water  is  pumped 
from  the  bottom  of  the  condenser  by  the 
bottom  end  of  the  pistons  into  the  bot- 
tom of  the  cylinders  and  into  the  an- 
nular main  discharge. 


Air  is  pumped  from  the  top  of  the 
condenser  by  the  upper  end  of  the  pis 
tons  into  the  air  cylinders  and  is  exhausted 
into  the  main  discharge  outlet.  There  is 
a  small  amount  of  water  injected  into 
the  top  of  the  air  cylinders  to  seal  the 
air  pistons  and  fill  the  clearance  at  the 
extreme  upper  stroke. 

The  piston  rods,  suction  and  discharge 
valves  of  both  the  air  and  water  cylin- 
ders are  water-sealed  at  all  times.  The 
suction  and  discharge  valves  of  the  water 
ends  and  the  discharge  valves  of  the  air 
ends  are  in  multiple  and  are  automatical- 
ly operated.  The  suction  air  valves,  of 
which  there  is  but  one  to  each  cylinder, 
are  mechanically  operated  by  means  of 
a  wristplate  actuated  from  a  walking- 
beam  shaft  and  an  automatically  operated 
trip   motion. 

The  steam  chest  is  of  a  new  design, 
and  the  short  stroke  and  flutter  of  the 
pump  is  entirely  eliminated.  A  vacuum 
breaker  of  the  balanced  double-valve 
type  gives  a  very  large  opening. 

This  pump  is  manufactured  by  the 
Blake  Pump  &  Condenser  Co.,  Fitchburg, 
Mass. 


Ratisal — a  Substitute  for  a 
Trap 

The  accompanying  figure  shows  the 
design  of  a  device  intended  to  handle 
water  of  condensation  and  which  has 
been  given  the  name  "Ratisal"  by  its 
inventor,  Heinrich  C.  Sommer,  Nachfol- 
ger,  Diisseldorf,  Germany. 

A  tube-like  conical  shell  A  contains  a 
removable  tube  B  upon  the  external  sur- 
face of  which  is  formed  a  spiral  screw 
as  shown.  During  normal  operating  con- 
ditions the  valve  C  is  closed  and  the 
water  of  condensation  is  forced  to  find 
an  exit  through  the  sinuous  canal  of 
gradually  decreasing  cross-section  formed 
by  the  spiral  screw  and  the  inner  sur- 
face of  the  shell  A. 

As  the  canal  is  of  considerable  length, 
the  frictional  resistance  offered  to  the 
passage  of  the  water  is  almost  equal  to 
the  pressure  of  the  steam  in  the  space 
being  drained.  By  adjusting  the  sec- 
tional area  of  the  canal  the  frictional 
resistance  may  be  regulated  so  that  the 
water  will  have  any  desired  pressure  as 
it  emerges  from  the  device  up  to  within 
a  small  degree  of  that  of  the  steam.  For 
this  purpose,  two  sizes  of  copper-wire 
spirals  are  supplied  which  may  easily  be 
wound  into  the  screw  to  diminish  the 
effective  area. 

If  air  is  to  be  blown  out  of  the  system 
which  the  device  is  draining  or  if  for 
any  reason  a  temporary  vigorous  steam 
or  water  discharge  is  desired,  the  valve 
C  is  opened  and  a  short-circuit  is  es- 
tablished through  the  central  core  of  the 
tube  B. 

It  is  pointed  out  in  the  literature  is- 
sued  by   the   American   sales   agent   for 
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"Ratisal,"  L.  Scheidel,  39  Komorn  St., 
Newark,  N.  J.,  that  this  device  forces 
waste  water  through  the  drain  pipe  con- 
tinuously and  without  loss  of  steam;  the 
exposed  or  cooling  surface  is  slight  and 


causing  severe  and  unequal  strains  and, 
sooner  or  later,  leaky  tubes  and  rivet 
holes. 

The  water  occupying  the  space  below 
the  grate  level,  or  center  of  the  furnace. 


Details   of    Construction 

hence   the   economy    is   high;    the   device     is   enti.'-ely    removed    from   the   action   of 
can   be   attached   to   any   water-producing  flhe  fire  and  is  termed  "dead"  water.     A 


point  of  a  pipe  or  vessel  containing  steam, 
regardless  of  the  volume  of  steam  and 
the  pressure.  Its  features  are  continuous 
operation,  lack  of  moving  parts  and  low 
cost  and  simplicity  of  installation. 


standard   150-hp.  boiler  with  one  furnace 
contains  about  21,000  lb.  of  water.     Of 


contains  about  32,000  lb.  of  water;  of 
this,  22,000  lb.  is  "live"  water  and  10,- 
000  lb.  is  "dead."  These  proportions 
hold  good  for  all  sizes  of  internally 
fired  boilers  and  it  will  therefore  be  ob- 
served that  practically  one-third  of  the 
total  weight  of  water  is  "dead,"  and  its 
temperature  is  low  as  compared  with 
that   prevailing  in   the  "live"   water. 

It  would  seem  that  the  one  thing  need- 
ful, then,  is  automatic  circulation,  inde- 
pendent of  auxiliary  boilers,  pumps,  etc. 
The  patented  circulating  attachment 
which  is  made  and  furnished  on  all  boil- 
ers of  this  type  manufactured  by  John 
Brennan  &  Co.,  Detroit,  Alich.,  is  de- 
signed to  produce  this.  The  accompany- 
ing figure  illustrates  the  construction  of 
the  attachment.  The  furnace  gases  im- 
pinge against  the  upright  tubes  in  the 
circulator  and  the  manufacturers  assert 
that  from  the  moment  the  water  begins 
to  heat,  the  circulation  is  rapid,  positive 
and  continuous  over  the  heated  surfaces, 
which  insures  a  practically  even  tem- 
perature throughout  the  entire  boiler. 

This  attachment  may  be  applied  to 
boilers  that  have  already  been  in  service. 


Circulating  Attachment  for 
Internally  Fired  Boilers 

In  recent  issues  of  Power  the  corre- 
spondence columns  have  contained  let- 
ters on  the  dry-back  marine  boiler.  It 
seems  agreed  that  this  type  of  boiler 
gives  general  satisfaction,  and  lacks  but 
one  essential  qualification,  namely,  func- 
tional circulation.  Not  only  does  this 
fault  cut  down  evaporation,  but  it  also 
causes  widely  different  temperatures  to 
prevail   at  different  parts   of  the   boiler. 
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CowELL  Threader 


this,  14,000  lb.  is  "live"  water,  or  water 
in  direct  contact  with  the  heat  of  com- 
bustion, while  7000  lb.  is  "dead"  water. 
A    standard    200-hp.    two-furnace    boiler 


Cowell  Threader 

This  tool  has  been  designed  in  a  con- 
venient size  and  is  always  ready  to  cut 
a  thread  over  a  range  of  sizes  from  ?.. 
to  M  in.  inclusive;  it  is  illustrated  here- 
with. 

The  hardened-steel  removable  die 
blocks  are  fitted  into  parallel  jaws,  ad- 
justable as  to  distance  between  them. 
A  calibrated  wheel  operates  a  cam,  which 
changes,  by  a  small  variation,  the  dis- 
tance between  the  jaws,  to  enable  the  tool 
to  cut  threads  of  greater  or  less  than 
standard  depth.  The  tool  is  15  in.  long 
over  all,  2  in.   wide   and  weighs  2; 2    lb. 

After  the  threads  have  been  cut  the 
threader  is  opened  and  removed,  thus 
eliminating  the  danger  of  making  an  im- 
perfect thread  when  backing  off.  This 
feature  also  avoids  the  danger  of  dam- 
aging the  dies.  The  threader  is  manu- 
factured by  the  Scott-Rose  Co.,  Mar- 
quette Building,  Chicago,  III. 


Internally  Fired  Boiler  with   Circulating  Attachment 


London,  it  is  announced,  has  7875 
smoke-consuming  furnaces  using  54  dif- 
ferent types  of  apparatus.  The  city  has 
so  far  obtained  672  convictions  for  smoke 
nuisances. 
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License  Revoked 

The  government  inspectors  have  re- 
voked the  license  of  the  chief  engineer 
of  the  "Sara  Dixon,"  on  board  which  a 
boiler  blew  up  on  the  night  of  Jan.  18. 
The  "Dixon"  was  a  small  stern-wheel 
river  boat  running  out  of  Portland,  Ore. 
The  explosion  occurred  at  Kalama, 
Wash.,  on  the  Columbia  River.  A  large 
portion  of  the  declc  and  the  pilot  house 
were  blown  away,  killing  the  fireman  on 
watch  in  the  boiler  room  and  the  captain 
and  first  officer,  who  were  in  the  pilot 
house.  The  rest  of  the  crew  escaped 
to  the  shore  in  the  small  boat.  The  boiler 
was  of  the  standard  marine  firebox  pat- 
tern, built  in  1908,  and  at  the  last  in- 
spection it  was  allowed  215  lb.  working 
pressure. 

At  the  trial  it  was  brought  out  that 
the  pressure  gage  indicated  only  200  lb. 
at  the  time  of  the  explosion.  The  chief 
engineer  testified  that  he  had  examined 
the  water  level  only  a  few  minutes  be- 
fore the  catastrophe  and  found  it  to  be 
correct.  Notwithstanding  his  testimony, 
the  chief  engineer  was  found  guilty  of 
negligence  and  his  license  was  revoked. 
Later,  the  first  assistant  engineer  was 
also  placed  on  trial,  but  the  result  has 
not  been  made  public  at  the  time  of 
this  writing. 


POWER 
Corrosion  of  Boiler  Tubes 

The  National  Tube  Co.,  of  Pittsburg, 
Penn.,  has  recently  issued  a  bulletin  on 
the  corrosion  of  boiler  tubes.  The  ma- 
terial contained  therein  has  been  com- 
piled from  various  sources,  including  a 
series  of  tests  made  some  years  ago  at 
the  company's  laboratories  under  the 
direction  of  the  Navy  Department,  and 
later  tests,  both  laboratory  and  service, 
made  by  several  individual  companies. 

These  tests  showed  very  little  differ- 
ence in  pitting  under  similar  conditions 
with  wrought  iron  and  steel,  although 
some  more  recent  indications  have 
favored  the  latter. 
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CENTRAL  STATION  HEATING.  By 
Byron  T.  Giftord.  Heating  and  "Ven- 
tilating Magazine  Co.,  New  York. 
Flexible  leather;  208  pages,  6x9i^ 
in.;  42  illustrations;  50  pages  of  mis- 
cellaneous engineering  data  and 
tables;  indexed.     Price,  ?4. 


Government  Examination 
for  Engineer 

The  Civil  Service  Commission  an- 
nounces an  examination  on  Mar.  20,  21, 
22,  to  fill  th3  position  of  electrical  and 
mechanical  engineer,  at  from  SI 800  to 
S2000  per  annum,  in  the  quartermaster's 
department  at  large.  New  London,  Conn., 
and  vacancies  requiring  similar  qualifica- 
tions. 

The  examination  will  consist  of  these 
subjects: 

Problems  in  algebra,  integral  and  dif- 
ferential calculus,  practical  calculations, 
designs  in  electrical  and  mechanical  con- 
struction, specifications  covering  elec- 
trical and  mechanical  engineering,  con- 
struction and  testing  of  electrical  and 
mechanical  apparatus,  training,  experi- 
ence  and   fitness. 

The  appointee  in  this  position  must  be 
competent  to  draw  plans  and  specifica- 
tions for  pov/er  and  electrical  installa- 
tions, superintend  the  installations,  and 
make  operating  tests  upon  them,  etc.  Ap- 
plicants who  have  not  had  at  least  five 
years'  practical  experience  will  not  be 
admitted  to  this  examination.  Gradua- 
tion in  mechanical  or  electrical  engineer- 
ing will  be  considered  as  equivalent  to 
two  years  of  this  period. 

Applicants  should  at  once  apply  to  the 
United  States  Civil  Service  Commission, 
Washington,  D.  C,  for  application  and 
examination  Form  1312.  No  application 
will  be  accepted  unless  properly  executed, 
including  the  medical  certificate,  and 
filed  with  the  Commission  at  Washington. 


SOCIETY  NOTES 

A  gratifying  expression  of  their  ap- 
preciation of  the  interest  of  their  engi- 
neers in  their  vocation,  and  in  their  ef- 
forts for  self-improvement,  was  furnished 
by  the  employers  of  the  members  of 
N.  A.  S.  E.  No.  20  of  Massachusetts,  who 
united  in  presenting  to  that  association 
an  outside  spring  Robertson-Thompson 
indicator,  with  five  extra  springs,  making 
it  available  for  the  wide  range  of  work 
which  it  will  find  in  association  service. 
With  it  came  a  reducing  motion  and  a 
copy  of  Pray's  "Twenty  Years  with  the 
Indicator."  The  box  containing  it  bore 
a  plate  with  the  inscription,  "To  Fitch- 
burg  Association,  Stationary  Engineers 
No.  20,  from  their  Employers,"  The  gift 
was  received  by  the  association  with  a 
keen  appreciation  of  the  spirit  which 
prompted    its   sending. 

Nova  Scotia  Society  of 
Engineers 

The  regular  monthly  meeting  of  the 
Nova  Scotia  Society  of  Engineers  was 
held  on  Feb,  22  in  the  Nova  Scotia  Tech- 
nical College,  Halifax,  N.  S,  C,  H. 
Wright,  of  the  Canadian  General  Elec- 
tric Co.,  Halifax,  addressed  the  society 
on  "Electric  Power  Development  in  the 
Maritime  Provinces,"  the  lecture  being 
illustrated  by  views  from  the  reflectro- 
scope.  

BOOKS  RECEIVED 

STRENGTH  OP  MATERIALS.  By  H.  E. 
Murdocli.  John  Wiley  &  Sons.  New 
York.  Cloth;  308  pages,  SxTVi  in.; 
153  illustrations;  tables.     Price,  $2. 

STEAM  POWER  PLANTS— By  Henry  C. 
Meyer.  McGraw-Hill  Book  Co.,  New 
York.  Cloth;  219  pages,  5%x9  m.; 
67  illustrations;  plates;  indexed. 
Price,    $2. 

TWELVE  PRINCIPLES  OP  EFFICI- 
ENCY. By  Harrington  Emerson. 
The  Engineering  Magazine,  New 
York.  Cloth;  423  pages,  5x71/2  in.; 
indexed.     Price,  $2. 

A  PRACTICAL  MANUAL  OF  STEAM 
AND  HOT  WATER  HEATING.  By 
Edward  R.  Pierce.  Domestic  Engi- 
neering Co.,  Chicago,  111.  Cloth;  339 
pages.  51/2x8%  in.;  tables;  illus- 
trated;  indexed. 

EFFICIENCY  AS  A  BASIS  FOR  OPERA- 
TION .\ND  WAGES — By  Harrington 
Emerson.  The  Engineering  Maga- 
zine. New  York.  Third  edition,  re- 
vised and  enlarged.  Cloth;  254 
pages,   5x7i/<>   in.;   indexed.     Price,   $2. 


NEW  PUBLICATIONS 

ENGINEERING  DIRECTORY'  FOR  1912; 
nineteenth  edition.  The  Crawford 
Publishing  Co.,  Chicago,  111.  Flex- 
ible leather;  1496  pp.;  4x6%  m.; 
thumb    indexed.      Price,    ?5. 

This  directory  measures  fully  up  to 
the  standard  established  during  its  nine- 
teen years  of  publication.  The  classified 
section  contains  3850  classifications  of 
manufacturers'  products,  and  for  those 
seeking  a  reliable  uptodate  mailing  list 
for  this  year's  sales  campaign,  attention 
is  called  to  the  following: 

Jobbers  of  mill  and  plumbing  and  heat- 
ing supplies,  dealers  in  plumbing,  steam 
and  mill  supplies  in  Canada;  jobbers  of 
hardware  and  electrical  supplies,  lists  of 
manufacturers'  agents  and  manufactur- 
ers of  heating  and  mill  supplies;  railway 
purchasing  agents,  leading  U.  S,  archi- 
tects, electric  light  and  power  plants, 
gas  companies,  water-works,  trade  as- 
sociations, and  a  cross  index  to  manu- 
factured  products. 

The  directory  also  contains  the  names 
of  over  6000  manufacturers  producing 
over  4000  varieties  of  engineering  goods, 
and  having  more  than  50,000  trade  or 
brand  names. 

SUPERHEATING  IN  MARINE  PRAC- 
TICE (Die  Heissdampf-Schiffsma- 
schine);  part  2.  The  superheater 
syst<-ms  and  also  a  collection  of  ex- 
perimental data  for  the  calculation 
of  the  dimensions  of  superheater, 
boiler,  condenser  and  steam-piping 
equipment.  Bv  Carl  Fred  Holmboe. 
Published  by  Wilhelm  Ernst  &  Son, 
Berlin,  1912;  71  pages;  46  illustra- 
tions, with  tables.  Price,  3.4  marks. 
(81    cents). 

Part  1  of  this  work,  a  notice  of  which 
appeared  in  Power  for  Apr.  5,  1910, 
deals  chiefly  with  dimensions,  steam  and 
coal  consumptions  and  constructive  de- 
tails of  the  marine  engine.  Part  2  takes 
up  superheaters  in  their  various  forms 
and  the  measurement  of  their  heating 
surfaces  and  that  of  the  boilers  and  the 
cooling  surfaces  of  the  condensers,  and 
includes  a  reference  to  chimney  losses 
and  the  effect  of  superheaters  on  the 
draft  and  methods  of  improving  the  lat- 
ter. Considerable  information  is  given 
from  actual  experiences  and  from  tests 
of  marine  installations  under  normal  con- 
ditions  of   operation. 

The  general  laws  of  the  theory  of  heat 
are  mathematically  and  practically  dwelt 
upon  and  various  styles  of  superheaters 
are   shown    and   considered. 

The  details  of  rigid  and  flexible  pipe 
joints  and  the  heat  loss  by  piping  and 
the  nonconducting  covering  of  the  latter 
are  gone  into  and  a  method  of  such 
covering  is  shown. 

Note  is  taken  of  automatic  stoking, 
and  the  author  concludes  with  a  sum- 
mary of  necessary  preliminaries  for  the 
placing  in  service  of  a  ship's  motive 
power  plant. 
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ID   you    ever    go    into    a    spick-and-span    show 
power  plant?     Of  cotirse,  you  were  impressed. 

But  didn't  you  come  away  with  the  main 
idea  that  much  useless  labor  was  sperit  in  polishing 
brass  work  and  cleaning  white  paint?  Was  not 
economy  and  efficiency  pushed  into  the  background  ? 

A  show  plant  is  suitable  for  advertising  purposes, 
but  it  is  out  of  place  when  used  for  commercial  work, 
unless  enough  help  is  employed  to  keep  it  in  condition. 

If  an  engineer  has  to  polish  useless  brass  work,  he 
will  not  have  the  time  necessary  to  devote  to  keeping 
his  engines,  boilers  and  auxiliaries  in  shape.  No 
two  ways  about  that.  Might  just  as  well  expect  him 
to  obtain  furnace  economy  with  the  firing  doors  open. 

There  are  power-plant  managers  who  bank  more 
upon  appearances  than  upon  results.  Beauty  is 
but  skin  deep,  and  a  boiler  with  a  shining  front  and 
fittings  may  be  so  coated  with  scale  that  economy 
is  out  of  the  question. 
Don't  forget  that. 


For  instance,  the 
"engineer"  of  a  show 
plant  went  to  a  new 
job.  He  had  kept 
the  bright  work  pol- 
ished and  the  machin- 
ery as  clean  as  the 
proverbial  whistle. 
The  superintendent 
thought  that  this 
"engineer"  was  a 
"live  one"  and  was 
sorry  to  see  him  go. 

Another  man  came 
and  in  about  four 
months  he  got  fired. 

Why? 

Because  the  first 
thing  he  did  was  to 
paint  the  brass  work 
black  and  cut  out 
useless  work.  He  de- 
voted his  time  to  the 


engines  and  boilers.  The  superintendent  thought  he 
had  used  paint  because  he  was  too  lazy  to  juggle  brass 
polish  and  a  cleaning  rag. 

But  the  engines  were  kept  clean  and  ran  smoother 
than  they  had  with  the  former  engineer.  Instead  of 
doing  a  wiper's  work,  this  engineer  put  in  his  time 
stopping  up  air  leaks  in  the  boiler  .setting;  he  also 
removed  over  7000  lb.  of  scale  from  the  boilers. 

A  discarded  feed-water  heater  that  had  not  been 
used  in  six  years  was  repaired  and  put  in  service  again. 

A  comparison  of  indicator  diagrams  taken  under 
old  and  new  conditions  showed  that  the  new  eno^i- 
neer  had  not  been  idle. 

When  this  engineer  found  that  he  could  not  do  all 
this  useless  cleaning  and  keep  his  engines  and  boilers 
in  shape,  he  cho.se  the  lesser  of  two  evils  and  cut 
out  the  brass  work.  He  kept  his  machines  in  order 
and  got  discharged    for   doing   what    an    engineer    is 

paid  to  do. 

A  show  plant  was  of 
more  importance  to 
the  superintendent 
than  well-kept  ma- 
chinery. Polishing 
rags  and  floor  mops 
were  given  preference 
over  the  intelligent 
use  of  an  indicator, 
or  boilers  free  from 
scale. 

A  cheap  man  could 
have  been  hired  to  do 
the  cleaning;  for  pay- 
ing an  engineer's 
wages  to  do  wiper's 
work  is  not  good  busi- 
ness policy.  When  it 
comes  to  choosing  be- 
tween shining  brass 
and  economical  oper- 
ating conditions,  cut 
out  the  glitter  and 
give  the  engineer  a 
chance  to  do  an  engi- 
neer's work. 
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An  Interesting  Power  System 

By  C.  A.  Tupper 


An  interesting  combination  of  two  mod- 
ern steam-turbine  plants,  one  supplied 
direct  by  boilers  using  sawmill  refuse  as 
fuel,  and  the  other  utilizing  exhaust 
steam  from  an  engine  and  auxiliaries 
supplied  by  the  boilers  of  the  first  plant, 
is  to  be  found  at  Virginia,  Minn.  Each 
of  these  stations,  furthermore,  is  inde- 
pendent of  the  other,  the  steam  in 
the  latter  instance  being  merely  a  com- 
modity purchased.  A  general  outline  of 
the  system  is  shown  in  Fig.  1. 

The  main  generating  plant  is  owned  by 
the  Virginia  &  Rainey  Lake  Co.,  a  Duluth 
corporation  engaged  extensively  in  log- 
ging and  transportation.  At  Virginia  there 
are  two  large  sawmills,  located  together, 
with  the  steam-turbine  plant  at  one  end. 
All  wood  waste  from  the  mills,  after 
being  ground  into  small  pieces,  is  con- 
veyed with  the  sawdust  (which  is  collected 
as  shown  in  Fig.  2)  to  the  boiler  room 
and  is  fed  continuously  to  the  furnaces. 

Boilers 

There  are  fourteen  .6xl8-ft.  return- 
tubular  boilers,  each  of  150  hp.,  with 
dutch-oven    settings    and    wood-burning 

Fire  Pump5 


With  sawmill  refuse  as  fuel, 
steam  is  furnished  to  a  turbine 
plant  supplying  power  to  the 
sawmill  and  is  also  conveyed 
through  an  exposed  pipe  line 
2100  ft.  long  to  a  combination 
high-pressure  engine  and  low- 
pressure  turbine  plant.  The  ex- 
cess exhaust  steam  is  used  for 
heating. 


tained  at  about  28  in.,  dnd  attached  to 
the  condenser  head  is  an  automatic  vac- 
uum  breaker. 

One  30-kw.  engine-driven  and  one  35- 
kw.   motor-driven  generator   furnish   ex- 


pressure  over  the  entire  distance  does 
not  exceed  3  to  5  per  cent.  Condensa- 
tion is  cared  for  by  an  automatic  trap 
which  discharges  less  than  10  gal.  per 
hour,  even  in  severe  winter  weather. 

From  the  receiver  the  live  steam  passes 
to  a  10-in.  header  and  is  distributed  to 
an  engine-driven  generating  set,  of  300 
kw.  capacity,  and  to  various  other  steam 
units,  including  an  air  compressor,  and 
two  fire  pumps  having  a  combined  de- 
livery of  3000  gal.  per  minute.  The  com- 
pressor operates  the  air  lift  from  a  well 
into  a  275,000-gal.  cistern,  from  which 
a  steam  pump  raises  the  water  to  an 
overhead  reservoir  supplying  the  city 
mains. 

There   is   held   in   reserve   the   original 


Y  Condenser  I 

Fig.  1.  General  Layout  of  System 


Fig.  2.  Showing  Method  of  Collecting  Sawdust  for  Burning  Under  Boilers 


furnaces.  Steam  from  the  boilers  at  145 
lb.  pressure  is  collected  in  a  10-in.  header 
and  passes  to  the  engine  room  through 
a  12-in.  pipe,  from  which  5-in.  branches 
lead  to  the  turbines  and  also  to  a  Murray 
Corliss  mill  engine. 

Turbines 

The  turbines  are  three  in  number  (see 
Fig.  3),  each  coupled  to  a  500-kw.,  three- 
phase,  60-cycle,  600-volt  generator.  Each 
turbine  exhausts  through  a  24-in.  nozzle 
to  a  Tomlinson  condenser  located  direct- 
ly underneath,  and  from  this  the  water 
and  air  are  removed  by  a  rotary  engine- 
driven  pump.  Injection  water  is  taken 
from  a  cold  well.    The  vacuum  is  main- 


citation  current.  There  is  also  a  35-kw. 
motor-generator  set  for  charging  four 
electric  yard   locomotives. 

Steam  Distribution 

Steara  from  the  boilers  of  this  plant 
is  carried  through  an  8-in.  pipe  line  2100 
ft.  long  (see  Fig.  4),  to  the  power  sta- 
tion of  the  Virginia  Electric  Power  & 
Water  Co.  This  pipe  rests  on  rollers 
supported  by  wooden  posts,  to  each  of 
which  a  2-in.  saddle  has  been  strapped 
and  at  every  200  ft.  there  are  ex- 
pansion joints.  The  pipe  is  covered  with 
2-in.  magnesia  covering  inclosed  in  14- 
in.  painted  canvas.  The  line  ends  in  a 
suitable  receiver  and  the  drop  in  steam 


power  unit  of  the  company,  consisting  of 
two  boilers  and  a  George  H.  Corliss  en- 
gine built  over  40  years  ago,  which  is 
belted  to  a  200-kw.  generator. 

Heating   the   Plant 

The  exhaust  from  all  of  the  units  is 
collected  in  a  low-pressure  line  which, 
besides  serving  in  winter  to  heat  the 
power  plant,  the  company's  offices,  two 
blocks  distant,  and  other  buildings  in 
the  vicinity,  is  used  in  a  low-pressure 
AUis-Chalmers  turbine.  For  the  last- 
named  purpose  the  steam  passes  first 
into  a  receiver,  through  an  equalizing 
valve,  and  then,  through  an  oil  separator, 
at    XQYz    lb.    absolute,    into    the    turbine. 


bsolute. 
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This  machine  is  coupled  direct  to  a 
375-kw.  alternating-current  generator 
running  at  3600  r.p.m.,  and  operating  in 
parallel  with  the  engine-driven  unit. 

From  the  live-steam  header  there  is  a 
ZYz-'in.  bypass  by  means  of  which  high- 
pressure  steam  is  automatically  admitted  . 


the  full  quantity  of  steam  exhausted,  a 
relief  valve  in  the  exhaust  receiver  opens 
to  the  atmosphere;  while,  on  the  other 
hand,  the  heating  system  is  insured  of 
its  full  required  supply  in  winter  by  a 
differential  setting  of  the  valves  in  the 
low-pressure  system. 
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Fic.  3.  Three  500-kw.  Turbo-generators 


when  needed  to  the  intermediate  stage  of 
the  turbine.  The  pressure  of  this  live 
steam  varies  from  145  to  80  lb.,  accord- 
ing to  the  demands  of  the  sawmill  power 
plant  upon  its  boilers.  The  high-pres- 
sure connection  is  under  control  of  the 
governor,  so  that,  should  the  supply  of 
low-pressure  steam  be  inadequate,  live 
steam  will  be  admitted  automatically  to 
the   turbine,   this   steam   being   throttled 


The  turbine  is  kept  going  continuously 
and  the  engine-driven  unit  comes  in  on 
the  late  afternoon  and  evening  load. 


Air  Compressor  Efficiency* 

The  development  of  compressors  prior 
to  the  electrical  era  proceeded  hand  in 
hand  with  that  of  the  steam  engine,  and 
its  development  has  been  marked  by  a 


Fic.  4.  Pipe  Line  Carrying  Steam  2100  Ft. 


in  its  passage  through  the  governor  inlet 
valve. 

The  air  compressor  and  water  pump 
are  run  continuously  during  the  day  and 
these  units,  with  the  condenser  pump, 
supply  enough  exhaust  steam  for  ordi- 
nary day  loads.  When  the  turbine  load 
and  the  heating  system  do  not  call   for 


gradual  increase  of  rotary  speed  in  order 
to  keep  pace,  first  with  the  steam  en- 
gine and  more  recently  with  the  electric 
motor.  The  latest  development — that  of 
the    turbo-compressor — is    one    in    which 


'Excerpts  from  paper  read  before  the 
Rugby  Engineering  Society  by  B.  M. 
Woodhouse. 


Steam  and  electrical  prime  movers  are 
equally  interested,  and  very  keen  rivals. 

Present-day  methods  of  overcoming 
difficulties  due  to  heating  of  the  air  dur- 
ing compression  and  of  increasing  the 
thermal  efficiency  of  compressors  are: 
( 1 )  To  water  jacket  the  air  cylinder  and 
ports  as  thoroughly  as  their  mechanical 
construction  will  allow.  (2)  To  compress 
in  stages  if  the  final  pressure  required 
is  so  high  as  to  make  efficient  lubrication 
difficult,  the  danger  of  spontaneous  igni- 
tion of  the  lubricant  (and  frequently  of 
entrained  coal  dust)  imminent,  or  the 
power  required  for  compression  in  one 
cylinder  excessive. 

In  the  days  of  slow-running  machines, 
the  valves  were  very  simple,  but  as  rotary 
speeds  advanced  the  crude  valves  were 
found  to  be  unsatisfactory,  their  weight 
alone  being  sufficient  to  cause  the  final 
pressure  within  the  cylinder  to  rise  con- 
siderably above  that  in  the  delivery  main; 
hence  it  was  recognized  that  for  higher 
speeds  improved  valves  were  required. 
Present-day  valves  have  resulted  through 
development  along  the  following  lines: 
reduction  of  weight,  reduction  of  lift, 
introduction  of  air  buffers,  use  of  auxil- 
iary valve-gear,  use  of  mechanically 
controlled  valves,  use  of  positively 
worked  valves,  introduction  of  unloaded 
valves  and  use  of  so  called  weightless 
valves. 

Reduction  of  clearance  volume,  as 
time  went  on,  was  thought  to  be  a  matter 
of  importance,  and  this  gave  Prof.  Riedler 
an  opening  for  the  introduction  of  his 
mechanically  controlled  automatic  valves. 
These  were  mounted  upon  the  cylinder 
covers  themselves,  and  thus  reduced  the 
clearance  volumes  to  a  minimum.  The 
valve  is,  for  moderate  rotary  speeds,  an 
ideal  one,  and  it  is  largely  made  use  of 
even  today  on  compressors  of  large  size. 

With  the  Riedler  valve,  compressor 
speeds  advanced  sufficiently  to  induce 
electrical  engineers  to  advocate  their  di- 
rect driving  by  electric  motors.  For 
large  units,  the  flywheel  type  of  motor 
was  usual,  and  its  expense  led  to  a 
further  speeding  up  of  the  compressor. 
Thus,  speeds  were  soon  reached  which 
made  the  elimination  of  extra  valve-gear 
necessary;  automatic  valves  again  be- 
came popular,  and  extensive  use  was 
made  of  air  buffers.  But  it  was  soon 
discovered  that  the  air  buffer  not  only 
acted  to  check  the  opening  motion  of 
the  valve  as  desired,  but  it  also  hindered 
it  in  closing  and  thus  led  to  its  hammer- 
ing on  the  valve  seat.  Buffers,  there- 
fore, gave  way  to  the  so  called  weight- 
less type  of  valve,  of  which  there  are 
now  innumerable  varieties. 

Turbo-compressors  expose  greater  sur- 
faces suitable  for  water  jacketing  than 
reciprocating  compressors  offer,  and 
while  being  compressed  in  turbo-ma- 
chines the  air  is  distributed  along  pass- 
ages and  channels  of  smaller  mean  depth 
than  those  met  with  in  the  older  type  of 
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machine.  It  appears,  therefore,  at  first 
sight,  that  thorough  cooling  during  com- 
pression should  be  an  easy  matter.  Re- 
sults scarcely  confirm  such  expectation, 
chiefly  because  of  two  peculiarities  of 
turbo-compressors,    namely: 

1.  The  amount  of  heat  to  be  dissi- 
pated is  considerably  more  than  that 
due  to  adiabatic  compression,  as  the  me- 
chanical energy  lost  through  internal  air 
leakage,  unavoidable  eddy  currents,  air 
impact,  and  air  friction  reappears  as 
heat  energy  stored  mostly  in  the  air  it- 
self. Heat  is  also  generated  through 
the  resistance  opposed  by  the  air  to  the 
motion  of  the   rotors. 

2.  The  temperature  rise  of  the  air  is 
gradual;  consequently  the  air  tempera- 
ture in  the  early  stages  of  the  com- 
pressor is  too  little  different  from  that 
of  the  atmosphere  to  enable  rapid  dis- 
sipation through  the  necessarily  some- 
what thick  cast-iron  walls  of  the  housing. 

It  can  be  said,  Mr.  Woodhouse  con- 
tinued, that  since  1882  the  rotary  speed 
of  compressors  has  gradually  increased 
from  12  to  1200  r.p.m.  in  the  case  of 
reciprocating  machines,  and  to  4000 
r.p.m.,  and  even  more,  in  the  case  of 
turbo-compressors.  This  change  has  been 
accompanied  in  the  case  of  reciprocating 
compressors  by  continual  variation  of 
valve  design. 

Heating  of  the  air  during  compres- 
sion is  a  source  of  waste  of  energy.  A 
minimum  of  work  is  required  to  accom- 
plish compression  when  the  rise  of  pres- 
sure takes  place  isothermally,  and,  al- 
though with  reciprocating  dry  com- 
pressors, this  ideal  is  unattainable,  it  is 
still  one  after  which  the  cfesigner  must 
aspire. 

The  author  adds  that  if  each  stage  of 
a  compound  reciprocating  air  compressor 
is  considered  as  a  distinct  unit,  it  is  safe 
to  say  that,  in  practice,  compression  takes 
place  almost  adiabatically.  This  is  on 
account  of  the  extreme  difficulty  of  ex- 
tracting from  the  air  the  heat  generated 
during  compression  while  the  air  is  with- 
in the  cylinder. 

Briefly,  the  object  of  Mr.  Woodhouse 
is  to  awaken  interest  ( 1 )  in  air-valve 
design,  as  upon  this  detail  the  mechanical 
success  of  the  air  end  of  the  unit  is,  to 
a  large  extent,  dependent;  (2)  in  the 
cooling  of  air  during  compression,  be- 
cause high  thermal  efficiency  is  certainly 
unattainable  when  water  jackets  only  are 
used;  (3)  in  the  importance  of  volumetric 
efficiency,  on  account  of  the  great  effect 
it  has  upon  the  commercial  efficiency  of 
air-compressing  machinery. 

In  his  opinion,  compressors  can  be 
run  successfully  and  with  good  com- 
mercial efficiency  at  any -speed  suitable 
for  reciprocating  machinery  of  similar 
construction,  provided  always  that  the 
valves  are  of  appropriate  design,  and 
that  the  air  ports  are  constructed  in  such 
a  way  as  to  avoid  excessive  wire-drawing 
or  too  voluminous  clearance  spaces. 


Chart  of  Factors  of  Evap- 
oration 
By  Prof.  Lionel  S.  Marks 

In  order  to  obtain  a  fair  comparison  of 
the  performance  of  different  steam  boil- 
ers, it  is  necessary  to  measure  their 
performance  by  some  common  scale.  If 
we  were  to  compare  the  lengths  of  sev- 
eral rods,  we  could  do  it  either  ( 1 )  by 
choosing  one  as  a  standard  and  ex- 
pressing the  lengths  of  all  the  others  in 
terms  of  the  length  of  that  one;  or  (2) 
we  could  choose  some  arbitrary  length 
(such  as  the  foot)  as  unit  of  length  and 
could  then  express  the  lengths  of  all 
the  other  rods  in  terms  of  that  arbitrary 
unit.  The  latter  procedure  is  followed 
in  steam-boiler  practice. 

A  steam  boiler  takes  in  heat  from 
some  external  source,  generally  from  a 
coal  fire,  and  utilizes  it  for  the  evap- 
oration of  water.  The  efficiency  of  the 
boiler  is  most  accurately  measured  by 
the  percentage  of  the  available  external 
heat  that  it  takes  in.  The  usual  method 
of  measuring  this  amount  of  heat  is  by 
determining  the  weight  of  water  evap- 
orated per  pound  of  coal  burned  under 
the  boiler. 

This  method  of  measurement  does  not, 
however,  permit  a  direct  comparison  be- 
tween two  boilers  both  of  which  are 
burning  the  same  kind  of  coal.  If,  for 
example,  one  boiler  takes  in  feed  water 
at  210  deg.  F.  and  generates  steam  at 
90  lb.  absolute  and  of  a  quality  0.98,  and 
the  other  boiler  takes  in  its  feed  water 
at  76  deg.  and  generates  steam  at  170 
lb.  absolute,  superheat  150  deg.,  there 
will  obviously  be  a  considerable  differ- 
ence between  the  heat  supplies  per  pound 
of  steam  generated  in  the  two  boilers. 
Actually,  for  the  conditions  just  stated, 
the  heat  supplies  would  be  in  the  ratio 
of  8  to  10,  so  that  the  evaporations  per 
pound  of  coal  in  the  two  boilers  would 
have  to  be  in  the  ratio  of  10  to  8  in  order 
to  get  equal  efficiencies  from  the  two 
boilers. 

In  order  to  permit  a  true  comparison 
of  the  efficiency  of  the  boilers,  it  has 
become  the  general  practice  to  reduce  the 
actual  weight  of  steam  evaporated  in  the 
boiler  to  that  which  would  have  been 
evaporated,  with  the  same  amount  of 
heat  absorbed,  if  the  feed  water  had 
gone  to  the  boiler  at  212  deg.  and  had 
been  converted  into  dry  and  saturated 
steam   at  that  same   temperature. 

According  to  the  steam  tables  of  Marks 
and  Davis,  the  amount  of  heat  required 
to  evaporate  1  lb.  of  water  under  those 
conditions  is  970.4  B.t.u.  To  find  what 
weight  of  steam  would  have  been  evap- 
orated in  any  given  boiler  with  the  actual 
heat  that  has  gone  into  that  boiler  but 
with  the  assumed  standard  conditions  of 
evaporation  "from  and  at  212  deg.  F.," 
it  is  necessary  to  find  the  actual  heat 
supply   per   pound   of  steam    formed   in 


the  boiler  and  to  divide  it  by  the  heat 
supply  (970.4  B.t.u.  I  per  pound  of  steam 
in  the  standard  boiler.  This  ratio  is 
called  the  "factor  of  evaporation."  If 
the  actual  weight  of  steam  evaporated 
is  multiplied  by  the  factor  of  evapora- 
tion, we  get  the  "equivalent  evaporation" 
of  the  boiler;  a  quantity  which  permits 
a  direct  comparison  between  different 
boilers    using   the   same   kind   of  coal. 

The  accompanying  chart  permits  the 
immediate  finding  of  the  factor  of  evap- 
oration corresponding  to  any  given  con- 
dition of  steam  generation.  The  abso- 
lute steam  pressure  is  plotted  horizontal- 
ly. The  curves  below  the  line  marked 
"saturation  line"  are  for  wet  steam,  the 
quality  (dryness  factor)  being  marked 
on  each  curve.  Above  the  saturation 
line,  the  curves  are  for  superheated 
steam  of  the  degree  of  superheat  shown 
by  the  figures.  The  vertical  scales  on 
both  sides  of  the  chart  give  the  corre- 
sponding factors  of  evaporation,  on  the 
assumption  that  the  feed-water  tempera- 
ture is  32  deg.  In  practice,  the  feed- 
water  temperature  is  always  greater  than 
32  deg.  F.,  and  to  correct  for  the  actual 
temperature,  something  must  be  sub- 
tracted from  the  factor  of  evaporation  as 
taken  from  the  curves.  The  diagonal 
line  permits  of  the  immediate  determina- 
tion of  this  correction.  The  top  hori- 
zontal scale  is  for  feed-water  tempera- 
ture. The  outside  vertical  scale  on  the 
left  of  the  chart  gives  the  corresponding 
correction  for  the  factor  of  evaporation. 
As  an  example  of  the  use  of  this 
chart,  we  may  take  the  conditions  given 
earlier,  namely,  steam  at  170  lb.  absolute 
pressure,  superheat  150  deg.,  with  feed 
water  at  76  deg.  Starting  with  170  lb. 
on  the  lower  horizontal  scale,  and  fol- 
lowing vertically  upward  to  the  curve 
marked  150  deg.,  the  intersection  is  seen 
to  be  on  the  horizontal  line  correspond- 
ing to  the  factor  of  evaporation  1.317. 
This,  however,  assumes  a  feed-water 
temperature  of  32  deg.;  the  actual  tem- 
perature is  76  deg.  To  correct  for  this, 
start  from  76  deg.  on  the  top  horizontal 
scale  and  follow  vertically  down  to  the 
correction  curve;  the  intersection  is  on 
the  horizontal  line  corresponding  to  the 
correction  0.045  as  given  on  the  vertical 
scale  on  the  extreme  left.  The  actual 
factor  of  evaporation  is  consequently 
1.317  —  0.045  =   1.272. 


A  patent  was  recently  granted  to 
E.  A.  Kelsey,  Mt.  Vernon,  N.  Y.,  for 
fitting  valves  to  their  seats  by  pressing 
one  upon  the  other  so  that  the  imper- 
fections in  the  shape  of  each  will  be 
reversely  reproduced  in  the  other,  and 
guiding  the  valve  to  seat  it  in  the  same 
position  in  the  seat  in  which  it  was 
fitted. 


During    1911,   the    exports    of    British 
coal  amounted  to  64,599,266  long  tons. 
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Notes  on  the  Use  of  Belt  Conveyers 


^X'ith  level  conveyers  it  makes  very 
little  difference  whether  the  drive  is  at 
the  head  or  tail,  but  when  elevated  a 
head-pulley  drive  should  be  used  wher- 
ever possible,  because  driving  from  the 
tail  brings  the  slack  belt  on  the  upper 
or  load-carrying  side  to  the  detriment  of 
the  traction  of  the  driving  pulley  and 
can  only  be  compensated  for  by  increas- 
ing the  tension,  which  is  undesirable. 

With  an  intermediate  drive  where  two 
snub  pulleys  are  used  in  connection  with 
the  driving  pulley,  the  greatest  objec- 
tion is  the  practical  impossibility  of  get- 
ting the  belt  perfectly  clean  and  especial- 
ly in  abrasive  materials  where  the  pieces 
are  angular  and  often  imbedded  in  the 
belt;  this  character  of  drive  intensifies 
the  injury  resulting  from  the  use  of 
snub  pulleys.  These  are  always  a  detri- 
ment owing  to  the  working  side  of  the' 
belt,  when  in  its  greatest  tension,  being 
forced  against  the   face  of  the  pulley. 

It  is  too  often  the  custom  to  minimize 
the  head  or  driving  pulley  and  increase 
the  arc  of  contact  by  using  the  snub 
pulley.  This  is  very  bad  practice,  and 
in  most  cases  can  be  eliminated  by  in- 
creasing the  diameter  of  the  driving  pul- 
ley and  making  a  long  lead  to  the  first 
return  idler. 

That  type  of  troughing  idler  should  be 
used  which  embodies  the  greatest  sim- 
plicity in  construction,  is  the  most  easily 
lubricated  and  does  the  least  detriment 
to  the  belt. 

The  three-pulley  setting — .the  center 
pulley  horizontal  and  the  two  side  pul- 
leys at  varying  angles — is  the  simplest, 
cheapest,  most  easily  lubricated  and  most 
efficient.  In  the  writer's  judgment,  when 
the  pulleys  are  in  line  the  actfon  of  the 
horizontal  pulley  at  the  point  of  meeting 
with  the  side  or  angle  pulley  often  pro- 
duces the  effect  of  a  pair  of  shears;  this 
can  be  eliminated,  however,  by  offset- 
ting   the    pulley. 

Guide  idlers  should  always  be  avoided, 
if  possible.  Their  object  is  to  control 
the  shearing  of  the  belt  which,  by  reason 
of  its  not  conforming  to  the  outline  of 
the  idlers,  and  through  imperfect  con- 
tact or  traction,  has  a  tendency  to  run 
to  that  side  where  the  traction  is  great- 
est, and  if  not  controlled  by  these  guide 
idlers  w^^ould  tend  to  run  off. 

This  is  so  much  the  case  that  one  often 
sees  arguments  used  by  belt  manufac- 
turers that  they  make  special  provision 
to  protect  the  edge  of  the  belt  by  more 
than  the  usual  amount  of  cover  or  pad 
and  draw  attention  to  the  perfection  of 
attachment  whereby  this  cover  i5  vul- 
canized to  the  belt. 

Traction   versus   Tension 

The  subject  of  traction  ought  to  re- 
ceive the  greatest  consideration,  oecause 
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Practical  considerations  cover- 
ing the  most  efficient  drives, 
feeds,  arrangement  of  chutes, 
capacities  and  speed.  The  care 
of  belt  conveyers  is  also  touched 
upon. 


a  fabric  when  loose  is  not  as  easily  cut 
as  when  in  tension. 

In  many  cases  an  undue  amount  of 
tension  is  placed  upon  conveyer  belts; 
some  due  to  lack  of  thought  on  the  en- 
gineer's part,  to  penny-wise  and  pound- 
foolish  practice,  and  to  the  necessity  for 
employing  tension  in  order  to  make  the 
belt  trough  run   approximately  true. 

The  diameter  of  the  head  pulley  is 
often  reduced,  thereby  increasing  the 
necessary  tension;  this  practice  saves  a 
dollar  in  initial  cost  but  may  cost  fifty 
dollars  in  wear  and  tear  on  the  conveyer 
belt.  E.xcess  power  due  to  tension  or 
any  other  causp  carries  with  it  three 
detriments:  First,  the  initial  cost  to  fur- 
nish the  power;  the  fixed  charge  for  op- 
eration, and  the  wear  and  tear  on  belting 
and  machinery  occasioned  by  the  ex- 
treme tension. 

Feeds 

Where  material  is  fed  to  a  belt  these 
chutes  should  be  so  constructed  and  at 
such  angles  as  to  deliver  the  material  at 
approximately  the  same  speed  at  which 
the  belt  is  traveling  in  order  to  produce 
the  least  possible  abrasion.  Moreover, 
the  edge  of  the  chute  should  be  turned 
up  slightly,  to  prevent  the  direct  impact 
of  the  material  on  the  belt.  Conveyer 
belts  are  intended  to  convey,  and  not  for 
impeding  the  velocity  of  the  material; 
and  this  should  always  be  kept  in 
mind. 

Sometimes  it  is  desirable  to  feed  a  belt 
from  a  succession  of  bin  gates  with 
feeding  chutes  attached,  in  which  case 
the  principle  underlying  the  initial  feed 
chute  should  be  embodied.  It  is  very 
undesirable,  although  often  done,  to 
feed  from  two  or  more  of  these  chutes 
at  the  same  time;  this  is  apt  to  overload 
the  belt,  and  produce  abrasion  due  to 
the  discharge  from  a  preceding  chute 
being  scraped  and  ground  into  the  belt 
by  its  interference  with  a  succeeding 
chute.  Where  multiple  feed  must  be  used 
m.echanical  control  should  be  employed 
and  not  the  usual  type  of  gravity  feed, 
which  is  always  susceptible  of  the  fore- 
going objection. 


Chutes 

Under  this  general  heading  are  em- 
bodied initial  feeding  chutes,  intermedi- 
ate, transfer  and  tripper  chutes,  the  lat- 
ter often  including  a  three-way  chute. 
The  great  trouble  in  connection  with  all 
chutes  is  the  disposition  to  minimize 
space  to  the  detriment  of  good  engi- 
neering practice  and  injury  thereby  to 
the  belt.  The  latter  being  the  most  ex- 
pensive item  in  connection  with  the  con- 
veyer, is  the  one  which  should  receive 
foremost  consideration,  and  the  inevit- 
able wear  and  tear  thereof  minimized. 

In  all  chutes,  whether  direct  or  trans- 
fer, the  material  should  be  delivered  to 
the  center  of  the  belt  and  the  wings  of 
the  chutes  should  be  lifting  and  set  at 
an  angle  to  the  travel  of  the  belt  so 
that  the  material  shall  continually  clear 
itself  and  not  jam  and  grind  under  the 
edge   of   these    wings. 

Elevating 

The  subject  of  elevating  material  is 
one  which  is  dependent  on  various  con- 
tingencies and  is  controlled  by  a  number 
of  factors  which  must  be  individually 
considered,  but  the  general  principle  is 
this:  There  is  a  relation  between  the 
traction  of  the  material  in  connection 
with  its  angle  of  rest  and  velocity,  that 
determines  the  angle  of  elevation. 

These  conditions  are  not  always  suffi-  ' 
ciently  considered,  especially  when  they 
are  complicated  by  various  sizes  of  ma- 
terial, including  small  and  large  lumps, 
the  percentage  of  each,  the  character  of 
the  feed,  etc. 

The  question  of  intermittent  or  con- 
tinuous feed  is  one  which  can  be  elimi- 
nated under  almost  all  conditions  be- 
cause a  continuous  feed  is. more  a  ques- 
tion of  theory  than  of  practice. 

Capacities 

The  disposition  to  figure  the  theoretical 
for  the  practical  is  too  often  the  cause  of 
disappointment,  and  it  would  seem  hard- 
ly necessary  to  mention  this  if  it  were 
not  overlooked  so  often   in  practice. 

To  find  the  capacity  of  a  conveyer  belt 
it  is  best  to  make  a  diagram  of  the 
troughing  idler,  measure  2  inches  down 
from  the  edge  of  the  belt,  draw  a  straight 
line  connecting  these  two  points,  figure 
the  area  therein,  and  calculate  in  tons,  of 
whatever  may  be  the  particular  character 
of  material  to  be  handled;  discount  this 
one-third  and  the  result  will  as  nearly 
approach  the  average  maximum  as  one 
will  get  in  practice. 

Speed 

The  speed  at  which  a  conveyer  belt 
can  be  run  depends  upon  several  factors, 
the  character  of  the  belt,  the  class  of 
material  and  the  spacing  of  the  troughing 
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idlers.  Originally,  belts  were  rur  at 
speeds  as  high  as  1000  feet  ?  minute, 
but  now  the  tendency  seems  to  be  to- 
ward that  of  slow  speed,  to  the  injury 
of  clean  deliveries,  and  consequent  wear 
and  tear  to  the  belt  at  delivery  and  trans- 
fer chutes. 

Deliveries 

Where  it  is  desirable  that  there  should 
be  the  least  possible  breakage  of  ma- 
terial and  where  the  distance  from  the 
conveyer  to  the  bottom  of  the  storage 
bin  is  30,  40  or  50  feet,  fish  ladders  can 
be  used.  These  consist  of  boards  or 
plates  placed  at  angles  to  correspond 
with  the  material  handled.  Through  this 
the  material  takes  a  zigzag  course;  or 
a  center  support  is  provided  having  a 
chute  like  a  spiral  staircase  with  a  lip 
1  or  2  inches  high  to  prevent  the  ma- 
terial from  being  thrown  off  by  centrifu- 
gal force.  This  carries  the  material  to 
the  bottom,  spilling  over  the  edge  and 
building  on  itself  until  the  bin  is  full. 

Breakage 

To  eliminate  breakage  is  not  so  much 
a  question  of  speed  as  it  is  the  char- 
acter and  design  of  the  receiving  and  de- 
livery chutes  together  with  the  general 
nature  of  the  installation.  Where  con- 
veyers are  run  in  series  each  succeeding 
conveyer  ought  to  be  stepped  up  at  least 
5  per  cent,  in  speed  so  that  there  shall 
never  be  any  choking  of  the  material 
in  the  transfer. 

Trippers 

Trippers,  stationary  or  movable,  should 
be  used  only  where  it  is  not  possible  to 
employ  a  mechanism  that  can  be  thrown 
into  or  out  of  operation,  utilizing  a  count- 
erweight to  make  this  practical  and  loop- 
ing the  belt  on  the  underside  to  give  the 
necessary  go  and  come  and  taking  up 
the  slack  when  the  tripper  is  not  in  op- 
eration. All  trippers  embody  the  use  of 
a  snub  pulley  and  they  largely  increase 
the  tension,  which  is  undesirable. 

Automatic  reversing  trippers  are  com- 
plicated and  expensive,  and  the  writer 
has  known  only  very  few  cases  where 
the  conditions  made  it  possible  to  em- 
ploy those  embodying  the  automatic,  re- 
versing, continuously  moving  idea.  In 
nine  cases  out  of  ten  they  are  shifted 
from  place  to  place,  locked  to  the  rail, 
and  the  automatic  reversing  feature  is 
surplusage. 

Cleaning  a  Belt 

Sufficient  care  is  not  always  taken  to 
keep  the  belt  and  conveyer  clean.  This 
is  frequently  illustrated  in  plants  where 
care  is  taken  and  the  belts  operate  year 
after  year  giving  satisfactory  service, 
and  a  legitimate  return  in  value  or  ser- 
vice rendered.  The  belt  is  relieved  of 
the   inevitable  wear  and  tear  contingent 


on  the  thoughtless,  shiftless  manner  in 
which  belt  conveyers  are  frequently 
handled. 

Decking 

It  is  absolutely  necessary  to  protect 
the  lower  line  of  belting  from  dust,  grit 
and  dirt  that  may  fall  upon  it,  for  if  any 
falls  through  on  this  lower  line  and  goes 
on  the  pulley  side  of  the  belt  it  soon 
wears  off  the  thin  protective  covering, 
bares  the  fabric  and  absorbs  moisture. 

Accidents  often  occur  which  are  en- 
tirely avoidable,  as,  for  instance,  those 
coming  from  or  originating  in  the  initial 
feed,  which  in  most  cases  can  be  pro- 
vided for  by  a  grating  or  screen  of  iron 
bars  to  catch  any  material  liable  to  in- 
jure the  belt. 

Also  damage  occurs  frequently  through 
the  careless  use  of  the  hoe,  bar  or 
shovel  in  cleaning  out  transfer  chutes. 
Such  instruments  ought  to  be  attached 
by  chains  or  otherwise  so  that  they  can- 
not drop  or  catch  in  the  belt,  and  be- 
fore the  power  can  be  shut  off,  do  almost 
irreparable  injury. 

Care  should  be  taken  in  putting  on  a 
new  belt  to  see  that  everything  leads 
fair  and  true;  for  a  set  in  a  new  belt  is 
almost  impossible  to  correct  afterward. 

Squaring  the  Ends 

After  a  belt  has  been  strung  care 
should  be  taken  before  it  is  put  in  ten- 
sion to  see  that  it  runs  and  lies  true  on 
the  head,  tail  and  upper  and  lower  idlers, 
also  through  the  stationary  or  movable 
trippers  if  such  are  in  use. 

A  square  should  be  placed  on  the  belt, 
and  the  latter  marked,  using  the  long  leg 
of  the  square  along  the  edge  of  the  belt. 

Lacing  or  Fastening 

In  lacing  a  belt  the  edges  should  coin- 
cide and  the  middle  of  the  belt  should 
be  fastened  first;  then  put  on  the  two 
outside  fasteners  (if  a  metal  faster^!' 
be  used),  using  one  rivet  on  each  side 
of  each  of  the  three  fasteners.  Tail  the 
rivets  from  the  joint  so  that  the  joints 
v/ill  draw  together,  and  drive  the  rivets 
alternately,  first  on  one  side  then  on  the 
other,  opposite  each  other. 

Starting  and  Stopping 

Much  harm  is  done  by  the  thought- 
lessness of  those  in  charge  of  belt  con- 
veyers by  not  running  their  machines  at 
full  speed  before  they  begin  to  feed  ma- 
terial on  them  and  also,  especially  at 
12  and  6  o'clock,  in  the  hurry  to  get 
away.  They  stop  the  machines  too  soon 
after  the  feed  has  ceased,  and  before  the 
laggards  or  lumps  which  often  roll  back 
— advancing  two  steps  and  retreating  one 
— have  had  time  to  be  delivered. 

This  faulty  method  of  starting  and 
stopping  is  occasioned  by  the  material 
dribbling  over  the  head  pulleys  instead  of 
being  projected   from  them,  catching  in 


the  transfer  and  other  chutes.  Although 
not  a  part  of  the  engineering,  this  is 
something  which  can  hardly  be  over- 
looked in  their  operation. 

Conclusion 

The  abuse  to  which  belt  conveyers  are 
so  often  submitted  is  on  a  par  with  the 
way  the  average  human  treats  himself. 
The  detriments  that  are  insidious  do  not 
make  themselves  known  in  a  smash-up 
or  a  breakdown,  but  they  are  neverthe- 
less continuous,  and  eventually  result  in 
destroying  the  constitution  of  the  man, 
the  usefulness  of  the  mechanism,  and  are 
the  things  which  are  so  often  disregarded. 

In  no  type  of  machinery  is  it  more 
necessary  that  constant  care  and  com- 
mon sense  be  employed  than  in  the  use 
of  belt  conveyers. 


Peculiar  Sprocket    Wheel 
Arrangement 

The  sprocket  wheel  operating  a  tell- 
tale on  a  hoisting  engine  should  be  so 
placed  as  to  be  easily  accessible  in 
order  to  care  for  it  and  the  sprocket 
chain. 

There  have  been  cases  where  the  chain 
has  come  off  the  wheel  and,  runnin"  on 
the  drum  shaft,  still  rotate  the  telltale 
indicator,  but  behind  its  time.  This  con- 
dition in  one  instance  resulted  in  wreck- 
ing a  train  of  coal  cars  which  were  being 


Sprocket  Wheel  Attached  to  Crank- 
pin   BY  an  Arm 

hauled  up  a  slope  by  running  full  speed 
into  the   foot   of  the  shaft. 

On  one  engine  the  sprocket  wheel  was 
attached  to  a  pin  that  was  secured  to 
the  end  of  an  arm  which  was  bolted  to 
the  outer  end  of  the  crank  pin,  as  shown 
in  the  accompanying  illustration.  The 
chain  led  to  the  indicator  dial  as  shown. 
It  is  necessary  to  have  the  center  of  the 
sprocket  wheel  in  line  with  the  center 
of  the  crankshaft  in  order  to  insure  true 
running. 
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What  a  Candidate  for  a  Second 
Class    License    in    Massa- 
chusetts Has  to  Know 

By  L.  W.  Chadwick 

The  following  questions  were  asked 
an  applicant  for  a  second-class  license 
in  Massachusetts  which  limits  the  holder 
to  having  charge  of  150  engine  horse- 
power or  less.  However,  he  may  op- 
erate a  first-class  plant  under  a  chief 
engineer. 

The  applicant  has  made  two  attempts 
to  get  a  second-class  license  within  the 
last  six  months,  and  the  following  ques- 
tions were  repeated  to  the  writer  as  be- 
ing those  asked  by  the  examiners: 

1.  What  is  meant  by  horsepower  in 
reference  to  a  steam  engine? 

2.  How  do  you  figure  the  horsepower 
of  an  engine? 

3.  Give  an  example. 

4.  What  is  an  indicator? 

5.  Describe  an  indicator. 

6.  What  is  It  for? 

7.  Draw  a  good  diagram  from  a  sin- 
gle-eccentric Corliss  engine. 

8.  How  would  you  know  whether  it 
was  from  the  high-  or  the  low-pressure 
cylinder? 

9.  How  late  can  a  single-eccentric 
Corliss  engine  cut  off? 

10.  Why  not  later? 

11.  Given  the  dimensions  of  a  quad- 
ruple-riveted double  butt-strap  joint,  find 
the  efficiency   of  the    joint. 

12.  Given  the  area  to  be  braced, 
pressure  carried,  diameter  and  thickness 
of  the  shell,  find  the  number  of  througli 
braces    1    in.   in   diameter. 

13.  What  parts  of  a  locomotive  boiler 
are    braced    and    why? 

14.  Describe  how  each  part  is  braced. 

15.  Given  the  dimensions  of  a  water 
leg,  the  thickness  of  plate,  pressure  to 
be  carried  and  size  of  stay-bolts,  find 
how  many  are  required. 

16.  Is  grease  detrimental  to  a  boiler; 
if  so,  in  what  way  or  ways? 

17.  Where  would  you  most  expect  to 
find  a  bag  in  a  return-tubular  boiler? 

18.  If  a  bag  occurred  in  a  girth  seam, 
how  would  you  patch  it? 

19.  Is  a  bag  dangerous;  if  so,  why? 

20.  If  a  boiler  has  started  to  pit,  what 
would  you  do  to  help  stop  it? 

21.  Describe  the  operation  of  an  in- 
dependent jet  condenser.  What  is  the 
office   of  the   air   pump? 

22.  Can  such  a  condenser  become 
dangerous  to  the  engine?  If  so,  in  what 
way? 

23.  Why  is  scale  in  a  boiler  danger- 
ous? 

24.  If  you  were  forcing  a  battery  of 
boilers,  how  could  you  tell  by  looking 
at  the  glass  if  one  glass  or  column  con- 
nection   was   plugged? 

25.  If,  when  you  cut  out  a  boiler  by 
closing  the  stop  valve,  the  pressure  drops 


to  zero  (gage)  and  the  water  surges 
in  the  glass,  what  causes  it  to  do 
so? 

26.  Given  the  number  of  square  feet 
of  heating  surface  in  a  boiler,  how  many 
square  feet  of  grate  surface  are  re- 
quired  for  the  same  boiler? 

27.  If  you  found  a  bad  lap  crack, 
how  would  you  repair  it? 

28.  Where  is  the  fusible  plug  in  an 
Almy   boiler? 

29.  In  figuring  the  stress  on  a  longi- 
tudinal seam,  why  is  the  radius  used? 

30.  What  is  the  use  of  an  auxiliary 
piston  in  a  steam  pump  ? 

31.  How  is  it  possible  for  a  pump  to 
work  against  a  pressure  greater  than 
the   steam   pressure? 

32.  Draw  a  diagram  and  explain  how 
to  find  the  stress  on  I  in.  of  a  longi- 
tudinal seam.  The  same  on  a  girth 
seam. 

33.  Given  the  dimensions,  find  the 
efficiency  of  a  double  butt-strap,  double- 
riveted  joint. 

34.  What  is  a  double  "D"  valve  and 
where  is  it  used  ? 

35.  How    is   wood   packing   used    and 


5000  Pound  Pressure  Pump 

Of  more  than  ordinary  interest  is 
the  large  duplex,  outside-packed,  plunger 
type  of  power  pumping  engine  shown  in 
the  illustration.  This  machine  has  four 
2'-s-in.  plungers,  with  a  common  stroke 
of  18  in.,  and  at  47  r.p.m.  of  the  crank- 
shaft, is  capable  of  delivering  50  gal. 
per  minute  against  a  working  pressure 
of  5000  lb.  per  square  inch.  Two  of 
these  pum.ps  were  recently  built  for 
the  Chase  Rolling  Mills,  Waterbury, 
Conn.,  by  the  Deane  Steam  Pump  Co., 
Holyoke,  Mass. 

The  elimination  of  pressure  joints  in 
a  machine  of  this  type  is  a  consideration 
of  primary  importance;  consequently,  in 
these  machines,  each  cylinder  is  made 
integral  with  its  valve  chamber  from  a 
steel  billet.  The  two  chambers  for  the 
reception  of  the  plungers  and  all  in- 
ternal water  passages,  subject  to  dis- 
charge pressure,  are  drilled  from  the 
solid  metal.  The  valve  service-  is  of 
tool  steel  and  each  valve  is  separately 
accessible  from  above  through  its  in- 
dividual  handhole  opening;   thus  greatly 
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kept    in    place    on    a    condenser    with    a 
bucket  piston  on  the  pump? 

36.  Given  the  number  of  square 
inches,  thickness  of  plate,  pressure  to 
be  carried,  size  of  hollow  stay-bolt,  size 
of  hole  and  stay-bolt,  how  many  are 
required  in  the  water  leg  of  a  locomotive 
type  of  boiler? 

37.  Find  the  pitch  of  rivets  in  a  boiler. 
How  do  you  find  the  size  of  them? 

38.  The  safety  valve  on  a  boiler  plays 
out  and  you  get  a  new  one;  how 
would  you  know  whether  it  was  all 
right? 

39.  Would  you  recommend  an  open 
or  a  closed  heater  for  factory  work? 

40.  What  is  a  horsepower  constant? 

41.  If  you  take  up  on  the  spring  of 
an  automatic  governor  to  speed  up  the 
engine  and  the  latter  races,  what  is 
wrong? 

42.  If  an  engine  delivering  150  hp. 
suddenly  drops  to  140  hp.,  what  is  wrong 
and  how  may  it  be  remedied? 

43.  If  the  steam  pressure  drops  on 
a  condensing  engine,  what  can  you  do  to 
help  out  until  the  steam  pressure  is  up 
again? 

44.  How  would  you  get  a  later  cutoff 
on  a  single-eccentric  Corliss  engine? 


facilitating  the  refacing  of  valves  and 
seats. 

The  plungers  being  of  small  diameter, 
the  stroke  comparatively  long,  and  the 
net  plunger  load  high,  special  attention 
has  been  directed  to  the  prevention  of 
plunger  deflection.  The  weight  of  the 
plungers,  crossheads  and  side  rods  is 
supported  at  both  ends  of  the  cylinder  on 
adjustable  shoes,  and  in  addition  the 
alignment  of  the  side  rods  is  maintained 
by  guides  on  the  yoke  and  on  the  outer 
end  of  the  cylinders. 

The  gearing  is  machine-cut  from  the 
solid  blank,  and  the  crankshaft,  which 
operates  in  main  bearings  of  the  quarter- 
box  type,  is  an  openhearth  steel  forging. 
Annealed-steel  castings  are  used  for  the 
disks  which  are  integral  with  the  pins, 
and  the  connecting-rods  are  of  the  solid- 
end  type,  of  machine  steel,  fitted  with 
phosphor-bronze  bearing  boxes  and  made 
adjustable  for  wear  at  both  ends.  The 
crossheads  are  fitted  with  adjustable 
shoes  and  are  operated  in  bored  guides 
in  the  yokes.  Drippings  of  lubricating 
oil  and  stuffing-box  leakage  on  the  foun- 
dation are  prevented  by  deep  retaining 
flanges  and  pans,  made  integral  with  the 
machine. 
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Schedule  of  Flanges,  Flanged  Fittings 


In  the  June  27,  1911,  issue  was  printed 
a  schedule  of  flanged  fittings  arranged 
by  the  committee  on  standardization  of 
the  American  Society  of  Mechanical  En- 
gineers, acting  in  conjunction  with  a  sim- 
ilar committee  from  the  National  As- 
sociation of  Master  Steam  and  Hot  Water 
Fitters. 

Since  this  earlier  report  of  the  com- 
mittees, however,  the  schedule  has  been 
revised  and  considerably  amplified,  and 
in  its  present  form,  as  herein  given,  has 
been  recommended  officially  by  the  Amer- 
ican Society  of  Mechanical  Engineers,  and 
adopted  by  the  National  Association  ot 
Master  Steam  and  Hot-Water  Fitters. 
Furthermore,  at  the  annual  meeting  of 
the  American  Society  of  Heating  and 
Ventilating  Engineers  the  new  schedule 
was  recommended  for  use  by  its  mem- 
bers. 

The  personnel  of  the  committees  on 
standardization  was  as  follows: 

American  Society  of  M,echanical 
Engineers:  H.  G.  Stott,  John  H.  Spar- 
row, William  Schwanhausser,  Walter  M. 
McFarland,  Albert  C.  Ashton. 

National  Association  of  Master  Steam 
and  Hot  Water  Fitters;  Wflliam 
J.  Baldwin,  Jr.,  N.  Loring  Danforth,  Wil- 
liam T.  English,  William  P.  Kirk,  Thomas 
B.  Cryer,  Edward  B.  Denny,  William  H. 
Oakes. 

Explanatory  Notes 

The  following  explanatory  notes  will 
be  found  useful  in  connection  with  the 
schedule: 

1.  Standard  or  extra-heavy  reducing 
elbows  carry  the  same  dimensions  center 
to  face  as  the  regular  elbows  of  the 
largest  straight  size. 

2.  Standard  or  extra-heavy  tees, 
crosses  and  laterals,  reducing  on  run, 
carry  the  same  dimensions  face  to  face 
as  the  largest  straight  size. 

3.  If  flanged  fittings  for  lower  work- 
ing pressures  than  125  lb.  are  made,  they 
shall  conform  in  all  dimensions,  except 
in  thickness  of  shell,  to  this  standard, 
and  shall  have  the  guaranteed  working 
pressure  cast  on  each  fitting.  Flanges 
for  these  fittings  must  be  of  standard 
dimensions. 

4.  Where  long-turn  fittings  are  speci- 
fied, it  has  reference  only  to  elbows, 
which  are  made  in  two  center  to  face 
dimensions,  to  be  known  as  "elbows"  and 
"long-turn"  elbows,  the  latter  being  used 
only  when  so  specified. 

5.  All  standard-weight  fittings  must 
be  guaranteed  for  125  lb.  and  extra-heavy 
fittings  for  250  lb.  working  pressure, 
and  each  fitting  must  have  some  mark 
cast  on  it  indicating  the  makf  r  and  the 
guaranteed    working   steam   pressure. 

6.  All  extra-heavy  fittings  and  Tanges 
to  have  a  raised  surface  iV.  in.  high  in- 
side of  the  bolt  holes  for  the  gasket. 


Standard-weight  fittings  and  flanges  to 
be  plain  faced. 

Bolts  to  be  ^i  in.  smaller  in  diameter 
than   the   bolt  holes. 

Bolt  holes  should  straddle  the  center 
lines. 

7.  Size  of  all  fittings  scheduled  in- 
dicates the  inside  diameter  of  the  ports. 
For  the  outside  diameter  of  pipe  use  the 
corresponding  size  of  the  inside  diameter 
fittings. 

8.  The  face  to  face  dimension  of  a 
reducer,  either  straight  or  eccentric,  shall 


face    and    face   to    face   dimensions   as   a 
straight  fitting  of  the  size  of  the  outlet. 

12.  Up  to  and  including  the  4-in.  size, 
center  to  face  and  face  to  face  dimen- 
sions of  reducing  fittings  will  be  the  same 
as  that  of  a  straight  fitting  of  the  larger 
opening. 

13.  Pipe  sizes  14  in.  and  over  refer 
to    outside    diameter. 

Stresses  in  Bolts 

In  connection  with  the  report  of  the 
standardization  committee,  the  February 
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Assumpiion  ■  Pipe  with  blank  flange  bolted  on,  pressure  in  pipe  !S0  lb  per  sq  in._ 
Curves  show  tensile  stress  in  bolts  persq  in.  metjiatroot  of  thread 
Experiments  madeatCornell  University  indicate  ■■ 

(a)  'That  the  initial  load  due  to  screwing  upabolttomake  a  sfeam-ttght 
joint  may  be  estimated  at  16000  Ib.per  in  nominal  dia  of  bolt  or  l^SS.  ■:, 

29000  Ib.persq.in  of  bolt  at  baseof  thread  foral-in.bolt.and  that       ^  - 

(b)  the intensifyof stress  varies.approximately,  inversely asthe  nominal^ 
dia.ofthebolt"  ^  ^    ^ 

Thisshowsthatwith boHsteelattOOOO Ib.persqin uftimate     J§  — , '  ,i? — i- 
tensile strength  wehaveaFactorofsafetyof only  Z  for       ^ 
I- in.  bolts,  less  than  Zforsmallerbolts  and  a  little  over        X 
Z  for  larger  bolts, as  against  a  factorofsafetybfabout    — ^^ 
l6forl?in.  extraheavypipe.{X.Zrfs%7e^Wo-'')    % 
V/herecompressiblegasketsareusea  :t;:tnt3l  load^L 
on  the  bolts  is  that  due  to  initialtensionplus  from 
50%tolOO%appliedload,  thus  further  decreeing 
the  factor  of  safety. 
■  I5ee Kimball iBarrsE.lementsofMachineDesign,pl10)  -^Ha^ufa\fuf-ers  Sta, 
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New  Standard 


Stress  at  Base  of  Thread  in  Bolts  for  Different  Sizes  of  Pipe 


be   equal    to   the   diameter   of   the    larger 
flange. 

9.  Square  head  bolts  with  hexagonal 
nuts  are  recommended. 

10.  Twin  ells,  double  branch  ells, 
side  outlet  ells,  side  outlet  tees  and  four- 
way  tees,  whether  straight  sizes  or  re- 
ducing, carry  the  same  dimensions  cen- 
ter to  face  and  face  to  face  as  the  regu- 
lar ells  and  tees. 

11.  Bull-head  tees  or  tees  increasing 
on  outlet   will  have  the  same  center  to 


issue  of  the  Journal  of  the  American  So- 
ciety of  Mechanical  Engineers  contains 
the  accompanying  chart,  showing  the 
stresses  in  the  bolts  at  the  base  of  the 
thread  due  to  a  pressure  in  the  pipe  of 
250  lb.  per  square  inch.  The  chart  shov.s 
the  extent  to  which  these  stresses  in- 
crease with  the  sizes  of  the  pipe  in  the 
Manufacturers'  Standard,  and  the  dotted 
lines  show  the  departure  made  from  the 
latter  in  order  to  keep  the  stresses  down 
to  what  is  considered  a  safe  limit. 
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SCHEDULE  OF  FLANGES  AND  FLANGED  FITTINGS 
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Extra  Heavy  Flanged   Fittings 
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Condensers  for  the  Power  Plant 


Condensers  may  be  divided  into  two 
general  classes:  jet  and  surface  con- 
densers. To  the  former  class  belong 
barometric,  siphon,  ejector,  spirojector, 
induction  and,  in  fact,  all  types  in  which 
the  cooling  water  mingles  with  the  steam. 
Under  surface  condensers  are  included 
all  types  in  which  the  cooling  water  is 
separated  from  the  steam  by  metallic 
surfaces  either  in  the  form  of  tubes  or 
plates. 

Jet  Condensers 

In  this  type  the  steam  is  usually  ad- 
mitted at  the  top  of  the  condenser  cham- 
ber and  the  water  outlet  is  at  the  bot- 
tom so  that  the  condensed  steam  and 
cooling  water  will  drain  into  the  wet- 
vacuum  pump.  On  account  of  the  vac- 
uum in  the  condenser  preventing  the 
pressure  of  the  atmosphere  from  acting 
upon  the  surface  of  the  water,  it  is  im- 
possible for  any  suction  pump  to  lift 
the  water  out  of  the  condenser;  hence  the 
water  must  flow  to  the  suction  side  of 
the  pump  by  gravity.  If  the  cooling  water 
is  to  be  used  for  boiler  feed  after  leav- 
ing the  condenser,  it  should  discharge  to 
a  hotwell,  the  grease  and  oil  being  ex- 
tracted before  sending  it  to  the  boilers,  or 
the  exhaust  steam  may  be  passed  through 
an  oil  separator  before  entering  the  con- 
denser. 

If  an  open  feed-water  heater  and 
purifier  are  used  the  water  is  drawn  from 
the  hotwell  by  low-service  pumps  and 
discharged  to  the  heater,  from  which  the 
heated  water  flows  to  the  inlet  of  the  feed 
pumps  by  gravity.  If  a  closed  feed- 
water  heater  is  used,  however,  the  feed 
pumps  draw  their  supply  direct  from  the 
hotwell  and  force  it  through  the  closed 
heaters  which  are  located  on  the  high- 
pressure  side   of  the   pumps. 

If  the  cooling  water  is  unsuitable  for 
boiler  feed,  on  account  of  scale-forming 
impurities,  it  should  be  thoroughly  treated 
before  using,  or  it  may  be  wasted  alto- 
gether. In  the  latter  case,  however,  the 
distilled  water  represented  by  the  con- 
densed steam  is  also  wasted  and  as  a 
consequence  this  may  represent  a  con- 
siderable loss  in  dollars  and  cents  each 
year.  It  might  be  better  in  such  a  case 
to  use  a  surface  condenser.  If  the  cool- 
ing water  is  suitable  for  boiler  feed, 
however,  a  jet  condenser  is  unexcelled 
and  should  be  given  preference  over  the 
surface  condenser  because  of  its  sim- 
plicity, low  first  cost,  low  cost  of  attend- 
ance, repairs,  etc.  Furthermore,  they  oc- 
cupy less  floor  space,  the  erection  charges 
are  considerably  lower  and  less  cooling 
water  is  required. 

Jet  condensers  should  always  be  pro- 
vided with  a  device  for  automatically 
breaking  the  vacuum  by  admitting  air 
when  the  hight  of  water  in  the  condenser 
reaches  a  certain  point.    Another  method 
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of  preventing  the  condensing  water  from 
backing  up  in  the.  engine  cylinder  is  to 
provide  a  check  valve  in  the  exhaust  pipe 
between  the  engine  and  the  condenser. 
Every  condensing  plant  should  be 
equipped  with  a  free  exhaust  valve,  so 
placed  as  to  permit  the  exhaust  steam 
from  the  engines  to  pass  freely  to  the 
atmosphere  in  case  the  condenser  fails 
to  operate,  or  is  shut  down  for  repairs. 
The  design  of  these  valves  varies  some- 
what with  different  manufacturers,  but 
in  general  they  are  of  the  mushroom  type, 
the  valve  being  partly  balanced  by  a 
lever  and  weights,  or  by  weight  and 
springs  combined.  These  valves  should 
be  water-sealed  to  prevent  air  leakage 
between  the  seat  and  the  disk. 

COUNTERCURRENT  JET  CONDENSERS 

Jet  condensers  of  the  countercurrent 
type  are  found  to  give  much  better  re- 
sults than  the  parallel-flow  type  and  are 
more  generally  used.  The  injection  water 
entering  the  condenser  at  one  end  and 
the  exhaust  steam  at  the  other  insure 
the  coolest  water  coming  in  contact  with 
the  coolest  steam,  and  the  hottest  steam 
coming  in  contact  with  the  hottest  water. 
Thus  it  is  possible  to  raise  the  tempera- 
ture of  the  condensing  water  very  close 
to  the  temperature  of  the  exhaust  steam 
before  discharging  it  from  the  condenser. 
This  results  in  a  considerable  saving  in 
the  quantity  of  cooling  water  and  also 
insures  a  much  higher  temperature  for 
the  boiler  feed  if  drawn  from  the  con- 
denser hotwell. 

In  jet  condensers  of  the  parallel-flow 
type  in  which  the  water  and  steam  enter 
at  the  same  end  and  flow  in  the  same 
direction,  the  hottest  steam  comes  in  con- 
tact with  the  coldest  water,  and  the  cool- 
est steam  comes  in  contact  with  the  hot- 
test water;  hence  the  temperature  of  the 
discharge  water  may  be  some  10  to  20 
degrees  cooler  than  that  of  the  exhaust 
steam  entering  the  ctindenser,  or  the  tem- 
perature corresponding  to  the  vacuum. 

Even  though  plenty  of  cold  water  is 
available  for  condensing  purposes,  it  will 
be  found  advisable  to  work  the  con- 
densing water  as  close  to  the  temperature 
limit  as  possible  in  order  to  reduce  the 


pumping  charges  to  a  minimum  and  keep 
the  hotwell  temperature  as  high  as  pos- 
sible, at  the  same  time  reducing  the  work 
of  the  dry-air  pump,  as  less  air  is  brought 
in  with   the  condensing  water. 

The  amount  of  air  to  be  handled  in 
the  case  of  a  jet  condenser  is  greater 
than  with  the  surface  condenser,  due  to 
the  air  carried  in  with  the  cooling  water. 

Barometric  Condensers 

Jet  condensers  in  which  the  wet-vac- 
uum pump  is  eliminated  entirely,  and 
the  cooling  water  and  condensed  steam  are 
discharged  by  gravity  to  the  hotwell,  are 
known  as  barometric  condensers. 

The  features  of  this  type  are  the  same 
as  mentioned  under  the  general  classi- 
fication of  jet  condensers  with  the  excep- 
tion that  the  lower  end  of  the  condensing 
chamber  is  placed  34  feet  or  more  above 
the  surface  of  the  water  in  the  hotwell, 
the  cooling  water  and  condensed  steam 
discharging  into  a  vertical  tail  pipe,  the 
lower  end  of  which  is  submerged  some 
3  feet  or  more  below  the  surface  of  the 
hotwell  water,  the  latter  forming  a  seal 
which  effectively  prevents  air  from  leak- 
ing back  into  the  condenser  through  the 
end  of  the  pipe.  Care  should  be  taken 
to  see  that  there  is  more  water  above 
the  bottom  of  the  tail  pipe  than  will 
fill  the  tail  pipe  up  to  the  bottom  of  the 
condenser  casting;  otherwise,  when  start- 
ing up,  the  water  may  be  drawn  back 
into  the  tail  pipe,  uncovering  its  end  and 
admitting  pockets  of  air  which  would 
tend  to  break  the  vacuum. 

In  condensers  of  the  barometric  type 
there  is  no  danger  of  the  condensing 
water  backing  up  into  the  engine  cylin- 
ders when  the  circulating  pump  stops,  as 
the  column  of  water  in  the  tail  pipe  is 
too  heavy  to  be  forced  back  the  full 
hight  of  34  feet  by  the  pressure  of  the 
atmosphere.  When  the  circulating  pump 
stops  and  the  exhaust  pressure  builds 
up  in  the  condenser,  the  atmospheric  re- 
lief valve  opens  and  the  engine  runs  non- 
condensing  until  the  circulating  pump 
starts  again.  There  is  only  one  danger  in 
flooding  a  condenser  of  this  type  when 
properly  designed  and  erected,  and  that 
is  if  more  water  is  pumped  to  the  con- 
denser than  will  flow  freely  through  the 
tail  pipe. 

Another  advantage  of  the  barometric 
type  is  that  it  has  no  connection  to  the 
suction  side  of  a  wet-vacuum  pump  and 
therefore  a  sudden  overload  on  the  en- 
gine does  not  reduce  the  supply  of  con- 
densing water  at  a  period  when  there  is 
the  greatest  demand  for  it. 

The  general  design  of  barometric  con- 
densers varies  considerably  with  dif- 
ferent makes,  and  they  are  built  on  both 
the  parallel-flow  and  the  countercurrent 
principles. 
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Siphon  or  Injector  Condensers 
In  barometric  condensers  of  the  si- 
phon or  injector  type  the  dry-air  pump 
may  be  eliminated  entirely,  the  only 
pump  necessary  being  a  circulating 
pump,  to  lift  the  water  to  within  about 
18  or  20  feet  of  the  condenser-inlet  pipe, 
the  vacuum  taking  care  of  the  upper  18 
or  20  feet  of  the  lift.  In  condensers  of 
this  type  the  condensed  steam,  air  and 
noncondensable  vapors  are  carried  out 
through  the  tail  pipe  with  the  condensing 
water. 

If  the  level  of  the  injection  or  cooling- 
water  supply  is  not  more  than  18  or  20 
feet  below  the  condenser  inlet,  these  con- 
densers will  siphon  the  water  over  as 
soon  as  a  vacuum  is  formed,  and  in  this 
case  the  circulating  pump  will  not  be 
required,  the  condenser  operating  with- 
out pumps  of  any  kind  whatsoever,  mak- 
ing the  cheapest  and  simplest  possible 
arrangement.  If  the  condenser  is  to  si- 
phon its  water  supply  in  this  manner  a 
cross  connection  should  be  made  between 
the  injection  pipe  and  the  tail  pipe  at  the 
supply  level.  This  connection  should  be 
provided  with  a  gate  valve  for  admitting 
water  to  the  tail  pipe  when  starting  up; 
the  water  falling  through  the  tail  pipe 
into  the  hotwell  draws  the  air  out  of  the 
condenser  cone  and  exhaust  pipe,  thus 
forming  enough  vacuum  to  draw  the  in- 
jection water  up  to  the  condenser  inlet. 
The  starting  valve  is  then  closed  and  the 
water  siphons  over,  due  to  the  difference 
in  water  levels  and  to  the  vacuum  in  the 
condenser.  When  starting  the  condenser 
it  is  a  good  plan  to  run  the  engine  very 
slowly  in  order  to  have  a  small  quantity 
of  exhaust  steam  flowing  to  the  condenser 
to  assist  in  creating  a  vacuum  to  siphon 
over  the  water  in  the  injection  pipe. 
Where  there  is  no  head  water  available 
the  circulating  pump  must  be  used  but 
will  have  to  work  against  only  a  low  head. 
The  many  different  types  of  siphon  or 
injector  condensers,  spirojector  con- 
densers, etc.,  all  work  on  the  same  prin- 
ciple. The  cooling  water  enters  the  con- 
denser on  the  side  through  an  annular 
ring  surrounding  a  hollow  cast-iron  ex- 
haust cone  with  the  steam  inlet  at  the 
top.  The  injection  water  passes  down- 
ward in  a  thin  film  around  the  outside  of' 
the  exhaust  cone,  and  the  exhaust  steam 
flowing  down  inside  the  cone  comes  in 
contact  with  the  falling  water  and  is  con- 
densed. 

The  volume  of  cooling  water  and  con- 
densed steam  falling  vertically  through  a 
contracted  neck  in  the  condenser  tail 
pipe  is  greatly  increased  in  velocity  at 
this  point  and  the  air  and  noncondensable 
vapor  are  drawn  out  of  the  condenser  with 
the  rapidly  falling  column  of  water,  the 
contracted  neck  taking  the  place  of  an 
air  pump. 

In  some  types,  the  hollow  cast-iron 
cone  may  be  raised  or  lowered  to  regulate 
the  supply  of  condensing  water.  The 
only  danger  of  flooding  such  a  condenser 


would  be  if  the  cone  was  so  adjusted  as 
to  admit  more  water  than  would  pass 
freely  through  the  contracted  neck  and 
the  tail  pipe  of  the  condenser,  in  which 
case  the  water  would  back  up  into  the 
exhaust   pipe. 

Condensers  of  this  type  are  of  rela- 
tively low  cost  as  compared  with  other 
types,  and  very  economical  when  water 
can  be  obtained  from  a  reservoir  or 
stream  at  such  an  elevation  as  to  make 
pumping  unnecessary. 

Ejector  and  Induction   Condensers 

In  condensers  of  the  ejector  and  induc- 
tion types  the  condensing  water  enters 
at  the  top  and  passes  downward  through 
special  forms  of  cone-shaped  combining 
nozzles  in  a  solid  jet  and  at  very  high 
velocity,  the  momentum  of  the  flowing 
water  ejecting  the  discharge  without  the 
aid  of  a  pump.  No  air  pump  is  required 
with  this  condenser  as  the  air  and  non- 
condensable vapors  are  carried  away  with 
the  ejection  water  by  the  inductive  power 
of  the  jet.  The  exhaust  steam  enters 
through  the  side  of  the  condenser  and 
passes  downward  through  a  series  of  in- 
clined orifices  or  nozzles  at  high  velocity. 
Upon  coming  in  contact  with  the  jet  of 
cooling  water  flowing  in  the  inner  cham- 
ber, it  is  condensed,  thus  imparting  the 
velocity  of  the  steam  direct  to  the  cool- 
ing water. 

The  condenser  is  so  arranged  that  it 
may  be  started  by  a  supplementary  jet 
of  steam  or  water,  after  which  it  will 
siphon  over  its  own  water,  providing  the 
lift  is  not  over  16  feet.  Once  the  jet 
is  started  the  cooling  water  is  drawn 
in  continuously  by  virtue  of  the  vacuum 
formed  and  sufficient  velocity  is  thus  im- 
parted to  the  jet  to  discharge  the  com- 
bined mass  of  condensed  steam,  cooling 
water  and  air  against  the  pressure  of 
the  atmosphere.  This  condenser,  like  the 
others,  should  be  provided  with  an  auto- 
matic free-exhaust  valve.  To  prevent 
water  from  backing  up  into  the  engine 
cylinder  these  condensers  are  provided 
with  a  check  valve  in  the  exhaust  pipe. 

Such  a  condenser  is  limited  in  opera- 
tion as  it  lifts  its  own  injection  water  by 
the  velocity  imparted  to  the  jet  by  the 
exhaust  steam  and  the  vacuum  formed. 
If  the  condenser  is  not  correctly  propor- 
tioned for  the  engine  or  if  the  load  on 
the  engine  is  variable,  there  may  be  times 
when  the  small  amount  of  exhaust  steam 
to  be  condensed  will  not  be  sufficient  to 
impart  the  necessary  velocity  to  the  in- 
jection water  and  the  condenser  will 
not  operate  satisfactorily.  Where  the 
condenser  takes  its  water  under  pres- 
sure, however,  this  objection  does  not 
apply,  for  in  this  case  the  head  or  pres- 
sure of  the  water  determines  the  velocity 
of  the  jet  independently  of  the  volume 
of  exhaust  steam  entering  the  condenser. 
Surface  Condensers 
The  surface  condenser  as  usually  con- 
structed consists  of  a  cast-iron  shell  into 


which  a  large  number  of  metallic  tubes 
of  from  .\s  inch  to  1  inch  in  diameter  are 
placed  and  secured  at  each  end  into  a 
tube  sheet.  These  are  so  arranged  with 
connecting  chambers  that  the  cooling 
water  flows  through  the  inside  of  the 
tubes  while  the  exhaust  steam  impinges 
upon  the  outside  and  is  condensed  upon 
striking  the  cooled  surfaces. 

In  these  condensers  provision  should 
always  be  made  to  insure  free  expansion 
and  contraction  of  the  tubes  into  the  tube 
sheets.  This  is  usually  accomplished  by 
passing  one  end  of  each  tube  through  an 
adjustable  packing  gland  which  permits 
a  free  movement  of  the  tube  during  ex- 
pansion and  contraction  and  at  the  same 
time  prevents  leakage  between  the  tube 
and  header;  the  other  end  of  the  tube 
is  secured  rigidly  to  the  tube  sheet.  The 
tubes  are  usually  made  of  solid-drawn 
brass  or  copper,  or  an  alloy  composed  of 
copper,  zinc  and  tin,  and  vary  in  thick- 
ness from  No.  16  to  No.  18  B.  W.  gage. 
The  tube  plates  or  headers  into  which 
the  tubes  are  secured  are  usually  made 
of  the  best  rolled  brass  or  muntz  metal. 
The  outer  shell  or  casing  is  made  of 
cast  iron  in  one  or  more  sections  bolted 
together.  Baffle  plates  are  usually  at- 
tached to  the  inside  of  the  condenser  di- 
rectly opposite  the  steam  inlet  to  assist 
in  distributing  the  steam  more  evenly 
over  the  tube  surface.  To  prevent  ex- 
cessive flooding  of  the  lower  tubes  in  a 
surface  condenser  the  upper  tubes  should 
be  so  arranged  and  spaced  as  to  permit 
the  steam  to  penetrate  freely  to  the  lower 
rows,  thus  insuring  a  more  uniform  cool- 
ing effect  upon  all  the  tubes. 

One  of  the  advantages  of  the  surface 
condenser  is  that  the  exhaust  steam,  be- 
ing separate  from  the  condensing  water, 
the  condensate  may  be  used  over  and 
over  again  in  the  boilers  even  though 
dirty  or  corrosive  water  be  used  for  con- 
densing purposes.  There  is  no  danger  of 
the  condensing  water  entering  the  en- 
gine cylinder,  and  even  if  the  condenser 
becomes  entirely  flooded  by  the  condensed 
steam,  due  to  a  failure  of  the  wet-vacuum 
pump,  there  would  be  no  danger  of  cyl- 
inder flooding  as  the  accumulated  pres- 
sure of  the  steam  would  force  open  the 
atmospheric  relief  valve  and  would  allow 
the  engines  to  exhaust  to  the  atmosphere. 
One  objection  to  the  surface  condenser 
is  that  the  grease  from  the  engine  cylin- 
ders, which  is  carried  over  by  the  ex- 
haust steam,  accumulates  on  the  inside 
of  the  tubes  and  reduces  the  efficiency  of 
the  cooling  surface.  If  the  exhaust  steam 
is  first  passed  through  an  efficient  grease 
extractor  or  separator  this  may  be  pre- 
vented to  a  large  extent. 

For  a  given  capacity,  surface  con- 
densers are  high  in  first  cost  and  are  the 
most  expensive  to  keep  in  good  working 
condition,  due  to  the  frequent  necessity 
for  cleaning,  renewing  defective  tubes, 
etc.  Where  boiler-feed  water  is  a  very 
important    item,    however,    surface    con- 
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densers  represent  a  considerable  sav- 
ing, as  ntarly  all  the  condensed  steam 
is  returned  to  the  boilers  as  distilled 
water,  free  from  scale-forming  sub- 
stances, and  the  saving  thus  effected  will 
in  most  cases  more  than  offset  the  addi- 
tional cost  of  this  type  of  condenser. 


Lew  Pressure  Fans 

By  John  S.  Leese 

The  use  of  low-pressure  air  fans  has. 
been  rapidly  increasing  during  the  past 
few  years.  The  field  for  their  applica- 
tion is  wide,  covering  as  it  does  nearly 
every  class  of  engineering  work.  The 
causes  for  this  recent  general  adoption 
of  the  low-pressure  air  mover  are  not  far 
to  seek;  they  may  be  traced  to  recent 
legislative  regulations  regarding  the  ven- 
tilation and  atmospheric  conditions  of  in- 
dustrial establishments;  to  the  increased 
need  for  "hustling"  in  manufacturing  ne- 
cessitating resort  to  the  artificial  drying 
of  goods  and  other  time-saving  proposi- 
tions; to  the  realization  by  manufactur- 
ers that  the  absence  of  contaminating 
factors  in  the  atmosphere  of  their  fac- 
tories and  workshops  militates  toward 
the  production  of  higher-quality  goods; 
and  to  the  fact  that  many  latter-day 
tendencies — as,  for  instance,  forced 
boiler  draft — call  for  simple  and  effici- 
ent methods  for  the  introduction  of  low- 
pressure   air. 

Two    Types 


The  fans  herein  considered  may  be  ei- 
ther of  two  types,  the  propeller  type  or 
the  regular  centrifugal  type.  The  former 
class  handles  large  volumes  and  low 
pressures,  while  the  latter  deals  with  high- 
er resistances  and  speeds  of  discharge. 
The  volume  and  discharge  velocity  of 
both  types  vary  directly  as  the  revolu- 
tions per  minute;  the  pressure  as  the 
square,  and  the  power  required  to  drive 
the  fan  as  the  cube  of  the  revolutions. 
In  the  case  of  the  propeller  type,  the 
revolutions  being  constant,  the  volume 
of  air  discharge  varies  as  the  square  root 
of,  and  the  pressure  inversely  as,  the 
discharge  area;  while  the  power  requir- 
ed is  least  with  a  wide-open  discharge 
area,  increasing  to  about  three  times 
this  amount  as  the  area  is  closed.  As  to 
the  centrifugal  type,  the  volume  varies 
directly  with  the  area  of  discharge,  the 
pressure  remains  practically  constant 
throughout  the  whole  range  of  area,  and 
the  power  required  to  drive  the  fan  in- 
creases with  the  volume  of  air  handled. 

Design 

The  following  rules  are  important  in 
the  design  of  fans:  (1)  The  blades  must 
not  be  designed  in  such  a  way  that  eddy 
currents  will  be  engendered;  (2)  the 
leading  edge  of  the  blades  must  offer  no 
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obstruction  to  the  influx  of  the  air  hand- 
led; (3)  the  discharge  edge  of  the  blades 
must  be  designed  with  a  similar  object 
in  view,  but  care  must  also  be  taken  that 
no  unnecessary  velocity  is  imparted  to 
the  air  at  the  discharge  opening;  (4)  the 
blades  must  be  made  as  narrow  as  pos- 
sible in  the  direction  of  air  travel;  (5) 
no  obstructions  must  be  placed  in  the 
path  of  the  air  in  its  travel  through  the 
fan;  (6)  owing  to  the  comparatively  low 
linear  velocity  of  the  hub  ends  of  the 
blades,  these  must  be  so  designed  that 
the  accumulation  of  air  pressure  in  the 
vertical  plane  behind  the  fan  cannot 
force  any  air  through  the  fan  in  the 
wrong  direction  in  the  vicinity  of  the 
hub.  Adherence  to  these  conditions  will 
tend  toward  the  production  of  a  satis- 
factory   high-efficiency    fan. 

Three  Kinds  of  Efficiency 

There  are  three  kinds  of  efficiency 
to  be  considered  in  connection  with  fans 
— mechanical,  volumetric  and  manomet- 
ric.  The  mechanical  efficiency  indicates 
the  ratio  of  the  potential  power  in  the 
air  after  it  has  been  passed  through  the 
fan  to  the  power  expended  in  driving 
the  fan.  The  volumetric  efficiency  refers 
to  the  ratio  between  the  volume  of  air 
actually  handled  and  to  the  theoretical 
volume  of  air  which  should  be  handled, 
if  slip  were  eliminated.  Manometric  effi- 
ciency is  the  relation  between  the  pres- 
sure actually  obtained  with  a  fan  and 
the  pressure  equivalent  to  the  highest 
speed  of  the  fan.  The  importance  of  a 
good  mechanical  efficiency  is  obvious 
while  volumetric  efficiency  is  an  import- 
ant consideration  in  low-pressure,  high- 
volume  fans;  that  is,  the  propeller  type 
of  fans.  Manometric  efficiency  is  not  of 
great  importance  with  the  propeller  type, 
but  with  the  centrifugal  type,  as  the 
peripheral  speed  increases,  so  does  the 
necessary  strength  and  hence  the  cost  of 
manufacture;  therefore  manometric  effi- 
ciency is  important  in  designing  this  type 
of  fan. 


Conditions   of   Application 


The  choice  of  a  fan  depends  upon  the 
application  to  which  it  is  to  be  put.  The 
air  piping  system  and  distributing  ducts 
are  for  this  reason  designed,  and  very 
often  installed,  first.  The  following  con- 
ditiorjs  may  be  applied  to  all  air  systems, 
for  whatever  purpose,  since  their  fulfil- 
ment must  be  beneficial  to  6  greater  or 
less  degree  in  each  case.  The  air  ducts 
should  be  as  short  as  possible,  large  in 
cross-sectional  area  and  internally 
smooth,  with  as  few  changes  of  direction 
as  practicable;  such  changes  in  direction 
as  are  necessary  should  be  effected  with 
easy  bends,  with  any  necessary  varia- 
tions in  the  cross-sectional  area  made 
gradually    and    as    air-tight    as   possible, 
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especially  so  in  the  neighborhood  of  the 
fan. 

Type  of  Construction 
Having  laid  out  the  system,  the  next 
step  is  the  purchase  of  a  suitable  fan. 
The  type  of  construction  depends  upon 
the  relation  between  the  volume  to  be  de- 
livered and  the  pressure  to  be  main- 
tained. For  instance,  low-pressure  fans 
of  large  capacity  should  have  large  air- 
ways, the  speed  being  allowably  low  in 
comparison  to  that  of  fans  designed  for 
higher  pressures  and  smaller  volumes, 
the  latter  having  comparatively  small 
air-ways. 

As  a  general  rule,  it  may  be  said  that 
for  free  air  circulation  the  propeller  type 
of  fan  is  most  suitable  for  pressures  up 
to  about  ii-\n.  of  water,  while  from 
3/3-in.  of  water  upward  the  use  of  centri- 
fugal fans  may  be  advantageous;  between 
these  pressures  the  choice  is  not  to  be 
so  definitely  stated.  The  considerations 
of  quietness  in  running  and  low  power 
are  in  favor  of  the  centrifugal  type  fan; 
while,  from  the  view  point  of  first  cost 
and  the  allowable  speed  limit  due  to  the 
construction  of  the  fan,  the  propeller 
type  of  fan  is  preferable.  By  way  of 
making  a  line  of  demarcation,  it  may  be 
said  that  the  general  run  of  propeller 
fans  become  objectionably  noisy  for  most 
services  when  working  at  above  j4-in.  of 
water. 

Size 

The  matter  of  size  is  not  so  easy  to 
decide  upon.  For  the  propeller  type  the 
choice  is  simple  in  comparison  to  the 
choice  of  a  centrifugal  fan.  Usually 
there  are  several  sizes  obtainable  which 
will  satisfactorily  perform  the  work  re- 
quired. It  is  necessary  to  consider  both 
the  first  cost  and  the  power  charges  for 
each  of  these  sizes,  which  will  involve 
different  speeds  and  different  powers. 
Other  things  being  equal,  the  noise  will 
be  more  pronounced  as  the  size  increases. 

The  Tennessee  Geological  Survey  is 
untiring  in  its  efforts  to  direct  attention 
to  the  state's  resources,  and  has  recently 
issued  a  tastefully  gotten  up  booklet  en- 
titled "The  Resources  of  Tennessee  in  a 
Nutshell." 

One  company  at  Chattanooga  will  de- 
velop 85,000  hp.,  using  the  water  of  the 
Tennessee  River  and  its  tributaries.  It 
is  estimated  that  75,000  hp.  will  be  de- 
veloped  for  farm  use  alone. 

The  following  table  shows  the  develop- 
ments at  the  end  of  1910  and  the  unde- 
veloped   power    that    is    still    possible    in 

Tennessee: 

Undeveloped 
Developed  Power  (1910)  Power 

Mini- 
Wheels      Hr.        mum 
85,548    600,000 
576      25,000 


Rivers 
Tennessee... 
Cumberland 
Green. . , ■ ■  • 
Mississippi. . 


140 
796 


2160      95.060    627  00-1      1,054.000 


March   19,  1912 
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How  Gus  Stopped  the  Leak 

By  F.  Webster 

The  influence  of  environment  has  much 
to  do  with  the  practice  of  the  operating 
engineer.  In  districts  where  competition 
is  keen,  and  where  the  highest  grade  of 
equipment  is  installed,  the  operation  of 
power  plants  is  the  most  exacting,  and 
every  heat  unit  is  guarded. 

But  out  in  the  open  districts,  as,  for 
instance,  in  the  coal-mining  regions  and 
in  the  lumber-mill  country,  the  "catch 
as  catch  can"  methods  in  all  their  phases 
of  humor  prevail.  The  fussy-and-par- 
ticular  brand  of  operating  engineer 
would  be  entirely  out  of  place  where 
uncovered  4-in.  steam  pipes  1000  or  more 
feet  long  are  sometimes  used,  or  where 
3d00-hp.  condensing  power  stations  are 
operated  continuously  noncondensing. 
The  schemes  and  practices  followed  when 
making  repairs  in  such  power  stations 
are  many  times  humorous.  One  of  the 
troubles  in  the  engine  room  of  the  Little 
Buck  mine  might  be  taken  as  an  illus- 
tration. 

Hot  water  spurted  spitefully  at  times 
from  a  sand  hole  in  the  throttle-valve 
casting,  and  unwary  runners  often  got 
"stung,"  yet  all  hands  around  the  mine 
soon  learned  to  dodge  hot  water  as  ef- 
fectively as  they  did  the  heels  of  the 
mules.  Each  new  year's  day  brought  a 
new  crop  of  good  resolutions  for  re- 
pairing the  throttle,  but,  somehow  or 
other,  the  repair  went  undone  from  year 
to  year,  possibly  because  other  duties 
were  as  many  as  the  calls  of  the  signal 
bell  from  the  pit,  and  because  no  two 
men  agreed  on  the  same  method  of  re- 
pair. However,  some  things  come  to 
those  who  wait,  and  when  the  strike  and 
shutdown  came,  Gus,  the  engine  oper- 
ator, made  up  his  mind  to  fix  the  leak. 

He  cleaned  out  the  visible  part  of  the 
sand  hole  and  built  a  basin  of  clay 
against  the  opening,  binding  the  clay 
with  an  old  overall  leg  around  the  valve. 
Then  he  went  to  the  forge  shop  and 
heated  up  the  big  babbitt  ladle  with  its 
40  lb.  or  so  of  alloy  that  happened  to 
be  in  it.  Happy  in  the  idea  of  doing  a 
good  turn,  he  began  pouring  the  babbitt 
into  the  hole.  The  first  dump  spattered, 
but  the  hole  remained  visible.  Con- 
tinuing pouring,  the  metal  disappeared 
in  the  hole,  which  at  the  end  of  each 
pause  stood  open  as  ever. 

"By  tam!"  muttered  Gus;  "I  fill  him 
if  it  takes  two  pots."  With  the  last 
drain  of  dross  from  the  ladle,  a  puddle 
of  metal  held  in  the  clay  basin,  and  Gus 
rested  while  it  cooled  off.  Then  he  re- 
moved all  the  evidences  of  his  work, 
and  filed  the  babbitt  smooth  with  the 
valve  surface.  The  hole  seemed  filled 
and  solid  and  Gus  viewed  the  job  with 
a   grunt   of  satisfaction. 

Six  weeks  later  steam  was  on  and  the 
cage  with  its  first  load  started   from  the 


bottom  of  the  shaft.  Everything  ran 
smoothly  for  a  few  seconds,  when  the 
engine  suddenly  took  the  appendicitis. 
That  40  lb.  of  babbitt  had  settled  in 
its  interior,  and  the  exhaust  was  spitting 
flake  babbitt  onto  the  gravel  bank  back 
of  the  engine  room.  The  slide  valve 
shuddered  and  slammed,  and  Gus,  with 
his  hands  on  the  levers  and  his.  eyes 
riveted  on  the  indicator,  stood  stiff  with 
fright.  Would  he  be  able  to  stop,  or 
would  the  engine  overwind  and  wreck 
the  place  by  dragging  the  cage  over  the 
sheave?     It  was  an  anxious  minute. 

A  spurt  of  hot  water  came  from  the 
sand  hole,  another  tremulous  purging  of 
the  engine,  and  it  again  settled  quietly 
to  its  work.  The  car  came  to  the  sur- 
face and  the  man  aboard  stepped  from 
the  cage  in  blissful  ignorance  of  the  dan- 
ger   he    had    so    narrowly    escaped. 


either  intermittent  or  constant  service, 
without  any  possibility  of  injurious 
strains  being  put  upon  any  part  of  the 
apparatus.  For  mstallations  in  which 
the  storage  of  water  is  necessary,  a 
storage  tank  is  furnished  in  connection 
with  the  heater. 

When  a  constant  temperature  of  the 
water  is  desired,  an  automatic  tempera- 
ture regulator  of  an  approved  manufac- 
ture is  supplied.  The  accompanying  il- 
lustration shows  the  heater  as  equipped 
with  the  regulator. 


Wainwright  Water  Heater 

The  Alberger  Condenser  Co.,  140 
Cedar  St.,  New  York  City,  has  recently 
developed  a  new  type  of  water  heater 
which  is  designed  particularly  to  fulfill 
the   requirements  of  the   hot-water  plant 


List    of  Water  Equivalents 

The  United  States  Geological  Survey 
is  authority  for  the  water-measurement 
equivalents   given    in   the    following    list: 

One  second-foot  equals  40  California 
miner's  inches  (law  of  Mar.  23,  1901). 

One  second-foot  equals  38.4  Colorado 
miner's  inches. 

One  second-foot  equals  40  Arizona 
miner's  inches. 

One  second-foot  equals  7.48  United 
States  gallons  per  second;  equals  448.8 
gal.  per  minute;  equals  646,272  gal.  for 
one  day. 


Wainwright    Domestic    Water    Heater 


in  which  the  service  is  intermittent  and 
a  constant  temperature  of  the  water  is 
desired. 

The  heater  is  of  the  water-tube,  in- 
stantaneous type,  and  is  made  of  cast 
iron  throughout  with  the  exception  of 
the  heating  surface,  which  consists  of 
the  straight,  hard-brass  Wainwright 
spiralflow  tubing.  The  tubes  are  ex- 
panded into  one  tube  head  and  pass 
through  a  deep  stuffing-box  of  the  con- 
denser type  in  the  other  tube  head.  Aspiral 
coil  which  agitates  the  flow  of  the  water 
binds  upon  the  inner  surface  of  the  tubes, 
so  as  to  secure  a  very  high  rate  of  heat 
transmission  for  a  given  amount  of  heat- 
ing surface.  This  method  of  accommo- 
dating expansion  and  contraction  makes 
this  apparatus  applicable  for  use  on 
either  high-  or  low-pressure  steam,  for 


One  second-foot  equals  about  one 
acre-inch   per   hour. 

One  second-foot  for  one  31 -day  month 
equals   61.49    acre-feet. 

One  million  United  States  gallons  equals 
3.07  acre- feet. 

One  California  miner's  inch  equals 
0.187  United  States  gallon  per  second. 

One  Colorado  miner's  inch  equals 
0.195  United  States  gallon  per  second. 

One  acre- foot  equals  325,850  gal. 

One  cubic  foot  equals  7.48  gal. 

One  horsepower  equals  one  second- 
foot  falling  8.8  ft. 

The  formula 

Sec. -ft.    •    jalt  in  it.  .  ,  ^ 

•  =  net  np. 

1 1 

may   be   used    to    calculate    water  power 

on  a  waterwheel   realizing  80  per  cent. 

of    the    theoretical    power. 
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Gas   Power   Department 

Worth-while  gas-engine  and  producer  information  treated  in  a  way  that  can  be  of  practical  use 


Increasing  the  Capacity  of 
Large  Gas  Engines 

By  F.  E.  Junge 

The  problem  of  increasing  the  cap<i- 
city  of  large  gas  engines  by  scavenging 
with  compressed  air  has  recently  been 
attacked  with  much  success  by  Wilhelm 
Hellmann,  in  Horde,  Germany.  His  in- 
vestigations were  contributed  to  the  trans- 
actions of  the  Society  of  German  Engi- 
neers, and  the  following  is  a  summary 
of  the  results: 

Theoretical  Difference  of  Output  of 
Ordinary  and  Scavenged  Engines 

The  following  basic  values  are  assumed 
in  the  calculated  comparison: 

Compression  space  volume,  18  per 
cent,  of  piston  displacement. 

Weight  of  one  cubic  meter  air  and  gas. 

Coefficient  of  expansion  =  0.00367. 

Absolute  pressure  of  gases  remaining 
in  cylinder  =  1.05  atmospheres. 

Absolute  pressure  of  gas-air  mixture 
taken  in  ~  0.90  atmosphere. 

Temperature  of  remanent  gases  =  500 
deg.  C. 

Temperature  of  gas  and  air  mixture 
taken  in  =  20  deg.  C. 

The  influence  of  the  cylinder  walls  is 
neglected  in  the  calculations  because  the 
results  are  thereby  not  materially  af- 
fected. With  a  compression  space  of  18 
per  cent,  of  the  piston  displacement,  the 
temperature  of  the  mixture  of  burnt  gases 
remaining  in  the  cylinder  and  of  the  new 
charge  of  gas  and  air  taken  in  is  55.5 
deg.  C.  In  contact  with  the  fresh  mix- 
ture, the  residual  gases  in  the  com- 
pression space  contract  to  a  volume  of 
7.67  per  cent,  of  the  total,  thereby  in- 
creasing the  volume  of  the  new  charge 
of  gas  and  air  18  —  7.67  = 
10.33  per  cent.  Hence  the  total  vol- 
ume of  active  charge  becomes  100 
^-  10.33  =  110.33  per  cent,  of  the 
piston  displacement.  The  engine  on 
which  the  above  calculation  is  based 
is  a  new  blast-furnace  gas  engine  built 
in  Germany,  in  which  the  relatively  small 
compression  space  of  13  and  15  per  cent, 
formerly  employed  has  been  abandoned 
in  favor  of  18  per  cent,  in  order  to  avoid 
the  high  explosion  pressures  which 
caused  sudden  high  strains  on  rods  and 
bearings  and  reduced  the  life  of  the  en- 
gine. 

The  influence  of  the  compression  space 
on  the  temperature  of  the  charge 
and     on     its     volume,     and     the     effect 


of  scavenging,  are  shown  in  the  table. 
The  temperature  of  the  mixture  in- 
creases with  the  increase  of  the  com- 
pression space  without  scavenging,  and 
the  weight  of  gas  and  air  taken  in,  and 
therefore  the  output,  decreases.  More- 
over, the  mixture  is  considerably  im- 
paired by  the  increasing  volume  of  resi- 
dual burnt  gases  and  the  output  of  the 
engine  is  thereby  still  further  reduced. 

In  the  scavenged  engines,  for  which 
the  absolute  pressure  of  the  scavenging 
air  is  put  at  1.25  atmospheres,  after 
thorough  scavenging  of  the  residual  gases 
the  gas-air  mixture  in  the  cylinder  at  the 
end  of  the  suction  stroke  is  equal  to  the 
full  volume  of  piston  displacement  plus 
clearance  space,  and  at  a  temperature  of 


given  in  the  table  are  of  no  use  in  prac- 
tice because  they  give  a  low  thermal  ef- 
ficiency owing  to  the  low  compression, 
but  a  compression  space  of  25  per  cent, 
gives   favorable   results. 

The  calculated  gain  of  output  of  27.3 
per  cent,  is  due  partly  to  the  increased 
volume  and  partly  to  the  reduced  tem- 
perature of  the  charge,  whereby  the  total 
weight  of  active  charge  is  much  in- 
creased, it  being  assumed  that  the  avail- 
able volumes  of  the  scavenged  and  un- 
scavenged  engine,  as  compared,  con- 
tained pure  mixtures  of  the  same  com- 
position. This,  of  course,  is  not  the  case, 
for  the  110  per  cent,  of  the  mixture  in 
the  ordinary  engine  is  diluted  during  the 
suction  and  compression  strokes  by  the 


COMPARLSON  OF  SCAVENGED  AND  ORDINARY  FOUR-STROKE  ENGINES 
Pressures  are  absolute,  in  atmospheres.     Temperatures  are  in  Centigrade  degrees. 


N 

anscavengi 

Ig 

Scavenging 

Clearance  volume  in  per  cent,  of 

25 
5 
7.9 

30 
4.3 
6.5 

50 
3 

4 

25 
5 
7.9 

30 
4.3 
6.5 

SO 

3 

Compression  pressure,  atmospheres 

4 

Temperature  of  residual  gases 

550 

575 

6.50 

Aspiration  temperature  of  mixture 

20 

20 

20 

20 

20 

20 

Pressure  of  aspirated  mixture 

0.9 

0.9 

0.9 

0.9 

0.9 

0.9 

Temperature  of  total  cylinder  con- 

tents before  compression 

69. S 

79.9 

118.5 

20 

20 

20 

Volume   of   concentrated   residual 

gases,   per  cent,   of  piston   dis- 

placement  

10.4 

12.5 

21.2 

Charge  volume  of  gas-air  mixture, 

per  cent,  of  piston  displacement. 

114.6 

117.5 

128.8 

125 

130 

150 

Charge  volume  of  gas-air  mixture .  . 

referred  to  an  engine  with  a  com- 

pression space  of  18  per  cent,  and 

a  charge  temperature  of  55.5  deg. 

109.7 

109.5 

108.2 

140.2 

145.9 

168.3 

Charge  volume  of  gas-air  mixture 

referred  to  an  unscavenged  en- 

gine of  equal  size,  per  cent 

146.1 

156.8 

200 

20  deg.  C.  Compared  with  the  heated 
mixture  of  an  engine  working  without 
scavenging,  the  volume  of  active  charge 
in  the  scavenged  engine  is  140.2  per 
cent.,  which  gives  an  increase  in  output 
of  27.3  per  cent.,  using  a  compression 
space  of  25  per  cent.  This  gain  in  out- 
put is  due  to  the  increased  volume  of 
the  mixture;  also  to  the  fact  that  in  a 
scavenged  engine,  in  spite  of  lower  com- 
pression pressures,  the  same  explosion 
pressure  is  obtained  as  with  ordinary 
engines  having  a  compression  space  of 
18  per  cent,  of  the  piston  displacement. 
In  contrast  to  the  figures  for  the  or- 
dinary engines,  those  for  the  scavenged 
engines  show  a  constant  charge  tempera- 
ture and  an  increase,  v/ith  increasing 
compression  space,  of  the  volume  of 
fresh  mixture  drawn  in  during  the  suc- 
tion stroke.  The  increase  in  output  over 
the  normal  engine  is  notable.  The  com- 
pression spaces  of  30  and  50  per  cent. 


residual  burnt  gases,  which  constitute 
7.6  per  cent,  of  the  stroke  volume.  Hence 
the  incoming  mixture  must  always  have 
a  surplus  of  air  in  order  to  attain  good 
combustion. 

Compared  with  a  perfect  mixture,  the 
actual  mixture  in  the  engine  contains 
less  gas  and  more  air  than  are  required. 
If  the  110  per  cent,  of  mixture  were  not 
impaired  by  the  residual  gases,  a  more 
correct  ratio  of  gas  and  air  could  be 
used,  and  with  the  same  contraction  in 
the  volume  of  burnt  gases  an  increased 
capacity  of  7.67  per  cent,  would  be  at- 
tained. If  these  considerations  are  re- 
ferred to  the  scavenged  engine,  an  in- 
creased capacity  of 

7.67  X  I40-- 
110  3.3 


9.8  per  cent. 


would  be  realized.  The  theoretical 
limit  of  increased  output  would  there- 
fore be  27.3   -f-    9.8    =   37.1    per  cent. 
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Prof.  Kohler,  of  Aachen,  maintains 
that  the  gain  through  scavenging  is  even 
greater.  He  says  an  ordinary  engine  with 
a  clearance  of  18  per  cent,  has  a  charge 
volume  lof  87.3  per  cent.,  wJiile  the 
scavenged  engine  with  25  per  cent,  clear- 
ance has  a  charge  volume  of  0.9  x  125 
=  112.5  per  cent.  Assuming  that  the 
effective  capacity  is  proportional  to  the 
charge  volume,  the  gain  of  output  would 


ports  for  the  admission  of  mi.xing  air 
remain  covered  for  a  while  in  order  to 
permit,  for  a  fraction  of  the  suction 
stroke,  the  entrance  of  pure  gas  into 
the  cylinder,  where  it  meets  the  scaveng- 
ing air  in  the  compression  space.  The 
length  of  this  period  of  pure  gas  admis- 
sion is  very  important  and  depends  en- 
tirely upon  the  heat  value  of  the  gas. 
It  may  be  e.\tended  as  far  as  30  per  cent. 


1.  Combined  Inlet  and  Scavenging  Valves 


be  28.6  per  cent,  and  the  total  theoretical 
gain  28.6  +  9.8  =  38.4  per  cent. 

Details  of  Construction 

Compressed  scavenging  air  is  con- 
ducted to  the  engine  through  a  special 
pipe  and  its  entrance  into  the  space  be- 
hind the  inlet  valve  is  governed  by  a 
separate  slide  valve,  termed  the  scaveng- 
ing valve.  This  valve  can  be  operated 
in  various  ways;  one  way  is  by  connect- 
ing it  with  an  air  piston,  as  shown  in 
Fig.  1,  where  K  is  the  piston.  In  the 
left-hand  section  of  the  drawing  the  air 
piston  and  scavenging  valve  are  shown 
in  the  highest  position;  in  the  right- 
hand  section,  in  the  lowest  position.  On 
its  way  down  the  combined  air  piston  and 
scavenging  valve  is  mechanically  actuated 
by  the  valve-gear. which  opens  the  main 
inlet  valve.  A  slight  resistance  to  the 
downward  travel  of  the  slide  valve  is 
offered  by  the  vacuum  above  the  piston 
K,  which  can  be  adjusted  by  means  of 
the  small  air-admission  valve  a. 

About  I  per  cent,  after  reaching  the 
dead  point  the  ports  for  the  admission 
of  scavenging   air   are   closed,   while   the 


after  the  valve  has  reached  the  dead 
point.  At  the  close  of  this  period  air  and 
gas  are  admitted  together  in  proper  pro- 
portions for  the  rest  of  the  suction  stroke. 
The  various  phases  of  the  process  are 


through  the  closing  spring  at  the  highest 
elevation  of  the  valve.  On  its  way  up 
the  combined  air  piston  and  scavenging 
valve  first  closes  the  ports  m  for  the  ad- 
mission of  mi.Ning  air  and  then  opens 
the  ports  C  for  the  admission  of  scaveng- 
ing air,  which  fills  the  space  behind  the 
main  inlet  valve  A,  so  that  the  expulsion 
of  the  burnt  gases  can  begin  any  time 
during  the  exhaust  stroke.  The  upward 
movement  of  the  main  inlet  valve  A  and 
that  of  the  combined  air  piston  and 
scavenging  valve  are,  of  course,  accom- 
plished separately. 

The  seating  of  the  main  valve  is  done 
by  the  closing  spring,  but  the  lifting  of 
the  combined  air  piston  and  scavenging 
valve  is  done  by  the  compressed  scaveng- 
ing air  which  enters  through  a  small 
port  formed  by  grooves  g  around  the 
valve  spindle  and  flows  beneath  the  air 
piston  K.  A  period  of  2'S  piston  strokes 
is  available  for  lifting  the  combined  air 
piston  and  scavenging  valve  into  its  high- 
est position.  To  prevent  sticking  at  the 
start,  the  scavenging  valve  should  be 
lubricated  freely  and  should  be  actuated 
from  time  to  time  when  the  engine  is 
standing  idle. 

In  order  to  keep  the  compressed  air 
from  entering  into  the  gas  main  in  case 
the  gas  valve  should  not  work,  and  to 
prevent  premature  ignition  and  backfir- 
ing in  the  valve  chamber,  a  special  gas 
valve  D  is  provided  concentric  to  the 
main  air-inlet  valve.  The  mixing  of  air 
and  gas,  therefore,  does  not  take  place 
until  the  two  media  pass  the  inlet  valve 
on  their  way  into  the  cylinder,'  and  the 
admission  of  the  two  is  closed  off  at  the 
same  time.  If  for  some  reason  or  other 
it  is  desired  to  run  the  engine  without 
scavenging,  the  delivery  of  compressed 
scavenging  air  is  stopped  and  the  com- 
bined air  piston  and  scavenging  valve 
remains  in  its  lowest  position,  where  the 
ports  for  the  admission  of  mixing  air 
are  open,  as  will  be  seen  from  Fig.   1. 


Exhaust  Stroke 


{Period  of  Pure  Gas  Admission  for. 
Blast  Furnace  Gas  for  Gases  of  Higher 
Heat  Value;  this  f^riod  can  be  shorter 

Fig.    2.    Valve-lift    Diagram 


Compression  Stroke 


shown  in  the  valve-elevation  diagram, 
Fig.  2.  The  air  piston  K  and  scavenging 
valve  S  being  balanced,  there  is  no  in- 
crease in  the  load  on  the  valve-actuating 
gear.     The   greatest   strain    is   exercised 


Scavenging  Pumps 
Unless  air  under  pressure  is  available 
from   a  blower,   as   is   the  case   in  blast- 
furnace and  steel-smelting  plants,  a  spe- 
cial scavenging  pump  is  required,  which 
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is  preferably  coupled  directly  to  the 
crankshaft  of  the  gas  engine.  Fig.  .3 
shows  a  double-acting  air  pump  with 
slide  valves,  which  are  best  fit  for  the 
purpose.  The  slide  valve  is  superior  to 
the  automatic  valve  not  only  because  it 
possesses  greater  operating  reliability 
but  because  the  losses  through  negative 
work  are  lower,  provided  a  pressure  of 
not  more  than  0.3  of  an  atmosphere  is 
to  be  dealt  with.  The  vertical  arrange- 
ment of  cylinder  and  valve  affords 
easiest  lubrication,  low  losses  through 
friction  and  inconsiderable  wear.  Pres- 
sure variations  of  the  scavenging  air  have 
no  influence  on  the  succeeding  charging 
process,  because  scavenging  and  charging 
are  independent  of  each  other.  High- 
pressure  air  for  scavenging  gives  even 
better  results  than  low  pressure,  because 
the  expulsion  of  burnt  gases  is  more 
thorough. 

The  pump  shown  in  Fig.  3  serves  as 
an  auxiliary  for  a  double-acting  tandem 
gas  engine  with  cylinders  20  in.  in  diam- 
eter and  a  stroke  of  28  in.,  running  at 
150  r.p.m.  The  pump-cylinder  diameter 
IS  21  in.  and  the  stroke  is  12  in.  Under 
normal  conditions,  this  gas  engine  has 
an  output  of  543  hp.  The  air  required 
for  scavenging  must  have  a  volume  1.75 
times  the  compression  space,  and  the 
latter  is  25  per  cent,  of  the  stroke  vol- 
ume. Hence  the  quantity  of  air  needed 
is  597  cu.ft.  per  minute  and  the  air 
pump  has  to  operate  at  150  r.p.m.  in 
order  to  deliver  the  required  amount. 
The  average  air-pump  diagram  shows  a 
compression  pressure  of  1.25  atmos- 
pheres, absolute,  and  a  mean  indicated 
pressure  of  0.3  of  an  atmosphere.  The 
scavenging  pump  absorbs  11.847  hp.,  or 
2.17  per  cent,  of  the  normal  indicated 
power  of  the  gas  engine. 

Conditions  for  Increasing  Capacity 

Tlie  scavenging  of  the  compression 
space,  the  expulsion  of  burnt  gases,  and 
their  replacement  by  cold  air  are  alone 
not  sufficient  to  realize  a  definite  in- 
crease of  output.  The  scavenging  is  only 
a  preparatory  process  and  must  be  sup- 
plemented by  immediate  charging,  it  be- 
ing essential  that  to  the  air  in  the  com- 
pression space  is  added  a  corresponding 
quantity  of  gas  without  additional  losses. 
In  order  to  attain  this  the  pressure  of 
the  scavenging  air  must  be  in  the  neigh- 
borhood of  1.25  atmospheres,  absolute, 
and  the  cross-sections  of  the  passages 
in  the  inlet  casing  must  be  of  ample 
proportions  to  avoid  throttling.  There  is 
no  throttling  in  the  pipes,  because  the 
scavenging  and  the  mixing  air  are  con- 
ducted separately.  Hence,  the  scaveng- 
ing air  can  expel  the  burnt  gases  with 
undiminished  force,  beginning  during  the 
middle  of  the  exhaust  stroke  when  the 
valve  opening  has  reached  its  maximum. 

It  is  essential  to  make  the  space  be- 
tween the  inlet  valve  and  the  scavenging 


valve  as  small  as  possible,  so  that  the 
air  in  the  inlet-valve  chamber  assumes 
the  suction  pressure  immediately  after 
the  beginning  of  the  suction  stroke, 
thereby  assisting  the  influx  of  gas  into 
the  cylinder.  Hellmann  admits  that  in 
an  ordinary  unscavenged  engine  with  a 
compression  space  of  18  per  cent.,  the 
loss  due  to  ineffective  expansion  is  1.9 
per  cent.,  while  in  a  scavenged  engine 
with  a  compression  space  of  25  per  cent, 
plus  5  per  cent,  in  the  inlet  chamber, 
the  loss  is  3.2  per  cent.,  assuming  ex- 
pansion in  both  cases  from  1.05  to  0.95 
atmospheres    absolute.      It    is    essential. 


section  of  gas  passage  as  large  as  pos- 
sible. This  is  especially  important  when 
driving  dynamos,  but  for  slow-speed  gas 
blowers  the  period  of  gas  intake  may  be 
shorter.  Gas  admission  should  begin  5 
per  cent,  before  the  piston  starts  on  its 
suction  stroke  and  should  not  end  until 
10  or  15  per  cent,  after  the  suction 
stroke  is  completed.  The  aspirating  ac- 
tion of  the  compressed  air  flowing  in, 
together  with  the  construction  of  the  in- 
let, which  acts  like  an  injector,  causes 
the  acceleration  of  the  gas  to  begin  as 
early  as  5  per  cent,  before  the  dead 
center.     This  effect   may   be   augmented 


Armospheric  Air 


Fig.  3.  Double-acting  Scavenging  Pump 

therefore,  if  the  gain  through  scavenging 
is  not  to  be  diminished,  that  this  loss 
be  kept  as  small  as  possible. 

Another  feature  which  must  be  ob- 
served in  the  interest  of  efficiency  is 
that  the  amount  of  mixture  which  re- 
mains outside  of  the  inlet  valve  is  as 
small  as  possible,  if  it  cannot  be  elimi- 
nated entirely.  Remaining  mixture  means 
a  loss  of  capacity  of  the  scavenged  en- 
gine proportionate  to  the  amount  of  rriix- 
ture;  instead  of  this  mixture,  which  is 
scavenged  into  the  exhaust  pipe,  a  cor- 
responding volume  of  air  is  taken  into 
the  cylinder  at  the  beginning  of  the  suc- 
tion stroke.  Hence,  when  the  scavenging 
process  is  over  no  additional  air  should 
be  admitted,  but  gas  should  be  introduced 
in  sufficient  quantities  to  make  a  per- 
fect m.ixture.  The  corribination  valve 
shown  in  Fig.  1  is  so  constructed  that 
no  mixture  remains  outside  of  the  inlet 
after  the  latter  is  closed,  because  the 
mixing  of  the  two  media  is  performed 
while  they  pass  into  the  cylinder. 

A  further  essential  condition  for  suc- 
cessful scavenging  js  that  the  period  of 
gas    influx    be    as    long    and    the    cross- 


by  a  suitable  layout  of  the  exhaust  pip- 
ing, though  the  latter  depends  largely  on 
local  conditions. 

When  operating  on  blast-furnace  gas 
it  is  advisable  to  continue  the  period  of 
pure  gas  admission  during  25  per  cent, 
of  the  suction  stroke;  then  gas  and  air 
enter  into  the  cylinder  in  the  usual  man- 
ner. If  these  precautions  are  taken  the 
cylinder  at  the  beginning  of  the  com- 
pression stroke  contains  an  undiluted 
charge,  which  gives  perfect  combustion, 
as  shown  by  the  indicator  cards.  But  it 
must  be  emphasized  again  that  a  notable 
increase  of  output  by  scavenging  can  be 
realized  only  when  the  losses  of  the  pro- 
cess are  reduced  as  far  as  possible. 
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Lack  of  regard  for  detail  construc- 
tion is  responsible  for  the  fact  that  the 
earlier  types  of  scavenging  engines  have 
not  met  with  complete  success.  They 
had  no  separate  organs  for  controlling 
the   admission    of   scavenging   air.     The 


nace  gas  of  the  usual  heat  value,  mean 
effective  pressures  of  693  normal  and 
790  maximum  are  obtained.  The  corre- 
sponding mechanical  efficiency  is  82  per 
cent,  and  84.5  per  cent,  respectively. 
While  theoretically  there  is  a  difference 


For  the  fransformaiion  - 
Ofpn  Old  Engine 

Fig.  4.  Air  Piping  for 


'^-.Compresxd  Air 
Scavenging  Four-stroke 


Tandem    Engine 


inlet  valve  of  the  gas  engine  was  the 
pressure  valve  of  the  pump.  The  space 
between  this  valve  and  the  piston  of  the 
air  pump  was  very  large  and  this  space 
was  still  further  increased  by  the  addi 
tion   of   the   compression  space. 

At  the  beginning  of  the  suction  stroke 
these  large  spaces  were  filled  with  com- 
pressed air  which  expanded  during  a 
considerable  portion  of  the  suction  stroke 
and  prevented  the  aspiration  of  gas  in 
due  time.  Moreover,  at  the  end  of  the 
suction  stroke  of  the  pump  the  air  in 
these  spaces  was  at  a  pressure  below 
the  atmospheric,  which  was  transmitted 
to  the  charge  in  the  working  cylinder; 
hence,  this  cylinder  was  not  filled  up  lo 
its  full  capacity  and  the  gain  through 
scavenging  was  accordingly  reduced. 
Hellmann  estimates  the  loss  through  ex- 
pansion in  the  old  scavenging  engine  at 
8.7  per  cent.,  and  the  loss  due  to  mixturs 
remaining  in  front  of  the  inlet  valve  at 
8  per  cent.,  making  a  total  loss  of  16.7 
per  cent.  On  this  basis  the  superiority 
of  the  new  over  the  old  scavenging  en- 
gine would  be  16.7  —  3.2  =  13.5  per 
cent. 

Thermal  Considerations 

The  indicator  diagrams  in  Fig.  5  are 
obtained  with  a  clearance  volume  of  25 
per  cent,  and  show  a  mean  effective 
pressure  of  7.2  and  7.3  atmospheres, 
with  compression  pressures  of  7.5  and 
explosion  pressures  of  19  and  19.5  at- 
mospheres, respectively.     With  blast-fur- 


of  5  per  cent,  in  the  thermal  efficiency 
in  favor  of  the  smaller  compression  space 
(18  per  cent.),  this  theoretical  reduction 
is  more  than  tieutralized  by  the  superior 
ignition  and  combustion  of  the  chemical- 
ly favorable  and  pure  mixture  in  the 
larger  compression  space  (25  per  cent.), 
a  fact  which  is  established  by  the  higher 
thermal  efficiency  of  large  two-stroke- 
cycle  engines.  As  will  be  seen  from 
the  indicator  cards,  the  explosion  pres- 
sures do  not  rise  above  the  normal  (about 
20  atmospheres)    which   has  been    found 


of  the  compression  stroke,  owing  to  the 
lower  compression  pressures  used.  More- 
over, about  50  per  cent,  after  the  be- 
ginning of  the  exhaust  stroke,  scavenging 
sets  in,  whereby  the  mean  temperature 
of  the  exhaust  period'  is  also  reduced. 
In  addition  there  is  the  favorable  ex- 
pansion due  to  perfect  combustion,  which 
gives  an  expansion  curve  approaching 
the  adiabatic. 

There  is  only  one  phase  of  the  process 
when  temperatures  rise  above  the  ordi- 
nary, namely,  during  explosion.  For  the 
rest  of  the  time  the  cyclic  temperatures 
are  lower.  Therefore  the  life  of  the  en- 
gine, and  especially  the  durability  of  the 
flanged  exhaust  socket,  which  always 
shows  an  inclination  to  crack  as  a  result 
of  overheating,  is  increased. 

With  equal-  heat  value  per  unit  of 
charge  volume,  the  heat  of  the  charge 
in  large  gas  engines  increases  as  the 
cube  of  the  cylinder  diameter,  while  the 
heat-conducting  v/all  surfaces  increase 
only  in  the  square,  compared  to  a  smaller 
engine.  Also  the  thickness  of  the  wall.? 
increases  and  so  does  the  temperature, 
in  spile  of  water  cooling.  Perfect  scav- 
enging is  apt  to  equalize  the  increasing 
internal  temperature  of  large  gas  en- 
gines, to  preven:  burnt  particles  of  the 
lubricant  from  causing  preignition  and 
thereby  to  increase  the  operating  re- 
liability of  the  plant. 

Exhaust  Piping 

it  is  known  that  the  design  of  the  ex- 
haust piping  has  a  great  deal  to  do  with 
the  efficiency  of  gas-power  plants,  be- 
cause all  obstacles  causing  eddy  currents 
and  back  pressure  reduce  the  output.  The 
stop  diagram  in  Fig.  6  shows  the  effect 
of  poor  exhaust-pipe  arrangement  and 
that  in  Fig.  7,  which  was  obtained  under 
the  same  general  conditions,  shows  the 
improvements  realized  by  facilitating  the 


Scale  1  Inch  -  16  atm.  -  236  lb.  per  Square  Inch 

Fig.  5.  Diagrams  from  Scavenging   Engine   with    Compression    Ratio  of 


good   practice   for   large  work,  while   the 
output  is  considerably  increased. 

The  operating  reliability  of  scavenged 
engines  is  by  no  means  less  than  that 
of  ordinary  engines.  On  the  contrary, 
owing  to  the  cooler  charge,  the  tempera- 
ture of  the  cycle  is  reduced  during  the 
whole  of  the  suction  stroke.  Again,  the 
temperature  is  reduced  during  the  whole 


conduction  of  the  waste  gases  into  the 
atmosphere.  The  first  two  diagrams,  of 
which  the  one  is  obtained  without  and 
the  other  v.'ith  the  injection  of  water  into 
the  exhaust,  show  the  resistance  which 
the  outrushing  gases  encounter  during 
15  or  20  per  cent,  of  the  exhaust  stroke. 
They  also  show  that  at  some  20  per  cent, 
before  the   end  of  that  stroke  the  vac- 
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4um  is  turned  into  a  back  pressure  of 
J.l  to  0.16  of  an  atmosphere,  which  pre- 
vails during  the  period  of  scavenging 
and  makes  the  latter  process  even  tem- 
porarily inefficient. 

Another  result  of  the  back  pressure  in 
the  latter  part  of  the  exhaust  stroke  is 
that  the  suction  line  does  not  begin  until 
6  to  9  per  cent,  beyord  the  dead  center, 
whereby  a  complete  filling  of  the  cylinder 


Fig.  7  """"^ 

Stop  Diagrams,  Showing  Effects  of 
DiFERENT   Exhaust   Piping 


Fig.  8.  A  Good  Arrangement  of  Ex- 
haust Piping 

with  active  charge  is  made  impossible. 
With  the  improved  layout  of  the  ex- 
haust piping  there  is  much  less  resist- 
ance in  the  early  part  of  the  exhaus^t 
stroke  and  atmospheric  pressure  prevails 
during  the  scavenging  period,  whereby 
scavenging  and  charging  are  made  more 
effective. 

Experiments  have  shown  that  it  is  ad- 
vantageous to  lay  out  the  exhaust  piping 
for  both  sides  of  the  cylinder  in  the 
same  manner,  and  that  curves  or  elbows 
which  may  cause  eddying  must  be  avoid- 
ed as  much  as  possible  in  order  to  secure 
an  even  flow.  Fig.  8  shows  how  to  lay 
out  the  exhaust  piping  for  large  gas 
engines.  With  this  arrangement  the  ex- 
haust of  one  combustion  chamber  has  no 
clogging  influence  on  the  scavenging 
which  goes  on  in  another  combustion 
chamber  at  the  same  time. 

Summing  up,  the  Hellmann  system  af- 
fords a  notable  increase  of  capacity  at 
low  additional  cost.  The  mean  tempera- 
tures and  pressures  are  not  higher  than 


they  are  ordinarily,  while  the  engine  out- 
put is  increased  25  per  cent,  and  more. 
Preignition  is  avoided  and  heat  consump- 
tion improved.  By  choosing  a  smaller 
type  of  engine  the  bulk  of  plant  is  re- 
duced and  the  ratio  of  plant  output  and 
initial  cost  becomes  more  favorable.  By 
shutting  off  the  scavenging  air  the  en- 
gine continues  to  run  in  the  ordinary 
manner.  Any  existing  type  of  large  gas 
engine  may  be  thus  improved. 


LETTER 

Effect   of   Temperature    on 

Crude  Oil 

By  C.  E.  Howell 

In  the  Nov.  14,  1911,  issue  of  Power 
there  was  a  short  article  by  a  Mr.  Lyons 
on  the  effect  of  temperature  on  the 
specific  gravity  of  crude  fuel  oil,  accom- 
panied by  a  curve  of  the  results  of  tests 
made  to  determine  this  effect.  The  arti- 
cle attracted  the  attention  of  the  writer 


60  deg.  F.,  respectively,  to  reduce  the 
specific  gravity  of  the  oil  purchased  to 
what  it  would  be  at  60  deg.  F.  The  chart 
indicates  that  1'4  deg.  Baume  should  be 
deducted  or  added,  as  the  case  may  be, 
for  each  20  deg.  F.  difference  in  tem- 
perature. The  chart  has  since  been  used 
in  obtaining  the  approximate  gravity  of 
fuel  oils  at  different  temperatures  while 
heating  them  for  firing  purposes.  By 
also  giving  the  specific  gravity  with  water 
as  the  basis  of  comparison,  the  cor- 
rection for  expansion  may  be  found. 

The  commercial  correction  for  the  ef- 
fect of  temperature  on  the  bulk  of  crude 
oil  is  1  per  cent,  for  each  20  Fahrenheit 
degrees  of  difference  in  temperature.  Re- 
ferring to  the  correct  curve,  however, 
(ine  finds  that  the  specific  gravity  of  this 
oil  at  60  deg.  F.  is  0.9495,  while  at  80 
deg.  it  is  0.9420.  The  percentage  of  ex- 
pansion in  raising  the  temperature  from 
60  deg.  to  80  deg.  F.  is 

too  X  0.9495 


0.942 


100  ^  0.8  Oj  I  per  cent. 
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because  he  had  made  a  similar  test  about 
a  year  previously. 

Upon  unearthing  the  curve  made  by 
himself  and  plotting  the  results  on  the 
chart  in  Power,  it  was  found  that  the 
points  of  both  the  rising  temperature  and 
the  falling  temperature  tests  coincided 
exactly  with  those  in  the  Power  chart. 
Furthermore,  the  percentage  of  moisture 
in  the  oil  used  was  the  same,  I'n  per  cent. 
The  writer  of  the  article  in  the  Nov. 
14  issue  gave  Oakland,  Calif.,  as  his 
address,  but  the  test  by  the  present  writer 
was  made  in  Los  Angeles.  Investiga- 
tion fails  to  indicate  that  any  copies  of 
the  result  of  the  Los  Angeles  test  have 
ever  been  distributed.  The  writer  takes 
it  that  it  is  merely  a  very  unusual  sort 
of  coincidence.  However,  it  may  not 
be  amiss  to  explain  the  present  chart. 

Primarily,  the  data  were  taken  to  check 
the  well  known  purchasing  method  of 
deducting  or  adding  one  degree  Baume 
for   every   20   deg.    F.    above    or   below 


and  the  oil  companies  therefore  get  the 
worst  of  it  on  the  expansion  correc- 
tion for  change  in  temperature  when 
using  the  old  allowance  of  1  per  cent. 


A  Thirty  Day  Run 

A  British  firm  is  building  two  sets  of 
eight-cylinder,  four-cycle  Diesel  oil  en- 
gines of  2500  combined  horsepower  for 
the  "Jutlandia,"  which  was  recently 
launched.  One  of  these  engines  was  rigged 
up  on  the  "bench"  and  attached  to  a  dy- 
namo. It  was  then  given  a  30-day  continu- 
ous night  and  day  nonstop  run,  28  days  of 
which  were  at  full  power,  one  at  three- 
quarters  and  one  at  half  power,  burning 
Scotch  shale  fuel  oil  of  a  specific  gravity 
of  0.85.  During  the  30  days'  run  the 
engine  was  never  stopped  or  adjusted  in 
any  way,  no  trouble  whatever  was  had, 
and  it  ran  as  steadily  on  the  last  day 
as  on  the  first. 
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Electrical     Department 

Conducted  to  be  of  service  to  the  men  in  charge  of  electrical  equipment  in  the  power  house 


Westinghouse  Belt  Driven 
Alternators 

The  accompanying  engravings  ■  illus- 
trate the  construction  of  the  latest  form 
of  Westinghouse  belt-driven  alternating- 


The  field  magnet  is  the  revolving  mem- 
ber and  it  consists  of  a  laminated  steel 
spider  (Fig.  2)  carrying  laminated  mag- 
net poles  which  are  held  on  the  spider 
by  dovetails.  The  dovetail  slots  are 
stamped  in  the  disks  of  the  spider  and 


extending  the  whole  length  of  the  slot. 
Fig.  3  shows  the  construction  of  a  mag- 
net pole.  The  rectangular  slots  near  the 
edge  of  the  pole  face  are  provided  to 
lake  the  bars  of  a  squirrel-cage  winding, 
arranged  as  shown  in  Fig.  4. 


current    generator    designed    particularly     the  corresponding  dovetail  is  stamped  in  The     function     of    the     squirrel     cage 


Fig.  1.  Westinghouse  Belt-driven   Alternator 


for  operation  in  industrial  plants  and 
small  central  stations.  Having  in  mind 
the  usual  conditions  of  operation  in  such 
plants,  special  efforts  were  made  to  ob- 
tain as  simple  and  rugged  construction 
as  possible. 


the  steel  sheets  forming  the  magnet  pole. 
The  dovetail  on  the  pole  is  smaller  than 
the  slot  in  the  spider  and  is  secured  in 
the   slot   by   means   of   two    taper   keys 


Fig.  3.  Field-magnet  Pole 

around  the  magnet  pole  faces  is  to  "damp 
out"  any  tendency  to  "hunt"  when  op- 
erating in  parallel  with  other  machines. 
The  squirrel  cage  also  partly  neutralizes 
the  armature  reaction  of  single-phase 
machines  and  thereby  improves  the  regu- 
lation. The  construction  of  the  cage  is 
so  clearly  shown  in  the  picture  that  a 
detailed  description  is  unnecessary.  It 
is  supplied  only  on  machines  of  75  kilo- 
volt-amperes  and   larger. 

Fig.  5  shows  a  field-magnet  spider  with 
the  poles  and  coils  in  place.  The  coils 
are  of  the  usual  form-wound  type,  com- 
pletely insulated  before  being  put  on 
the  cores.  It  will  be  evident  on  close  in- 
spection   that    two    retaining    straps    are 


Fig.  2.  Field-magnet  Spider 


Fig.  4.  Complete  Field  Magnet,  with   Sh^ft  and  Slip  Rings 
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applied  to  the  end  of  each  magnet  coil 
in  such  a  way  as  to  restrain  the  project- 
ing portions  from  spreading  radially  un- 
der the  influence  of  centrifugal  force. 
The  polar  extensions  protect  those  parts 
of  the  coil  lying  parallel  with  the  shaft. 

The  armature  core  is  of  the  usual 
laminated  type,  provided  with  entirely 
open  slots  and  mounted  in  a  substantial 
cast-iron  housing,  as  shown  in  Fig.  6. 
The  armature  coils  are  form-wound  and 
individually  insulated;  they  are  held  in 
the  core  slots  by  fiber  wedges  driven  in 
small  slots  in  the  flanks  of  the  core  teeth. 

In  sizes  above  75  kilovolt-amperes  the 
shaft  is  supported  by  pedestals,  as  il- 
lustrated in  Fig.  1 ;  in  smaller  sizes,  cir- 
cular journal  brackets  are  bolted  to  the 
stator  housing  as  in  the  case  of  small 
direct-current  machines.  These  gener- 
ators are  built  by  the  Westinghouse  Elec- 
tric &  Manufacturing  Co.  in  sizes  rang- 
ing from  30  to  200  kilovolt-amperes,  for 
60  cycles  frequency  and  for  all  standard 
alternating-current  voltages  from  240  up 
to  2400. 


LETTERS 

Keeping  Oil  off  the  Com- 
mutator 

I  once  had  charge  of  an  electric  gen- 
erator which  was  directly  driven  by  its 
engine,  the  armature  being  mounted  on 
a  crankshaft  extension,  between  the  en- 


would  be  thrown  from  the  top  of  the 
brass  and  no  matter  how  finely  the  box 
was  adjusted  no  cure  for  the  trouble 
was  effected.  The  maker's  representa- 
tive saw  the  job  and  admitted  that  it 
must  be  some  balancing  fault  in  the 
crankshaft  (running  at  250  r.p.m.)  which 
caused  the  oil  to  be  jerked  out  so. 

He  left  without  suggesting  a  remedy 
and  as  a  last  resort  I  fixed  up  the  guard 
or  shield  shown  in  the  accompanying 
drawing.  The  shield  was  made  out  of 
iV,-in.   sheet   brass   held    by    braces    n-.xl 


Mr.  Black's  Oil  Guard 


The 


in.  and  Axlji  in.,  of  mild  steel, 
hole  in  the  brass  disk  was  made  Js  in. 
larger  in  diameter  than  the  shaft,  which 
allowed  j's-in.  clearance  all  around,  and 
the  disk  was  split  horizontally.  The 
drawing  shows  the  method  of  mounting 


on  the  brass  plate  and  no  further  trouble 
has  been  experienced  from  this  cause. 
J.    E.    Black. 
Manchester,  Eng. 


An  Improvised  Three-Phase 

System 

1  was  called  on  a  short  time  ago  to 
install  a  2300-voIt  three-phase  generator 
and  switchboard  to  take  the  place  of  an 
1100-volt  single-phase  machine  that  had 
burned  out.  The  owners  did  not  have 
the  time,  nor  the  desire,  to  go  to  the  ex- 
pense of  wiring  the  town  for  three- 
phase  distribution  and  the  new  machine 
was  not  large  enough  to  carry  the  load 
running  single-phase. 


Improvised    Three-phase   System 

I  opened  one  side  of  the  old  main  line 
near  the  center  of  distribution  and  con- 
nected it  to  the  station  as  shown  in  the 
diagram.  The  load  is  as  nicely  balanced 
as  any  that  I  have  seen.  As  most  of  the 
transformers  were  of  modern  types  with 


Fir,.   5.   Field  Magnet,  with   Coils 


Fig.  6.  Armature  Complete  in  Housing 


gine  flywheel  and  the  outboard  bearing. 
Continuous  trouble  was  experienced  by 
oil  being  thrown  out  of  the  bearing  onto 
the  brush  gear  and  commutator,  due 
to  the  shaft  whipping  slightly  in  the 
out-end    bearing    block.      Drops    of    oil 


clearly  enough,  I  think.  It  will  be  evi- 
dent that  the  top  half  of  the  disk  may 
be  removed,  if  it  should  be  desired  to 
lift  the  shaft  out,  by  the  removal  of  two 
bolts  above  the  horizontal  seam.  All  the 
oil   thrown  out  of  the  bearing  is  caught 


1 100-  or  2200-volt  primary  windings  they 
did  not  give  much  trouble.     All  1100-volt 
transformers    that    were    worth    saving 
were   connected   in   series  and   used. 
D.  W.  Scarborough. 
Richmond,    Tev. 
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Heating  and  Ventilation 

Considered  as  power-plant  problems.     Layout  and  operation  of  systems  and  apparatus 


Heating   and   Ventilating  Sys- 
tem   of   the    Ritz-Carlton 
Hotel 

By  Charles  A.  Fuller 

The  heating  and  ventilating  system  de- 
signed for  the  addition  to  the  Ritz-Carl- 
ton Hotel,  at  Madison  Ave.  and  Forty- 
sixth  St.,  New  York  City,  has  several 
features  which  may  perhaps  be  of  in- 
terest to  engineers  in  this  line  of  work. 
Because  of  the  unusual  arrangement  of 
the  building,  it  was  necessary  to  divide 
the  ventilating  into  four  separate  systems 
as  follows:  ball  room  and  banquet  hall, 
private  dining  room,  service  floors  and 
toilet-room   exhausts. 

The  system  for  the  ball  room  and 
banquet  hall  is  the  largest  of  the  four, 
handling  about  50,000  cu.ft.  of  air  per 
minute.  These  rooms  are  each  50  ft. 
wide  and  90  ft.  long.  The  banquet  room 
is  located  below  the  street  level  and  has 
a  ceiling  height  of  20  ft.  The  ball  room 
is  located  directly  above  the  banquet 
hall  and  has  a  ceiling  height  of  30  ft. 
Above  the  ball  room  is  located  the  blower 
room,  containing  all  the  ventilating  ap- 
paratus  for  this  system. 

The  air  in  entering  first  passes  through 
a  tempering  coil,  then  through  an  air 
washer  to  the  intake  of  the  supply  fan. 
From  the  supply  fan,  it  passes  through  a 
reversing  damper  and  the  reheater  to  the 
distributing  ducts.  The  tempering  coil 
consists  of  two  banks  of  Ainerican  Radi- 
ator vento  seetions  40  in.  high.  Each 
bank  is  divided  into  four  groups,  two 
groups  high  and  two  groups  wide,  placed 
back  to  back.  Each  group  contains  16 
sections,  making  a  total  of  1376  sq.ft. 
of   radiating   surface. 

The  steam  supply  to  the  first  bank  is 
controlled  by  a  thermostat  placed  in  the 
cold-air  inlet,  and  the  steam  supply  to 
the  second  bank  by  a  thermostat  placed 
between  the  second  bank  and  the  air 
washer.  The  first  thermostat  is  adjusted 
to  close  the  steam  supply  to  the  first 
bank  when  the  temperature  of  the  en- 
tering air  is  above  25  deg. ;  the  second 
is  adjusted  to  close  the  steam  supply 
to  the  second  bank  when  the  air  pass- 
ing through  the  tempering  coil  is  above 
50  deg.  This  arrangement  keeps  the 
temperature  of  the  air  entering  the  air 
washer  at  50  deg.,  regardless  of  varia- 
tions in  the  outside  temperature,  so  long 
as  it  is  below  50  deg.  This  is  necessary 
in  order  to  maintain  a  constant  humidity 


in  the  rooms,  which  is 'a  very  desirable 
feature. 

The  reheater  consists  of  three  banks 
of  American  Radiator  vento  sections  60 
in.  high.  Each  bank  is  divided  into  two 
groups  placed  back  to  back,  and  each 
group  contains  16  sections,  making  a 
total  of  1536  sq.ft.  of  radiating  sur- 
face. The  main  steam  supply  to  the 
reheater  is  equipped  with  a  diaphragm 
valve  controlled  by  a  thermostat  placed 
in  the  hot-air  duct  leading  from  the 
heater. 

A  bypass  is  provided  below  the  re- 
heater. The  hot  air  from  the  reheater. 
and  the  tempered  air  from  the  bypass 
then  pass  through  thermostatically  con- 
trolled mixing  dampers  which  operate  so 
as  to  produce  the  required  temperature 
in  the  room  supplied.  With  this  system, 
each  room  must  have  a  separate  duct 
and  a  set  of  mixing  dampers,  which  in- 
sures that  the  required  amount  of  air  is 
being  constantly  delivered  to  each  room 
regardless  of  outside  temperature 
changes. 

After  determining  the  heat  losses  from 
the  various  rooms,  it  was  found  that 
the  required  temperature  of  the  air  from 
the  reheater  for  extreme  conditions  was 
approximately  100  deg.  This  temperature 
could  be  obtained  with  the  tempering 
coil  as  described  and  a  reheater  com- 
posed of  two  banks  and  maintaining  a 
velocity  through  the  heater  of  1200  ft. 
per  minute,  requiring  a  free  area  of 
about  42  sq.ft.  As  the  available  head 
room  was  only  7  ft.,  the  necessary  width 
made  this  arrangement  practically  pro- 
hibitive. 

It  was  then  decided  to  put  in  three 
banks  of  heaters,  which  would  make  the 
resulting  temperature  120  deg.  with  a 
velocity  of  1200  ft.  per  minute.  Then 
by  passing  only  75  per  cent,  of  the  air 
through  the  heater  and  25  per  cent, 
through  the  bypass  in  the  extreme  con- 
ditions, the  resulting  temperature  di- 
rectly beyond  the  mixing  dampers  would 
be  100  deg.,  and  by  so  doing  the  width 
of  the  reheater  was  cut  down  about  25 
per  cent.  This  arrangement,  however, 
does  not  reduce  the  amount  of  heating 
surface  necessary. 

Means  for  cooling  the  air  in  summer 
time,  in  addition  to  the  cooling  effect 
of  the  air  washer,  is  also  provided  by 
direct-expansion  cooling  coils  placed  in 
the  spray  chamber  of  the  air  washer.  A 
constant  spray  of  water  is  kept  flowing 
over  the  coils,  which  prevents  the  forma- 


tion of  frost  on  the  outside  of  the  pipes. 
The  humidity  is  controlled  by  cooling 
the  air  to  a  definite  point  below  the  out- 
side temperature,  which  also  lowers  the 
temperature  below  the  dew  point  and 
some  of  the  moisture  is  condensed.  This 
condensed  moisture  is  removed  when 
passing  through  the  eliminator.  The 
temperature  of  the  air  in  passing 
through  the  distributing  ducts  and 
into  the  rooms  is  raised  due  to  the 
warmer  outside  temperature  and,  conse- 
quently, the  humidity  is  lowered  to  the: 
desired  point. 

Each  of  the  rooms  supplied  by  this 
system  has  a  series  of  registers  at  the 
floor  level  and  also  at  the  ceiling  level. 
During  the  winter  time,  when  warm  air 
is  supplied,  this  air  enters  through  the 
registers  located  at  the  ceiling  and  the 
floor  registers  serve  as  the  exhaust 
registers.  In  summer,  however,  when 
cold  air  is  supplied,  the  floor  registers 
serve  as  the  supply  and  the  exhaust  is 
taken   out  through  the   ceiling. 

With  this  arrangement,  the  best  pos- 
sible ventilation  is  secured.  In  win- 
ter time,  the  air  enters  the  room  at 
a  higher  temperature  than  the  room  and 
is  cooled  after  entering.  This  causes  a 
rvatural  flow  of  air  downward,  and  for 
this  reason,  the  proper  point  to  remove 
the  foul  air  is  at  the  floor  level. 

In  summer,  the  air  enters  the  room  at 
a  lower  temperature  and  is  heated  after 
entering.  This  produces  an  upward  flow 
of  air  and  for  the  same  reason  the  proper 
point  to  remove  the  foul  air  is  at  the 
ceiling;  this  is  particularly  true  of  rooms 
with  very  high  ceilings  where  air  cooling 
is  desired.  If  the  cold  air  were  intro- 
duced at  the  ceiling,  all  the  refrigerating 
effect  would  be  lost  by  the  time  the  air 
had  reached  the  breathing  line. 

This  reversing  of  the  direction  of  flow 
is  produced  by  means  of  a  reversing 
damper  shown  in  Fig.  1.  In  the  position 
shown  on  the  drawing,  the  damper  is  set 
for  cold-weather  conditions  or  for  de- 
livering warm  air  to  the  rooms  through 
t+ie  ceiling  registers.  The  floof  registers 
are  connected  to  a  system  of  vertical 
flues  which  combine  into  one  main  duct 
passing  up  through  the  floor  to  the  blower 
room  at  the  point  A  and  thence  through 
the  opposite  compartment  of  the  revers- 
ing damper  to  the  exhaust  fan. 

To  deliver  cold  air  from  the  air  washer 
to  the  rooms  through  the  floor  registers, 
the  damper  is  sat  at  right  angles  to  the 
position  shown.  The  fresh  air  then  passes 
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through  the  washer  and  supply  fan  and 
then  the  reversing  damper  to  the  main 
duct  leading  to  the  registers.  The  ex- 
haust fan  draws  the  air  from  the  ceil- 
ing registers  back  in  the  opposite  direc- 
tion through  the  distributing  ducts  to 
the  exhaust  fan. 

A  recirculating  duct  is  also  provided 
to  recirculate  part  of  the  air  in  summer 
when  the  ventilating  conditions  are  not 
severe.  This  cuts  down  the  amount  of 
refrigeration    necessary    for   cooling   the 


All  cold-air  supply  ducts  are  provided 
with  a  covering  of  cork  board  IJl.  in. 
thick  to  prevent  the  collection  of  mois- 
ture on  the  outside  and  also  loss  of  re- 
frigeration. 

Two  small  coat  rooms  are  supplied 
from  this  system,  the  rooms  being  so 
small  in  comparison  with  the  others  that 
it  was  impractical  to  run  separate  ducts 
to  them  and  provide  each  with  its  own 
set  of  mixing  dampers  for  controlling  the 
temperature.      Branches    were    taken    to 


To  determine  the  amount  of  radiating 
surface  to  install  in  these  ducts,  the  fol- 
lowing computation  was  used:  The  total 
heat  loss  from  the  entrance  hall  was  first 
detennined  in  the  usual  manner.  The 
air  change  in  this  room  was  six  times  per 
hour.  If  the  resulting  temperature  in 
the  room  is  70  deg.,  then 

B.t.u.  loss  X  5.S    _  ~ 

Cubic  contents  X  6 
where  T  is  the  temperature  at  which  the 
air  should  be  introduced.     Applying  this 


Fig.  1.    Layout  of  Heating  and  Ventilating  Syste.m   for  Ritz-Carlton  Addition 


air,  as  the  air  being  drawn  out  by  the 
exhaust  fan  contains  considerably  less 
moisture  than  the  outside  air  and,  conse- 
quently, it  is  not  necessary  to  condense 
as  much  moisture  by  this  arrangement. 

This  system  is  designed  to  change  the 
air  in  each  room  once  every  six  minutes, 
which  is  adequate  ventilation  for  all 
rooms  when  entirely  filled.  For  ordinary 
use,  however,  at  least  one-half  of  the  air 
can  be  circulated  and  still  be  well  within 
the  required  limits  of  good  ventilation. 


them   from  the  supply  and  exhaust  duct 
to  the  entrance  hall. 

The  coat  rooms  have  a  larger  propor- 
tional amount  of  exposed  wall  and  glass 
surface  and  therefore  the  temperature  of 
the  entering  air  would  not  be  high  enough 
to  maintain  their  temperature  at  70  deg. 
To  compensate  for  this,  an  auxiliary  in- 
direct heater  was  placed  in  the  supply 
duct  to  each  room  and  the  steam  supply 
to  the  heater  controlled  by  a  thermostat 
placed  in  the  room. 


formula,   T  was   found  to  be  88  deg.   in 
zero   weather. 

The  same  formula  was  applied  to  the 
coat  rooms,  except  10  changes  of  air 
were  used  instead  of  six,  which  gave  a 
required  temperature  of  108  deg.  for  the 
entering  air.  It  was  then  necessary  to 
put  in  radiation  enough  in  the  duct  at  the 
point  where  it  entered  the  room  to  raise 
the  temperature  from  88  to  108  deg.,  or 
through  a  range  of  20  deg.  Referring  to 
the  tables  given  in  the  American  Radiator 
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data  book,  it  was  found  that  with  a  veloc- 
ity of  600  ft.  per  minute  through  the 
heater,  which  was  the  velocity  of  the 
air  in  the  flue,  one  bank  with  sections 
spaced  on  S-Js-in.  centers  would  give  the 
required  rise  in  temperature.  Then 
dividing  the  total  quantity  of  air  by  600 
gave  the  required  amount  of  full  area. 
The  given  free  area  through  each  sec- 
tion divided  into  this  then  gave  the 
number  of  sections  and  the  amount  of 
surface  necessary. 

The  toilet  rooms  are  vented  by  means 
of  one  No.  9  multi-vane  fan  placed  on 
the  top  floor  and  discharging  to  the  at- 
mosphere through  a  standard  ventilator 
constructed  of  24  oz.  copper.  Each  toilet 
room  has  a  register  and  duct  leading  to 
the  main  vent  flue,  the  duct  passing  into 
the  flue  and  up  for  a  distance  of  about 
3  ft.;  in  the  vertical  portion  a  controlling 
damper  is  placed.  The  top  of  each  duct 
is  covered  with  a  tempering  cap  to  pre- 
vent  rubbish    from    falling  into   the   duct 


room  and  then  passed  through  a  loop 
seal  to  the  feed-water  heater.  With  the 
addition,  however,  two  8  and  14  by  16- 
in.  vacuum  pumps  were  installed  and 
cross-connected,  so  that  either  or  both 
pumps  could  work  on  either  part  of  the 
building.  The  return  from  the  new  build- 
ing was  sealed  with  a  loop  and  vapor 
pipe  taken  out  from  the  return  in  the 
same  manner  as  the  old  building.  These 
pipes  were  provided  with  a  shut-off  valve 
and  the  connections  to  the  pumps  were 
taken  from  the  bottom  of  the  seal.  With 
this  arrangement,  the  vacuum  pump 
could  be  cut  out  from  either  building 
and  the  system  operated  on  the  vapor 
principle. 

The  radiators  in  all  the  rooms  are  in- 
closed in  recesses  under  the  windows 
with  registers  at  the  bottom  and  top  of 
the  inclosures.  The  steam  supply  en- 
ters the  radiators  at  the  top  through  the 
graduated  supply  valve,  and  is  so  ar- 
ranged  as   to   bring   the   valve   close   up 


Toilet  Room-- 
Ceiling 

ffeqisfer  Face '' 


Controlling 
Damper 


Fig.   2.   Section   through   Toilet   Room 
AND  Main  Vent  Flue 

during  construction;  after  the  work  is 
completed,  the  caps  are  removed. 

There  are  four  of  these  main  vent  flues 
in  various  portions  of  the  building,  all 
of  which  lead  from  the  first  to  the  twelfth 
floor,  where  they  combine  into  one  main 
duct  running  in  the  hung  ceiling  over  the 
hall  and  thence  to  the  exhaust  fan.  In 
all  toilet  rooms  throughout  the  buildings 
the  air  is  changed  once  every  four  min- 
utes. No  fresh-air  ducts  are  taken  to 
the  toilet  rooms,  but  each  room,  whether 
it  has  outside  exposure  or  not,  has  an 
inclosed  direct  radiator. 

The  circulation  of  steam  throughout 
the  building  is  produced  by  means  of  a 
vacuum  system.  Thermostatic  traps  con- 
taining a  vaporizing  fluid  are  used  on 
the  return  of  each  radiator  and  heater 
and  the  inlet  to  each  radiator  is  equipped 
with  a  graduated  supply  valve. 

The  original  building  was  heated  by 
a  vapor  system  without  the  use  of  a 
vacuum  pump.  The  main  return  was 
vented   to   the   atmosphere   in   the   boiler 


Fig.  3.  Inclosed  Radiator  under 
Window 

against  the  top  of  the  inclosure.  The 
valve  stem  extends  through  and  the  lever 
handle  with  the  indicator  is  placed  on 
the  outside,  where  it  is  very  accessible 
for  the  occupant  to  manipulate  and  ob- 
tain the  amount  of  heat  desired  by  hand 
regulation.  A  cross-section  of  this  in- 
closure, illustrating  connections  to  the 
radiator,  is  shown  in  Fig.  3.  The  forced- 
draft  system  of  the  plant  will  be  de- 
scribed  in   a   later  issue. 

The  heating  and  vemtilating  system 
was  designed  by  Clark,  MacMuIlen  & 
Riley,  consulting  engineers  of  New  York 
City,  and  is  being  installed  by  the  Cleg- 
horn  Co.,  of  Boston,  Mass. 


The  successful  engineer  is  the  man 
who,  in  addition  to  solving  the  purely 
mechanical  problems,  can  make  the  dol- 
lar go  farthest  and  draw  out  the  best 
efforts  of  his  workmen.  Knowledge  and 
study  of  the  human  factor  bulk  large  in 
executive  success. — General  Electric  Re- 
view. 


An  Isolated  Plant  Would 
Save   $24,000 

By  Ira  N.  Evans 

The  paper  read  by  Davis  S.  Boyden 
before  the  American  Society  of  Heating 
and  Ventilating  Engineers  and  published 
in  Power  of  Feb.  27,  is  very  clear  and 
complete  where  the  cost  of  the  heating 
is  concerned,  but  a  little  foggy  when  it 
comes  to  the  contract  rates  for  electric 
service  in  the  stores  of  J.  M.  &  Co.,  of 
Boston.  However,  by  multiplying  the 
area  637,800  sq.ft.  by  the  rate  S0.08436 
given  in  Mr.  Boyden's  article  and  the 
cubic  contents  8,391,000  cu.ft.  by  the  rate 
S0.00641,  the  contract  price  for  current 
is  obtained  as  $53,805  and  $53,786.31, 
respectively,  for  the  year.  Dividing  $53,- 
800  by  the  number  of  kilowatt-hours 
used  per  year  gives  1.97c.,  or  a  trifle 
under  2c.  per  kilowatt-hour. 

The  reports  to  the  public  service  com- 
mission of  the  New  York  district  show 
that  the  cost  o*'  crrent,  with  all  overhead 
and  distribution  charges  included,  for  the 
New  York  Edison  Co.  is  3.16c.  per  kilo- 
watt-hour. The  cost  of  production  for 
the  Boston  Edison  must  be  considerably 
lower  for  the  company  to  make  a  profit 
on  a  2c.  rate. 

The  manner  in  which  the  live  steam 
for  heating  was  manipulated  during  the 
test  described  is  open  to  question,  al- 
though the  records  as  given  check  up 
with  absolute  accuracy.  It  should  be 
noticed  that  the  shortest  day  in  the  year, 
Dec.  20,  was  taken  for  the  test.  Depart- 
ment stores  are  generally  lighted  to  a 
greater  extent  during  the  day  than  other 
buildings,  but  if  daylight  affected  the 
load  at  all  it  would  be  boosted  to  the 
maximum  on  the  winter  solstice.  The 
weather  conditions  and  outside  tempera- 
tures were  a  fair  average  for  the  heating 
season. 

The  method  of  conducting  the  heating 
test  is  open  to  criticism  for  the  following 
reasons: 

It  is  stated  that  the  heating  system  of 
the  Avon  St.  store,  aggregating  11,000 
sq.ft.,  or  nearly  50  per  cent,  of  the 
direct  radiation,  had  been  shut  off  from 
6  p.m.  to  12:30  a.m.,  when  the  test 
started.  It  is  also  stated  that  it  was 
necessary  to  open  all  the  air  valves. 

This  indicates,  and  an  analysis  clear- 
ly shows,  that  the  heating  is  shut  off 
nights  when  the  temperature  is  above  45 
deg.  outside.  The  writer  has  records 
which  clearly  show  that  nearly  the  same 
coal  will  be  required,  if  the  heating 
plant  in  a  large  building  is  shut  down  for 
6  hr.,  to  raise  the  temperature  again,  as 
would  have  been  consumed  if  the  heat- 
ing were  maintained  continuously.  This-, 
means  that  the  coal  would  have  to  be 
consumed  at  double  the  rate  for  the- 
shorter  period  in  raising  the  temperature 
in  the  buildings.  If  the  heating  system 
of   the   Avon   Street   Building   had   beeni 
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operated  for  the  previous  6  hr.,  about 
4000  lb.  less  steam  would  have  been 
used  per  hour  from  1  to  7  a.m.  Thus 
if  the  plant  had  been  continuously  op- 
erated, furnishing  exhaust  steam,  the 
amount  of  coal  for  live-steam  heating 
would    have    been    materially    reduced. 

The  glass  and  wall  areas  and  trans- 
mission of  heat  of  the  radiation  balance. 
The  air  supply  when  turned  on  at  8  a.m. 
shows  practically  the  same  steam  re- 
quirements with  the  direct  radiation  in- 
cluded, as  before  the  fans  were  started. 
See  Fig.  3  of  Mr.  Boyden's  article.  In 
computation  the  following  quantities  will 
be  used: 

55,000  cu.ft.  of  air  raised  1  deg.  will 
require  I  lb.  of  steam. 

1.7  B.t.u.  will  be  used  as  the  trans- 
mission for  the  direct  surface  per  square 
foot  per  hour  per  degree  difference. 


temperature.      From   the   table   the   num- 
ber  of   hours   is    found   to   be   3761. 

There  will  be  more  steam  used  for 
periods  0-10  deg.,  10-20  deg.  and  20-30 
deg.  than  for  the  average  weather.  From 
actual  operating  conditions  on  a  plant 
the  writer  has  the  steam  requirements  as 
follows: 


Out- 
side 
Temp., 
Dec 
F. 

Lb.  of 
Steam 

Ratio 

Per 
Cent. 

0-10 

16,.500 

165 
112 

147 

10-20 

14.760 

1476 

1120 
1296 

132 

The  number  of  hours  will  be  taken  from 


TABLE  1.     LIVE  STEAM  FOR  NIGHT  HEATING 


Time  in 
Da.vs 

Steam, 

Lb.  per 

Hr. 

Steam   Required 
over  exh.\ust 

FROM     150  Kw. 

Steam   RxQuraED 

OVER     EXITArST 
FROM   60  Kw. 

Live  Steam 

Required, 

per  Day, 

Lb. 

Outside 
Temp.. 
Des.  F. 

Lb.  per 
Hr. 

Lb.  per 
5  Hr. 

Lb.  per 
Hr. 

Lb.  per 
3  Hr. 

Total  Live 
Steam,  Lb. 

0-10 
10-20 
20-30 
30-40 

2.7 
11 
35 
61 

9450 
8488 
7458 
6430 

3450 
2488 
1460 

17,250 
12,440 
7.300 

7450 
6480 
5060 
4030 

22,350 
19,440 
15,180 
12,090 

39,600 
31.880 
22,480 
12,090 

106,920 
350  680 
7S6.800 
737,490 

1,981,890 

222  deg.  will  be  used  as  the  tempera- 
ture of  the  radiation  at  3  lb.  pressure. 

24,000  sq.ft.  is  the  number  of  square 
feet  of  direct  radiation. 

108,000  cu.ft.  per  minute  is  the  amount 
of  fresh  air  used  for  ventilation.  It 
will  be  calculated  to  be  raised  to  70  deg. 
from  the  outside  temperature. 

The  direct  radiation  will  require 
24,000  X   1.7  X   (222  —  70)  =  6,201,600 
B.t.u.  per  hour 

To  heat  the  air  for  ventilation  will 
require 

108,000    ^  ,  „  ,, 

'- —  X  60  =  118  lb. 

55.000 
of   steam    per   hour  per   degree    rise    in 
temperature. 

The  evaporation  will  be  taken  as  9  lb. 
per  pound  of  fuel.  From  the  Mar.  12 
issue  of  Power,  Table  2  will  be  used  to 
obtain  the  number  of  hours'  operation 
for  different  periods  of  outside  tempera- 
tures. The  fans  will  be  considered  in 
operation  during  week  days  from  8  until 
6  p.m.,  as  shown  by  Mr.  Boyden's  arti- 
cle, or  1545  hr.,  which  is  equivalent  to 
154.5  days  of  10  hr.  per  heating  season. 
Taking  the  latent  heat  as  964  B.t.u. 
£.nd  dividing,  the  average  steam  for  heat- 
ing the  direct  surface  will  be 
6,201,600 


Table  2  of  Mar.  12  for  these  periods  and 
added  to  the  average  steam  consumption, 
6430  lb.  per  hour,  as  100  per  cent. 


Out- 
side, 
Temp., 


0-10 
10-20 
20-30 


Ex- 

Excess 

cess 

Steam, 

Per 

Lb.  per 

Hours 

Cent. 

Hr. 

66 

47 

3020 

264 

32 

2058 

829 

16 

102s 

199,320 
543,112 
852,212 


6430  X  3761    =  24,183,230 
24,183,230  +   1,594,644  =  25,777,874  lb. 
of  steam  per  season. 

The  air  supply  will  require  steam  as 
follows  for  periods  of  day  operation, 
"?^,"   Table   2,   of   the   preceding   issue: 


12  per  cent,  for  this  service,  the  losses 
in  radiation  and  vapor  and  the  fact  that 
New  York  temperatures  are  used  instead 
of  Boston  with  a  2-deg.  difference  in 
the   average,   the   coal    would    amount   to 

1730   -I-    208    =    1938  tons 
or  nearly  the  same  as  Mr.  Boyden's  fig- 
ure of   1921   tons. 

It  may  be  noticed  that  this  system  of 
nguring  steam  for  heating  gives  very 
close  results  when  the  variation  in  op- 
erating the  plant  and  outside  weather 
conditions  for  different  periods  is  taken 
into  account. 

By  dividing  the  coal  in  Fig.  3  of  Mr. 
Boyden's  article  by  5  the  kilowatt-hour 
load  is  found.  It  shows  about  60  kw. 
from  5  a.m.  to  8  a.m.  and  about  150 
kw.  from   12  to  5  a.m. 

With  high  pressures  and  compounded 
a  500-kw.  engine  ought  to  show  a  steam 
consumption  of  22  lb.  per  indicated  horse- 
power-hour. Allowing  4  lb.   for  losses  in 

TABLE  2.      LIVE  STEAM  FOR  HOLIDAYS 


Outside 
Temp., 
Deg.  F. 

Hours 

Rise  in 
Temp., 
Deg.  F. 

Lb.  of  Steam 
(lis  Lb.  per  Hr. 
per  D*g.   liise) 

0-10 
10-20 
20-30 
30-40 
40-50 
50-60 

10 
50 
205 
500 
3,50 
430 

65 
55 
45 
35 
25 
15 

70.700 

324.500 

1 ,088.550 

2,065,000 

1,032,500 

761,100 

TotaJ 

1545 

5.3  48,350 

964 


=  6430  lb. 


This  will  be  the  load  on  the  direct  radia- 
tion in  average  winter  weather  for  heat- 
ing during  all  periods,  excepting  those 
ranging  between  50  and  60  deg.  outside 


The  total  steam  for  heating  will  be 

5,348,350  -I-  25,777,874  =  31,126,224  lb. 

Assuming  9  lb.  evaporation  and  2000  lb. 

per  ton  of  coal,  the  actual  coal  required 

for  heating  will  amount  to  nearly 

•^1,126,224 

i^-^; =  17.30  tons 

18,000 

Air.    Boyden    states    that    a    kitchen    and 

hot-water  sen'ice  is  supplied.     Allowing 


Temp., 
Deg.  F. 

Hours 

Steam 

per  Hr., 

Lb. 

Live 

Steam 

per  Hr., 

Lb 

Total  Live 
Steam,   Lb. 

0-10 
10-20 
20-30 
30-40 

5 
25 
110 
110 

9450 
8488 
7458 
6430 

7050 
6088 
5058 
4030 

35,250 
152,200 
556.380 
443,300 

1,187,130 

the  engine  and  generator  and  adding 
one-third  more  for  a  kilowatt-hour  would 
give  35  lb.  per  kilowatt-hour  at  the 
switchboard.  However,  when  operating 
on  the  heating,  40  lb.  will  be  allowed 
and  35  lb.  when  exhausting  to  the  at- 
mosphere. 

Figuring  an  evaporation  of  9  lb.  per 
pound  of  coal,  Mr.  Boyden's  chart  shows 
s  requirement  of  9000  lb.  of  steam  per 
hour  froin  2  to  5  a.m.  and  12,000  lb.  of 
steam  at  6  a.m.  The  room  temperatures 
were  constant  at  about  66  deg.,  and  did 
not  go  to  70  deg.  until  the  fans  were 
started,  with  a  rising  temperature  out  of 
doors.  Even  after  the  fans  were  started 
the  steam  consumption  remained  at  about 
the  same  point  as  the  direct  radiation, 
showing  excessive  work  oh  the  latter  dur- 
ing the  early  morning  hours. 

When  a  plant  is  operating  on  live 
steam  and  a  certain  amount  of  work 
has  to  be  done,  it  makes  small  difference 
when  it  is  accomplished.  Where  a  large 
amount  of  exhaust  steam  is  available  at 
certain  hours  and  for  a  few  hours  at 
night  the  supply  is  insufficient,  it  would 
not  be  necessary  to  turn  in  live  steam 
for  a  short  period  unless  the  weather  was 
below  40  to  50  deg.  out  of  doors.  In 
considering  the  isolated  plant,  live  steam 
will  not  be  used  for  periods  above  40 
deg.     For  night  operation  there  will  be 

60  X  40  =  2400  lb. 
of  exhaust  per  hour  for  3  hr.  and 
150   X    40   =   6000  lb. 
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of  exhaust  per  hour  for  the  5  hr.  from 
12  to  5  a.m. 

It  will  be  necessary  in  determining 
the  amount  of  live  steam  used  for  heat- 
ing to  find  the  number  of  days  included 
for  each  period  from  the  Table  2  previ- 
ously cited  when  the  temperature  will 
be  low  enough  to  require  it.  Adding  the 
percentage  at  the  bottom  of  the  columns 
for  each  period,  the  total  time  can  be 
readily  determined,  also  the  hourly  steam 
consumption  by  adding  to  the  average 
the   excess   previously   figured. 

There  will  be  ample  exhaust  steam 
week  days  for  all  purposes,  but  there 
will  be  requirements  of  live  steam  on 
Sundays  and  holidays,  and  it  may  be  as- 
sumed that  the  load  for  power  will  be  a 
minimum,  or,  say,  60  kw.  and  2400  lb. 
of  exhaust   steam   available. 

Taking  the  hours  from  Table  2  of  the 
Mar.  12  issue,  "C"  for  holidays,  and 
steam  requirements  as  before,  and  adding 
5  hr.  of  0-  to  10-deg.  weather,  the  fol- 
lowing  results   are   obtained: 

Adding  the  live  steam   for  nights  and 

holidays  gives 

1,981,890    4-    1,187,130    =    3,169,020   lb. 

per  season.     Dividing  by  the  evaporation 

per  ton  of  coal  gives 

3,169,020 

' =  176  tons 

9  X  2000 

per  season.     Subtracting   from  the  total 

coal    gives 

1730  —  176  =   1554  tons 

available  for  power.  At  40  lb.  steam  per 

kilowatt-hour,   9    lb.   of   evaporation    and 

2000  lb.  of  coal  to  the  ton  the  1554  tons 

of   coal   will   generate 

1554  X  9  X  2000 


40 


=  699,300  kw.-hr. 


1456  hp. 


of  electrical   energy. 

There    are    three    250-hp.    boilers    at 
present,  and  at  45  lb.  of  water  per  kilo- 
watt and  1100  kw.  as  the  maximum  load, 
there  will  be  required 
HOC  X  45 
34 

in  boilers.  .An  allowance  of  1600  hp.  in 
boilers  will  be  made,  and  deducting  the 
present  capacity  of  750  hp.  leaves  850 
hp.  additional  to  be  installed.  This  should 
give  a  spare  boiler  under  all  ordinary 
conditions.  A  capacity  of  1500  kw.  in 
generating  units  should  be  sufficient.  Al- 
lowing $30  per  horsepower  for  the  boil- 
ers, accessories  and  piping,  and  $50  per 
kilowatt  for  the  generating  units,  with 
10  per  cent,  interest  and  depreciation, 
will  give  the  following  expenditures  in 
new  equipment: 

Engines     and     generators.  '   1500 

kw.    0    $50    =  $75,000 

Boilers,   etc.,   850  hp.    @    $30    =  25,500 


Interest  and  depreciation,  10  per 


covered  by  the  records.     Allowing  40  lb. 
of  water  per  kilowatt-hour  would  give 
40    X    2,776,370   -    111,054,800  lb. 
of  water  as  the  annual  amount  used  in 
the  plant.     Of  this  amount 

1554  X  18,000  =  27,972,000  lb. 
is  chargeable  to  heating  and  the  bal- 
ance of  83,082,800  lb.  should  be  credited 
to  the  electrical  plant.  At  621/2  lb.  per 
cubic  foot  and  $1  per  1000  cu.ft.,  the 
charge  for  water  on  the  power  end  would 
amount  to  $1329.  For  labor  additional 
to  that  given  by  Mr.  Boyden,  S4000  will 
be  allowed.  The  amount  of  coal  for 
power  over  heating  may  be  found  by  de- 
ducting the  699,300  kw.-hr.  previously 
determined,  from  the  total  given  by  Mr. 
Boyden.     Thus 

2,776,370  —  699,300  =  2,077,070  kw.-hr. 
Taking  35  lb.  of  water  per  kilowatt-hour 
when  exhausting  to  atmosphere,  9  lb. 
of  evaporation  and  2000  lb.  of  coal  per 
ton,  the  number  of  tons  of  coal  charge- 
able to  the  electrical  plant  is  determined 
as  follows: 

2,077,070  X  35 

— '-^-/ —  =  4039  tons 

9   <  2000 

At  Mr.  Boyden's  figure  of  $3  per  ton,  this 
would  amount  to  $12,117.  Taking  the 
cost  of  heating  for  the  year  at  the  amount 
given  in  the  paper,  $8582.29,  the  fol- 
lowing summary  on  the  yearly  operating 
costs  may  be  taken  as  approximately 
correct: 

Heating  as  per  Mr.  Boyden $8,582 

Water 1,329 

Extra  labor 4,000 

Coal  for  power  over  heating 12,117 

Interest  and  depreciation 10,050 

Incidentals 1 ,500 

Total S37,578 

The  cost  of  power  and  heating  at  pres- 
ent is 

$8582    +    $53,800    =    $62,382 
and 

$62,382  —  $37,578  =  $24,804 
represents  the  saving  that  would  be  ef- 
fected per  year  by  the  expenditure  of 
$100,000  for  an  isolated  plant.  For  in- 
terest, 25  per  cent,  is  not  bad.  It  will 
pay  a  considerable  rental  on  the  space 
occupied  by  the  plant  and  the  owner 
would  always  be  sure  of  a  tenant. 


Total  $110,550 

According  to  Mr.  Boyden's  paper,  2,776,- 
370  kw.-hr.  of  electrical  energy  were 
used    on    the    premises    during   the    year 


Steam  Heating  Large  Depart- 
ment Stores 

I  was  interested  in  reading  in  Power 
the  reprint  of  the  paper  read  before 
the  American  Society  of  Heating  and 
Ventilating  Engineers  by  David  S.  Boy- 
den. Ft  gives  some  interesting  data  on 
the  cost  of  heating  large  department 
stores,  and  particularly  the  store  of  Jor- 
dan, Marsh   &  Co.,  in   Boston. 

It  is  apparent  on  reading  the  paper 
that  the  writer  is  very  favorable  to  cen- 
tral-station service.  While  the  figures 
and  the  charts  are  valuable,  the  paper  is 
particularly  interesting  for  what  it  does 
not  state.     For  example:     No  compari- 


son is  made  between  the  probable  cost 
of  making  and  the  actual  cost  of  buying 
electricity. 

I  learn  from  the  paper  that  electricity 
was  purchased  at  approximately  2c.  per 
kilowatt-hour  and  that  a  total  of  2,776,- 
370  kw.-hr.  was  generated;  that  the  cost 
of  heating,  including  fuel,  labor  and  all 
sorts  of  sundry  supplies  and  repairs,  was 
$8582.29,  and  this  account  is  so  care- 
fully made  that  even  oil  and  waste  cost- 
ing ,$7.35  are  listed.  But  nothing  is  said 
about  the  cost  of  running  the  rest  of 
the  mechanical  equipment!  To  what  part 
of  the  operation  are  the  services  of  the 
steamfitter,  electrician,  chief  engineer  and 
the  elevator  men  charged? 

The  layman  might  add  the  cost  of  elec- 
tricity to  the  cost  3f  steam  heat  and  fig- 
ure that  he  had  obtained  the  total  cost 
of  running  the  mechanical  equipment  of 
the  building,  and  this  would  undoubtedly 
be  the  amount  which  would  be  compared 
with  the  actual  cost  of  operating  a  private 
plant.  Such  a  comparison  would  be  un- 
fair because  the  engineers  of  a  private 
plant  not  only  take  care  of  the  heating 
system  and  of  the  electric  plant,  but  they 
take  care  of  all  these  other  items  I 
have  mentioned. 

I  do  not  find  any  charge  for  interest 
or  depreciation  in  the  cost  of  heating,  for 
rental  of  space,  for  the  manager's  time 
or  for  the  profit  ratio,  about  which  we 
have  heard  so  much.  I  see  no  allow- 
ance for  insurance  or  taxes.  Surely  all 
these  are  items  of  cost  in  operating  the 
heating  system,  just  as  much  as  they 
are  in  the  cost  of  making  or  buying 
electricity. 

If  we  could  get  a  detailed  statement 
showing  the  total  cost  of  operating  the 
mechanical  equipment  of  this  store 
divided  into  labor  and  fuel  and  other 
items  together  with  the  space  occupied 
by  the  boiler  plant,  pumps,  refrigerating 
machinery,  if  any,  cash  blowers,  etc.,  an 
interesting  comparison  might  be  made 
between  the  cost  of  operating  this  store 
and  similar  stores  in  New  York. 

I  am  not  trying  to  depreciate  Mr.  Boy- 
den's paper  because  the  facts  are  ex- 
tremely interesting,  but  I  wish  to  bring 
out  the  fact  that  where  a  comparison  is 
made  between  isolated-plant  and  central- 
station  service,  all  the  items  entering  in- 
to operating  expense  must  be  figured  in 
both  cases. 

P.    R.    Moses. 

New  York  City. 


In  the  Feb.  27  issue  of  Power  a  mis- 
take occurred  in  Fig.  2  of  the  reprint  of 
my  paper  on  "Steam  Heating  Large  De- 
partment Stores."  The  May  temperature 
shown  by  the  dotted  line  should  have 
been  62  instead  of  72.  The  error  was 
made  in  plotting  the  figures  and  will 
probably  be  obvious  to  most  of  the  read- 
ers. 

D.  S.  Boyden. 

Boston,  Mass. 
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Measuring  Unba/aticed  Three 
Phase  Circuits 

How  can  the  power  of  an  unbalanced 
three-phase  circuit  be  measured? 

J.  P.  F. 

In  unbalanced  systems  two  wattmeters 
are  required.  Wattmeters  give  the  quick- 
est and  most  accurate  results.  The 
method  of  connecting  is  shown  in  the 
diagram: 


Measuring  the   Power,   Unbalanced 
Three-phase  Circuits 

The  total  power  transmitted  is  the 
algebraic  sum  of  the  readings  of  the 
two  wattmeters.  If  the  power  factor  is  less 
than  0.50,  the  power  is  the  arithmetical 
difference  of  the  readings,  and  if  it  is 
greater  than  0.50,  the  power  is  the 
arithmetical  sum  of  the  two  readings. 


Horsepoiver  Required  for 
a  Pump 

What  Is  the  horsepower  required  to. 
operate  a  pump  of  10  in.  diameter,  14 
in.  stroke,  making  80  r.p.m.,  with  a  156- 
ft.  total  head? 

P.  J.  N. 

First  find  the  quantity  of  water  to  be 
handled  by  the  pump.  A  cylinder  10  in. 
in  diameter  has  an  area  of  78.54  sq.in. 
and  in  one  revolution  the  piston  will 
travel 

2  X  14  =  28  in. 

The  volume  of  water  passed  through 
the  pump  per  minute,  if  the  piston  and 
valves  were  tight,  would  be 

78.54X28X80 
1728 

It  is  necessary  to  convert  the  cubic  feet 
of  water  into  pounds  in  order  to  obtain 
the  foot-pounds  of  work  done  by  the 
pump  per  m.inute.  One  cubic  foot  of 
water  weighs  62.5  lb.;  therefore 
101.8  X  62.5  =  6362.5  lb.  per  mln. 


=  101.8  cu.jt.  per  mill. 


This  amount  of  water  is  raised  a  dis- 
tance of  156  ft.;  consequently,  the 
work  done  by  the  pump   per  minute  is 

156  X   6362.5  =  992,550  ft. -lb. 
or 

33,000 
This    is   the   theoretical    horsepower    re- 
quired  to   raise   the   water  through    156 
ft.   in   one  minute.      If  the   overall   effi- 
ciency is  50  per  cent., 

30.08 
050 
would  be  required. 


-:=  60.16  hp. 


Stage  Expansion   Turbine 

What  is  a  stage  expansion  turbine? 
M.  V.  B. 

A  stage  expansion  turbine  is  one  in 
which  the  steam  is  expanded  from  initial 
pressure  down  to  a  certain  point,  and  is 
passed  successively  through  a  set  of  re- 
volving vanes  and  a  set  of  fixed  vanes. 
When  the  velocity  due  to  expansion  is 
expended,  the  steam  is  again  expanded 
llirough  another  set  of  nozzles  to  a  still 
lower  pressure  and  the  velocity  is  again 
extracted  by  passing  it  through  another 
set  of  moving  and  fixed  blades  whose 
length  and  area  are  a  little  larger  than 
the  first.  This  operation  is  continued 
down  to  the  terminal  pressure  by  suc- 
cessive stages.  With  the  larger  machines 
as  high  as  six  stages  are  used. 


Adiabatic  and  Isothermal 
Expansioti 

What  is  meant  by  adiabatic  and 
isothermal  expansion? 

M.  C.  I. 

When  a  gas  in  expanding  and  doing 
work  does  not  receive  from  or  deliver  to 
an  outside  medium  any  sensible  heat, 
and,  consequently,  its  temperature  is  low- 
ered in  doing  work,  the  gas  is  expanding 
adiabatically.  For  the  same  reason,  if 
the  gas  does  not  transfer  its  heat  or  re- 
ceive any  except  that  produced  by  the 
work  of  compression,  it  is  said  to  be 
compressed  adiabatically.  If  a  gas  dur- 
ing expansion  receives  heat  from  some 
other  source,  equal  to  the  amount  ex- 
pended in  doing  work,  the  gas  is  ex- 
panding isothermally  and  if  it  gives  up 
all  the  heat  of  compression,  it  is  com- 
pressed isothermally. 


Speed  of  an  hiduction  Motor 

What  is  the  rule  to  determine  the  speed 
of  an  induction  motor? 

R.  M. 

The  speed  depends  on  the  frequency 
(cycles  per  second)  and  the  number 
of  poles  in  the  field  frame,  and  the  slip 
due  to  the  part  of  the  load  actually  in 
use.  The  slip  or  difference  in  ratio  of  a 
rotating  field  or  rotor  is  due  to  the  re- 
sistance opposed  to  the  rotor  current.  The 
slip  will  vary  from  1  per  cent,  in  a  motor 
designed  for  close  regulation  to  40  per 
cent,  in  one  designed  for  a  special  pur- 
pose.   The  rule  may  be  expressed  as 

r>  .  frequency         ,  ^     ,  •  , 

R.p.m.  =  120   '       ,  ^  ;     X  (100  —  %  shp) 
no.  of  poles 


British   Thermal  Unit 

What  is  the  correct  definition  of  the 
British  thermal  unit? 

R.  G.  P. 

Marks  and  Davis  define  the  British 
thermal,  or  heat,  unit  as  jia  of  the  heat 
required  to  raise  I  lb.  of  water  from  32 
to  212  deg.  Peabody  defines  it  as  the 
heat  required  to  raise  1  lb.  of  water 
from  62  to  63  deg.  Rankine's  definition 
is  the  quantity  of'heat  required  to  raise 
the  temperature  of  1  lb.  water  1  deg.  F. 
at  the  temperature  of  its  maximum  den- 
sity. The  Marks  and  Davis  unit  is  now 
widely  used  for  engineering  purposes,  the 
heat  of  vaporation,  or  latent  heat  at  212 
deg.  F.,  being  970.4  B.t.u.  Peabody  de- 
fines the  heat  required  to  raise  1  lb. 
of  water  from  32  to  212  deg.  F.  as  180.3 
instead  of  180  units,  and  the  heat  or 
vaporization  at  212  deg.  F.  as  969.7  B.t.u. 


Heat  Units  per  Ampere 

How  much  heat  is  developed  in  a  wire 
per  ampere  of  current  flowing  through 
it? 

R.  W.  O. 

The  heat  developed  is  proportional  to 
the  watts,  not  the  current  alone.  The 
watts  lost  are  equal  to  the  resistance  of 
the  wire  X  the  square  of  the  current. 
The  expenditure  of  one  watt  in  overcom- 
ing resistance  develops  0.000948  heat 
unit  per  second.  The  relation  between 
current  and  heat  is  as  follows: 
3.413  X  Amperes"  x  Resistance  =  B.t.u. 
The  B.t.u.  thus  computed  are  heat  units 
per  hour. 
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Standardizing  Flanged  Fittings 

In  the  past,  engineers  when  laying 
cut  the  piping  details  of  power  plants 
have  often  been  seriously  inconvenienced 
because  of  a  lack  of  uniformity  in  the 
design  of  flanged  fittings.  Also,  it  was 
believed  in  some  instances  that  the  flanges 
lacked  sufficient  strength  to  withstand 
the  stresses  imposed. 

With  a  view  to  standardizing  the  di- 
mensions of  flanged  fittings  and  over- 
coming any  inherent  weakness  in  the  de- 
sign, a  committee  was  appointed  by  the 
National  Association  of  Master  Steam 
and  Hot  Water  Fitters  to  cooperate  with  a 
similar  committee  from  the  American  So- 
ciety of  Mechanical  Engineers,  for  the 
purpose  of  devising  a  schedule  which, 
while  overcoming  existing  faults,  would 
strike  a  mean  as  to  the  practices  of  the 
various  manufacturers.  The  results  of 
the  joint  committee's  work  are  embodied 
in  a  schedule  which  will  be  found  else- 
where in  this  issue. 

Before  proceeding  to  definitely  fix 
the  dimensions  given  in  the  schedule, 
the  committee  earnestly  sought  the  co- 
operation of  the  manufacturers,  not  only 
that  it  might  benefit  by  their  advice  and 
experience,  but  in  order  that  the  changes 
might  cause  as  little  trouble  to  them  as 
possible.  We  understand,  however,  that 
some  of  the  manufacturers  neglected  to 
respond  to  this  invitation  and  the  prepara- 
tion of  the  schedule  continued  without 
their  assistance.  Now  that  it  has  been 
completed  and  officially  adopted  by  one 
of  the  societies  concerned,  several  of  the 
manufacturers  are  beginning  to  find 
fault  with  it,  pointing  out  radical  de- 
partures from  their  present  standards, 
especially  in  the  "center-to-face"  and 
"face-to-face"  dimensions. 
■  In  view  of  this  opposition,  it  seems 
likely  that  there  may  ultimately  be  some 
changes  in  the  schedule.  However,  as 
any  action  in  this  respect  would  take 
considerable  time,  we  are  giving  the 
schedule  as  adopted  and  will  advise  our 
readers  of  any  changes  that  may  be 
made  in  the  future. 


Specifications 

The  tendency  to  purchase  all  power- 
plant  equipment,  fuel,  oil  and  other  sup- 
plies under  specification  is  rapidly  in- 
creasing. It  should  not  be  understood, 
however,  that  this  tendency  is  caused  en- 
tirely by  lack  of  confidence  in  the  manu- 
facturer of  such  equipment  or  in  the 
seller  of  fuel,  supplies,  etc.  While  there 
has  been  considerable  unscrupulousness 
displayed — and  is  yet,  for  that  matter — 
in  the  effort  first  to  get  the  order  and 
second  to  fill  it  as  cheaply  as  possible 
regardless  of  quality  and  workmanship, 
this  is  the  exception  rather  than  the  rule. 
In  fact,  the  relations  between  the  buyer 
and  the  seller  are  now  such  that  the  lat- 
ter will  usually  accompany  his  proposal 
with  specifications,  drawings  and  guar- 
antees so  that  there  can  be  absolutely  no 
misunderstanding  after  the  contract  has 
been  placed.  The  reason  for  this  can 
be  attributed  to  his  lack  of  confidence  in 
the  buyer  just  as  easily  where  the  buyer 
writes  the  specification. 

The  great  difficulty  now  is  the  fact 
that  many,  if  not  a  majority,  of  the 
specifications  are  written  in  a  rather 
vague,  indefinite  way  so  that  there  are 
numerous  loopholes  for  either  party  to 
crawl  out  if  he  so  desire.  If' a  specifica- 
tion is  worth  writing  at  all,  it  should 
be  so  written  as  to  leave  no  doubt  as  to 
its  meaning.  In  the  first  place,  it  should 
cover  the  ground  thoroughly  and  include 
everything  that  the  purchaser  wishes  to 
get.  For  example,  it  is  hardly  fair  for 
him  to  insist  upon  getting  without  extra 
cost  some  additional  instrument  or  regu- 
lator for  his  switchboard  that  happened 
to  be  forgotten  in  making  up  the  de- 
tailed specifications.  Even  if  the  seller 
realized  the  necessity  for  such  an  instru- 
ment in  the  first  place,  he  could  not  be 
held  liable  for  any  more  than  negligence 
in  failing  to  advise  the  prospective  pur- 
chaser of  the  fact. 

Perhaps  the  greatest  fault  to  lind  with 
many  of  the  specifications  is  the  use  of 
such  terms  as  "suitable  material,"  "ample 
capacity,"    "highest    class    of    workman- 
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ship,"  etc.  These  expressions  are  with- 
out meaning  and,  consequently,  have  no 
value.  For  instance,  cast  iron  may,  from 
one  viewpoint,  be  suitable  material  for 
a  certain  part,  whereas  the  purchaser 
prefers  steel,  thus  resulting  at  once  in 
a  controversy.  It  often  happens  in  such 
a  case  that  the  seller  has  based  his  price 
on  cast  iron,  thinking  it  would  answer  the 
purpose  very  well.  As  to  workmanship, 
there  is  probably  a  standard  for  almost 
every  shop  in  the  country  and  the  high- 
est class  of  workmanship  in  the  one  fill- 
ing the  contract  would,  no  doubt,  tech- 
nically conform  to  the  specification  no 
matter  how  poor  it  might  be.  In  this  re- 
spect, however,  a  great  deal  depends  up- 
on the  inspector,  who  can  very  often  get 
the  desired  results  by  the  use  of  a  little 
diplomacy. 

Last,  but  by  no  means  least,  comes  the 
question  of  guarantee.  After  the  full 
equipment  has  been  received  and  proper- 
ly installed,  a  test,  or  a  series  of  them, 
if  necessary,  should  be  made  in  order 
to  determine  whether  the  machinery  wull 
properly  and  economically  do  the  work 
intended.  Many  plant  managers  and  own- 
ers think  this  is  a  needless  trouble  and 
expense  and  are  satisfied  to  accept  and 
pay  for  the  material  as  received,  pro- 
vided it  does  the  work,  without  any  ques- 
tion being  raised  as  to  low  operating 
costs.  This  is  false  economy  and  is 
often  expensive.  An  exhaustive  test  for 
piactically  every  important  installation 
made  is  justified  as  it  will  not  only  de- 
termine the  exact  operating  cost  (and 
thus  either  show  a  saving  or  otherwise 
on  the  investment),  but  also  it  will  often 
point  out  where  some  slight  alteration  in 
the  general  arrangement  will  make  for 
even  better  economy  or  better  operation. 


Waste  Coal  in  the  Refuse 

Some  years  ago  the  New  York  school 
board  conducted  a  campaign  of  ash  burn- 
ing and  reported  that  actual  economy 
resulted  from  the  treatment  of  the  fur- 
nace refuse  with  a  solution  of  salt  and 
oxalic  acid  and  then  reburning  it  mixed 
with  coal.  The  resulting  economy  in 
fuel,  though  not  great,  was  just  what 
might  have  been  expected,  not  because 
of  any  latent  virtue  in  the  salt  and  acid 
solution  nor  because  there  was  any  pos- 
sible source  of  heat  in  the  ashes  them- 
selves, but  because  of  the  large  percent- 


age of  unburned  coal  in  the  refuse  which 
was  returned  to  the  furnaces  to  be  con- 
sumed in  the  second  burning. 

Where  the  furnace  refuse  contains 
large  quantities  of  partially  burned  coal, 
as  is  often  the  case  in  the  careless  op- 
eration of  steam  boilers,  some  low-cost 
method  of  recovering  the  unburned  car- 
bon is  greatly  to  be  desired.  Screening 
and  hand  picking  are  usually  too  ex- 
pensive to  w-arrant  resorting  to  this 
means.  In  sections  of  the  country  where 
the  cost  of  coal  is  high,  it  is  said  that 
a  process  of  "jigging"  similar  to  that  of 
separating  ore  from  rock  by  gravity  and 
agitation  aided  by  a  stream  of  water,  is 
successfully  carried  out. 

However,  w-ith  properly  designed 
grates  and  careful  firing  there  is  no  ex- 
cuse for  any  great  waste  of  coal  among 
the  ashes.  If  the  incombustible  in  the 
coal  w'ere  ten  per  cent,  and  ten  per  cent, 
of  the  refuse  consisted  of  partially  burned 
coal,  the  actual  amount  wasted  would  be 
not    more    than    one   per   cent. 


Constructive  Thinking 

"Do  not  trouble  your  mind  about  de- 
tails, but  rather  devote  your  time  to 
constructive  thinking."  These  instruc- 
tions were  given  to  the  managers  of  a 
great  industrial  corporation  by  its  head. 

How  would  this  work  out  if  the  chief 
engineer  adopted  it  as  a  policy  for  the 
running  of  his  department?  Would  he 
be  justified  in  leaving  the  details  to  the 
care  of  his  engineers  while  he  busied 
himself  with  constructive  thinking? 

Is  the  competency  of  engineers  of  the 
rank  and  file  such  as  to  enable  the  chief 
to  repose  confidence  in  their  ability  to 
care  for  the  details  of  operation?  In 
some  plants  the  chief  could  successfully 
carry  out  this  policy,  but  there  are  many 
where  he  is  compelled  to  remain  at  the 
plant  fifteen  hours  a  day,  and  then  per- 
haps be  called  out  of  bed  at  three  in 
the  morning  to  put  a  crippled  service 
into  commission.  This  condition  repre- 
sents a  deplorable  loss  of  human  en- 
ergy, a  waste  of  time  and  money  and 
very  often  reflects  a  lack  of  proper  in- 
terest on  the  part  of  his  subordinates  or 
the  management. 

Accidents  are  bound  to  occur,  but  their 
number  can  be  greatly  reduced  by  con- 
stant care  and  vigilance  exercised  by  en- 
gineers and  managers  alike. 


There  are  many  industrial  concerns 
which  have  introduced  efficiency  systems 
into  the  manufacturing  of  their  products, 
but  they  have  neglected  to  recognize  the 
value  of  efficiency  in  the  operation  of 
their  power  plants.  That  the  power 
plant  is  not  classed  as  a  productive 
division  is  no  good  reason  why  it  should 
receive  less  consideration  than  those  de- 
partments directly  engaged  in  the  pro- 
duction of  the  saleable  goods.  As  soon 
as  managers  become  aware  of  the  pos- 
sibilities for  increased  efficiency  in  this 
direction  and  find  out  that  a  saving  or 
loss  their  is  a  saving  or  loss  in  the  ma- 
chinery of  production,  the  power  depart- 
ment will  have   come  into  its  own. 

It  is  the  duty  of  a  chief  engineer  to 
point  out  how  this  may  be  accomplished, 
and  he  will  be  able  to  do  so  if  his  subor- 
dinates are  competent  to  take  care  of 
the  details  and  give  him  the  opportunity 
to  think  out  the  problems  of  operation — 
to  think  constructively.  If  the  engineer 
will  learn  to  read  intelligently  the  charts 
from  recording  watt,  volt,  steam-flow  and 
temperature  meters  and  understand  other 
means  of  obtaining  available  data,  he 
can  quickly  locate  the  inefficient  spots  in 
the  plant,  and  his  department  will  with- 
out much  doubt  receive  the  attention  it 
deserves  at  the  hands  of  the  manage- 
ment. To  do  this  in  a  large  plant,  how- 
ever, the  chief  must  be  relieved  of  the 
petty  operating  details,  he  must  become 
a  general  and  cease  to  be  merely  a  main- 
tenance man. 


Education  plus  "overalls"  equals  a 
good  operating  engineer.  This  is  a  sim- 
ple success  formula,  but  many  a  col- 
lege-bred man  has  been  parachuted  off 
the  top  of  the  theory  ladder  into  the 
grime  of  the  boiler  room  before  he  could 
get  the  correct  answer. 


The  unsettled  condition  of  the  coal 
industry  should  furnish  an  incentive  for 
the  advocates  of  peat  to  prove  its  worth 
as  a  substitute  for  coal  in  those  places 
where   it  is   commercially   available. 


Regard  no  man  as  so  inferior  but  that 
he  can  contribute  to  your  fund  of  knowl- 
edge, says  Coal  Age.  If  nothing  else,  one 
can  learn  a  lesson  from  his  failure. 


Vermont   is   the   only   state   which   had 
no   boiler  explosion   in    1911. 
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Readers  with  Something  to  Say 

A  letter  good  enough  to  print  will  be  paid  for.     Ideas,  not  mere  words,  wanted 


Condenser  and  Steam  Jet 
Froze 

Following  are  two  interesting  instances 
of  the  troubles  encountered  in  our  plai.t 
during  the  recent  excessively  cold 
weather.  Some  may  be  inclined  to  be 
skeptical;  nevertheless,  they  actually  oc- 
curred. 

I  have  a  jet  condenser,  constructed 
something  as  shown  in  the  accompanying 


CoNnENSER  Piping 

illustration,  that  serves  a  3500-hp.  en- 
gine. There  is  a  barometric  column  con- 
necting into  the  line  running  to  the  air 
pump  at  a  point  just  outside  the  con- 
denser. 

One  day  the  condenser  lost  its  vacuum 
for  no  apparent  reason.  Investigation 
showed  that  the  water  in  the  barometric 
column  had  frozen  and  that  steam  had 
condensed  and  frozen  in  this  pipe,  build- 
ing up  a  column  of  ice  that  finally  fillei 
the  pipe  leading  to  the  air  pump,  caus- 
ing the  vacuum  to  fail. 

About  the  same  time  I  had  in  use  in 
one  of  the  boiler  houses  steam  blowers 
supplying  forced  draft  to  the  boilers.  On 


one  of  the  cold  days  it  was  noticed 
that  one  of  the  boilers  was  not  steaming 
well.  The  steam  from  the  blowers  had 
condensed  and  had  built  up  a  mass  of 
icicles  in  the  space  surrounding  the 
jets,  practically  cutting  off  the  air  sup- 
ply. 

To  one  not  familiar  with  conditions 
here,  where  the  temperature  remained 
between  zero  and  15  deg.  below  for  two 
weeks,  these  troubles  may  seem  in- 
credible. 

J.  F.  MOWAT. 

Jolie',   111. 


Oil   Pipe  Leaked 

The  oil  feed  pipe  which  screws  into  the 
bottom  shoe  of  a  step  bearing  in  a  ver- 
tical shaft  steam  turbine  is  often  a  source 
of    trouble. 

Several  days  ago  the  oil  pressure 
dropped  from  225  down  to  about  200  lb. 


sary  to  remove  the  step  and  replace  it 
with  a  new  one  from  the  shop. 

After  starting  up,  the  pressure  was 
maintained  satisfactorily,  except  that  a 
small  leak  developed  where  the  feed 
pipe  screws  into  the  bottom  shoe.  The 
leak  increased  and  upon  opening  up  the 
Union  and  removing  the  pipe,  I  found 
that  it  had  been  holding  by  two  threads, 
I  replaced  and  screwed  it  in  as  much 
as  I  could,  giving  it  four  complete  turns, 
and  thought  that  this  would  stop  the 
leak,  but  the  next  morning  it  was  leak- 
ing again. 

For  a  remedy  1  devised  a  scheme  that 
will  be  easily  understood  by  referring 
to  the  illustration.  At  F  is  shown  the 
leak;  /I  is  a  union  and  G  a  baffle.  I  re- 
moved the  short  pipe  F,  threaded  it  and 
shortened  it  as  shown  in  the  enlarged 
drawing.  Then  I  slipped  a  leather  washer 
over  the  threaded  portion  of  F  and  then 
a  brass,  nut,  which  was  screwed  up  tight 


■////////y/'Z/j^. 


Where  the  Step-bearing  Oil  Pipt  Gave  Trouble 


per  square  inch.  This  v/as  caused  by 
the  lowering  of  the  steam  pressure  on 
the  line  and  consequently  the  pump  op- 
erated more  slowly,  which  in  turn  lowered 
the  oil  pressure  under  the  step,  and  both 
shoes  naturally  got  a  little  rubbing. 

The  plant  is  not  equipped  to  prevent 
these  occurrences,  so  the  men  have  to  be 
on  the  watch.     In  this  case  it  was  neces- 


against  the  bottom  of  the  adjusting  screw 
B.  This  made  an  excellent  packing  and 
stopped  the  leak. 

To  make  things  clearer,  D  shows  the 
two  pins  which  fit  in  the  bottom  of  the 
turbine  shaft.  The  revolving  step  plate  9 
therefore  is  removable  and  in  case  of 
wear  can  be  replaced.  E  is  where  the 
liquid  comes  out  between  the  top  plate  and 
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the    botrom    supporting    plate.       I    ha 
changed  the  union   from  A  to  L. 

Luke    Marier. 
Fall  River,  Mass. 


The   accompanying   indicator  diagrams 
taken   from   our  Corliss  engine  may  be 


Pipe  Support 


The  accompanying  sketch  illustrates  a 
support  for  two  14-in.  high-pressure 
steam    pipes.      The  '  pipe    is   situated    so 


Eccentric  Strap  As   Repaired 

side  of"  the  old  strap  and  also  on  the 
outside  of  the  forged  band.  The  holes 
in  the  band  were  tapped  with  a  A-in. 
tap  and  flat-headed  stove  bolts  screwed 
tightly  in  place.  The  ends  protruding 
on  the  inner  side  of  the  strap  were 
riveted  over  as  much  as  possible  to  fill 
the  countersunk  holes.  A  scraper  was 
then  employed  to  smooth  off  any  pro- 
truding edges. 

The  strap  was  replaced  and  gave  good 
service  until  the  machine  was  abandoned 
for  one  of  greater  capacity. 

F.  F.  Sengstock. 

Chicago,  111. 


that  it  expands  downward  horizontally 
and  sidewise.  The  support  takes  care 
of  the  two  14-in.  pipes,  and  is  located 
in  the  center  of  the  pipes  which  are  30 
ft.long. 

When  finding  the  carrying  capacity, 
the  weight  of  the  pipe  plus  the  water  in 
it  was  considered.  The  support  serves 
its  purpose  in  every  detail,  and  avoids 
the  leaky  joints  occasioned  by  the  solid 
support  formerly  used. 

R.  G.  Co.x. 

Milwaukee,  Wis. 


Raising   the    Boiler    Pressures 

In  many  cases  it  has  been  found  that 
damage  .to  property  and  loss  of  life  have 
been  caused  by  increasing  the  pressures 
of  steam  boilers. 

This  should  be  carefully  considered 
before     it     is     done,     know     that     the 


boiler  heads  are  braced  sufficiently 
to  withstand  the  increased  pressure 
and  that  the  longitudinal  seams  are 
of  proper  design.  The  strength  of  the 
•entire  boiler  should  be  figured  and  al- 
lowance made  for  age  and  weak  spots. 
The  steam  piping  through  the  plant  must 
also  be  examined. 

I  recently  entered  a  plant  which  con- 
tained three  72-in.  by  lOJ^-ft.  boilers 
and  the  plant  looked  safe  and  well  laid 
out,  but  I  soon  noticed  that  a  plate  was 
fitted  over  the  bonnet  of  the  feed  valve 
and  that  U-shaped  bolts  had  been  put 
around  the  body  of  the  valve  to  clamp 
the  plate  down  over  the  bonnet  to  hold 
it  tight  to  the  main  body;  other  valves 
were  also  harnessed  in  the  same  way.  I 
was  told  that  a  bonnet  had  let  go  some 
time  before,  as  it  was  too  light  for  the 
120  lb.  pressure  which  was  carried. 

When  the  plant  was  originally  con- 
structed a  few  years  ago  it  was  intended 
to  carry  but  85  lb.  steam  pressure,  al- 
though the  boilers  were  to  carry  140  lb. 
pressure  per  square  inch.  The  blowoff 
pipe  was  fitted  with  extra-heavy  stop- 
cocks with  a  low-pressure  gate  valve  be- 
tween the  stop-cock  and  the  boiler.  Both 
valves  were  neatly  harnessed  to  prevent 
the  bonnet  from  blowing  out. 

The  pressure  had  been  raised  a  few 
pounds  at  a  time  by  each  engineer  as  thi; 
load  increased,  from  70  lb.  until  th; 
boilers  were  working  under  a  120-lb. 
head.  On  discovering  the  low-pressun; 
fittings,  the  pressure  was  again  lowered 
to  110  lb.  per  square  inch.  I  think  if 
more  caution  was  taken  in  such  cases 
fewer  accidents  would  occur. 

R.  A.  CULTRA. 

Cambridge,   Mass. 


Lubricated  the  Steam   Line 

In  the  plant  where  I  am  employed 
trouble  occurred  from  many  leaks  in  the 
steam  mains.  As  there  was  no  time  to 
shut  down  for  repairs,  I  decided  on  a 
plan  to  stop  them.  There  were  about  40 
leaks  between  the  boiler  house  and  the 
engine  rooms,  but  today  not  a  leak  is 
to  be   seen. 

No  new  gaskets  were  used,  but  the 
leaks  were  all  stopped  by  feeding  oil  into 
the  mains  with  two  lubricators,  one  of 
which  was  made  of  an  old  trap,  the 
other  out  of  a  6-in.  pipe,  4  ft.  long.  The 
oil  was  fed  in  as  fast  as  the  lubricator 
would  work  at  the  start,  about  5  gal. 
every  24  hr.  The  more  oil  fed  the 
quicker  it  will  reach  the  joints  and  stop 
the  leak,  as  it  takes  some  time  before 
the  oil  reaches  all  of  the  joints  in  a 
large  plant,  unless  several  lubricators  are 
used,  because  the  pipe  must  get  coated 
first.  At  the  present  time  we  use  1  gal. 
of  oil  every  24  hr.  to  keep  the  lines  well 
coated  and  prevent  further  leaks.  It 
took  about  six  months  to  stop  the  leaks. 

When  using  oil  it  will  first  be  noticed 
that  the  small  leaks  will  disappear  as  ♦h» 
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oil  reaches  the  joints,  and  so  on  until  the 
leaks  have  been  stopped. 

Charles  H.  Greene. 
Bath,  Penn. 


Shaft  Aligning  Device 

The  accompanying  is  a  sketch  of  a 
home-made  apparatus  for  lining  up  shaft- 
ing. Nail  two  lx8-in.  boards  together 
and  saw  them,  as  shown;  then  make  a 
straight-edge  about  8  ft.  long.  With  this 
device  one  can  align  any  shaft  from   J/j 


vacuum  is  removed  from  the  64-in.  low- 
pressure  piston  it  is  necessary  to  run 
the  receiver  pressure  up  to  at  least  30 
lb.,  which  puts  an  excessive  back  pres- 
sure against  the  high-pressure  piston, 
cutting  down  the  efficiency  of  that  cyl- 
inder. 

A  man  might  just  as  well  say  that 
he  can  pull  more  load  with  a  simple 
engine  with  140  lb.  of  steam  than  he  can 
with  150  lb.  I  do  not  know  how  the 
engineers  feel  about  the  balance  of  the 
plant.  I  wonder  if  they  would  do  this 
same  thing  with  a  turbine. 

C.  L.  Johnson. 

Newark,  N.  J. 


Aligning  Board 

to  5  in.  in  size.  The  two  holes  are  so  that  if 
anything  should  conflict  with  the  straight- 
edge it  can  be  adjusted  from  one  hole 
to  the  other. 

Allen  J.  Stocks. 
Seattle,  Wash. 


Condensing    versus    Non- 
condensing 

In  a  plant  of  approximately  30,000 
hp.,  the  chief  engineer  and  the  assistant 
say  that  five  of  the  cross-compound  en- 
gines, which  are  of  3000  hp.  each,  and 
are  supposed  to  run  condensing,  will  pull 
more  load  running  noncondensing  than 
they  will  when  operating  condensing.  The 
chief  also  says  that  the  funny  thing  of 
it  is  he  cannot  keep  up  steam  when  run- 
ning  noncondensing. 

I  have  seen  one  of  these  engines  de- 
liver 5060  hp.  to  the  switchboard  before 
the  condenser  fell  down,  but  how  much 
would  that  engine  pull  now  without  the 
condenser?  I  cannot  understand  in  what 
shape  the  valves  are  set  to  get  the  re- 
sults  the   chief   mentions,    as   when   the 


Caring   for    Hot  Journals 

Many  and  varied  are  the  ideas  for 
cooling  a  hot  journal,  but  the  main  thing 
is  to  cool  the  journal  without  stopping 
the  plant   if  possible. 

The  method  I  usually  employ  for  a 
very  hot  journal  is  to  first  pour  in  some 
black  cylinder  oil,  and  if  graphite  is 
handy  mix  some  with  the  oil.  The  heavy 
oil  will  lubricate — while  an  ordinary  oil 
would  simply  boil — and  if  the  shaft  is 
rough  the  graphite  will  help  to  smooth  it 
up. 

I  next  slowly  pour  some  clean,  cold 
water  through  the  oil  hole  onto  the  jour- 
nal; I  do  not  try  to  cool  the  journal 
all  at  once,  I  use  the  water  and  the 
cylinder  oil  and  graphite  alternately. 
This  will  usually  produce  a  clean,  cool 
journal. 

If  practicable,  the  cover  and  pedestal 
nuts  may  be  eased  to  equalize  the  pull, 
if  the  journal  is  overloaded.  By  run- 
ning the  water  through  the  journal  it 
goes  at  once  to  where  it  is  most  needed 
and  cools  the  inside  and  leaves  the  out- 
side hot.  The  heavy  oil  forms  a  film  on 
the  shaft,  and  the  water  absorbs  the 
heat. 

I  have  tried  sulphur,  grease,  white  lead 
and  castor  oil,  and  if  the  journal  is  not 
very  hot,  these  may  keep  it  going  and 
allow  it  to  gradually  cool  down;  but 
where  there  is  a  risk  of  shutting  down, 
I  prefer  the  cylinder  oil,  and  it  is  usually 
at  hand  in  a  steam  plant. 

Using  a  heavier  oil  will  help  in  a  case 
like  this.  If  the  journal  tends  to  heat, 
a  good  idea  is  to  have  an  endless  band 
hung  over  the  shaft  if  possible,  the  lower 
end  of  the  band  running  in  a  pail  or 
tray  of  water.  The  band  acts  as  an 
endless  conveyor  to  lift  the  water  to  the 
shaft;  this  arrangement  also  keeps  the 
place  clean  and  gives  no  trouble. 

It  is  advisable  to  examine  an  over- 
heated journal  at  the  first  convenient 
stop  and  remove  any  brass  dust  or  rough 
places  on  the  shaft.  If  the  shaft  or  bush 
is  scored  the  journal  should  be  draw- 
filed  and  polished;  the  brasses  should 
also    be    touched    up. 

W.   Burns. 
Govan,  Scotland. 


Grease   for  Valve    Stem 
Bearings 

One  make  of  engine  I  operated  had  ex- 
cessive travel  of  the  various  parts  of  the 
valve-gear,  which  necessarily  caused 
more  pin  wear  than  would  have  been 
the  case  had  the  parts  been  properly  laid 
out.  The  valve-gear  wore  more  in  the 
course  of  a  year  of  steady  running  than 
a  properly  constructed  gear  should  have 
in  a  ten  years'  run,  the  attention  to 
lubrication  and  running  being  equal. 

The  engine  was  poorly  equipped  for 
lubrication.  Even  when  carefully  ad- 
justed the  governor  spindle  would  wear 
down  in  the  step  bearing  and  it  had  to 
be  set  up  once  or  twice  in  a  summer. 
Oil  would  come  to  this  bearing  only  from 
oil  holes  in  the  weight  of  the  Porter 
style  governor,  through  which  oil  was 
guided  to  the  spindle. 

Undoubtedly  a  great  improvement  was 
effected  by  running  the  governor  gear  in 
an  inclosed  box.  The  governor-pulley 
shaft  was  to  run  127  r.p.m.  and  was  only 
equipped  with  two  small  oil  holes  near 
the  end  of  the  bearing.  These  were  re- 
placed by  a  self-feeding  cup  in  the  cen- 
ter of  the  bearing. 

The  valve  stems  are  a  much  neglected 
part  of  an  engine.  Even  if  an  oil  hole 
is  supplied  to  each  bearing,  the  hub  of 
the  bell  crank  sliding  over  the  valve- 
stem  bearing  and  oil  hole  in  it  is  liable 
to  cut  off  the  supply  of  lubrication  and 
take  more  than  its  share.  As  they  are 
hot,  on  account  of  the  proximity  of  the 
steam-valve  port,  I  placed  a  grease  cup 
in  the  hub  of  the  bell  crank,  and  also 
drilled  four  holes  in  the  center  of  the 
valve-stem  bearing  and  filed  them  out 
into  one  long  slot.  Now,  no  matter  in 
what  position  the  grease  cup  is,  the  lubri- 
cant will  always  drop  down  onto  the 
valve  stem. 

I  also  cut  an  oil  groove  in  the  upper 
part  of  the  bearing,  on  the  inside,  thus 
allowing  the  lubricant  to  spread  over  its 
length.  Then  I  placed  a  grease  cup  on 
the  wristplate  and  one  on  each  exhaust- 
valve  bearing,  after  taking  out  the  small 
oil  cups  supplied  with  the  machine,  which 
were  not  large  enough  to  give  proper  lu- 
brication. 

Due  to  these  changes  the  engine  has 
been  kept  in  better  shape  with  less  at- 
tention than  before  the  changes  were 
made. 

G.  Berna. 
St.  Louis,  Mo. 


The  New  York  Public  Library  has  re- 
cently organized  a  reference  department 
containing  catalogs  of  various  manufac- 
turers. This  should  be  of  great  service 
to  engineers  as  well  as  architects  and 
contractors,  and  it  is  to  be  hoped  that 
they,  together  with  the  manufacturers 
themselves,  will  cooperate  in  making  this 
new  department  a  success. 
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Diesel  Engine  at  the  South 
Pole 

The  "Fram,"  the  ship  in  which  Capt. 
Roald  Amundsen  sailed  on  his  latest 
voyage  of  discovery  to  the  South  Pole, 
is  propelled  by  a  Diesel  engine. 

Capt.  Amundsen  selected  this  type  of 
engine  because  the  capacity  of  the 
"Fram"  was  too  limited  to  carry  a  heavy 
burden  of  coal.  With  crude  oil,  the  fuel 
of  the  Diesel  engine,  Capt.  Amundsen 
was  able  to  make  a  voyage  longer  by 
three  to  four  times  than  with  an  equal 
v.-eight  of  coal. 

Four  Men  Killed  in  Boiler 
Explosion 

On  Mar.  7,  at  P.  H.  Gilpin's  wood- 
handle  factory  at  Greentown,  Penn.,  a 
boiler  explosion  wrecked  the  plant,  valued 
at  $25,000,  and  instantly  killed  four  men 
and    seriously    injured    another. 

Beyond  the  fact  that  the  fatality  oc- 
curred two  minutes  after  the  fifty  em- 
ployees had  begun  work  in  the  morn- 
ing, no  further  details  are  known  and 
the  cause  has  not  yet  been  determined. 
An  early  account  of  the  explosion  will 
appear  in  Po\xer. 

The  American  Society  of  Naval 
Engineers 

The  date  of  the  annual  banquet  of  the 
American  Society  of  Naval  Engineers  was 
set  this  year  upon  March  9  that  the  oc- 
casion might  be  made  commemorative  of 
the  battle  between  the  "Monitor"  and  the 
"Merrimac."  Walter  M.  McFarland,  of 
the  Babcock  &  Wilcox  Co.,  speaking  on 
"Naval  Engineering  from  the  'Monitor'  to 
the  'Oklahoma,'  "  told  of  the  significance 
of  that  battle  and  its  effect  in  making  en- 
gineering paramount  in  the  navies  of  the 
world.  Hon.  W.  C.  Redfield  responded 
to  the  toast,  "A  Powerful  Navy  at  once 
the  Guarantee  and  Exponent  of  a  Nation's 
Prosperity,"  Hon.  Albert  Estopinal  to 
"The  Navy  and  Congress,"  Hon.  George 
von  L.  Meyer,  secretary  of  the  Navy,  to 
"The  Importance  of  Naval  Engineering" 
and  Hon.  Joseph  Cannon  to  "The  Navy 
and  the  People."  George  H.  Westinghouse 
and  Col.  E.  D.  Meier,  two  past  presidents 
of  the  American  Society  of  Mechanical 
Engineers,  occupied  places  at  the  speak- 
ers' table.  Capt.  William  Strother  Smith 
acted  as  toastmaster. 


The  power  from  the  turbine  will  thus  be 
transmitted  to  the  propeller  shafts,  elec- 
trically, with  a  speed  reduction  ratio  of 
18  to  1.  The  efficiency  of  transmission 
is  expected  to  be  about  91  per  cent.  The 
water  rate  for  this  installation  is  stated 
to  range  from  12.15  lb.  per  shaft  horse- 
power at  14  knots,  to  15.55  lb.  at  10 
knots. — Engineering  News. 


design,  streng'h  of  materials,  stationary 
engineering  and  power-plant  machinery, 
machine  work  and  tool  making,  carpentry 
and  building,  pattern  making,  sheet- 
metal  work,  plumbing,  etc. 


Electric    Propulsion  to  Be 
Tried  by  Navy 

A  system  of  electric  propulsion  will  be 
given  trial  on  the  United  States  naval 
collier  "Jupiter,"  which  is  under  con- 
struction at  the  Mare  Island  navy  yard 
in  California. 

In  this  system  it  is  proposed  to  in- 
stall one  turbo-gtnerator  running  at  a 
maximum  speed  of  about  2000  r.p.m.  and 
delivering  current  at  2300  volts  to  induc- 
tion motors,  one  on  each  propeller  shaft. 


Considerations  Governing  the 

Selection  of  a  Modern 

Steam  Engine 

The  Harrisburg  Foundry  &  Machine 
Works  have  issued,  presumably  for 
gratuitous  distribution,  a  pamphlet  bear- 
ing the  above  title.  The  water  rate  for 
four  types  of  engine  at  125  lb.  initial 
pressure  and  atmospheric  exhaust  is 
given  in  the  accompanying  table. 

Assuming  that  the  engine  runs  3000 
hr.  per  year,  600  hr.  at  each  of  the  given 
ratios  of  its  capacity,  the  bulletin  de- 
duces that  either  of  the  compounds  would 
be  out  of  the  question  on  account  of 
their  high  water  rate  at  the  lighter  loads; 
that  with  $3.50  coal  the  simple  Corliss 
should  be  selected,  but  that  with  coal  at 
SI. 50  the  saving  might  not  warrant  the 
increased  investment  over  that  required 
for  a  single-valve  engine.  A  larger  load 
factor  would,  of  course,  modify  this  con- 
clusion. 

STEAM   PER  INDICATED  HORSE- 
POWER-HOUR, POUNDS 


Load 

Type  of  Engine 

i 

i 

i 

1 

li 

Simple  single 
valve 

Simple  Corliss 
valve 

Compound   single 

35.3 
32.4 

42.4 
41.2 

30.2 
24.5 
28.2 
28.0 

28.5 
23.1 
24.3 
22.5 

28.1 
23.6 
23.5 
21.1 

28.4 
24.7 
24.0 

Compound  Corliss 

21.3 

Annual   Exhibit  at   Pratt 
Institute 

The  annual  exhibit  of  the  work  of  the 
evening  classes  in  Pratt  Institute  will  be 
held  on  Friday  evening,  Mar.  22,  from 
8  to  10  o'clock,  and  is  open  to  the  pub- 
lic. 

The  institute  olTers  courses  for  men 
and  women  in  drawing  and  design,  ap- 
plied art,  applied  science,  sewing,  dress- 
making, millinery,  household  arts  and 
various  mechanical  trades,  and  this  ex- 
hibit affords  an  opportunity  of  viewing 
the  work  of  the  students,  and  of  in- 
specting the  results  and  methods  as  well 
a.';  the  school's  equipment  and  general 
facilities  for  this  kind  of  industrial  train- 
ing. 

The  work  of  the  School  of  Science  and 
Technology  should  prove  of  especial  in- 
terest to  men  engaged  in  technical  and 
trade  pursuits,  as  it  provides  instruction 
in  industrial  electricity,  technical  chem- 
istry,   mechanical    drawing    and    machine 


NEW  PUBLICATIONS 

CONSTRUCTIUN  AND  WORKING  OF 
INTERNAL  COMBUSTION  ENGINES. 
By  R.  E.  Mathot.  Translated  from 
the  French  bv  W.  A:  Tookey.  Pub- 
lished by  D.  Van  Nostrand  Co.,  New 
York.  Cloth;  550  pages,  6x9  in.; 
numerous  illustrations  and  tables. 
Price.  $6. 

According  to  the  subtitle,  this  is  a 
practical  treatise  upon  methods  of  con- 
struction, with  calculations  for  the  use 
of  engineers,  manufacturers  and  users, 
and  a  critical  study  of  present-day  types. 
The  author  further  explains  in  the  pre- 
face that  his  object  in  writing  the  book 
was  not  merely  to  present  an  exposition 
of  the  state  of  the  art  with  respect  to 
constructional  details,  this  having  been 
adequately  accomplished  in  other  recent 
publications;  his  purpose  was  to  lay  down 
"the  precepts  of  theory  and  of  practice 
as  far  as  e.xiperience  permits  at  the 
present  day."  Again,  "he  (the  author) 
has  reviewed  the  well  known  arrange- 
ments adopted  by  the  chief  gas-engine 
builders  that  in  a  sense  have  become 
standardized  but,  as  far  as  possible,  has 
avoided  giving  descriptions  that  have 
already  been  made  public  by  several 
authors." 

The  average  observant  reader  would 
undoubtedly  have  formed  a  much  bet- 
ter opinion  of  the  book  if  the  fore- 
going prefatory  announcements  had  been 
omitted,  because  the  contents  of  the  book 
are  not  in  harmony  with  them.  For 
example,  in  chapters  IV,  VI  and  VIII 
appear  pictures  of  the  Foos,  Olds,  River- 
side, Warren,  Stockport,  National, 
Premier,  Tangye,  Ehrhart  &  Sehmer, 
Deutz,  Korting,  Niimberg,  Oechelhauser, 
Sargent  and  Diesel  engines  which  are 
old,  familiar  friends,  having  appeared  in 
many  textbooks  and  most  of  the  en- 
gineering periodicals  years  ago.  The 
uptodateness  of  the  book  is  rendered 
open  to  question  by  the  inclusion  of  a 
two-stroke-cycle  Buckeye  engine  which 
was  built  experimentally  and  abandoned 
three  years  ago,  the  Sargent  engine, 
which  has  not  been  built  for  two  years, 
the  Rathbun  engine  with  a  valve-gear 
that  was  superseded  about  2J4  years 
ago,  and  several  governor  gears  and  igni- 
tion systems  that  were  widely  familiar 
ten  years  ago  and  became  obsolete 
about  four  years  ago.  .  Moreover,  the 
reviewer  is  unable  to  find  anywhere  in 
the  book  the  "critical  study"  promised 
in  the  subtitle. 

However,  chapter  XII,  on  details  of 
construction,  is  an  excellent  compilation 
of  practical  formulas  and  other  data; 
chapter  XIII,  relating  to  moving  parts, 
contains  some  ver>'  useful  material, 
though    mixed    with    a    mass    of    partly 
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superfluous  and  partly  perfunctory  state- 
ments (for  example:  "No  lateral  move- 
ment of  the  flywheel  [on  the  shaft]  can 
be  permitted;  therefore,  extreme  care 
is  required  in  keying  to  the  shaft."  Again: 
"The  pistons  for  double-acting  engines 
consist  of  (1)  piston;  (2)  rod;  (3) 
crosshead;  (4)  water-cooling  system"). 
Chapter  XIV,  devoted  to  engine  testing, 
also  contains  some  highly  useful  sug- 
gestions, but  it  is  laden  with  much  more 
elementary  discussion  than  is  appropriate 
in  a  book  of  this  class.  The  next  chapter 
on  indicator  diagrams  comes  nearer  be- 
ing original  than  any  part  of  the  book, 
but  the  final  chapter,  on  dimensions  and 
classifications  of  engines  and  test  rec- 
ords is  the  most  valuable,  because  it  pre- 
sents some  results  of  actual  experience. 
The  bfook  as  a  whole  is  characterized 
by  a  decided  tinge  of  perfunctoriness — 
many  words  conveying  little  tangible  in- 
formation; where  definite,  clean-cut  state- 
ments of  opinion  or  observation  are 
made,  they  are  often  so  dogmatic  as  to 
be    inapplicable    to    general    cases. 


THE  TESTING  OF  MOTIVE  POWER 
ENGINES.  By  R.  Royds.  Published 
bv  Longmans.  Green  &  Co.,  London. 
1911.  Size.  51/2x8%  in.:  396  pages; 
193  illustrations  and  several  tables; 
cloth.     Price,  $3. 

This  book  is  intended  for  engineering 
students  who  have  already  acquired  an 
elementary  knowledge  of  motive-power 
engineering  and  who  desire  information 
on  the  practical  testing  of  motive-power 
engines.  The  author  hopes  that  the  work 
will  also  be  of  service  to  the  engineer 
in  practice. 

As  it  is  well  nigh  impossible  to  touch 
upon  every  phase  of  motive-power  en- 
gine testing  in  a  single  volume  of  this 
size,  little  or  no  attempt  has  been  made 
to  describe  the  mechanical  features  of 
the  different  types  of  engine  or  to  in- 
terpret the  action  of  an  engine  from  a 
consideration  of  indicator  diagrams  as 
these  portions  of  the  subject  are  dealt 
with  more  or  less  fully  in  several  text- 
books. Numerous  references  are  given 
for  the  benefit  of  those  requiring  a  more 
detailed  account  of  particular  subjects. 

The  initial  chapter  deals  with  general 
principles,  definitions,  units,  etc.,  and  is 
introduced  mainly  for  the  purpose  of 
reference.  The  subsequent  chapters  take 
up  the  measurement  of  pressure,  tem- 
perature, etc.;  the  measurement  of  brake 
horsepower,  in  which  several  types  of 
power  brakes  are  illustrated  and  dis- 
cussed; the  testing  of  locomotives,  motor 
cars,  etc.;  the  testing  of  steam  engines 
and  turbines,  boilers,  condensers  and  air 
pumps,  internal-combustion  engines,  gas 
producers;  refrigeration  tests;  the  test- 
ing of  air  compressors,  air  motors,  etc., 
fans  and  blowers,  water  turbines  and 
pumps. 

In  all  cases,  the  basis  of  efficiency  is 
defined  and  the  formulas  for  ascertaining 
them  are  given.     Particular  attention  is 


drawn  to  the  variable  conditions  under 
which  a  plant  may  operate  and  the  ne- 
cessity for  systematic  arrangements 
where  a  series  of  tests  are  contemplated. 
The  book  gives  evidence  of  the  au- 
thor's thorough  understanding  of  the 
subject  and  it  may  safely  be  recom- 
mended as  complete  and  accurate. 


MECHANICAL  WORLD  ELECTRICAL 
POCKET  BOOK  FOR  1912.  Pub- 
lished by  Emmott  &  Co..  Manchester. 
Eng.  Boards;  200  text  pages.  4x6 
in.;  SO  illustrations;  many  tables. 
Price,  6d. 

This  year's  edition  of  this  well  known 
little  book  contains  some  16  pages  more 
than  the  previous  edition.  These  are 
divided  up  between  the  rewritten  sections 
on  motor  starters,  transformers,  lamps, 
electric  lighting,  and  aluminum  con- 
ductors; a  new  section  on  testing  high- 
tension  apparatus,  and  some  new  tables 
on  power  factors,  aluminum  cables  and 
carrying  capacity  of  copper  conductors. 
The  sections  on  dynamos  and  motors,  al- 
ternating-current systems,  alternating- 
current  machinery  and  electrical  measur- 
ing instruments  remain  inadequate  to  the 
point  of  uselessness.  The  tables  con- 
stitute the  most  useful  portion  of  the 
book. 

In  a  previous  review  it  was  erroneous- 
ly stated  that  the  book  contained  new 
sections  on  verniers  and  micrometers, 
roller  bearings  and  other  nonelectrical 
subjects;  this  error  was  due  to  having 
glanced  through  the  mechanical  pocket- 
book  also,  prior  to  reviewing  this  one, 
and  thereby  confusing  the  features  of 
the   two. 


POWER  PLANT  TESTING.  By  James 
Ambrose  Moyer.  Published  by  Mc- 
Graw-Hill Book  Co..  New  York,  1911. 
Size,  6x9  in.;  422  pages;  271  illustra- 
tions and  numerous  tables;  cloth. 
Price.  $4  net. 

This  book  seems  to  be  little  more  than 
a  compilation  and  a  poor  one  at  that. 
The  subjects  treated  are  of  the  usual 
list  found  in  books  on  experimental  en- 
gineering, and  the  reviewer  has  searched 
the  volume  in  vain  for  one  chapter  that 
smacked  of  originality.  Compilations  have 
a  very  legitimate  and  useful  function 
and,  when  properly  made,  they  are  of 
real  value. 

The  trouble  in  the  present  case  is  that 
in  some  chapters  useless  material  has 
been  put  in  for  apparently  no  other  rea- 
son than  that  of  filling  up  space,  while 
in  other  chapters  important  material  has 
been  omitted.  To  illustrate:  In  chapter 
five  there  are  two  figures  of  and  some 
text  matter  on  Watt's  original  steam- 
engine  indicator  which  might  easily  be 
dispensed  with  in  favor  of  more  elabora- 
tion in  other  directions.  In  chapter  nine, 
on  fiue-gas  analysis,  space  is  given  up 
to  the  description  and  illustration  of  an 
automatic  instrument  which  has  found 
but  little,  if  any,  application,  in  this 
country  at  least,  while  the  author  neg- 


lects completely  to  say  a  word  about  the 
Gas  Composimeter,  which  is  a  widely 
used  and  most  successful  instrument. 

Many  of  the  illustrations  are  old 
friends;  we  have  seen  them  before,  in 
textbook,  government  bulletin  and  tech- 
nical  paper. 


PERSONAL 

George  H.  Smith  &  Co.,  of  Baltimore, 
Md.,  have  opened  an  office  in  the  Munsey 
Building  as  consulting  and  contracting 
electrical   engineers. 

J.  A.  Struthers,  formerly  electrical  en- 
gineer with  the  Westinghouse  Electric  & 
Manufacturing  Co.,  Pittsburg,  Penn.,  has 
accepted  a  position  as  designer  for  the 
Henry  Manufacturing  Co.,  New  York 
City. 

Barton  R.  Shoover,  formerly  electrical 
engineer  for  the  Youngstown,  Ohio,  dis- 
trict of  the  Carnegie  Steel  Co.,  of  Pitts- 
burg, Penn.,  has  been  appointed  superin- 
tendent of  the  new  Brier  Hill  Steel  Co., 
Youngstown,  Ohio. 

Charles  E.  Downton,  representing 
the  Westinghouse  Electric  &  Manufactur- 
ing Co.,  recently  lectured  before  the 
senior  class  of  the  College  of  Engi- 
neering of  the  University  of  Illinois, 
setting  forth  the  advantages  offered 
by  his  company  in  the  matter  of  posi- 
tions   for  technical   graduates. 

Prof.  J.  G.  D.  Mack,  the  exchange 
lecturer  from  the  University  of  Wiscon- 
sin, gave  two  lectures  before  the  stu- 
dents and  faculty  of  the  College  of  En- 
gineering of  the  University  of  Illinois 
on  Feb.  20.  One  lecture  was  on  the  en- 
gineering features  of  the  Wisconsin  Tax 
and  Public  Utilities  Commissions.  Prof. 
Mack  is  a  member  of  the  engineering 
staff  of  the  commissions.  The  second 
lecture  was  on  some  features  of  ancient 
engineering  work  and  their  relations  to 
present-day  practice,  and  was,  in  part, 
an  appeal  to  engineering  students  to 
study  the  history  of  engineering  as  well 
as  current  practice. 

C.  C.  Owens  has  recently  assumed 
charge  of  the  Detroit  district  sales  office 
of  the  Westinghouse  Electric  &  Manufac- 
turing Co.,  with  the  title  of  district  man- 
ager. Mr.  Owens  was  born  in  1877  near 
Annapolis,  Md.,  and  was  graduated  from 
Columbian  University,  Washington,  D. 
C,  with  the  degree  of  bachelor  of  science 
in  electrical  engineering.  He  entered 
the  employ  of  the  company  in  1896,  tak- 
ing the  apprenticeship  course  for  three 
years,  after  which  he  spent  four  years 
in  the  engineering  department,  specializ- 
ing on  switchboards  and  controllers.  For 
the  last  eight  years  he  has  been  con- 
nected with  the  New  York  sales  office, 
having  hacl  charge  of  the  industrial  and 
power  division  for  the  two  years  previous 
to  his  transfer  to  Detroit. 
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Moments  with  the  Ad.  Editor 


This  week  we  are  printing  two  more  letters 
in  answer  to  the  questions  asked  in  the  issue 
of  January  23. 

The  first  is  from  Massachusetts  and  the 
second  from  far-off  Italy. 

Power  never  makes  much  of  a  "holler" 
about  its  foreign  circulation  but  it's  there, 
as  friend  Peterson  of  the  Richardson- Phenix 
Company  would  say,  "with  bells  on  and  its 
hair  done  up  in  a  braid." 

We  are  especially  glad  that  three  of  our 
subscribers  in  Europe  answered  the  editorial 
of  January  23. 

It  argues  well  for  the  interest  in  Power 
advertising  abroad. 

H.  W.  Appleton  says: 

The  J.  M.  Sea  Rings  Packing,  to  my  mind,  is  the 
ad.  most  worthy  of  investigation.  The  rings  seem 
to  be  built  on  a  plan  entirely  original,  and  also  appear 
the  best  thing  yet  for  the  purpose  as  the  construction 
admits  of  the  least  possible  gland  pressxu-e  and  friction 
on  the  rods.  They  are  put  out  by  a  concern  known 
to  be  reliable,  and  when  my  present  supply  of  piston 
rod  packing  runs  out  I  shall  requisition  a  supply  of 
Sea  rings. 

In  the  small  industrial  plant,  fire-brick  is  a  com- 
modity purchased  only  at  rare  intervals,  and  usually 
the  concern  handling  them  in  the  locality  where 
required  gets  the  order  regardless  of  quality.  The 
Harbison-Walker  people,  however,  have  a  way  of 
showing  views  of  the  different  processes  in  the  manu- 
factiu-e  of  their  brick  which  prove  to  be  interesting 
as  well  as  making  a  distinctive  ad. 

Consequently,  when  fire-brick  are  mentioned,  I 
can  at  once  see  a  picture  of  some  of  the  different 
parts  of  their  works.  Therefore,  their  ad.  may  be 
said  to  have  the  best  "storing-up"  value. 

The  Nelson  Valve  ad.  is  the  best,  because  it  attracts 
the  attention,  is  clear,  descriptive,  without  being 
tedious,  contains  no  knocks  on  other  makes,  and 
gives  the  impression  of  a  high-grade  product. 

I  have  answered  the  Keystone  Grease  ad. 

It  is  evident  that  the  J.  M.  Sea  Ring  ad. 
made  the  impression  that  was  hoped  for  by 
the  writer  of  it.     It  is  indeed  a  well  designed 


and    well    written   ad. — a   regtilar   Low   and 
behold  ad. !     (F.  J.  please  answer.) 

Mr.  Appleton 's  description  of  the  Nelson 
ad.  is  good  stuff — right  to  the  point  without 
a  wasted  word. 

E.  S.  Wylde  is  mill  manager  for  a  well 
known  Italian  concern.  He  gets  right  down 
to  business  this  way: 

The  Taylor  Stoker  ad.  prompts  immediate  investi- 
gation because,  although  I  am  not  the  engineer  of 
this  concern,  1  am  the  mill  manager,  and  this  ad.  has 
made  me  see  in  a  way  I  have  never  realized  before 
the  enormous  coal  waste  that  must  take  place  with 
black  smoke  being  allowed  to  issue  from  the  chimney, 
and  therefore  makes  me  wish  to  investigate  it  imme- 
diately and  put  an  end  to  an  ugly  sight  and  save  the 
money  that  is  evidently  being  wasted. 

The  ad.  of  the  Vance  Steam  Trap  has  the  most 
educative  value  because  the  six  advantages  set  forth 
in  the  ad.  bring  home  to  one  the  fact  that  a  number 
of  parts  go  to  make  the  complete  trap,  and  this  helps 
to  make  one  realize  the  need  of  educating  oneself 
to  understand  and  appreciate  the  countless  parts 
that  go  to  make  the  complete  power  plant. 

To  my  mind  the  three  great  points  in  an  ad.  are* 
First,  that  it  should  catch  your  eyet  second,  that  it 
should  hold  your  attention;  third,  that  after  having 
read  it,  it  should  so  recommend  the  thing  advertised 
that  one  wishes  to  possess  it. 

Therefore,  I  consider  the  ad.  of  the  International 
Textbook  Company  the  best,  catching  one's  eye  as  it 
does  by  its  size  and  contrast  with  the  next  page,  hold- 
ing one's  attention  as  one  reads  it,  setting  forth  the 
advantages  of  "The  Greatest  Mechanical  Library  in 
the  World,"  and  thirdly,  making  one  wish  to  possess 
it,  covering  as  it  does  the  whole  field  of  mechanical 
engineering  from  raw  materials  to  finished  articles 
and  their  application 

I  answered  the  ads  of  Albany  Grease,  the  Taylor 
Stoker  and  the  International  Textbook. 

If  all  ads.  could  be  and  were  written  to 
Mr.  Appleton's  prescription  there  would  be 
less  talk  of  advertising  wastes  and  more  of 
advertising  profits. 

Let  us  get  the  stuff  into  space  that  attracts, 
holds  and  convinces.  Then  we  can  all  do 
business  on  the  Albany  Grease  principle— 
with  minimum  friction. 


NOT  so  many  years  ago,  on  the  bank  of 
most  any  Southern  stream  stood  the 
negro  log  cabin;  "  razorbacks  "  rooted 
in  the  rich,  damp  soil,  pickaninnies  played  or 
slept  in  the  bright  sunshine,  and  Uncle  Eph'm 
just  philosophized  or  temporized  with  his 
"prime  mover"  the  mule —which  moved 
when  it  had  to  and  stopped  when  it  could. 
And  so  did  Uncle  Eph. 

Then,  it  was  come-easy,  go-easy,  an' 
ole  Missie  done  furnished  de  vittles! 

Now,  on  every  hand  one  sees  manifesta- 
tions of  the  development  in  the  South ; 
leisure  has  given  way  to  progress;  its  lavish 
natural  resources,  including  bountiful  coal 
and  iron  deposits  have  been  revealed. 

Its  manufacturing  products  amoimt  to  over 
a  billion  dollars  annually ;  its  exports  to  about 
four  hundred  million  dollars.  It  has  withstood 
tornadoes  and  devastations,  and  built  up  sea- 
ports which  are  the  envy  of  the  commercial 
world. 

The  prosperity  of  the  South  and  its 
progress  are  mainly  due  to  its  equable  climate 
and    great    natural    resources.      Its    available 


in  the  country  were  capable  of  shoveling  five 
tons  a  day,  it  would  take  them  longer  than 
three  years,  including  Sundays  and  holidays, 
to  "  fire  "  this  huge  quantity. 

The  recent  development  of  the  city  of 
Birmingham  is  somewhat  indicative  of  the 
progressive  spirit  which  pervades  the  "  New 
South."  In  1900  Birmingham  had  a  popu- 
lation of  38,415;  in  1910  the  census  returns 
showed  her  population  to  be  132,685,  an 
increase  of  over  245  per  cent.  In  1900  eight 
and  one -quarter  million  tons  of  coal  were 
produced,  while  in  1910  over  sixteen  million 
tons  were  mined  in  and  near  that  city. 

We  could  go  on  and  on,  making  one 
assertion  after  another  and  offering  corrobora- 
tive evidence,  all  to  the  effect  that  the  South 
is  the  great  country  that  it  is.  But,  as  the  Ger- 
man comedian  would  say,  "  Enough  is  plenty." 

Industrial  growth  must  be  accompanied 
by  an  increase  in  the  number  of  opportuni- 
ties for  live,  progressive  engineers,  for  this 
is  the  age  of  mechanical  power  and,  verily, 
industrial  progress  depends  upon  the  motive 
power,  be  it  water,  gas  or  steam. 


waterpower  is  conservativelv  estimated  to 
be  equivalent  to  ten  million  horsepower  and 
its  coal  deposits  to  contain  over  600  billion  tons. 

That  is  a  "  lot  "  of  coal. 

If  every  one  of  the  ninety  million  people 


Elsewhere  in  this  issue  will  be  found  a 
few  practical  instances  of  what  has  already 
been  accomplished  in  power-plant  develop- 
ment, of  high -class  engineering  done  under 
difficult  conditions — of  building  to  "  stay  put." 
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Combination   Power  and   Ice   Plant 


The  joint  operation  of  an  electric  power 
plant  and  an  ice-making  plant  has  dis- 
tinct advantages,  provided  the  conditions 
are  favorable,  and  this  is  more  often 
the  case  than  otherwise  in  Southern  cities 
of  moderate  size,  especially  if  the  loca- 
tion is  advantageous  for  the  icing  of 
refrigerator  cars.  Waycross,  Ga.,  comes 
within  this  class.  It  is  located  on  the 
m.ain  freight  line  between  southern 
Florida  and  the  rest  of  the  United  States 
and  all  fruit-carrying  cars  pass  through 
it  on  the  way  to  Northern  and  Central- 
western  markets. 

Being  quick  to  recognize  their  vantage 
point,  the  managing  officers  of  the  Ware 
County  Light  &  Power  Co.  have  installed 
a  thoroughly  modern  ice-making  plant, 
with    ample    storage    facilities,    and    are 


By  Paul  C.  Percy 


A  doubly  composite  plant  in 
which  both  steam  and  gas  are 
motive  powers  and  thp  products 
are  ice  and  electricity.  The 
producers  are  fired  with  wood 
scraps. 


day  service  from  the  electric  plant — 
which  is  one  of  the  advantages  referred 
to    in    the    preceding    paragraph. 

The    company's    station    equipment    is 
unusual,  if  not  unique,   considered   as  a 


bone  down-draft  producer  and  a  750-hp. 
outfit  of  the  same  type.  Each  producer 
consists  of  the  usual  arrangement  of 
twin  generators  serving  through  one  wet 
scrubber  and  one  dry  purifier,  and  sub- 
jected to  draft  by  a  steam-driven  ex- 
hauster. These  make  gas  for  two  AUis- 
Chalmers  tandem  double-acting  engines 
of  340  hp.  each,  running  at  200  r.p.m. 
The  engine  cylinders  are  18  in.  in  diam- 
eter and  the  stroke  is  24  in.  Each  en- 
gine is  direct-coupled  to  a  three-phase 
alternator  rated  at  250  kilovolt-amperes 
and  delivering  its  output  at  2300  volts 
and  60  cycles.  Each  alternator  has  its 
individual  exciter,  belt-driven  from  a 
pulley  on  the  main  shaft  between  the 
engine  frame  and  the  alternator.  There 
is  also   a  motor-generator  set  as  a   re- 


FiG.  1.    View  in  the  Engine  Room  of  the  Ware  County  Light  &  Po\x-er  Co. 


operating  this  plant  eight  months  of  each 
year  in  conjunction  with  the  lighting 
and  power  plant  which,  of  course,  is 
operated  continuously.  The  progressive- 
ness  of  the  management  will  be  obvious 
when  it  is  stated  that  the  plant  is  op- 
erated 24  hours  a  day,  except  Sunday, 
although  the  town  has  a  population  of 
only  8000  and  the  day  load  ranges  around 
75  to  90  kw.,  according  to  the  season; 
24-hour  service  is  not  the  rule  under 
such  conditions.  To  some  extent,  how- 
ever, the  operation  of  the  ice  plant  con- 
duces  to   the    feasibility   of  maintaining 


combination.  The  prime  movers  are  steam 
engines  supplied  by  boilers  fired  with 
wood  refuse  burned  in  dutch-oven  fur- 
naces, and  gas  engines  supplied  by  pro- 
ducers v.  hich  gasify  pine  slabs,  cypress 
slumps  and  roots,  etc.  At  the  time 
of  the  writer's  visit,  one  producer 
was  running  on  bituminous  run-of-mine 
coal,  but  pine  scrap  alone  had  been  used 
continuously  for  several  months  previous. 

The    Lighting    and    Power    Plant 

The  gas-producer  division  of  t+ie  plant 
is  equipped  with  a  1000-hp.  Loomis-Petti- 


serve  to  be  used  in  case  of  accident  to 
either  of  the  belt-driven  exciters.  This 
form  of  reserve  unit  for  excitation  was 
adopted  because  of  the  quickness  with 
which  it  can  be  put  into  service. 

Fig.  1  is  a  view  in  the  gas-engine  room 
and  Figs.  2  and  3  are  views  of  the  pro- 
ducer charging  floor;  the  latter  picture 
illustrates  very  effectively  the  class  of 
engineering  talent  that  is  available  for 
operating  power  plants  in  this  vicinity. 
Figs.  4  and  5  show  portions  of  the  pro- 
ducer cleaning  floor. 
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The  engine  room  is  planned  for  the 
future  installation  of  two  more  generat- 
ing units  similar  to  those  now  in  ser- 
vice, and  the  producer  equipment  was 
installed  with  this  ultimate  capacity  in 
view. 

The  exhaust  gases  from  the  engines 
pass  through  Riblet  heaters  which  are  lo- 


the  exhaust  gases  is  used  for  feeding 
the  boilers  of  the  steam  plant  and  the 
economizers  of  the  producer  equipment. 
The  location  of  the  heaters  out  in  the 
open  air  seems  odd  until  one  remembers 
that  the  climate  is  a  mild  one  in  winter 
and  very  warm  during  the  remainder  of 
the   year.      Moreover,   the    ice   machines 


cated  just  outside  the  building,  as  shown 
in  Fig.  6.  The  reason  for  this  location 
was  that  it  pennitted  the  exhaust  pipes 
of  the  engines  to  lead  in  a  straight  hori- 
zontal line  from  the  engines  to  the  heat- 
ers, thereby  avoiding  bends  and  inter- 
mediate  pockets.     The   water  heated   by 


I'^NCINl'KK' 


are  not  operated  during  the  coldest  part 
of  the  year  and  the  water  heated  by 
exhaust  gases  is  then  only  the  relatively 
small  quantity  required  by  the  econo- 
mizers of  the  producer  plant.  Conse- 
quently, there  is  ample  heat,  even  in  the 
coldest  weather  which  occurs  down  here. 


The  pine  slabs  and  scrap  used  in  the 
producers  have  a  heat  value  of  about  6700 
B.t.u.  per  pound,  as  charged.  The  wood 
contains  a  considerable  quantity  of  water, 
which,  of  course,  reduces  its  heat  value 
per  pound  much  below  what  it  would  be 
with  dry  wood  of  the  same  quality.  Thus 
far,  however,  the  plant  is  lightly  loaded, 
even  during  peaks,  so  that  it  would  not 
be  worth  while  to  dry  the  wood  before 
using  it  in  the  producer.  The  producer 
is  cleaned   once   every   six   weeks. 

During  a  recent  run  of  210  hours,  close 
records  were  kept  of  the  performance 
of  the  gas  plant,  which  showed  the  re- 
sults stated  in  the  accompanying  table. 
In  considering  the  fuel  consumption 
shown  by  the  table  it  must  be  remem- 
bered that  the  engine  in  service  operated 
with    an   average    load    factor   of   34   per 
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cent,  and  the  generator  with  a  power 
factor  of  60  per  cent,  during  three-fourths 
of  each  24-hour  day  and  the  loa'd  factor 
during  the  remainder  of  each  day  was 
only  73  per  cent,  and  the  power  factor 
80  per  cent.  Under  these  conditions  no 
apology  is  required   for  the  producer  ef- 
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ficiency  of  69;/i  per  cent,  and  the  14  per 
cent,  thcrmodynsamic  efficiency  of  the 
generating  unit.  During  a  two-hour  peak 
of  210  kw.  load,  the  engine  took  73,130 
cu.ft.  of  gas,  aggregating  6,581,700 
B.t.u.,  showing  a  consumption  of  15,671 
B.t.u.  per  kilowatt-hour,  or  about  10,525 
B.t.u.  per  brake  horsepower-hopr.  ac- 
crediting the  alternator  with  an  efficiency 
of   90   per   cent.,   which    it    probably    did 


and  a  6-ton  Frick  compressor,  with  the 
usual  auxiliary  equipment  for  making 
block  ice.  The  boilers  are  equipped  with 
furnaces  of  the  dutch-oven  type  which 
are  arranged  so  that  they  can  be  fired 
with  either  wood  or  coal,  but  are  com- 
monly fired  with  wood  refuse.  The  two 
larger  compressors  are  of  the  usual 
steam-driven  types;  Fig.  8  shows  the 
York  machine.     The  little  Frick  machine, 


temperature  down  in  the  storage  house. 
The  car-icing  season  is  practically  over 
then  and  the  2000  tons  in  storage  fill 
the  winter  demand.  On  Mar.  1,  the  steam- 
driven  compressors  are  started  up  again 
and  the  motor-driven  machine  is  shut 
down  until  needed.  It  constitutes  a 
modest  excess-demand  unit  for  emer- 
gency use  at  the  height  of  the  season, 
besides  refrigerating  the  storage  house 
in  winter. 

Running  at  full  load,  about  10  per 
cent,  of  make-up  water  is  required  in 
the  ice-making  system.  It  is  the  usual 
one  in  which  the  exhaust  steam  from 
the  power  cylinders  of  the  compressors 
is  condensed  at  atmospheric  pressure, 
the  condensate  boiled  again  and  filtered 
into   the  tanks. 

The  plant  is  operated  under  the  very 
competent  supervision  of  Mr.  B.  Loomis, 
Jr.,  to  whom  I  am  indebted  for  the 
foregoing  information. 


Fig.  7.   The  Power  House  Switchboard 


not  have,  taking  into  consideration  the 
power  required  by  the  exciter.     The  gas 

RESULTS     OF    .\     10-D.\Y    GAS-POWER 
RUN 

Duration     of     recorded     per- 
formance,  hours 210 

Total    kilowatt-hours 21,280 

Average    load;    dav.    85    kw. ; 

night,  183  kw. ;  overall....  101.3 

Total  pounds  of  wood 120.300 

Total  cubic  feet  of  gas  made      5,770,900 

Cubic  feet   of  gas   per   pound 

of  wood 4S 

Average  B.t.u,  per  cubic  foot 

(low)    90 

Average  B.t.u.  per  cubic  foot 

(high)    97 

Total   B.t.u.    delivered   to   en- 
gines  (low) 519,381.000 

B.t.u.       per       kilowatt-hour, 

average   34,400 

Generating      efficiency,      per 

cent 14 

B.t.u.      (high)      in      gas      per 

pound  of  wood  tired 4,653 

B.t.u.      (high)      in     wood     per 

pound,   as   charged 6.700 

Producer  efficiency,  per  cent.  69  V2 

Average  power  factor: 

Day 69<;r 

Night    )>0<;; 

made  when  firing  wood  shows  about  the 
following   analysis: 

C(_i    13.6% 

H    12.75 

CH.    1.85 

CO. 12.00 

O 0.40 

N 59.40 

By  calculation,  the  low  heat  value  is 
101 K'  B.t.u.  per  cubic  foot,  reduced  to 
32  deg.  temperature;  the  calorimeter 
values  at  the  average  temperature  during 
the  210-hour  run  just  reported  were  90 
low   and  97  high. 

The  Ice  Plant 

The  ice-making  division  of  the  plant 
comprises  three  return-tubular  boilers 
rated  at  150  hp.  each,  one  75-ton  York 
compressor,  one  30-ton  Wolf  compressor 


however,  is  driven  by  a  three-phase 
motor,  because  it  is  used  only  during 
the  winter  months  when  the  steam  plant 
is  shut  down. 

From  about  Mar.  1  to  Nov.  I,  the 
steam-driven  compressors  are  operated 
at  full  load  and  a  storage  house  of  2000 


Increase  in  Turbine  Efficiency 

The  increase  in  turbine  efficiency  has 
been  rapid  and  striking.  A  Parsons  tur- 
bine of  4  kw.  power,  built  in  1885,  using 
saturated  steam  and  working  noncon- 
densing,  used  200  lb.  of  steam  per  kilo- 
watt-hour. Another  unit  of  75  kw.,  built 
in  1888,  using  saturated  steam  of  100 
lb.  pressure  and  working  noncondensing, 
required  55  lb.  of  steam  per  kilowatt- 
hour.  Another  turbo-generator  of  100 
kw.  capacity,  built  in  1892  and  using  a 
condenser,  brought  the  steam  consump- 
tion down  to  27  lb.  per  kilowatt-hour.    A 


Fig.  8.  The  Larger  Ice-making  Machine 


tons  capacity  is  gradually  filled,  in  ad- 
dition to  the  regular  sale  of  ice  locally 
and  for  icing  refrigerator  cars  (this  latter 
business  disposes  of  4000  to  5000  per 
season). 

On  Nov.  1  the  ice-making  equipment  is 
shut  down  entirely  and  the  6-ton  Frick 
machine  is  put  into  service  to  keep  the 


1250-kw.  turbo-generator,  built  in  1900, 
working  with  a  condenser,  lowered  the 
consumption  to  18.22  lb.  per  kilowatt- 
hour,  and  a  5000-hp.  unit,  in  1910,  using 
200  lb.  of  steam  and  120  deg.  of  super- 
heat, with  a  vacuum  of  28.8,  has  reduced 
the  consumption  tn  13.2  lb.  per  'Ailowatt- 
hour. — Scientific  American. 
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Drainage  Power  Plant  at  New  Orleans 


Because  of  the  low  level  of  the  city 
of  New  Orleans  with  respect  to  the 
Mississippi  River  and  neighboring  lakes, 
the  surface  water  deposited  in  the  streets 
by  rains  cannot  be  disposed  of  by  gravity. 
Therefore,  a  power  drainage  system  was 
installed  several  years  ago  and  this  has 
been  extended  from  time  to  time  until 
now  the  power  applied  to  the  removal  of 
water  from  the  streets  during  a  healthy 
thunder  shower  would  be  sufficient  to 
operate  the  central  station  of  a  good- 
sized  flourishing  city.  When  everything 
is  going  at  full  load,  the  aggregate  load 
on  the  system  is  about  5000  hp. 

The  drainage  system  consists  broadly 
of  a  number  of  subterranean  canals  or 
conduits  interconnected  and  opening  in- 
to the  near-by  lakes,  pumping  stations 
containing  large  centrifugal  and  screw 
pumps,  most  of  them  driven  by  alternat- 


By  Cecil  P.  Poole 


An  uptodate  central  station, 
supplying  about  5000  hp.  to  sev- 
eral pumping  stations  employing 
mostly  synchronous  motors  to 
drive  the  pumps. 

The  low  level  of  the  city  made 
this  power  drainage  system 
necessary. 


cock  &  Wilcox  boilers  aggregating  2300 
rated  horsepower  and  Heine  boilers  ag- 
gregating 1 100  rated  horsepower,  to- 
gether with  the  usual  auxiliaries;  three 
cioss-compound  engines,  each  direct- 
connected  to  a  750-kw.  three-phase  al- 
ternator,  another   connected   to   a    1000- 


the  generator  room  of  the  power  sta- 
tion. All  of  the  engines  are  Allis  except 
that  of  the  1000-kw.  unit,  which  is  a 
Rice  &  Sargent.  All  of  the  generators 
are  of  General  Electric  make. 

The  boilers  are  equipped  with  oil  burn- 
ers, as  shown  in  Fig.  2,  which  utilize 
either  crude  petroleum  or  oil  refinery 
waste  products.  Fig.  3  shows  a  sec- 
tional elevation  and  a  cross-section  of  a 
burner,  which  is  obviously  of  very  sim- 
ple construction.  Oil  is  fed  to  the  burn- 
ers by  two  small  steam  pumps  sup- 
plied from  storage  tanks  into  which 
it  is  pumped  from  the  railroad  tank 
cars  in  which  it  is  delivered.  No 
air  is  delivered  through  the  burner; 
all  of  the  air  for  combustion  enters  the 
furnace,  which  is  of  the  dutch-oven  type, 
from  beneath,  through  ducts  the  en- 
trances to  which  are  controlled  by  damp- 
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Power 


Fic.  1.  Central  Power  Station  of  the  New  Orleans  Drainage  System 


ng-current  motors,  and  a  central  power     kw.    alternator,    a    fifth    cross-compound 
station  equipped   with  steam-driven  sen-      connected  to  a  375-kw.  machine  and  two 


station  equipped  with  steam-driven  gen 
crating  units  which  supply  current  to  the 
pump  motors. 

Central  Power  Station 

The  central   power   station    is    182    ft. 
long  and    140   ft.   wide  and   houses   Bab- 


connected  to  a  375-kw.  machine  and  two 
little  tandem  compounds  each  driving  a 
75-kw.  generator.  The  exciter  equip- 
ment comprises  two  lO-kw.  steam-driven 
units  and  two  50-kw.  motor-generator 
units,  the  motors  of  which  are  of  the 
induction    type.     Fig.    1    is    a    view    in 


ers.  Steam  enters  the  mixing  cham- 
ber through  the  central  hole  opposite 
the  oil  nozzle  along  with  the  oil  and  also 
enters  through  a  hole  above  and  one  be- 
low the  main  jet,  thereby  maintaining 
ample  pressure  in  the  mixing  chamber 
to  give  a  good  strong  blast  of  mixed  oil 
and  steam  out  of  the  burner  nozzle. 
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Crude  oils  from  the  Texas  and  Louisi- 
ana fields  have  been  burned  with  these 
outfits;  also  refinery  fuel  oils,  or  petro- 
leum from  which  the  kerosene  and 
lighter  products  have  been  distilled.  This 
residue  has  an  asphaltum  base,  but  no 
difficulty  has  been  experienced  on  that 
account.  Without  any  special  prepara- 
tion or  "tuning  up,"'  the  boilers  show  an 


entire   pumping   unit   is  mounted    on   the 
station  floor  level,  as  shown  in  Fig.  6. 

Pumping  station  No.  1  is  of  the  former 
class;    it    is    a    vertical    section    of    this 


nous  motor  and  designed  for  moving  15,- 
000  cu.ft.  of  water  per  minute  with  a 
5-ft.  lift  from  the  level  of  the  suction 
basin    to    that    of    the    discharge    basin; 


[                         ] 
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Fig.  3.  One  of  the  Oil  Burners 
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Fig.  2.  Boiler  Furn.ace  for 


evaporation  of  15  lb.  of  water,  from  and 
at  212  deg.,  per  pound  of  oil  or  distillery 
residue;  the  heat  value  of  the  fuel  ranges 
from  18,500  to  19,400  B.t.u.  per  pound 
of  oil. 

The  feed  water  for  the  boilers  is  ob- 
tained from  artesian  wells  about  800  ft. 
deep.  The  water  rises  to  within  25  ft. 
of  the  ground  surface  and  is  "lifted" 
from  there  to  the  boiler  room  by  means 
of  compressed  air.  It  is  excellent  for 
boiler  purposes,  containing  no  material 
which  forms  hard  scale;  the  principal 
matter  in  solution  is  carbonate  of  soda. 
On  this  account  a  general  cleansing  of 
the  boilers  is  very  seldom  necessary; 
each  boiler  is  simply  emptied  and  refilled 
at  intervals  of  about  three  or  four  weeks, 
because  the  water  is  alkaline  and  grad- 
ually becomes  concentrated,  but  blowing 
out  soft  scale  or  sludge  is  very  rarely 
necessary. 

Pumping  Stations 

There  are  now  in  operation  seven 
pumping  stations  and  an  eighth  will  be 
bvilt  in  the  future.  The  accompany- 
ing map  of  the  drainage  system.  Fig.  4, 
will  serve  to  clarify  the  references  to 
the  locations  of  the  pumping  stations 
and  their  interrelations.  Station  No.  4 
is  the  one  that  has  not  yet  been  built. 

In  most  of  the  pumping  stations  the 
main  pumps  are  set  in  pits,  with  the 
runners  submerged,  and  are  connected 
to  their  motors  by  vertical  shafts,  as  in- 
dicated in  Figs.  5  and  7.  In  the  others, 
the  pump  shafts  are  horizontal  and  each 


station 
station 
pumps, 


Front  Elevation 

Burning   Oil 

that  is  shown  in  Fig.  5.  The 
contains  at  present  three  screw- 
each  driven  by  a  266-hp.  synchro- 


also  a  little  centrifugal  pump  rated  at 
2400  cu.ft.  per  minute,  which  is  driven 
by  a  150-hp.  induction  motor  and  is  used 
for  removing  the  dry-weather  water.  Sta- 
tion No.  2,  located  at  Broad  and  St.  Louis 
Sts.,  is  similar  in  all  respects  to  station 
No.  1  except  that  it  is  equipped  with 
two  large  screw  pumps  instead  of  three. 
It  drains  the  area  bounded  by  the  two 
navigation  canals,  the  Mississippi  River 
and  Broad  St. 

Pumping  station  No.  3,  located  at 
Broad  St.  and  London  Ave.,  at  present 
contains  three  centrifugal  pumps,  of 
which  two  are  driven  by  400-hp.  synchro- 
nous motors  and  are  capable  of  mov- 
ing 15,000  cu.ft.  of  water  each  per  min- 
ute,  with   an   8-ft.   lift,   and   the   third   is 


Fig.  4.  Map  of  New  Orleans  Drainage    System 


March  26,  1912 


POWER 


423 


rated  at  3000  cu.ft.  per  minute  with  a 
lift  of  12  ft.;  this  one  is  driven  by  a  120- 
hp.   induction   motor.     These  pumps   all 


13' J  ft.;  all  of  these  pumps  are  of  the 
vertical-shaft  submerged  type.  The  large 
ones     are     driven     each     by     a     466-hp. 


Fig.  5.  Section  through  Pumping    Station  No.  1 


have  horizontal  shafts  and  are  located 
on  the  floor  level  of  the  station,  as 
shown  in  Fig.  6,  which  is  a  sectional 
elevation  of  this  station.  The  pumps  are 
primed  by  means  of  a  small  vacuum 
pump,  driven  by  a  direct-current  motor, 
after  they  have  been  brought  up  to  nor- 
mal speed  and  the  starting  compensators 
are  cut  out.  This  arrangement  makes  it 
very  easy  to  start  the  pumps  and  ac- 
celerate their  motors  to  synchronism; 
moreover,  no  gates  are  necessary  in  the 
intake  and  discharge  pipes,  because  these 
are  drained  by  gravity  as  soon  as  the 
pumps  are  shut  down. 

The  pumps  in  station  No.  5  were  origi- 
nally driven  by  400-hp.  vertical  triple- 
expansion  engines,  but  when  station  No. 
8  (in  Algiers,  across  the  river  from  New 
Orleans  proper)  was  added  to  the  sys- 
tem one  of  the  engines  was  transferred 
to  that  station  and  a  333-hp.  synchronous 
motor  was  installed  in  its  place.  Sta- 
tion No.  5  therefore  contains  now  one 
pump  direct-connected  to  the  remaining 
steam  engine  and  one  electrically  driven. 
The  steam  unit  is  not  used  except  in 
cases  when  abnormal  rains  carry  the 
load  beyond  the  capacity  of  the  motor- 
driven  pump.  The  pumps  have  hori- 
zontal shafts  and  are  located  on  the  sta- 
tion floor  level  as  in  station  No.  3.  Each 
one  is  capable  of  moving  9000  cu.ft.  of 
water  per  minute,  with  a  lift  of  12  ft. 
They  are  of  the  double-suction  centrifu- 
gal type. 

Station  No.  6  is  (he  largest  one  of  the 
system.  The  present  equipment  consists 
of  four  centrifugal  pumps,  each  capable 
of  moving  15,000  cu.ft.  of  water  per 
minute  with  a  lift  of  10  ft.  and  one  rated 
at  1800  cu.ft.  per  minute  with  a  lift  of 


synchronous  motor.  Each  intake  and 
discharge  pipe  is  provided  with  an  8-ft. 
sluice  gate  operated  by  a  small  electric 
motor  and  each  discharge  pipe  is  also 
provided  with  a  flap  gate  (see  Fig.  5) 
which  acts  as  a  check  valve  and  closes 
the  outlet  when  the  pump  is  shut  down. 
This,  obviously,  prevents  the  backing  up 
of  water  from  the  discharge  basin  when 
the  pump  is  idle  and  thereby  avoids  the 
possibility  of  having  to  pump  the  same 
water  twice.    The  smaller  pump  is  driven 


Station  No.  8,  in  Algiers,  contains  one 
centrifugal  pump  of  the  horizontal-shaft 
type,  driven  by  the  triple-expansion  steam 
engine  which  was  removed  from  station 
No.  5.  The  pump  is  rated  at  9000  cu.ft. 
per  minute  and  the  engine  at  400  hp. 

Starting  thh  Synchronous  Motor 
Pumps 

Those  motors  which  are  located  on 
the  station  floor  levels  are  readily  started, 
brought  up  to  synchronism  and  thrown 
into  service,  because  the  runners  are 
not  submerged  and  the  motors  can  be 
started  with  the  pumps  empty  and 
brought  up  to  synchronism  with  prac- 
tically the  same  facility  that  characterizes 
starting  a  motor  entirely  disconnected 
from  its  load.  After  attaining  normal 
speed  the  load  is  applied  by  priming 
the  pumps  by  means  of  small  pumps 
driven    by    induction    motors. 

With  the  submerged  pumps  the  start- 
ing and  acceleration  of  the  motors  are 
much  more  troublesome,  because  a 
synchronous  motor  will  not  start  with  a 
load;  its  torque,  starting  inductively,  is 
too  feeble.  Therefore,  it  is  necessary 
either  to  empty  the  pumps  of  water  and 
start  in  the  same  way  as  with  the  floor- 
level  pumps  or  else  to  slow  down  the 
generators  at  the  central  station  until 
the  frequency  is  low  enough  to  pick  up 
the  motor  with  its  load  on  and  then  ac- 
celerate up  to  normal  frequency. 

This  latter  method  is  the  one  now  used, 
the  starting  of  a  motor,  or  of  all  the 
machines  in  a  station,  being  accom- 
plished by  connecting  up  to  a  single  gen- 
erating unit  at  the  centra!  power  station, 
through  busbars  separate  from  the  gen- 


Discharge  Basin 
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Fig.  6.  Section  through  Pumping  Station   Nn.   3 


by  a  100-hp.  induction  motor.  Station 
No.  7,  located  at  Orleans  St.  and  Taylor 
Ave.,  is  exactly  like  No.  6  except  that 
it  contains  three  pumps  instead  of  four. 


eral  system.  The  generating  unit  is 
slowed  down  until  the  frequency  is  about 
15  cycles,  the  motor  switch  is  closed  and 
the    machine    brought    up    to    the    gen- 
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erator  frequency  without  the  compensator 
commonly  used  for  starting  without  load. 
Then  the  generating  unit  is  gradually 
accelerated  to  the  normal  speed,  carry- 
ing the  motor  along  with  it.  When  nor- 
mal frequency  has  been  attained  the  gen- 
erator is  shifted  over  to  the  regular  run- 
ning busbars  and   the  extra  busbars  are 


Power  from  a  Small  Low- 
Head  Stream 
By  S.  Rice 

The  Athens  Ry.  &  Electric  Co.,  of 
Athens,  Ga.,  operates  three  hydro-electric 
plants  nn   the   Ocnnee   River,   located   re- 


cently been  put  in  service.  It  was  built 
by  the  James  White  Power  Co.  and 
leased  to  the  above  named  public-service 
corporation    for  99  years. 

In  this  plant,  which  was  designed  for 
a  net  effective  head  of  50  ft.,  the  most 
modern  features  of  construction  for  uti- 
lizing the  full  available  power  of  the 
stream  have  been  embodied.  It  is,  in 
fact,  an  excellent  example  of  the  pos- 
sibilities of  power  generation  to  be  de- 
veloped by  good  engineering  from  the 
flow  of  a  small  stream  with  only  a  mod- 
erate head. 


free  for  starting  another  motor  or  group 
of  motors  with  another  generating  unit. 

This  method  has  grown  to  be  rather 
unwieldy  with  the  growth  of  the  pump- 
ing equipment,  and  arrangements  are 
under  way  for  installing  small  pumps 
and  induction  motors  to  be  used  for 
pumping  the  water  out  of  the  housings 
of  the  submerged  pumps  and  thereby  al- 
lowing them  to  be  started  up  free,  at 
normal  frequency,  as  the  elevated  pumps 
are  now  started. 

Ten  more  pumps  arc  to  be  added  to  the 
system  in  the  immediate  future,  each  to 
have  a  capacity  of  30,000  cu.ft.  per  min- 
ute. All  of  these  will  be  of  the  hori- 
zontal-shaft form,  located  above  water 
level,  and  the  motors  will  be  started  at 
normal  frequency  with  the  pump  runners 
empty. 

Transmission  Lines 

Each  pumping  station  except  No.  8  is 
connected  to  the  central  power  station  by 
means  of  two  distinct  feeders,  and  each 
feeder  is  protected  by  an  ample  equip- 
ment of  multigap  lightning  arresters,  lo- 
cated about  half  a  mile  apart.  The  lines 
are  supported  on  cypress  poles  set  9  ft. 
into  the  ground  and  projecting  as  short 
a  distance  above  ground  as  possible  with- 
out interference  with  street  traffic.  No 
transformers  are  used  between  the  cen- 
tral station  and  the  pumping-station  bus- 
bars. The  generators  deliver  three-phase 
currents  at  3300  volts  and  the  motors 
are  supplied  directly  at  that  voltage. 


Fig.  8.  Test  at  Station  I;  One  Pump  Deiiverinc  15,000  Cu.Ft.  per  Minute 


spectively  at  Alitchell's  Bridge,  Tallassee 
Shoals  and  Barnett  Shoals,  aggregating 
in  capacity  5200  kw. ;  also  a  steam-tur- 
bine  auxiliary    station    of    1500   kw.    ca- 


Fig.  2  is  a  plan  of  the  station  and  Fig. 
3  is  a  longitudinal  section  through  one 
of  the  generating  units.  The  four  hy- 
draulic turbines   are  of  the   twin-runner, 


1.    Barnett  Shoals  Power  House  of  the  Athens  Ry.  &  Electric  Co. 


pacity  located  in  the  city  of  Athens.  The  horizontal  open-flume  type,  with  center- 
latest  of  these  installations  is  the  plant  discharge  casings.  Each  is  rated  at  1200 
at  Barnett  Shoals.   Fip.    1.  which  has  re-      h.hn.  when  runnins?  .at  360  r.n.m..  under  a 
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Fig.  2.  General  Plan  of  Station 


Fic.  3.  Section  through  Plant 


Fig.  6.  Self-contained  Governor  for  Exciter  Turbine 


Fig.  4.  Gil-pressure  Governors  and  Switchd 


Fig.   5.   Main    Generators 
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50-ft.  head,  and  is  direct  connected  to  a 
three-phase,  60-cycle,  12,000-volt  gen- 
erator of  700  k\v.  normal  capacity. 

The  governors  for  these  turbines.  Fig. 
4,  are  of  the  oil-pressure  type,  each  con- 
sisting of  a  stand  with  fly-balls,  relay 
and  regulating  valve  and  also  a  regulat- 
ing cylinder,  together  with  a  separate 
rotarj'  gear-type  oil-pressure  pump.  The 
pressure  tank  is  mounted  directly  on 
top  of  the  pump  housing.  These  gov- 
ernors operate  with  the  open  oil  system ; 
that  is,  after  it  is  used  in  the  regulating 
cylinder,  the  oil  is  returned  to  an  open 
receiving  tank,  where  it  has  a  chance  to 
settle  and  clarify  before  returning  to 
the  rotary  pump  and  pressure  tank. 


There  are  two  exciter  units,  each  of 
100  kw.  capacity,  furnishing  direct  cur- 
rent at  120  volts.  One  of  these,  used 
for  starting,  is  driven  by  a  direct-con- 
nected hydraulic  turbine  of  the  single- 
runner,  horizontal,  quarter-turn-discharge 
type,  rated  at  210  b.hp.  Its  governor 
is  also  of  the  oil-pressure  type;  but 
in  this  case  the  rotary  pump,  regulating 
cylinder  and  fly-hall  stand  are  all  in- 
cluded in  one  self-contained  unit.  The 
second  exciter,  of  similar  characteristics, 
is  driven  by  an  induction  motor.  This 
also  appears  in  Fig.  6. 

The  outgoing  three-phase  lines  to 
Athens  are  provided  with  protective  de- 
vices consisting  of  choke  coils,  aluminum 


lightning-arresters  with  horn-gap  discon- 
necting switches,  and  other  apparatus. 

In  the  generating  plant  there  is  also 
a  substation  for  an  industrial  power  cir- 
cuit. This  includes  ihe  three  12,000  2300- 
volt  oil-insulated,  self-cooled  transform- 
ers. 

The  Athens  Ry.  &  Electric  Co.,  in  ad- 
dition to  its  traction  and  lighting  load, 
furnishes  power  for  motor  drive  in  a 
number  of  large  textile  mills  and  other 
manufacturing  establishments,  one  cotton 
spinning  plant  being  located  near  the 
power  site.  The  operation  is  in  charge 
of  C.  D.  Flanigen,  second  vice-president 
and  chief  engineer,  and  C.  L.  Proctor  is 
superintendent. 


The  Causes  of  Boiler  Explosions 


Broadly  speaking,  there  is  one  explana- 
tion for  all  boiler  explosions;  namely, 
the  boiler  or  some  part  of  it  is  too  weak 
to  withstand  the  stress  brought  upon  it. 
There  are  many  causes  contributing  to 
such  weakness,  and  a  definite  cause  can 
usually  be  given   for  most  explosions. 

Public  opinion  is  being  aroused  to  the 
fact  that  many  boiler  explosions  are  pre- 
ventable, as  evidenced  by  the  present 
agitation  for  laws  governing  the  con- 
struction and  operation  of  boilers,  the 
lead  of  the  city  of  Philadelphia  has  been 
followed  and  improved  upon  by  the  state 
of  Massachusetts;  also  Ohio  and  sev- 
eral municipal  governments  now  have 
boiler  laws  patterned  after  those  of 
Massachusetts,  and  similar  action  is  be- 
ing considered  seriously  by  a  number  of 
other  states  and  cities. 

Faulty  Design 

One  cause  of  boiler  explosions  is 
faulty  design,  as  they  are  frequently  con- 
structed too  weak  for  the  pressure  to 
be  carried.  This  dees  not  mean  that  the 
boiler  will  necessarily  explode  as  soon 
as  the  pressure  is  raised.  Explosions 
from  this  cause  usually  occur  after  years 
of  use,  the  overload  on  the  parts  having 
had  time  to  gradually  weaken  them  until 
they  are  no  longer  capable  of  resisting 
the  excessive  strain. 

Of  course,  a  manufacturer  has  prac- 
tically no  control  over  the  steam  pres- 
sure to  be  used  on  a  boiler,  after  it  has 
been  delivered  to  the  purchaser.  But  if 
the  manufacturer  should  stamp  his  name 
and  the  safe  working  pressure  for  which 
it  was  designed  on  each  boiler  built,  it 
would  act  as  a  protection  to  his  reputa- 
tion in  the  event  of  excessive  pressure 
being  used.  Proper  inspection  and  fixing 
of  pressures  by  experts  is  the  logical 
remedy  for  explosions  due  to  this  cause. 

A  fault  of  design  which  often  leads  to 
an  explosion  is  the  adoption  of  a  shape 
which  tends  to  deform  under  pressure. 
In  such  cases,  if  the  movement  produced 
occurs   within  narrow   limits   along   fixed 


By  S.  F.  Jeter  ^ 


\  paper  delivered  before  the 
American  Boiler  Manufacturers' 
.\ssociation  at  New  Orleans,  Mar. 
12  to  15.  The  chief  causes  of 
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somewhat  in  detail,  together  with 
recommendations  tending  to  re- 
duce the  number  of  explosions. 


•Supervising  inspector.  Hartford  Steam 
Boiler  Inspection  &  Insurance  Co. 

lines,  grooving  or  cracking  is  almost  cer- 
tain to  occur,  finally  resulting  in  an  ex- 
plosion, unless  the  defect  is  discovered 
before  the  structure  has  been  weakened 
to  the  breaking  point.  The  obvious 
remedy  is  to  use  shapes  which  the  in- 
ternal pressure  does  not  tend  to  change, 
and  if  this  is  impractical,  to  use  such 
forms  that  the  movement  produced  will 
occur  over  considerable  areas  and  not  be 
confined  to  narrow  limits. 

Improper  reinforcement  of  openings 
has  occasionally  been  the  cause  of  boiler 
e.xplosions.  If  the  openings  in  boiler 
work  we-e  not  generally  of  such  mod- 
erate dimensions,  this  might  be  a  more 
frequent  cause  of  disaster.  No  definite 
information  is  available  regarding  the 
distribution  of  stresses  around  an  open- 
ing in  a  cylinder  when  subjected  to  in- 
ternal pressur; ;  consequently,  the  de- 
sign for  the  reinforcement  of  such  open- 
ings  is   by  rule-of-thumb. 

Another  fact  responsible  for  many  ex- 
plosions is  an  arrangement  not  permitting 
of  accessibility  for  the  inspection  of  all 
parts.  This  is  especially  so  when  the 
inaccessible  parts  are  located  where  rapid 
deterioration  is  likely  to  occur.  No  por- 
tion of  the  boiler  proper  should  rest 
directly  on  a  foundation  or  have  any 
of  its  parts  buried  in  earth  or  ashes. 
Furthermore,  a  design  which  does  not 
permit  free  circulation  of  water  in  all  of 
its  parts  is  liable  to  produce   rapid  in- 


ternal corrosion,  for  unless  a  current  is 
produced  by  the  circulation  sufficiently 
strong  to  remove  all  bubbles  of  air  that 
rr.ay  attach  themselves  to  the  surfaces, 
rapid  corrosion  is  almost  certain  to  en- 
sue. This,  if  neglected,  may  result  in 
an   explosion. 

Air  which  is  a  mixture  of  about 
four  parts  of  nitrogen  to  one  of  oxy- 
gen, together  with  very  small  quan- 
tities of  other  gases,  dissolves  to  a  cer- 
tain extent  in  water.  However,  the  oxy- 
gen, being  more  soluble  than  the  nitro- 
gen, dissolves  more  readily  and  the  pro- 
portion of  the  gases  found  dissolved  in 
the  water  is  roughly  one  of  oxygen  to 
two  of  nitrogen,  instead  of  in  the  propor- 
tions found  in  the  air.  When  the  dis- 
solved air  is  liberated  by  the  heat,  the 
high  percentage  of  oxygen  causes  the 
surfaces  on  which  the  bubbles  may  col- 
lect, to  be  rapidly  corroded.  This  ac- 
counts for  the  severe  corrosion  of  vessels 
containing  water  which  is  merely  heated 
without  a  strong  circulation  being  pro- 
duced. 

A  correct  boiler  design  will  provide 
uniform  flexibility  throughout.  A  stiff, 
rigid  part  next  to  one  which  is  flexible  is 
a  menace  to  safety  if  there  is  any  ten- 
dency toward  movement  between  the 
parts,  either  due  to  temperature  changes 
or  pressure. 

Poor  Workmanship 

Defective  workmanship  is  responsible 
for  some  explosions,  the  barbarous  prac- 
tice of  drifting  rivet  holes  having  doubt- 
less contributed  largely  in  the  past  to 
such  accidents.  The  reputable  manufac- 
turer of  today,  however,  will  not  know- 
ingly   permit    such    work. 

Failure  to  properly  flare  the  tubes  and 
nipples  in  water-tube  boilers  has  fre- 
quently resulted  in  explosions.  The  safety 
of  the  joint  between  a  tube  and  a  plate 
when  expanded  and  flared  or  merely  ex- 
panded, is  not  a  question  of  the  relative 
strength  of  such  connections  newly  made. 
When,   for  some  reason  connected  with 
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the  operation  of  a  boiler,  a  connection 
of  this  kind  becomes  loose  due  to  a  move- 
ment of  the  parts  from  expansion  or 
vibration,  together  with  the  excessive 
weight  sometimes  sustained,  the  tube  or 
nipple  with  a  flared  end  is  decidedly  more 
safe  than  one  which  is  merely  expanded. 
The  flared  nipple  usually  gives  warning 
of  its  looseness  by  leakage  before  it 
pulls  out. 

Defective  Material 

Defective  material  is  sometimes  the 
cause  of  boiler  explosions,  and  the  boiler 
manufacturer  is  largely  dependent  upon 
the  producer  of  the  material  for  protec- 
tion in  this  respect.  Nothing  but  ma- 
terial of  the  best  quality  should  be  speci- 
fied for  all  parts  of  a  boiler  which  are 
called  upon  to  resist  the  stresses  pro- 
duced by  the  pressure  of  steam,  and 
every  precaution  should  be  exercised  to 
see  that  such  material  is  obtained.  Cast 
iron  should  never  be  used  in  any  part  of 
a  boiler  called  upon  to  resist  tensile 
stress. 

Willful  Neglect 
A  cause  of  explosion  which  is  par- 
ticularly reprehensible,  because  of  its  be- 
ing preventable,  is  due  to  an  owner's 
willingness  to  pit  his  judgment  against 
more  competent  or  conservative  advice. 
Often  boilers  are  known  to  be  in  need 
of  repairs,  but  the  work  is  put  off  to  a 
more  convenient  season.  A  feed  pump 
refuses  to  start,  and  instead  of  fires  be- 
ing drawn  as  soon  as  the  water  reaches 
the  lowest  safe  level,  a  chance  is  taken 
that  it  can  be  run  a  little  longer.  Pres- 
sures are  sometimes  carried  higher  than 
reasonable  safety  would  permit,  to  avoid 
the  expense  of  larger  engines,  or  better 
boilers.  Boilers  are  forced  beyond  a 
reasonable  duty  for  the  heating  surface 
they  contain.  This  is  a  feature  that  must 
be  reckoned  with  more  in  the  future 
than  it  has  been  in  the  past. 

Neglect  or  Careless  Operation 
Boiler  explosions  are  also  the  result 
of  neglect  or  carelessness  in  operation. 
Scale  and  deposit  are  often  allowed  to 
collect  in  quantities  that  are  dangerous; 
connections  to  water  columns  are  allowed 
to  become  stopped;  oil  is  permitted  to 
enter  the  boiler  with  the  feed  water;  re- 
pairs to  settings  which  may  affect  the 
safety  of  the  boiler  are  neglected;  safety 
valves  are  not  regularly  tested  to  as- 
certain if  they  are  in  operating  condi- 
tion; or  occasionally  an  owner  who  dis- 
covers the  safety  valve  leaking,  with  an 
eye  blind  to  every  consideration  except 
the  prevention  of  loss  of  steam,  places  a 
stop  valve  on  the  connection  to  the  safety 
valve  or  plugs  the  outlet.  A  steam  gage 
may  register  incorrectly  and  the  engi- 
neer screws  down  on  the  safety  valve 
in  an  endeavor  to  make  the  gage  show 
the  correct  pressure. 

Again,  the  steam  pressure  may  not  be 


sufficient  to  produce  the  results  desired 
and  the  safety  valve  is  deliberately  made 
inoperative  to  overcome  the  difficulty.  All 
of  the.se  conditions  have  been  the  cause 
of  boiler  explosions  in  the  past  and  they 
probably  will  continue  to  contribute  their 
share  in  the  future  until  the  steam  user 
is  more  thoroughly  educated  in  the  mat- 
ter of  the  risk  he  runs  by  such  care- 
lessness. 

Tube  Failures 

Tube  failures,  which  are  chiefly  con- 
fined to  the  water-tube  type  of  boiler, 
are  a  source  of  grave  concern  to ,  the 
boiler-insurance  interest  because  it  is 
difficult  to  guard  against  the  usual  fail- 
ure of  this  kind  by  inspection.  A  de- 
fective weld  usually  does  not  show  on 
the  surface  of  the  tube,  and  even  where 
the  surface  indications  would  lead  to 
suspicion,  a  large  percentage  of  the  tubes 
in  water-tube  boilers  are  beyond  the 
reach  or  vision  of  the  inspector.  The 
thorough  inspection  of  tubes  before  they 
are  placed  in  the  boiler,  while  very  un- 
satisfactory, even  taken  in  connection 
with  the  mill  test,  is  about  the  only 
protection  possible  against  accidents  due 
to  this  cause. 

The  seamless  tube  will  prevent  acci- 
dents due  to  defective  welding,  but  tubes 
made  by  this  process  are  not  always  of 
uniform  thickness,  and  with  the  cold- 
drawn  product  there  are  apparently  in- 
ternal strains  produced  by  the  process 
of  manufacture  which  sometimes  cause 
the  tubes  to  break  when  merely  heated. 
If  cold-drawn  tubes  are  used  for  boiler 
purposes,  the  annealed  stock  should  be 
obtained.  Hot-drawn  seamless  tubes  are 
now  meeting  with  considerable  favor 
among   engineers   for   boiler  purposes. 

A  considerable  percentage  of  tube 
failures  occur  without  the  slightest  evi- 
dence as  to  their  cause.  A  welded  tube 
frequently  breaks  through  the  solid  metal 
away  from  the  weld,  without  being  cor- 
roded or  weakened  in  any  way  that  may 
be  detected  by  the  eye,  and  without  evi- 
dences of  overheating.  There  must  be 
some   reason   for  such   failures. 

It  is  a  fact  that  while  pressures  and 
rates  of  driving  have  been  remarkably 
increased  during  the  past  15  or  20  years, 
no  increase  in  the  thickness  or  strength 
of  tubes  has  occurred.  That  the  thicker 
tube  is  safer  seems  to  have  been  demon- 
strated by  a  number  of  cases  where  heavy 
tubes  have  been  used  in  place  of  those 
of  standard  gage,  and  tube  troubles  have 
ceased.  Of  course,  it  can  be  contended 
that  the  theoretical  factor  of  safety  is 
higher  on  tubes  even  of  standard  thick- 
ness than  on  almost  any  other  portion 
of  the  boiler.  However,  under  operating 
conditions  accompanying  high  rates  of 
driving,  is  it  not  possible  that  there  are 
decided  fluctuations  in  the  temperature 
of  the  material  in  the  tubes?  The  rapid 
formation  of  steam  bubbles  removes  for 
a  certain  interval  of  time  the  water  pro- 


tection from  the  inner  surface  of  a  tube, 
and  the  thinner  the  material,  the  higher 
will  its  temperature  rise  during  a  given 
time  in  which  it  is  not  protected.  It  is 
conceivable  that  the  structure  of  the 
metal  in  a  thin  tube  may  be  affected  in 
time  by  this  constant  change  in  tempera- 
ture until  it  gives  out,  while  the  thicker 
tube  might  not  be  affected  to  the  same 
extent  by  this  means.  This  idea  is  only 
advanced  as  a  possible  explanation  for 
some  of  the  tube  accidents  which  seem 
to  defy  definite  causes  being  assigned 
for  them. 

The  thicker  material  in  the  case  of 
welded  tubes  will  make  it  more  certain 
that  the  required  strength  is  obtained  in 
the  weld;  also,  surface  imperfections  in 
the  material  would  not  affect  the  strength 
to  the  same  degree  in  the  thick  tube  as 
it  would  in  the  lighter  one. 

The  importance  of  the  question  of  tube 
failures  to  the  operator  of  boilers  as 
well  as  to  the  insurance  interest  can  be 
appreciated  when  it  is  realized  that  the 
toll  of  loss  of  life  and  limb  exacted  by 
such  failures  probably  exceeds  other 
classes  of  boiler  accidents  when  the  rela- 
tive number  of  fire-tube  and  water-tube 
boilers  in  use  is  considered. 

Other  Causes 

Corrosion  has  been  the  cause  of  many 
serious  explosions,  but  with  boilers  built 
accessible  for  inspection,  explosions  from 
this  cause  may  be  reduced  to  a  mini- 
mum where  the  boilers  are  under  the 
care  of  a  competent  inspection  service. 

A  source  of  explosions,  external  to 
the  boiler  itself,  but  which  has  produced 
very  serious  disasters,  is  the  improper 
arrangement  of  steam  piping.  It  is  very 
dangerous  indeed  to  attempt  to  connect 
a  boiler  to  a  steam  line  where  the  pip- 
ing is  arranged  so  that  water  pockets 
may  be  formed.  A  water-hammer  is 
likely  to  result  in  such  cases  which  may 
break  the  pipe  connections,  and  this  in 
turn  may  produce  an  explosion  of  the 
boiler  itself. 

Very  disastrous  explosions  have  been 
due  to  hidden  cracks  or  so  called  lap- 
seam  cracks.  The  cause  of  these  de- 
fects is  either  the  form  of  seam,  poor 
material,  improper  shape  of  the  joined 
ends  of  the  sheet,  or  the  abuse  of  the 
material  in  the  process  of  manufacture; 
possibly  it  may  be  a  combination  of  some 
of  these  causes.  That  the  form  of  seam 
alone  is  not  the  only  factor  is  well  demon- 
strated by  the  fact  that  all  lap  seams 
do  not  fail  in  this  manner  and  also  that 
some  seams  of  the  butt-joint  type  have 
thus   failed. 

It  is  readily  recognized  that  with  every 
possible  precaution,  boiler  ex-plosions 
cannot  be  entirely  eliminated,  but  their 
number  may  be  lessened  materially.  A 
proper  inquiry  into  all  accidents  of  this 
kind  by  government  officials  qualified  and 
clothed  with  ample  authority  would  tend 
to    reduce    the    number    of   explosions. 
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One  of  the  largest  steam  power  plants 
in  the  South  is  that  of  the  Birmingham 
Railway,  Light  &  Power  Co.,  at  Birming- 
ham, Ala.  Besides  supplying  the  street- 
railway  system  and  the  commercial  light 
and  power  for  the  city,  it  also  furnishes 
exhaust  steam  for  heating  to  the  business 
districts.  The  turbines  in  the  plant,  how- 
ever, are  run  condensing,  but  as  an 
abundant  supply  of  condensing  water  is 
not  available  cooling  towers  have  been 
employed. 

Certain  features  of  this  plant  were  de- 
scribed in  the  Aug.  16  and  Oct.  4,  1910, 
issues  of  Power.  Although  these  de- 
tails will  be  largely  omitted  in  the  pres- 
ent description,  a  general  outline  of  the 
installation  will  be  included  in  order  to 
acquaint  the  reader  with 'the  character 
of  the  plant. 

The  station  contains  31  boilers,  total- 
ing 17,200  boiler  horsepower,  and  gen- 
erating units,  both  engine  and  turbine- 
driven,  aggregating  30,000  hp.  The  ser- 
vices supplied  consist  of  a  125-250-volt 
Edison    three- wire    system;    a   2300-volt 
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A  combination  steam-turbine 
and  reciprocating-engine  plant 
supplying  commercial  light  and 
power  to  the  city  of  Birmingham, 
Ala.,  also  the  street-railway  sys- 
tem. 

The  turbines  are  run  condens- 
ing, but  the  exhaust  from  the 
engines  is  used  for  heating  a 
.  large  section  of  the  city. 


♦Chief  Engineer  of  the  Birmingham 
Ry.  Light  &  Power  Co. 

holding  about  20  tons.  From  here  the 
coal  is  elevated  in  a  two-ton  skip  bucket 
to  a  hopper  located  above  the  level  of 
the  coal  bunkers  and,  after  passing 
through  a  crusher,  falls  upon  a  dis- 
tributing belt  and  is  distributed  to  the 
coal  bunkers.  These  discharge  through 
chutes  to  the  stokers. 

The  coal  which  drops  through  the 
chain-grate  stokers  is  drawn  from  the 
ashpits  with  long-handled  shovels  and  is 
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Fig.  1.    Exterior  View  of  Station 


three-phase  system  supplying  the  arc- 
lighting  system;  a  13,200-volt  transmis- 
sion system,  and  a  600-volt  direct-current 
railway  system. 

Boilers 

The  boiler  installation  consists  of 
twenty-four  600-hp.  and  seven  400-hp. 
Babcock  &  Wilcox  boilers,  each  equipped 
with  chain-grate  stokers  and  fitted  with 
wrought-iron  pipe  water-backs  at  the 
bridge-walls.  A  washed  mixture  of  nut, 
pea  and  slack  coal  averaging  about  13,- 
000  B.t.u.  per  pound  is  used.  This  is 
brought  to  the  plant  in  cars  and  dumped 
into  concrete  bins  holding  about  six  tons 
each.  From  these  it  is  discharged  to  a 
belt  conveyor  about  440  ft.  long  which, 
in  turn,   discharges   into   a   concrete   pit 


dumped  into  the  ash  buckets.  These  are 
hoisted  and  emptied  into  a  car  which  is 
lun  out  over  the  coal-receiving  pit.  This 
method  allows  the  coal  droppings  to  be- 
come thoroughly  mixed  with  all  the  coal 
burned,  and  prevents  clinkers  which 
would  be  formed  if  the  droppings  were 
shoveled  directly  into  the  stoker  hopper 
of  each  boiler.  The  heat  units  in  these 
droppings  are  estimated  to  average  about 
7000  B.t.u.  per  pound. 

The  coal  is  purchased  on  a  B.t.u.  basis, 
the  analyses  of  the  samples  for  each 
month  being  averaged  and  the  price  de- 
termined thereby.  Both  premiums  and 
penalties  are  provided  and  these  are 
based  not  only  upon  the  heat  value  shown 
by  the  average  analysis,  but  also  upon 
the  percentage  of  ash  and  sulphur. 


The  ashes  are  handled  by  telpher-op- 
erated buckets  and  discharge  into  hand 
cars  by  which  they  are  removed  from 
the  boiler  room. 

In  connection  with  the  operation  of 
the  boiler  room,  it  may  be  mentioned 
that  the  external  surfaces  of  all  the 
tubes  are  cleaned  daily,  and  it  is  the 
duty  of  the  men  who  blow  the  surfaces 
of  these  tubes  to  also  stop  all  air  leaks 
in  the  settings  and  furnaces.  An  air- 
driven  tube  cleaner  is  now  used,  and 
this  has  been  found  to  result  in  longer 
life  of  the  arches  of  the  dutch  ovens, 
for  when  the  tubes  were  cleaned  with  a 
v/ater-driven  cleaner  a  large  amount  of 
the  leakage  dripped  on  top  of  the  arches, 
and  consequently  shortened  their  lives. 
It  is  the  custom  to  clean  each  of  the 
boilers  in  service  every  35  days. 

Heater  and   Pumps 

Feed  water  is  furnished  by  two  sep- 
arate 6-in.  city  mains  leading  to  an  open 
surge  tank  located  on  the  roof  of  the 
[boiler  room.  From  here  it  flows  by 
gravity  to  two  10,000-hp.  Cochrane  feed- 
water  heaters,  thence  to  the  feed  pumps. 
The  discharge  from  the  water-backs  at 
the  bridge-walls,  which  is  under  the  city 
pressure  of  90  lb.  per  square  inch,  is 
also  connected  into  this  system.  Further- 
more, there  is  a  connection  between  the 
city  mains  and  the  boiler- feed  pumps 
for  emergency  use,  and  additional  pro- 
tection against  shutdown  is  afforded  by 
a  6-in.  two-stage  centrifugal  pump  which 
can  supply  the  main  feed-pump  suction 
with  water  from  the  station  reservoir  in 
case  of  trouble  with  the  city  mains. 

Engine  and  Generators 
The  generating  equipment  consists  of 
six  Corliss  engine-driven  units  and  three 
turbo-alternators,  all  receiving  steam  at 
175  lb.  pressure,  and  100  deg.  superheat. 
The  engines  were  originally  designed 
double,  but  have  now  been  made  cross 
compound. 

The  railway  system  is  supplied  by  one 
1600-kw.  and  two  S50-kw.  600-volt  units, 
and  the  Edison  three-wire  system  by  one 
400-kw.,  125-250-volt  generator,  which 
also  serves  as  an  auxiliary  for  the  ex- 
citer system.  The  2300-volt  system  is 
composed  of  two  1500-kw.  engine-driven 
units,  two  3000-kw.  Curtis  turbines,  and 
one  6250-kw.  Allis-Chalmers  horizontal 
turbine.  These  exhaust  into  a  LeBlanc 
condenser. 

Three  1000-kw.  Westinghouse  rotary 
converters  also  form  part  of  the  railway 
system  in  parallel  with  the  railway  gen- 
erators, and  the  Edison  three-wire  sys- 
tem includes  three  750-kw.  and  two  500- 
kw.,  125-250-volt  rotary  converters.  The 
connections  of  two  of  the  750-kw.  rotary 
converters  are  so  arranged  that  they  can 
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be  run  in  series  and  paralleled  on  the 
railway  system  for  emergency  operation. 

Excitation  is  furnished  by  motor-gen- 
erator sets  with  an  engine-driven  exciter 
in  reserve. 

The  arc-lighting  system  is  supplied  by 
six  100-light,  seven  50-light  and  one  35- 
light  constant-current  oil-cooled  trans- 
formers which  furnish  7, '4 -ampere  series 
arc  lamps  with  current  from  the  2300- 
volt  system. 

The  13,200-volt  transmission  system 
which   furnishes  power  to  the  towns  of 


a  combination  of  both,  and  are  con- 
nected to  the  condenser  by  36-in. 
cast-iron  mains.  Motor-driven  fans  are 
employed. 

Exhaust   Stea.m   Heating 

The  station  is  located  about  1500  ft. 
from  the  business  center  of  the  city  and 
in  all  there  are  about  11,500  ft.  of  heat- 
ing mains  ranging  in  size  from  4  to  16  in. 
In  the  construction  of  this  system  of 
underground  piping,  thorough  provision 
has  been  made  for  insulation,  expansion. 


white  pine  staves  tightly  bound  together 
v'ith  a  galvanized-iron  wire,  which  is 
bound  under  a  pressure  sufficient  to  em- 
bed it  into  the  wood.  The  casing  is  then 
covered  with  a  coating  of  asphaltum  and 
sawdust  and  the  inside  is  lined  with 
bright  tin  plate. 

Great  care  was  exercised  when  the 
mains  were  installed  to  protect  them 
from  seepage  and  provide  proper  drain- 
age. For  this  purpose  3-ply  tar  paper 
was  laid  on  top  of  the  casing  to  a  point 
below   its  center   line  and   porous   tile   is 


Fig.  2.   Main  Engines  and  Turbines 

Fig.  3.    Piping  over  Boilers 

Fig.  4.   Switchboard  Showing  Transformers  Overhead 

Fig.  5.  Railway  Rotary  Converters 


Bessemer,  East  Lake,  Ensley,  Brighton, 
etc.,  is  supplied  from  the  2300-volt  sys- 
tem through  three  750-kw.  step-up  trans- 
formers. 

Cooling  Towers 

The  cooling  towers  which  have  been 
installed  to  handle  the  condensing  water 
are  of  the  Worthington  design,  30  ft.  in 
diameter  and  80  ft.  high.  They  are  built 
over  the  suction  reservoir  and  are 
equipped  for  forced  or  natural  draft,  or 


anchorage  and  durability.  The  wrought- 
iron  pipe  is  first  wrapped  with  asbestos 
paper,  which  is  held  in  place  by  copper 
wire.  Between  the  pipe  and  the  wooden 
insulating  casing  there  is  a  1^^-in.  air 
space,  the  pipe  being  centered  and  sup- 
ported on  roller  guides  which  permit 
movement  due  to  expansion  and  con- 
traction. 

The  chief  insulation  is  secured  by  a 
wooden  casing  5  in.  in  thickness.  It  is 
made  from  kiln-dried  tongue-and-grooved 


placed  below  the  mains;  these  being 
connected  to  the  sewers  at  convenient 
points. 

A  device  known  as  a  variator  is  used 
for  taking  care  of  the  expansion  and 
contraction  of  the  mains.  This  consists 
of  a  form  securely  anchored  in  a  brick 
box,  which  holds  the  outer  edge  of  a 
large  corrugated  copper  disk,  the  inner 
edge  of  which  is  connected  to  the  free 
end  of  the  pipe.  The  expansion  devices 
are    placed    about    every    100    ft.    apart. 
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with  anchors  midway  between.  All  the 
brick  boxes  inclosing  the  variators  and 
anchors  are  filled  with  pine  shavings  to 
prevent  radiation. 

Consumers'  service  pipes  branch  from 
the  top  of  the  main  line,  thus  insuring 
the    delivery    of   dry    steam    to    the   con- 


sumer. Four-inch  wooden  casings  are 
used  for  insulating  the  service  pipes. 
Gate  valves  are  placed  in  manholes  at 
street  intersections,  so  that  small  sections 
of  the  system  may  be  shut  off  to  make 
connections  or  repairs. 

All   the   pipes  are   carefully  graded   to 


low  points  on  the  system  where  auto- 
matic steam  traps  are  placed  in  man- 
holes for  the  removal  of  condensation. 
The  consumers  comprise  practically  all 
the  small  and  large  office  buildings,  busi- 
ness blocks,  hotels,  and  public  buildings, 
and  all  are  served  on  a  meter  basis. 


Explosion  of  Water  Tube  Boiler 


The  accompanying  photographs  show 
the  destruction  following  the  explosion 
of  a  water-tube  boiler  at  the  mill  of 
the  Bond  Lumber  Co.,  of  Bond,  Miss., 
on  Feb.  19.  Besides  the  damage  to  prop- 
erty, estimated  at  about  $60,000,  three 
men  were  killed  and  two  others  serious- 
ly injured. 

The  boiler  which  exploded  was  of  the 
Woods  type  and  was  rated  at  about  200 
hp.  It  was  built  in  1894  for  the  Eddy 
Co.,  of  Saginaw,  Mich.,  by  which  firm 
it  was  used  until  1902.  It  was  out  of 
service  for  the  next  three  years,  remain- 
ing in  a  damp  and  often  flooded  boiler 


By  A.  L.  Howard 

room,  and  was  then  sold  to  the  J.  E. 
North  Lumber  Co.  (now  the  Bond  Lum- 
ber Co.)  who  operated  it  up  to  the  time 
of  the  explosion. 

On  Sunday,  Feb.  18,  the  day  before 
the  explosion,  the  boiler  was  washed 
out  and  was  fired  up  about  II  p.m.;  the 
explosion  occurred  at  2:05  a.m.,  Monday 
morning.  Several  versions  are  given  as 
to  the  contributing  cause  of  the  explo- 
sion, one  of  the  attendants  stating  that 
the  water  was  low  and  upon  turning  on 
the    injector    the    explosion    took    place. 


If  is  probable,  however,  that  definite  in- 
formation will  soon  be  available  as  to 
the  actual  cause,  as  a  thorough  in- 
vestigation is  now  being  made  by  the 
authorities  and  the  insurance  company 
which  held   insurance  on  the  boiler. 

The  boiler  plant  consisted  of  five  re- 
turn-tubular and  four  water-tube  boil- 
ers. The  front  tube  header  of  the  ex- 
ploded boiler  was  thrown  about  1500 
ft.  from  the  plant  and  part  of  the  steam 
drum  was  hurled  onto  the  log  deck  of 
the  sawmill.  The  rear  tube  header  was 
blown  through  the  sawmill  and  landed 
under  the  filing   room. 


Fig.  1.   Showing  Stack  A  of  Exploded  Boiler  Lying  across 
THE  Return-Tubular  Boilers  C;  B  is  the 
Base  of  the  Stack  for  the 
Latter  Boilers 


Fig.  2.  Demolished  Boiler  Room;  D  Shows  where  Steam 

Drum  Went  through  Sawmill;  and  E 

the  Stack  of  the  Exploded 

Boiler 


'-if'JS 


MG.  3.   Steam  Drum  of  Exploded  Boiler  on  Log 
Deck  of  Sawmill 


Fig.  4.    End  View  of  Boiler  Room 
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William  States  Lee 

Few  men  have  contributed  as  much 
or  as  efficient  personal  endeavor  to  the 
industrial  development  of  any  section  of 
the  South  as  William  States  Lee,  chief 
engineer  of  the  Southern  Power  Co. 
Mr.  Lee  was  born  in  1872  in  Lancaster, 
S.  C,  and  after  the  usual  primary  edu- 
cation he  received  technical  education 
at  the  South  Carolina  Military  Academy, 
from  which  he  was  graduated  in  1894. 
After  graduation  he  taught  for  a  time, 
but  soon  took  up  engineering  work  and 
rose  rapidly  from  transit  man  to  resident 
engineer  of  the  Pickens  Railway  Co.; 
subsequently  he  became  resident  engi- 
neer of  the  Anderson  Water,  Light  & 
Power  Co.  When  with  the  latter  com- 
pany he  had  charge  of  the  construction 
of  the  Portman  Shoals  hydro-electric 
plant  on  the  Seneca  River,  in  which  was 
installed  the  first  10,000-voIt  generator 
put  in  service  in  America.  After  putting 
this  plant  into  operation,  Mr.  Lee  spent 
about  a  year  on  construction  work  in 
connection  with  the  United  States  Gov- 
ernment coast-defense  plans  for  Charles- 
ton  Harbor. 

In  October,  1898,  he  became  resident 
engineer  of  the  Columbus  Power  Co., 
which  company  had  just  then  let  the  con- 
tract for  a  dam  on  the  Chattahoochee 
River  at  Columbus,  Ga.  This  dam  was 
completed  in  the  autumn  of  1900  and  in 
December  of  that  year  part  of  it  was 
carried  away  by  a  flood.  The  reconstruc- 
tion of  the  dam,  together  with  the  build- 
ing of  transmission  lines,  substations, 
etc.,  was  put  under  Mr.  Lee's  direct 
supervision  and  he  was  made  chief  en- 
gineer. He  modified  the  design  and  raised 
the  height  of  the  dam,  completing  it  in 
the  spring  of  1902.  It  is  to  be  noted 
that  this  river  is  remarkable  for  its  quick- 
ly rising  floods,  which  often  exceed  fifty 
times  the  normal  flow.  This  was  the 
first  large  dam  built  in  the  South,  and 
the  experience  gained  in  fighting  a  river 
with  such  quickly  rising  floods  may  ac- 
count for  much  of  Mr.  Lee's  success 
in  later  developments  where  similar  con- 
ditions were  encountered.  During  his 
connection  with  this  company  Mr.  Lee 
also  became  familiar  with  cotton-mill 
construction,  an  experience  which  has 
served  him  well  in  his  present  connec- 
tion. 

After  reconstructing  the  dam  at  Co- 
lumbus and  completing  the  electrical  in- 
stallation, he  was  appointed  chief  engi- 
neer of  the  Catawba  Power  Co.  This 
company  was  building  a  dam  at  the 
India  Hook  shoals  of  the  Catawba  River, 
near  Rock  Hill,  S.  C,  and  three  con- 
tractors had  failed  in  the  undertaking  on 
account  of  the  great  difficulty  involved 
in  dealing  with  the  floods  which  rise  in 
this  river.  The  dam  was  completed  in 
the  spring  of  1904,  together  with  trans- 


mission lines  to  Rock  Hill  and  Charlotte 
(N.  C).  The  capacity  of  this  plant  was 
10,000  hp.,  and  the  rapid  sale  of  the  en- 
tire output  led  to  the  formation  by  the 
same  interests  of  a  much  larger  com- 
pany under  the  name  of  the  Southern 
Power  Co.,  which  took  over  the  Catawba 
Power  Co.  and  purchased  large  water- 
power  rights  on  the  Catawba  and  Broad 
Rivers  in  the  summer  of  1905.  Mr.  Lee 
was  made  chief  engineer  and  in  addition 
was  given  an  executive  office,  second 
vice-president,  with  headquarters  at 
Charlotte. 

Before  the  organization  of  this  larger 
company,  hydro-electric  development  in 
the  South  had  been  mostly  local  in  scope, 
having  for  an  object  the  supply  of  power 
to  a  few  cotton  mills  in  the  immediate 
neighborhood  of  the  power  plant  or  at 
the  end  of  a  comparatively  short  trans- 
mission line.  It  remained  for  Mr.  Lee 
to  produce  a  network  system  extending 
over  hundreds  of  square  mi)es  and  rival- 
ing in  the  amount  of  power  transmitted 
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any  hydro-electric  system  in  the  world. 
Since  the  summer  of  1905  there  have 
been  built  under  his  direction  two  24,- 
000-kw.  and  one  18,000-kw.  hydro-elec- 
tric developments;  500  miles  of  50,000- 
volt  circuits;  800  miles  of  100,000-volt 
circuits  and  about  70  substations  sup- 
plying power  and  lighting  to  more  than 
150  cotton  mills  and  45  towns.  The 
pioneer  work  involved  in  this  project  in- 
cluded the  erection  of  a  100,000-volt 
transmission  and  distribution  system 
reaching  200  miles  in  one  direction  and 
over  too  miles  in  another  direction,  tied 
in  to  a  50,000-volt  distributing  system 
and  operated  with  the  same  degree  of 
safety    as    a    low-tension    system. 


Not  content  with  supplying  power  to 
the  mills  of  the  Piedmont  region,  Mr. 
Lee  has  for  several  years  been  studying 
the  railroad  problem,  and  has  so  far 
interested  the  financiers  of  the  Southern 
Power  Co.  that  for  the  last  year  he  has 
been  actively  engaged  in  the  construc- 
tion of  a  high-speed  freight  and  passen- 
ger electric  railway,  150  miles  long,  which 
for  the  present  will  connect  with  the  Sea- 
board Ry.  at  Charlotte  and  Greenwood. 
He  is  also  making  a  study  of  the  prob- 
lem of  extracting  nitrogen  from  the  at- 
mosphere by  means  of  the  electric  arc. 
A  plant  for  this  work  has  been  in  course 
of  contruction  at  Great  Falls  for  more 
than  a  year,  and  it  will  probably  be  in 
operation  by  the  time  this  sketch  appears 
in  print. 

Mr.  Lee  possesses  to  a  remarkable  de- 
gree the  unusual  combination  of  keen 
business  sense  and  engineering  ability, 
which  enables  him  not  only  to  design, 
construct  and  operate  his  plants,  but  also 
to  develop  them  to  their  fullest  com- 
mercial efficiency  and  put  them  on  a  firm 
business  basis.  His  ability  to  analyze 
quickly  the  most  difficult  problems  and 
his  knack  of  inspiring  confidence  in  all 
with  whom  he  comes  in  contact  are 
striking  characteristics. 

He  has  always  taken  an  active  part 
in  industrial  and  other  affairs  which  per- 
tain to  the  welfare  of  this  country.  He 
has,  for  instance,  been  warmly  interested 
in  the  preservation  of  the  natural  re- 
sources of  the  country,  especially  of  the 
forests,  and  has  appeared  before  the 
congressional  committee  on  conservation 
of  forests  at  various  times. 

Although  Mr.  Lee  has  always  been 
and  is  still  a  very  busy  man,  he  always 
has  time  to  discuss  matters  with  his  men, 
or  with  his  customers,  or  to  help  along 
any  project  tending  to  the  advancement 
of  the  interests  of  the  community  in 
which  he  lives. 

Mr.  Lee  does  not  impress  the  casual 
observer  as  being  aggressive,  but  his 
excellent  judgment,  quiet  but  indefati- 
gable perseverance  and  great  personal 
magnetism  produce  results  that  demon- 
strative aggressiveness  would  not.  His 
successful  work  in  connection  with  the 
Southern  Power  Co.  and  its  allied  in- 
terests has  attracted  the  attention  of  the 
electrical  and  commercial  world  by  rea- 
son of  the  comprehensive  range  of  its 
operations,  and  has  caused  financial 
powers  to  show  more  confidence  than 
ever  in  the  future  of  the  South. 

Air.  Lee  is  a  member  of  the  American 
Institute  of  Electrical  Engineers,  the 
American  Society  of  Civil  Engineers  and 
the  American  Society  of  Mechanical  En- 
gineers; president  of  the  Engineering 
Association  of  the  South,  and  of  the 
Greater  Charlotte  Club  and  the  Com- 
mercial Club  of  Charlotte. 
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Electrical     Department 

Conducted  to  be  of  service  to  the  men  in  charge  of  electrical  equipment  in  the  power  house 


An  East  Tennessee  Hydro- 
electric Development 

By  F.  R.  Weller* 

There  has  recently  been  completed  and 
put  in  operation  in  Carter  County,  Tenn., 
a  hydro-electric  power  plant  which  has 
the  distinction  of  being  the  first  im- 
portant plant  of  this  character  completed 
in  the  state.  The  power  house  is  lo- 
cated on  the  Watauga  River,  eight  miles 
above  Elizabethton.  This  river  rises  in 
the  mountains  of  western  North  Carolina, 
and  is  fed  by  many  large  springs,  which 
tends  to  yield  an  uniform  minimum  flow. 
The  total  drainage  area  above  the  site 
of  the  dam  is  406  square  miles. 

The  dam  and  power  house  are  con- 
structed at  a  point  where  the  river  breaks 
through  the  last  of  the  mountain  gorges 
previous  to  flowing  through  a  wide  culti- 
vated   valley    to    its    junction    with    the 


core  of  the  dam.  The  upstream  face  of 
the  dam  is  vertical  and  the  downstream 
face  has  an  ogee  orofile. 

The  north  end  of  the  dam  is  built  up 
in  an  abutment  wall  in  which  are  set 
the  head  racks  and  gates  for  controlling 
the    water   to    the    turbines.     The    power 


wall  and  the  face  of  the  abutment  wall. 
Steel  draft  tubes  carry  the  discharge 
water  into  the  tailrace  under  the  power 
house.  Considerable  expense  was  in- 
volved in  the  construction  of  this  tailrace, 
which  required  the  excavation  of  over 
15,000  yd.  of  solid  rock  in  order  to  keep 


Fig.   1.    A  Corner  of  the  Watauga   ChNERAiuR  Ruo.m 


Holston  River.  At  this  point  the  rocky 
cliffs  are  very  precipitous  and  afford  ex- 
cellent anchorages  for  the  dam. 

The  dam  and  abutments  are  270  ft. 
long  and  the  spillway  crest  of  the  dam 
is  55  ft.  above  low  water.  The  thickness 
of  the  dam  at  the  base  is  58  ft.  6  in. 
It  is  of  the  gravity  type  built  of  cyclopean 
concrete  in  proportions  of  I  to  212  to 
5  on  the   face  and    1   to  3  to  6  in  the 


♦Consulting   engineer  in  charge   of   the 
design  and  construction  of  the  plant. 


house  is  on  the  downstream  side  of  this 
part  of  the  dam,  as  shown  in  Fig.  2.  Three 
10-ft.  steel  penstocks  have  been  built 
thus  far  in  the  abutment  wall.  Each 
penstock  carries  the  water  to  a  pair  of 
33-in.  Morgan  Smith  wheels  mounted  on 
a  horizontal  shaft.  At  the  present  time 
only  two  units  have  been  installed,  but 
full  provision  has  been  made  for  an- 
other unit  of  the  same  size  later  on. 

The  wheels  are  inclosed  in  steel  cases 
and  are  located  between  the  power-house 


Fig.  2.   Watauga  Power  House 

the  tail  water  flowing  from  the  wheels 
separated  from  the  water  flowing  over 
the  crest  of  the  dam  for  a  sufficient  dis- 
tance below  the  dam  to  maintain  a  uni- 
form head  during  normal  periods  of 
flow. 

Power  House  and  Equipment 

The  power-house  superstructure  is 
supported  by  means  of  4- ft.  piers  carry- 
ing full  centered  concrete  arches  with 
14-ft.  spans  and  crowns  3  ft.  thick.  The 
superstructure  is  buill  of  reinforced  con- 
crete with  brick  spandrel  walls.  The 
windows,  frame  and  sashes  are  of  steel 
— in  fact,  the  whole  power  house  is  ab- 
solutely fireproof  with  the  exception  of 
the  wooden  roof  sheathing. 

The  turbine  gates  are  controlled  by 
hydraulic  governors,  each  belted  to  the 
turbine  shaft,  as  shown  in  Fig.  1.  Each 
turbine  shaft  extends  through  the  wall 
of  the  power  house  and  is  direct-con- 
nected to  the  shaft  of  a  1000-kw.  West- 
ir.ghouse  alternator  delivering  three- 
phase  currents  at  60  cycles.  Each  gen- 
erator is  separately  excited  at  125  volts 
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by  means  of  a  direct-connected  50-kw. 
shunt-wound  exciter.  The  switchboard 
controlling  the  output  is  very  compact; 
it  stands  in  one  corner  of  the  building, 
as  shown  in  Fig.  1, 

The  cables  are  laid  in  conduits  in  the 
floor  and  are  insulated  with  varnished 
cambric  and  lead-encased.  In  the  north 
end  of  the  building,  back  of  the  switch- 
board, are  installed  three  single-phase 
oil-insulated  air-cooled  transformers,  of 
800  kilovolt-amperes  each,  which  raise 
the  voltage  from  2200  to  44,000  volts  for 
the  transmission  line.  In  the  station  are 
provided  the  necessary  high-tension  oil- 
break  switches,  disconnecting  switches 
and  choke  coils  and  immediately  outside 
of  the  power  house  are  installed  44,000- 
volt  electrolytic  lightning  arresters.  All 
of  the  auxiliary  electrical  equipment  is 
of  Westinghouse  make. 

Transmission  Line 

The  transmission  line  extends  from 
the  power  house  to  Bristol,  Tenn.,  a  dis- 
tance of  20  miles,  and  Elizabethton, 
about  7  miles  distant.  At  a  point 
about  five  miles  from  the  power  house 
a  line  branches  off  and  runs  to  Eliza- 
bethton. At  this  junction  is  installed 
a  switching  tower  with  the  necessary  dis- 
connecting switches  for  cutting  out  either 
line  from  the  main  trunk  line. 

The  transmission  line  is  of  No.  3 
stranded  aluminum,  with  175-ft.  spans 
most  of  the  way.  On  spans  exceeding 
200  ft.  a  steel-core  wire  is  used  in  con- 
junction with  the  aluminum  wire  in  order 
to  relieve  the  tensile  stress  on  the  con- 
ductors. The  line  is  mounted  on  50,000- 
volt  Thomas  insulators  with  Lee  wrought- 
iron  pins.  The  wires  are  strung  5  ft. 
apart,  center  to  center,  with  delta  spac- 
ing. They  are  supported  on  second 
growth  chestnut  poles,  except  at  the  en- 
trance into  Elizabethton,  where  55-ft. 
steel   towers   are  used. 

At  Bristol  there  is  a  substation  con- 
taining three  step-down  transformers, 
each  of  800  kilovolt-amperes  capacity, 
reducing  the  voltage  from  44,000  to  2200 
for  delivery  to  the  Bristol  Gas  &  Elec- 
tric Co.;  all  electric  power  transmitted 
to  Bristol  is  distributed  by  this  company 
for  the  usual  lighting  and  power  pur- 
poses. At  Elizabethton,  the  power  is  de- 
livered through  step-down  transformers 
tc  the  Watauga  Power  Co.'s  own  cen- 
tral station.  The  lines  at  the  entrance 
to  each  substation  are  equipped  with 
electrolytic  lightning  arresters. 

Full  consideration  was  given  to  the 
relative  merits  of  copper  and  aluminum 
for  transmission-line  purposes.  In  this 
section  the  rainfall  is  very  heavy  and 
severe  sleet  storms  occur  during  the  win- 
ter months.  It  had  been  found  by  pre- 
vious experience  that  there  is  less  trouble 
from  the  formation  of  sleet  on  aluminum 
than  on  copper  conductors,  and  this  has 
been  confirmed  in  the  operation  of  the 
plant    during    the    past    winter    months, 


when  practically  no  difficulties  developed 
from  this  cause.  Aluminum  conductors 
being  50  per  cent.  lighter  than  copper  of 
the  same  conductivity,  the  pole  spacing 
can  be  increased  and  the  cost  of  the 
poles  and  setting  them  thereby  reduced. 
The  construction  of  the  dam  and  power 
house  was  carried  out  under  great  diffi- 
culties, due  to  floods,  freshets  and  severe 
weather,  by  R.  L.  Weide,  resident  engi- 
neer during  this  period,  and  Mr.  Weide 
is  entitled  to  much  credit  for  the  ex- 
pedition and  thoroughness  with  which 
this  work,  as  well  as  the  erection  of  the 
transmission  lines  through  wild,  rough 
country,  was  accomplished. 


Armature  and  Coil  Testing 
Outfits 

The  advantage  of  using  alternatinig 
current  for  testing  purposes  is  well  ex- 
emplified by  the  facility  with  which  arma- 
tures and  individual  coils  may  be  tested 
for  breaks  and  short-circuits  by  means 
of  the  testing  sets  illustrated  herewith. 
One  of  these.  Fig.  1,  is  for  testing  in- 
dividual coils  and  the  other  is  for  test- 
ing a  complete  armature  winding. 

The  apparatus  shown  in  Fig.  1  consists 
of  an  E-shaped  electromagnet  with  a 
detachable  "keeper."'  An  exciting  coil  sur- 
rounds the  middle  leg  of  the  E.  On  the 
yoke  of  the  E,  between  the  middle  leg 
and  each  outside  leg,  are  wound  two 
small  coils  so  connected  that  the  poten- 
tials induced  in  them  by  the  flux  set  up 
by  the  exciting  coil  oppose  each  other 
and  are  exactly  equal  under  normal  con- 
ditions; consequently,  no  current  flows 
under  such  conditions.  The  magnet  or 
armature  coil  to  be  tested  is  placed  over 
one  of  the  outer  legs  of  the  E  and  the 


Fig.  I.  CoiL-TESTiNC  Outfit 

armature  bar  is  omitted.  If  the  tested 
coil  is  without  fault,  it  has  no  effect  on 
the  flux  distribution.  If,  however,  a  leak 
or  short-circuit  exists,  a  current  is  in- 
duced in  the  short-circuited  part  of  the 
tested  coil  which  so  alters  the  distribu- 
tion of  the  flux  that  more  passes  through 
one  of  the  detecting  coils  than  through 
the  other,  inducing  higher  voltage  in 
one  than  in  the  other  and  thereby  caus- 


ing a  current  to  flow  through  them.  This 
current  is  indicated  by  means  of  a  cen- 
tral-zero millivoltmeter  or  by  means  of  a 
special   telephone   receiver. 

To  locate  a  short-circuit  in  a  coil  by 
burning  it  out,  the  coil  is  placed  on  the 
middle  leg  of  the  E,  the  detachable  arma- 
ture bar  put  in  place  as  shown  in  Fig. 
1,  and  the  exciting  coil  connected  to  an 
appropriate  source  of  current  for  a  short 
time. 

The  device  for  testing  complete  arma- 
tures, illustrated  in  Fig.  2,  consists  of  a 
bipolar  electromagnet  with  a  laminated 
iron  core  in  which  an  alternating  mag- 
netic flux  is  set  tip  by  connecting  the 
terminals  of  the  exciting  coil  to  a  source 
of  alternating  current.  When  the  pole 
faces  of  this  magnet,  which  are  shaped 
to  fit  the  curve  of  an  armature  core,  are 
applied  to  either  a  direct-current  or  an 
alternating-current  armature  carrying  a 
winding  connected  to  a  commutator,  an 
alternating  flux  passes  through  the  arma- 
ture core  and  if  the  armature  winding  is 
in  normal  condition,  the  electromotive 
forces  generated  counterbalance  each 
other  and  no  current  passes  through  the 
winding. 

Passing  a  piece  of  metal  around  the 
commutator  short-circuits  in  succession 
each  of  the  coils,  and  if  there  is  no  fault 
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Fig.  2.    Armature-testing  Magnet 

in  the  winding  a  decided  spark  occurs  as 
the  metal  leaves  each  bar.  Absence  of 
spark  between  two  bars  indicates  either 
a  short-circuit  or  an  open-circuit,  and  it 
may  indicate  a  reversed  coil  in  the  wind- 
ing. Either  a  short-circuit  or  reversed 
coil  will  cause  a  local  current  in  the 
coil  which  will  generate  a  flux  in  the 
teeth  between  which  the  coil  lies;  this 
local    flux    can    be    detected    by    running 
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over  the  surface  of  the  armature  a  piece 
of  sheet  iron  held  'ightly,  bridging  from 
one  tooth  to  the  next  successively.  A 
local  flux  caused  by  a  short-circuit  or 
reversed  connection  will  attract  the  piece 
-sf  iron  when  if  bridges  across  the  slot 
containing  the  defective  coil.  If  no  such 
local  flux  is  detected,  the  fault  disclosed 
by  the  sparking  test  is  due  to  an  open 
circuit. 

The  magnet  is  mounted  either  on  a 
stand  provided  with  wheels,  as  shown 
here,  or  on  a  stationary  stand.  Two 
sizes  are  made,  one  for  armatures  under 
12  in.  in  diameter  and  one  for  armatures 
'\2  in.  or  more  in  diameter. 

These  testing  sets  were  originally 
built  by  the  Westinghouse  Electric  & 
Manufacturing  Co.  for  use  in  its  own 
shops  only,  but  they  proved  so  satisfac- 
tory that  the  company  recently  decided 
to  build  them  for  general  sale. 


Promiscuous  Paralleling 

By  George  W.  Malcolai 

The  Georgia  Railway  &  Electric  Co., 
of  Atlanta,  operates  both  water-power 
and  steam  generating  plants,  and  in  the 
steam  station  there  is  also  a  3000-hp. 
Snow  gas  engine  which  is  operated  on 
illuminating  gas  only  while  the  peak 
load  is  on.  During  the  small  hours  of 
the  night  and  part  of  the  day,  water 
power  alone  is  used,  except  on  cloudy 
days  when  the  lighting  load  is  heavier 
than  usual.  When  the  load  gets  beyond 
the  ability  of  the  hydraulic  station,  a 
1000-kw.  Corliss-engine  unit  is  put  in 
parallel  with  the  high-tension  line  at  the 
Davis  Street  station  in  Atlanta.  Later  in 
the  afterno'-n  a  2000-kw.  steam-turbine 
unit  is  put  on  the  line,  and  about  5:30 
or  6  o'clock,  according  to  the  season,  the 
gas-engine   unit   is   added. 

These  four  different  types  of  prime 
mover  drive  three-phase  60-cycle  alter- 
nating-current generators  in  parallel 
(through  step-up  and  stepdown  trans- 
formers between  the  water  plant  and  the 
city  station)  with  the  utmost  harmony. 
There  is  no  surging,  and  cross-currents 
are  practically  eliminated  by  giving  a 
little  attention  to  ihe  adjustment  of  the 
field  excitation  occasionally.  The  writer 
visited  the  Davis  Street  station  one  after- 
noon recently  and  witnessed  the  addi- 
tion to  the  system  first  of  the  turbine 
unit  and  later  of  the  gas-engine  unit, 
and  was  greatly  Impressed  by  both  the 
smoothness  with  which  these  units  "went 
in"  and  the  placidity  with  which  they 
divided  up  the  load  after  going  on  the 
line. 

The  current  from  the  water-power 
plants  comes  to  the  city  limits  at  50,000 
volts  and  is  there  stepped  down  by  trans- 
formers to  11,000  volts,  at  which  pres- 
sure it  is  transmitted  to  the  Davis  Street 
station.  This  station  is  the  distribution 
center  of  the  system. 


Ilgner  Drive   for  Rolling 

Mills 

In  the  course  of  a  paper  relating  to 
electric  driving  of  rolling  mills,  read  at 
a  recent  meeting  of  the  (British)  Institu- 
tion of  Electrical  Engineers,  C.  Antony 
Ablett  referred  to  the  necessity  for  a 
mill  motor,  when  used  in  conjunction 
with  a  flywheel,  to  fall  in  speed  when 
the  power  demand  is  large,  so  as  to  en- 
able the  flywheel  to  give  up  some  of  its 
stored  energy,  which  causes  a  diminu- 
tion in  the  tonnage  which  the  mill  can 
rcll.  This  reduction  of  tonnage  is  more 
marked  where  the  mill  is  engine-driven 
than  where  it  is  motor-driven. 

To  overcome  this  difficulty,  Mr.  Ablett 
says  that  several  steel  works  have 
adopted  the  Ilgner  system  for  driving 
large  three-high  mills — that  is,  the  same 
type  of  electrical  plant  is  used  which  is 
generally  employed  for  driving  reversing 
rolling  mills.  In  this  system  the  flywheel 
is  not  attached  to  the  mill  but  to  a 
motor-generator  set  which  supplies  cur- 
rent to  the  mill  motor.  The  mill  motor 
runs  at  a  constant  speed  whatever  power 
it  is  required  to  give;  consequently,  there 
is  no  reduction  in  tonnage  owing  to  re- 
duction in  speed  in  the  mill.  The  motor- 
generator  set,  instead  of  the  rolling  mill 
motor,  varies  in  speed  so  that  the  fly- 
wheel can  give  up  its  stored  energy  when 
the  power  dem.and  is  great  and  absorb 
energy  when  the  demand  is  small  in 
order  to  reduce  to  a  reasonable  value 
the  variation  in  power  taken  from  the 
supply  system. 

It  is  claimed  that  by  using  the  Ilgner 
system  the  possible  output  from  the  mill 
can  be  increased  beyond  that  which  may 
be  obtained  if  the  mill  motor  were  driven 
directly  at  constant  speed.  The  capital 
cost  of  the  electrical  plant  for  this  sys- 
tem of  driving  is  higher  than  that  of  a 
plain  motor  and  flywheel,  but  it  enables 
a  much  larger  output  to  be  obtained  and 
therefore  cheapens  the  cost  of  produc- 
tion by  reducing  the  capital  charges  per 
ton  rolled. 

Some  of  the  salient  points  brought  out 
in    the   paper   are   the    following: 

The  stored  energy  of  the  flywheel 
varies  as  the  square  of  the  speed  at 
which  it  is  running,  so  that  if  a  flywheel 
were  used  in  conjunction  with  a  three- 
phase  induction  motor  running  at  light 
load  it  would  give  up  only  4  per  cent,  of 
its  stored  energy  as  the  power  increased 
from  light  load  to  full  load  on  the 
motor. 

The  value  of  the  time  constant  for  a 
motor  and  flywheel  does  not  usually  ex- 
ceed about  33  seconds.  The  value  of  the 
time  constant  to  be  selected  naturally 
depends  on  the  type  of  mill.  In  a  sheet 
mill  where  the  duration  of  the  passes  is 
very  short  the  time  constant  need  not  be 
so  big  as  in  the  case  of  a  bar  mill  where 
the  finishing  passes  may  take  consider- 
able time.     The  greatest  time  constants 


are  found  in  the  case  of  motor  and  fly- 
wheel for  the  motor-generator  set  of  an 
Ilgner  system  applied  to  a  reversing  roll- 
ing mill. 

The  difficulty  with  the  intermittent-slip 
regulator  is  that  it  is  comparatively  slow 
in  coming  into  operation  on  account  of 
the  inertia  of  the  various  moving  parts. 
Such  slip  regulators  often  take  from  1 
to  2  seconds  to  come  into  operation,  and 
as  the  increase  in  power  demanded  from 
a  rolling-mill  motor  when  the  rolls  bite 
the  bar  is  practically  instantaneous,  the 
power  will  rise  to  its  maximum  value 
before  the  intermittent-slip  regulator  can 
come  into  operation.  Therefore,  instead 
of  reducing  the  power  to  the  mean  value, 
as  would  appear  to  be  the  action  of  the 
automatic-slip  regulator  from  academic 
considerations,  it  actually  is  the  means  of 
producing  very  bad  peaks  indeed. 

Care  should  be  taken  that  the  hourly 
output  of  the  mill  is  kept  as  steady  as 
possible,  for  if  the  mill  were  worked 
rapidly  for  an  hour  or  two  and  then  there 
was  a  long  wait  for  billets  to  heat  in  the 
furnace,  or  for  some  other  cause,  the 
rapid  rolling  would  be  found  to  affect 
the  cost  of  power  very  adversely. 

The  ideal  drive  is  a  constant-speed 
motor  for  the  roughing  mill  and  a  sep- 
arate variable-speed  motor  for  the  finish- 
ing mill;  when  this  is  done  the  roughing 
and  finishing  mills  are  usually  worked 
in  tandem.  Where  the  supply  available 
is  direct  current,  this  arrangement  pre- 
sents no  difficulty,  but  where  three-phase 
current  must  be  used,  the  means  of  pro- 
viding a  variable-speed  drive  for  the  fin- 
ishing mill  needs  careful  consideration. 
The  simplest  arrangement  would  be  to 
provide  an  ordinary  three-phase  motor 
and  to  reduce  its  speed  when  required 
by  inserting  resistance  in  the  rotor  cir- 
cuit. 

Generally  speaking,  where  there  is  a 
choice  between  direct  and  three-phase 
currents  for  driving  a  mill  for  which 
variable  speed  is  desirable,  and  there  is 
little  or  no  difference  in  the  cost  of  elec- 
tricity, the  adoption  of  direct  current  will 
be   found  the  most  economical. 

In  many  mills  the  power  consumed  by 
the  friction  of  the  mill  itself  is  about 
'5  or  ',i  of  the  normal  rated  output  of 
the  motor  which  is  installed  to  drive  the 
mill,  so  that  nearly  50  per  cent,  of  the 
electricity  used  per  ton  rolled  is  wasted 
in  friction. 

In  certain  mills,  particularly  in  brass 
and  copper  sheet  mills,  long  trains  of 
gearing  are  usually  put  in  for  transmit- 
ting the  power  of  the  motor  to  the  rolls 
and  are  so  arranged  that  the  power  for 
the  more  distant  mills  is  transmitted 
through  perhaps  ten  different  pairs  of 
gearwheels;  a  more  wasteful  way  of 
applying  power  could  hardly  be  imagined. 

The  electrical  drive  often  allows  cheap 
power  to  be  used  when  it  could  not 
be  transmitted  or  applied  in  any  other 
way. 
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Gas   Power   Department 

Worth-while  gas-engine  and  producer  information  treated  in  a  way  that  can  be  of  practical  use 


A  Dependable  Small   Pro- 
ducer  Plant 
By  R.  C.  Turner 

At  the  Fulton  County  almshouse,  10 
miles  out  from  Atlanta  and  isolated  from 
all  railroads  and  traction  facilities,  is 
to  be  found  one  of  the  most  interesting 
very  small  power  plants  in  the  South. 
When  the  question  of  furnishing  the 
buildings  with  water  and  electricity  was 
considered  by  the  county  commissioners, 
three  different  proposals  were  enter- 
tained: first,  one  for  a  complete  steam 
plant,  with  high-speed  engines;  second, 
one  to  build  a  transmission  line  five 
iniles  in  length  and  take  current  from 
the  local  hydro-electric  power  company, 
installing  at  the  almshouse  three-phase 
transformers  to  step  the  current  down 
to  220  volts  for  lights  and  power;  third, 
one  for  a  complete  local  gas  power  plant. 


single-acting  gas  engine  belted  to  a  di- 
rect-current generator,  and  an  air  com- 
pressor driven  by  a  small  gasoline  engine 
for  providing  air  to  blow  up  the  pro- 
ducer and  start  'he  engine  and  by'  a 
motor  supplied  with  current  from  the 
dynamo  belted  to  the  main  engine,  after 
that  is  running.  These  auxiliaries  are 
shown  in   Fig.  3. 

The  gas  producer  is  the  special  fea- 
ture of  the  equipment.  It  is  an  Akerlund 
down-draft  apparatus,  the  draft  for  which 
is  maintained  by  a  motor-driven  exhaust 


the  vaporizer  and  transfers  any  vapor 
that  may  be  formed  in  the  pan.  An 
overflow  standpipe  F  serves  to  seal  the 
vaporizer  and  also  to  limit  the  upper 
water  level  therein. 

Water  is  supplied  to  the  pan  H  through 
the  small  pipe  shown  at  the  right-hand 
side  of  the  generator  top  and  the  supply 
is  regulated  by  hand;  the  rate  of  de- 
livery from  the  pan  to  the  vaporizer  is 
observed  at  the  overflow  outlet  E. 

Air  for  the  generator  is  taken  in  at  A 
and   passes   through   the   vaporizer    V  to 


Fig.  1.  The  Main  Generating  Unit 


On  account  of  the  long  haul  of  coal  from 
the  railroad,  six  miles  away,  over  a  rough 
and  hilly  country,  the  cost  of  operating 
a  steam  plant  was  considered  too  high, 
and  in  consideration  of  the  uncertainty 
of  continuous  service  and  the  high  cost 
of  the  pole  line  and  transformers,  the 
straight  electrical  plan  was  discarded. 
The  proposal  to  install  a  gas  engine  and 
bituminous  gas  producer  was  accepted. 

The  contractors  were  asked  to  install 
the  simplest  plant  possible,  keeping  in 
mind  the  location  of  the  plant  and  the 
service  to  be  rendered.  Following  out 
this  idea,  it  was  decided  to  install  a 
bituminous  gas-producer  outfit,  a  simple 


fan.  From  the  generator  the  gas  passes 
through  a  cooler  and  a  coke-filled  wet 
scrubber;  from  there,  through  the  ex- 
hauster to  an  expansion  tank  and  thence 
to  the  engine  at  a  pressure  of  about  4 
in.  of  water.  A  detailed  consideration 
of  the  producer  system  is  worth  while. 
Fig.  6  gives  a  sectional  view  of  the  com- 
plete system.  The  generator  is  fitted  with 
a  water  pan  H  in  the  top  from  which 
water  and  steam  pass  to  the  main  vapor- 
izer V  around  the  combustion  zone.  The 
water  level  in  the  pan  H  is  maintained 
by  an  overflow  E  which  delivers  to  the 
main  vaporizer  V;  a  pipe,  not  shown, 
connects  the  top  of  the  pan  H  also  with 


the  uptake  pipe  B,  which  delivers  the 
air,  with  steam,  to  the  top  of  the  gen- 
erator chamber.  The  gas-making  pro- 
cess is  the  same  as  in  any  down-draft 
single-zone  generator.  From  the  gen- 
erator, the  gas  passes  through  the  out- 
let D  to  the  cooler,  which  consists  of 
two  vertical  pipes  connected  at  the  top 
ends  by  a  water-sealed  baffle  chamber 
or  trap  C  and  containing  about  half  a 
dozen  water  sprays  in  each  leg.  From 
the  second  leg  of  the  cooler,  the  gas 
passes  through  the  wet  scrubber,  ex- 
hauster /,  dry  purifier  and  delivery  pipe 
K  to  the  engine. 

Immediately  above  the  tee  connecting 
the  dry  purifier  with  the  delivery  pipe  K 
is  an  automatic  bypass  valve  L  which 
is  set  to  open  when  the  pressure  exceeds 
the  normal,  thereby  allowing  some  of 
the  gas  to  pass  through  the  pipes  M 
and  N  back  to  the  scrubber,  the  three- 
way  valve  at  the  junction  of  the  pipes  M 
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Fig.  3.   Power-plant   Aliniliakie: 


and  N  being  normally  set  to  connect 
these  pipes  and  close  oPf  the  pipe  U 
leading  into  the  generator  delivery  out- 
let. 

For  blowing  up  the  fire  in  the  gen- 
erator, at  starting  or  after  a  standby 
period,  the  three-way  valve  just  referred 
to  is  set  to  connect  the  pipes  M  and  U 
and  block  off  the  pipe  A';  the  water- 
sealed  trap  G  is  closed;  the  plug  in 
the  tee  at  the  upper  end  of  the  large 
pipe  connecting  the  scrubber  with  the 
exhauster  /  is  removed,  the  purge  pipe  P 
is  opened  to  the  atmosphere  and  the 
valve  at  the  upper  end  of  the  pipe  B 
is  closed  to  prevent  blowing  into  the 
vaporizer.  The  exhauster  takes  air  from 


air  through  the  dry  purifier,  the  bypass 
valve  L,  which  yields  readily  to  the  pres- 
sure developed,  the  pipes  M,  and  U,  the 
fuel  bed  in  the  generator  and  out  at  the 
purge  pipe  P.  During  this  blowing-up 
process,  the  draft  through  the  generator 
is  upward,  of  course.  As  soon  as  the 
fire  is  established,  the  plug  is  replaced 
in  the  scrubber-connection  tee,  the  three- 
way  valve  at  the  junction  of  the  pipes 
M  and  A^  is  changed  over,  the  cock  in 
the  waste  pipe  R  is  opened,  the 
trap  G  is  drained,  the  valve  in  the 
pipe    B    is    opened    and    the    purge    pipe 


Figs.  4  and  5.  Producer  Cleaning  Floor 


the   atmosphere   through    the    now   open 
end   of  the   tee   above   it   and    forces   the 


P   closed    off.      When    gas   of   the 
quality  is  obtained  at  a  test  burner 


right 
sup- 


Fic.  6.  Sectional  Elevation  of    Complete  Akerlund  Producer    Equipa^ent 
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plied  from  the  waste  pipe  R,  the  cack 
is  closed  and  the  engine  started,  unless 
if  happens  that  the  producer  is  ready 
before  the  starting  time  of  the  engine; 
in  that  event,  the  pipe  R  is  kept  open  to 
the  atmosphere  until  starting  time,  in 
order  to  maintain  the  draft  through  the 
fuel  bed  and  keep  it  alive. 

The  main  engine  is  a  single-acting 
Otto,  working  on  the  four-stroke  cycle, 
and  it  drives  a  50-kw.  AUis-Chalmers 
direct-current  dynamo.  There  are  no  spe- 
cial features  in  either  machine. 

For  pumping  the  water  required  in  the 
buildings  and  power  house,  an  air  com- 
pressor gear-driven  by  a  10-hp.  motor  is 
used.  The  compressor  maintains  an  air 
pressure  of  70  lb.  per  square  inch  in  a 
receiver  from  which  the  air  is  piped 
down  into  a  300-ft.  well  and  delivered  to 
the  usual  deep-well  lift.  The  water  is 
delivered  by  the  air  lift  into  a  13,000- 
gal.  reservoir  from  which  it  is  pumped 
up  to  a  general  supply  tank,  160  ft.  above 
ground,  by  a  15-hp.  motor-driven  triple- 
plunger  pump;  the  motor  and  pump  are 
connected  through  rawhide  gears.  From 
this  supply  tank  the  water  is  piped  to 
the  various  buildings  about  the  grounds, 
through  complete  fire  and  domestic  water 
systems. 

In  starting  up  the  power  plant,  the 
small  gasoline  engine  is  started  and  con- 
nected to  the  auxiliary  line  shaft  by  a 
friction  clutch.  From  this  line  shaft  are 
belt-driven  the  producer  fan,  the  circulat- 
ing-water pump  and  a  small  air  com- 
pressor for  filling  the  tank  with  air  for 
starting  the  main  engine.  As  soon  as 
the  air  in  the  tank  reaches  a  pressure 
of  200  lb.,  the  compressor  is  stopped 
and  the  gas  engine  is  started  with  the 
air.  After  the  engine  "takes  hold"  and 
the  dynamo  voltage  is  brought  up  to  nor- 
mal, the  small  electric  motor  relieves  the 
gasoline  engine  of  the  auxiliary  load  and 
the   engine  is  shut   down. 

The  plant  is  operated  from  2  p.m.  un- 
til 10  p.m.  Immediately  after  starting 
up  every  afternoon  the  pumps  supplying 
the  water  service  are  set  to  work  and 
run  continuously  until  the  lighting  load 
comes  on,  when  they  are  shut  down.  By 
operating  the  plant  in  this  manner  the 
load  on  the  generating  equipment  is  prac- 
tically the  same  at  all  hours  of  the  run. 
The  producer  operates  on  common  soft 
coal  costing  $1  per  ton  f.o.b.  at  the  mine. 
The  average  coal  consumption  for  the 
8-hour  run  is  2.17  lb.  per  kilowatt-hour, 
including  everything.  For  cooling  the 
gas  and  the  gas-engine  cylinder,  15  gal. 
of  water  per  kilowatt-hour  are  used.  By 
using  the  circulating  pump  shown  in 
Fig.  3,  this  consumption  can  be  reduced 
to  a  much   lower   figure. 

A  feature  of  more  than  passing  in- 
terest is  that  this  plant  is  being  suc- 
cessfully operated  by  an  engineer  who 
came  directly  from  a  steam  plant  and 
took  charge  without  having  any  previous 
gas-engine  experience. 


Rock.  Filling  for  Concrete 

Foundations 

By  a.  C.  Campbell 

It  is  the  usual  practice  to  build  con- 
crete foundations  for  engines  of  solid 
concrete;  that  is,  from  a  uniform  con- 
crete of  cement,  sand  and  crushed  stone 
or  gravel.  Recently  the  writer  inspected 
a  foundation  that  was  under  construc- 
tion for  a  gas  engine  and  electric  gen- 
erator set  for  which  a  method  was  being 
used  that  seemed  to  be  new.  Instead 
of  making  the  foundation  wholly  of  con- 
crete, the  erector  was  placing  in  it  many 
very    large    boulders. 

The    appearance    of   a    section    of   the 

Concrete  Fochs 


Fig.   1.  Bniii.DKRs  in  the  Foundation 
Stake-.      ^!^         ,-Tern^_let_         I     Bolt 


Fic.  2.  METHon  OF  Building  Foundation 

resulting  foundation  is  indicated  rough- 
ly in  Fig.  1.  The  rocks  were  plentiful 
in  the  vicinity  and  cost  only  the  price 
of  the  labor  required  to  get  them  to  the 
foundation  site.  Each  boulder  was  wholly 
surrounded  by  concrete  so  there  appears 
to  be  no  reason  why  the  resulting  foun- 
dation is  not  as  good  as  if  it  were  solid 
concrete.  The  cost  of  the  foundation 
was  considerably  reduced  through  the 
use  of  the  boulders. 

In  building,  the  method  suggested  in 
Fig.  2  was  followed.  The  foundation  bolt 
template  was  supported  on  battens  nailed 
to  stakes  and  the  bolts  were  carried 
by  the  template.  A  layer  of  concrete, 
possibly  8  in.  thick,  was  dumped  into  the 
hole  and  some  was  packed  around  each 
foundation-bolt  washer  to  keep  the  bolts 
in  place.  Then  several  rocks  were  bedded 
in  the  concrete  layer,  enough  being  used 
to  practically  cover  its  entire  surface. 
Sufficient  space  was  allowed  between  ad- 
jacent rocks  to  permit  the  concrete  to 
readily  settle  down  between  them. 

After  a  layer  of  rocks  was  bedded  in 
this  way,  enough  additional  concrete  was 


tamped  in  to  cover  the  rocks.  Then  an- 
other stratum  oi  rock  and  concrete  was 
placed,  and  so  on  until  the  foundation 
was   complete. 

An  interesting  feature  of  the  founda- 
tion which  the  writer  saw  built  was  that 
no  form  was  used  in  its  construction. 
The  earth  in  which  the  excavation  was 
dug  was  solid  enough  to  be  self-sus- 
taining; hence  it  was  not  necessary  to 
use  forms.  The  length,  width  and  depth 
of  the  hole  were  made  approximately 
equal  to  the  corresponding  dimensions 
desired  in  the  foundation. 


The  Big  Georgia  Gas  Engine 

By  Paul  C.  Percy 

Probably  everyone  who  has  kept  in 
touch  with  gas-power  development  in  this 
country  remembers  that  a  few  years  ago 
a  3000-hp.  twin  tandem  gas  engine,  with 
a  2000-kw.  alternator,  was  installed  in 
the  main  power  house  of  the  Georgia 
Railway  &  Electric  Co.,  Atlanta,  to  carry 
the  excess  load  during  the  peak  period 
every  day.  It  will  also  be  remembered 
that  for  several  months — about  a  year, 
according  to  report — this  engine  gave 
so  much  trouble  that  it  was  almost  use- 
less, if  rumors  were  true;  indeed,  it  was 
reported  once  or  twice  as  being  "down 
and  out,"  and  last  December  the  writer 
was  assured  positively  that  the  engine 
had  been  permanently  shut  down  and 
the  builders  notified  to  remove  the  disap- 
pointing junk  pile. 

Thirty  minutes  prior  to  writing  these 
lines,  the  writer  was  looking  at  this 
"down-and-out  junk  pile"  smoothly  and 
almost  noiselessly  carrying  2200  kw.  of 
the  peak  load  within  three  minutes  after 
the  compressed  air  had  been  turned  on 
to  start  the  engine.  Far  from  being  a 
junk  pile,  the  engine  is  in  the  finest 
sort  of  condition  and  runs  every  night 
with  the  reliability  and  unobtrusiveness 
of  a  well  kept  Corliss  engine.  The 
rumbling  of  the  big  two-to-one  gears  and 
a  subdued  "chug"  of  each  valve  as  it 
operates  are  the  only  evidences  of  its 
activity  when  one  is  not  looking  at  it — 
unless  one  happens  to  look  at  the  meters 
connected  to  the  alternator.  During  an 
hour's  observation  one  night  and  nearly 
two  hours  another  night,  the  engine 
after-fired  once,  indicating  a  missed  igni- 
tion; there  was  no  other  manifestation 
of  irregular  operation. 

The  chief  operating  engineer  of  the 
Georgia  Co.  states  that  the  trouble  given 
by  the  engine  at  the  beginning  was 
crankpin  heating,  due  to  the  use  of  an 
unsuitable  babbitt  composition  for  box 
linings.  After  the  source  of  trouble  was 
identified,  a  softer  babbitt  was  put  in 
the  crankpin  boxes  and  there  has  been 
no  trouble  whatever  since  that  change. 
The  reports  of  cylinder  cracks,  premature 
ignitions,  etc.,  are  characterized  by  the 
chief  engineer  as  being  absolutely  with- 
out foundation  la  fact. 
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Refrigeration  Department 

Principles  and  operation  of  ice-making  and  refrigerating  plant  and  machinery 


Blowing    OfF    Heads    of 
Ammonia  Cylinder 

By  R.  H.  Roark 

A  short  time  ago  the  writer  visited  an 
ice-making  plant  where  an  unusual  ac- 
cident  had   occurred. 

The  equipment  partly  consisted  of  a 
Corliss-engine-driven  refrigerating  ma- 
chine, with  two  vertical  single-acting  am- 
monia cylinders  of  the  false-head  type. 
The  factory  was  not  operated  for  three 
or  four  months  in  the  fall  and  a  few 
days  before  my  visit  the  owners  decided 
to  test  the  ammonia  piping  and  put  the 
plant  in  operation.  The  engine  was 
started,  with  the  throttle  "barely  cracked" 
(?)  and  the  engineer  had  walked  across 
the  room  to  the  ammonia  receiver,  when 
there  was  a  loud  report,  followed  a  few 
seconds  later  by  another. 

When  the  machine  was  stopped  it  was 
found  that  the  heads  of  both  ammonia 
cylinders  had  been  blown  off  and  broken 
into  fragments.  All  of  the  studs  were 
broken  off,  but  the  cylinders  were  ap- 
parently uninjured.  A  2j<-in.  extra-heavy 
flange  union  was  broken  by  the  flying 
pieces  of  metal  and  one  of  the  cast-iron 
water  jackets  was  broken,  presumably 
by  falling  fragments  of  the  cylinder 
heads. 

The  regular  engineer  usually  neglected 
to  close  the  discharge  stop  valves  when 
shutting  down  the  machine  and  he  was 
careless  about  seeing  that  they  were  open 
when  the  machine  v.'as  to  be  started.  An 
engineer  was  hired  to  assist  him  who 
followed  a  different  procedure;  he  al- 
ways closei"  the  stop  valves  when  the 
machine  was  not  in  operation.  On  this 
occasion  the  new  man  had  closed  the 
valves  without  notifying  the  regular  en- 
gineer, who  started  the  machine  after  a 
careless  examination. 

This  accident  was  rather  unusual  in 
that  both  heads  were  blown  off.  I  have 
heard  of  several  accidents  when  one  head 
was  blown  off,  but  in  these  cases  the 
engineer  had  succeeded  in  stopping  the 
machine  before  the  other  head  gave  way. 

This  accident  points  out  two  very  im- 
portant lessons  to  engineers:  First,  that 
no  engineer  should  make  any  changes 
in  the  usual  methods  of  operation  with- 
out notifying  the  engineers  working  with 
him.  Second,  one  should  always  be  sure 
before  the  engine  is  started  that  the  ma- 
chinery attached  is  ready  for  operation. 
While  this  is  a  very  simple  precaution, 
I   have   known   of  several   cases   where 


experienced  engineers  have  started  up 
ice  machines  without  first  seeing  that  the 
discharge  stop  valves  were  open. 

In  one  instance,  the  pressure  in  the 
cylinder  caused  leakage  at  the  joint  be- 
tween the  cylinder  and  cylinder  head, 
this  leakage  being  so  great  as  to  attract 
the  attention  of  the  engineer,  who  closed 
the  throttle  in  time  to  save  the  heads  and 
the  charge  of  ammonia,  besides  the  loss 
that  would  be  caused  by  a  shutdown  in 
the  middle  of  the  summer. 

In  another  case,  the  steam  pressure 
was  rather  low  and  the  engineer  was 
unable  to  start  the  machine.  On  investi- 
gating, he  found  that  the  discharge  stop 
valves  were  closed  and  the  suction  stop 
valves  open. 

At  another  plant  the  engineer  was  not 
so  fortunate;  he  lost  his  head  and  opened 
the  throttle  wide  and  jammed  it  so  tight 
that  it  was  necessary  to  use  a  wrench 
on  the  valve-stem  wheel  in  order  to 
close  the  valve.  The  fireman  stopped 
this  machine  by  closing  the  main  stop 
valve  in  the  steam  main. 

Several  years  ago  a  similar  accident 
happened  that  was  really  a  blessing  in 
disguise,  as  it  served  to  give  the  owners 
of  the  plant  a  scare  that  they  will  never 
forget.  This  was  a  small  factory  and 
the  owners  were  also  the  engineers.  The 
boiler  was  a  lap-seam  affair  of  uncer- 
tain age  and  pedigree  and  was  adorned 
with  a  safety  valve  that  was  rusty,  cor- 
roded and  otherwise  disfigured,  but  it 
was  undoubtedly  the  strongest  part  of 
the  outfit.  The  engine  room  equipment 
contained  a  double-acting  refrigerating 
machine  driven  by  a  Corliss  engine  that 
was  about  twice  as  large  as  was  neces- 
sary. As  the  safety  valve  was  known 
to  be  worthless  the  fireman  was  cau- 
tioned to  never  let  the  steam  pressure 
exceed  80  lb.,  which  was  supposed  to 
be  the  safe  workin;;  pressure. 

All  went  well  until  one  day  it  was 
necessary  to  stop  the  machine  for  a  few 
minutes  and  the  engineer  called  the  fire- 
man to  assist  him  in  making  an  ad- 
justment of  some  part  of  the  engine. 
After  it  had  been  stopped  a  short  time 
the  engineer  stepped  into  the  boiler  room 
and  was  horrified  to  see  that  the  steam 
gage  indicated  a  pressure  of  125  lb. 
Rushing  to  the  engine  he  quickly  opened 
the  throttle,  hoping  to  reduce  the  boiler 
pressure  to  normal.  The  machine  made 
a  few  revolutions  and  then  commenced 
to  slow  down.  In  desperation  the 
owner-engineer  spun  the  valve  wheel, 
opening  the  throttle  wide.     After  two  or 


three  more  revolutions  the  connecting- 
rod  on  the  compressor  side  of  the  unit 
pulled  in  two,  as  the  discharge  stop 
valves  were  closed  and  the  rod  was  the 
weakest  part. 

The  owner  had  a  narrow  escape,  as  he 
gamely  faced  the  flywheel  until  he  suc- 
ceeded in  closing  the  throttle,  and  was 
probably  only  saved  from  a  flywheel  ex- 
plosion by  the  fact  that  the  engine  was 
running  slowly  when  the  connecting-rod 
gave  way. 

In  the  meantime  the  fireman  was  cover- 
ing the  fire  with  wet  ashes  and  cinders 
fwjm  the  ashpit  and  when  this  task  was 
accomplished  the  crew  retired  to  a  safe 
distance  to  wait  for  the  steam  pressure 
to  fall.  This  converted  the  owners;  they 
installed  a  new  safety  valve  and  had  the 
boiler  inspected  and  insured  before  the 
plant  was  again  put   in   operation. 


Loss    of    Refrigeration    in 

Brine  Line 

By  G.  a.   Robertson 

The  following  gives  the  results  of  a 
test  to  determine  the  loss  of  refrigeration 
in  a  2K'-in.  brine  pipe  covered  with  brine- 
pipe  cork  covering  of  2%  in.  thickness. 
This  pipe  is  about  3  ft.  underground. 
The  length  of  the  line  is  450  ft. 

The  test  was  conducted  on  Dec.  9 
1911,  with  an  atmospheric  temperature 
of  75  deg.  F.  There  had  been  no  freez- 
ing weather  previous  to  the  date  of  the 
test.  Two  high-grade  registered  chemical 
thermometers  were  used,  graduated  ir 
tenths  of  a  degree,  the  space  between  de- 
grees being  about  '4  in.  Deep  mercury 
wells  were  used  and  these  were  set  well 
down  in  the  brine  pipe,  fittings  being 
placed  in  the  pipe  line  for  this  purpose, 
One  well  was  in  the  discharge  pipe  ol 
the  brine  pump  in  the  engine  room,  the 
temperature  of  which  was  80  deg.  F 
The  other  well  was  located  in  a  tee  or 
a  riser  at  the  other  end  of  the  line,  the 
outside  atmospheric  conditions  being  as 
stated  above.  A  magnifying  glass  was 
used  in  reading  the  thermometers.  A 
man  was  stationed  at  each  thermometei 
and  both  were  read  at  the  same  time, 
The  readings,  given  in  Table  1,  were  ob- 
tained. 

After  the  3  o'clock  reading,  the  posi- 
tions of  the  thermometers  were  changed; 
that  is.  No.  1  was  put  in  No.  2  well  and 
vice  versa.  This  was  done  in  order  to 
account  for  any  error  due  to  the  ther> 
mometers. 
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The  revolutions  of  the  brine  pump 
were  taken  several  times  during  the  test 
and  were  constant  at  37  r.p.m.  It  was 
a  7  and  6  by  10-in.  double-acting  steam- 

TABLE  1.     THERMOMETER  READINGS 

No.  1  No.  2 

ther-  ther- 

mometer    mometei- 
in  engine      at  other 

room.      end  of  line,        Dift'., 
Time  deg.    F.         deg.    F.         deg.    F. 

1:45  IS. 4  IS. 7  0.3 

2  18.5  IS.S  0.3 
2:15  18.5  IS. 85  0.35 
2:30  18.5  18.85  0.35 
2:45  IS. 55  18.8  0.25 

3  IS. 55  IS.S  0.25 
3:15  IS. 45  18.85     .  0.4 
3:30  IS. 55  18.85  0.3 
3:45  IS. 55  18.9  0.35 

4  IS. 55  18.9  0.35 
4:15  18.5  18.85  0.35 
4:30  18:45  18.8  0.35 

Average    =    0.325 

driven  single  Rielly  pump.  Before  the 
test  the  pump  was  calibrated  as  follows: 
The  discharge  valve  of  the  pump  was 
closed,  a  pipe  connection  being  made  be- 
tween the  discharge  valve  and  the  pump. 
A  valve  was  placed  in  this  line,  and  was 
closed  the  amount  necessary  to  maintain 
the  same  brine  pressure  (80  lb.)  on  the 
pump  as  was  carried  during  the  test.  The 
suction  was  not  changed.  The  pump  was 
started  and  discharged  the,  brine  into  a 
can  placed  on  a  platform  scales.  Two 
trials  were  made  with  the  following  re- 
sults: 

On  the  first  382  lb.  of  brine  per  min- 
ute were  pumped,  and  in  the  second 
trial  380  lb.,  making  an  average  of  381 
lb.  In  both  trials  '.he  pump  made  28J<2 
r.p.m.  -and  thus  averaged 


28. 5 


=  13-37  lb.  per  rev 


The  density  of  the  brine  was  75  deg. 
salometer  at  60  deg.  F.,  and  the  specific 
heat  was  taken  at  0.854.  The  calculation 
for  tons  of  refrigeration  was  made  as 
follows: 
Lb.  of  brine  X  1440  X  temp.  diff.  X  sp.h. 


Inexpensive  Oiling  System 

By  J.   H.  Stretton 

A  short  time  ago  I  was  employed  in  a 
refrigerating  plant  which  contained  a 
simple  yet  effective  oiling  system.  The  en- 
gines were  Corliss,  tandem-compound, 
one  right-hand  and  one  left-hand,  both 
being  direct-conr.ected  to  vertical  am- 
monia compressors. 

The  oil  reservoir  was  clamped  to  a  re- 
inforced-concrete  column,  and  the  dis- 
tributing pipes  extended  either  way  over 
the  engines.  The  illustration  shows  the 
arrangement.  It  may  be  noticed  that 
oil  cups  are  used,  but  are  not  neces- 
sary, as  the  small  pet-cocks  can  be  used 
to  regulate  the  feed.  When  oil  cups  are 
used  they  act  as  an  auxiliary  reservoir 
in  case  the  system  becomes  temporarily 
out  of  order,  the  oil  cups  being  then 
filled  by  hand.  Their  use  also  allows  a 
little  more  time  when  filling  the  main 
oil  reservoir.  The  system  showed  in  this 
case  a  great  saving  over  the  old  method 
of  filling  by  hand  and  costs  practically 
nothing  to  operate,  no  pump  being  needed. 
The  amount  of  water  used  is  equal  to 
the  amount  of  oil  drawn  off. 


LETTERS 

Making  Chloride  of  Calcium 
Brine 

W.  L.  Keil  gave,  in  Power  of  Dec.  12, 
a  description  of  a  home-made  outfit  for 
making  chloride  of  calcium  brine.  The 
next  time  Mr.  Keil  wishes  to  make  this 
brine  I  would  advise  him  to  dump  the 
chloride  of  calcium  right  in  the  brine 
tank,  and  he  will  find  that  it  will  melt 
there  just  as  fast  as  in  the  barrels.  This 
may  be  done  when  making  new  brine 
as  well  as  for  strengthening  weak  brine. 
In  the  latter  case  the  brine  is  generally 
cold,  but  the  chloride  of  calcium  dis- 
solves just  the  same.  The  reason  is  that 
chloride  of  calcium  has  a  strong  affinity 
for  water,  and  will  readily  dissolve  when 
coming  in  contact  with  it. 

Chloride  of  calcium  is  nasty  stuff"  to 
handle,  and  to  get  it  where  it  belongs 
the  quickest  and  easiest  way  is  to  break 
it  up  to  the  size  of  run-of-mine  coal 
and  dump  it  in  that  state  right  into  the 
brine  tank.  In  10  to  15  hr.  it  will  have 
melted  away. 

Common   salt   dissolves   in   barrels   or 


J  WiJter Line  from  Tankon 
Roof  or  City  Wafer  Main 

Arrangement  of  Oiling  System 


ions  of  refrigeration  per  day  of  24  hr. 
At  37  r.p.m.  the  pounds  of  brine  pumped 
per  minute  would  amount  to  494.7.  Sub- 
stituting in  the   formula  gives 


494.7  X  1440  X  0.3^5  X  0.854 
J  88,000 


0.686  ton 


The  heat  transmission  coefficient  based 
on  this  figure  is  about  0.5  B.t.u.  per 
square  foot  of  outer  pipe  surface  per 
hour  per  1  deg.  F.  difference  of  tempera- 
tuie. 

In  making  a  test  of  this  kind  it  is 
absolutely  necessary  that  the  brine  be 
kept  at  a  very  nearly  constant  tempera- 
ture; otherwise  the  readings  will  be  very 
irregular.  The  temperature  of  the  atmos- 
phere about  both  thermometers  should 
be  about  the  same  and  the  thermometers 
should  be  set  down  in  mercury  wells  far 
enough  to  fully  cover  the  bulbs.  The 
mercury  wells  should  be  set  well  down 
in  the  brine. 


This  arrangement  has  advantages  over 
the  gravity  feed  or  the  pressure  system, 
as  the  oil  reservoir  is  down  on  the  en- 
gine-room floor  and  is  always  in  sight 
instead  of  being  on  the  roof  and  requir- 
ing to  raise  the  oil  to  the  reservoir,  as 
in  the  gravity  system.  A  pump  is  also 
necessary  with  the  pressure  system. 

To  refill  the  reservoir,  shut  the  }4-in. 
valve  in  the  water  line,  open  the  2-in. 
valve  in  the  drain  and  remove  the  plug 
from  the  top.  When  the  water  has  drained 
out,  close  the  drain  valve  and  fill  the 
reservoir  with  oil.  Then  turn  on  the 
pressure  and  the  fresh  supply  will  be 
ready  for  use  at  the  various  points  re- 
quiring lubrication. 


In  Switzerland,  water  power  is  con- 
served and  utilized  to  such  an  extent 
that  in  some  towns  not  an  ounce  of  coal 
is  used.  Power,  light  and  heat  are  fur- 
nished by  water  power. 


boxes  faster  than  chloride  of  calcium 
with  water  run  over  it,  and  the  mixture 
stirred  as  in  making  brine,  but  if  in  its 
natural  state  it  is  dumped  in  old  brine 
or  water  for  making  brine,  it  is  liable 
to  cake  in  a  solid  lump  and  never  dis- 
solve. 

Fred  Kaiser. 
Sanford,  Fla. 


Drawing    Ammonia    from 
Compression  System 

In  the  Feb.  6  issue  the  question  was 
asked,  how  can  the  ammonia  be  taken 
out  of  a  compression  plant  without  losing 
any  of  it?  While  the  answer  is  a  good 
one,  my  experience  with  the  same  prob- 
lem may  be  of  interest. 

To  draw  a  charge  of  ammonia  from 
the  system,  connect  an  empty  ammonia 


drum  to  the  charging  valve.     Put  a  tee, 
in  the  pipe   between  the  charging  valve 
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and  the  drum  and  from  the  branch  of  the 
tee  run  a  pipe  to  some  connection  on 
the  suction  side  of  the  machine  if  pos- 
sible. Insert  a  \»lve  in  this  line.  The 
curved  pipe  inside  the  drum  should  face 
upward,  as  shown  in  the  sketch.  Place 
the  drum  on  a  platform  scale  when  all 
connections  are  made.  Then  open  the 
drum  valve  and  the  charging  valve  and 
allow  the  liquid  to  flow  from  the  re- 
ceiver to  the  drum.  By  watching  the 
scale  beam  it  will  be  seen  that  the  am- 
monia soon  stops  flowing.  This  is  be- 
cause the  gas  forming  in  the  upper  part 
of  the  drum  has  equalized  the  pressure. 
Now  shut  off  the  charging  valve  and 
open  for  a  second  only  the  valve  in  the 
branch  line  to  the  suction  side.  This 
will  allow  the  gas  to  pass  off  and  when 
the  charging  valve  is  opened  again  the 
liquid  will  start  flowing.  This  operation 
should  be  repeated  as  often  as  the  flow 
of  liquid   stops,   but  be  careful   and   not 
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warm.  This  is  an  unknown  quantity. 
Webster  gives  it  as  moderately  warm, 
not  excessive,  so  that  it  might  fit  quite  a 
range  of  temperatures.  The  article  by 
Mr.  Blair,  in  the  Oct.  31  issue,  in  which 
he  says  he  increased  the  capacity  of  his 
plant  from  33  to  50  per  cent,  by  closing 
the  expansion  valve,  makes  me  think  of 
the  story  of  the  man  who  wanted  to  buy 
two  stoves  because  he  was  told  that 
one  would  save  one-half  the  fuel. 

Frank  H.  Coroner. 
Bradford.  R.  I. 


In  his  letter  Mr.  Story  does  not  say 
that  he  increased  the  output  of  the  plant 
by  a  particular  manipulation  of  the  ex- 
pansion valve.  He  says  that  they  made 
40  tons  of  ice  with  an  ice-making  sys- 
tem rated  at  30  tons  and  26  tons  with 
a  system  rated  at  20  tons.  This  may 
have  been  due  to  causes  other  than  those 
resulting  from  the  operation  of  the  com- 
pressor, as,  for  instance,  a  large  number 
of  ice  cans,  large  quantity  of  brine-cool- 
ing coils  or  other  favorable  conditions 
for  making  more  than  the  rated  capacity. 
Mr.  Blair,  however,  succeeded  in  increas- 
ing the  capacity  of  the  plant  by  a  better 
manipulation    of   the   expansion    valve. 

Carefully  made  experiments  show  that 
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Vol.  35,  No.  13 

Ammonia  Packing 

I  see  in  Power  of  Feb.  20  that  H.  G. 
Gibson  has  had  trouble  in  packing  the 
piston  rod  on  his  ammonia  pump.  I  know- 
how  to  sympathize  with  him  for  I  had 
tried  to  pack  a  similar  rod  for  a  couple 
of  years  before  I  won  out.  Let  him  stop 
entirely  the  use  of  fibrous  packing  and 
use  instead  a  ring  of  good  rubber  ti 
in.  thick,  then  a  ring  of  babbitt  metal  V% 
in.  thick,  another  rubber  ring,  then  a 
babbitt  ring  and  so  on  until  the  box  is 
filled  on  both  sides  of  the  lantern. 

H.  A.  Greene. 

Boston,  Mass. 


Drawing  Ammonia  from   Liquid    Receiver 


get  any  more  ammonia  in  the  drum  than 
it  contained  when  new.  If  it  is  not 
convenient  to  make  the  connection  to 
the  suction  side  of  the  system,  the  gas 
can  be  allowed  to  escape  to  atmosphere 
as  the  amount  would  not  be  very  great. 
In  this  manner  the  system  can  be  com- 
pletely emptied. 

Martin  McGerry. 

Holley,  N.  Y. 


Temperature   of  Ammonia 
Discharge  Pipe 

I  noticed  in  Power  of  Jan.  23  Ben- 
nett Story's  letter  on  the  temperature 
of  the  ammonia  discharge  pipe,  and  also 
how  he  had  increased  the  capacity  of 
the  plant.  In  my  practice  I  have  paid 
little  attention  to  the  discharge  tempera- 
ture as  long  as  I  could  keep  the  com- 
pressor working  well.  I  feel  safe  to 
say  that  there  are  more  engineers  who 
keep  their  discharge  temperature  too  low 
than  othenj'ise.  I  do  not  believe  in  try- 
ing to  make  the  compressor  do  its  own 
work  and  the  condenser's  also. 

I  wish  Mr.  Story  had  given  a  few 
more  details  of  the  kind  of  plant  he  has 
and  other  conditions.  He  states  that  he 
runs    the    discharge    temperature    luke- 


helow  a  certain  temperature  of  discharge, 
which  temperature  varies  for  different 
sets  of  suction  and  discharge  pressures, 
the  capacity  of  an  ammonia  compressor 
for  pumping  gas  decreases.  To  secure 
the  best  average  results  the  discharge 
temperature  should  be  kept  well  above 
this  limiting  point  to  allow  a  reasonable 
fluctuation  in  the  quality  of  the  suction 
gas  without  reaching  extreme  conditions 
either  way  and  thereby  impairing  the  ef- 
ficiency of  the  plant. 

For  185  lb.  condenser  pressure  the  av- 
erage discharge  temperatures  should  he 
about  as  follows: 


Deg.  F. 
.  . .      215 

.  . .      250 
.  .  .      275 


Take  good  hemp  packing  of  the  cor- 
rect size,  neither  too  large  nor  too  small, 
and  wind  it  around  the  rod  to  be  packed 
as  many  times  as  there  are  rings  re- 
quired, care  being  taken  to  keep  the 
coils  tight  and  pressed  close  together. 
Now  draw  a  straight  line  from  the  end 
across  the  coils  of  packing  and  parallel 
with  the  rod.  Take  the  packing  off  the 
rod  and  cut  with  a  sharp  knife  at  each 
mark.  Take  the  pieces  cut,  which  should 
be  of  the  correct  length,  and  tie  a  string, 
around  them,  making  a  small  bundle. 
The  bundle  should  be  soaked  in  good 
ice-machine  oil  over  night,  and  then  pack 
the  pump,  using  no  other  lubricant  in 
the  stuffing-box. 

R.  P.  Wilcox. 

Chicago,  111. 


After  using  fibrous  packings  for  sev- 
eral years  and  having  the  rods  leak  at 
the  end  of  a  few  days,  I  tried  several 
methods  and  combinations  of  packing 
with  the  result  that  I  spoiled  the  rod. 

I  had  always  used  a  pure  gum  ring 
as  a  condenser-tube  packing,  and  decided 
to  give  it  a  trial  on  the  pump.  I  have 
found  this  packing  satisfactory.  It  must 
be  supplied  with  oil,  and  in  our  case 
a  swab  was  placed  on  the  rod  and  fast- 
ened so  that  it  could  not  travel.  An 
oil  cup  was  tapped  in  at  a  convenient 
place  and  one  or  two  drops  of  oil  per 
minute  were  allowed  to  drop  on  the  swab. 

This  method  can  be  employed  most 
anywhere,  and  while  the  first  cost  of  the 
gum  ring  is  about  twice  as  much  as  the 
fibrous  ring,  the  amount  used  is  less,  and 
the  rod  is  saved. 

H.   H.    BURLEY. 

Brooklvn.  N.  Y. 


25   lb.   suction   pressure 

15  lb.   suction   pressure 

5  lb.   suction  pressure 

In  a  general  way  it  might  be  said  that 
the  proper  temperature  of  discharge  for 
an  ammonia  compressor  is  the  "-heo- 
retical  discharge  temperature  for  the 
pressures  under  consideration,  the  suc- 
tion gas  being  saturated.  The  decrease 
in  the  capacity  of  the  plant  when  the 
temperature  of  discharge  is  low,  is  due 
to  the  excessive  quantities  of  lionid  pres- 
ent in  the  suction  gas,  which  decreases 
the  cumping  capacity  of  the  machine  per 
revolution. — Editors. 


We  have  had  exactly  the  same  trouble 
as  Mr.  Gibson.  We  used  the  same  kind 
of  packinf.  the  solid  rings  and  the 
diagonally  split  rings  alternately,  but  with 
no  success.  The  packing  would  crumble. 
We  concluded  that  the  packing  was  too 
soft  and  so  tried  a  tougher  packing  which 
comes  in  long  spirals  and  is  made  w^ith 
alternate  layers  of  rubber  and  canvas. 

It  is  giving  us  entire  satisfaction  and 
T  would  advise  Mr.  Gibson  to  try  it  and 
let  us  hear  further  from  him. 

Frederick  M.  Perras. 

Mansfield,  Mass. 


March  26,  1912 
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Engineering  in  the  South 

As  has  been  often  said,  "the  world 
moves  rapidly,"  but  it  is  impossible  to 
form  an  adequate  idea  of  just  how  fast 
it  does  move  without  inspection  at  close 
range.  That  is  why  at  frequent  inter- 
vals a  member  of  our  editorial  staff 
buys  a  multicoupon  railroad  ticket  and, 
taking  his  notebook  and  pencil  firmly 
in  hand,  migrates  north,  east,  south  or 
west,  returning  with  a  vastly  broadened 
knowledge  of  the  section  of  country  tra- 
versed, together  with  particulars  of 
power-plant  practice  contributed  by  en- 
gineers of  that  section. 

The  last  time,  the  editor  went  into  the 
"Sunny  South,"  and  some  of  the  results 
of  his  pilgrimage  are  presented  in  this 
issue.  These  articles,  however,  do  but 
faint  justice  to  the  astonishing  develop- 
ment that  has  characterized  the  past  de- 
cade in  that  section.  Power  plants 
formerly  consisting  of  a  few  belted  units 
and  return-tubular  boilers  have  grown 
into  equipments  of  turbo-generators  sup- 
plied from  water-tube  boilers;  picturesque 
falls  and  rapids  which  were  formerly 
regarded  only  as  scenic  attractions  are 
now  the  primary  dependence  of  economic 
manufacturing,  well  lighted  streets  and 
enhanced  domestic  comfort  in  near-by 
cities. 

Ten  years  ago  the  populace  of  New 
Orleans  crossed  the  streets  on  planks 
during  heavy  rainstorms  and  even  then 
did  not  "land"  dryshod;  drinking  water 
was  laden  with  typhoid  and  yellow-fever 
germs  during  certain  seasons,  and  open 
sewers  were  a  constant  menace  to  health. 
Today,  the  surface  water  is  taken  off  and 
forced  out  into  the  lakes  by  large  motor- 
driven  pumps,  the  city  operates  a  huge 
v/ater-purifying  plant,  and  practically  all 
domestic  refuse  is  pumped  away  through 
closed  sewers.  The  power  equipment  of 
the  drainage  system  is  described  else- 
where in  this  nuinber. 

A  very  interesting  feature  of  practice 
in  one  of  the  large  central  stations  of 
the  South  is  the  operation  in  parallel 
of  high-tension    alternating-current   gen- 


erators driven  by  lour  different  types  of 
prime  mover;  a  brief  outline  of  this  is 
given  in  the  Electrical  Department.  At 
another  large  station  most  of  the  units 
are  operated  noncondensing  in  order  to 
utilize  the  exhaust  steam  for  commercial 
heating  throughout  'he  business  district. 
A  small  station  in  Georgia  is  operated  by 
gas  engines  supplied  from  producers 
which  are  charged  with  pine  blocks  and 
cypress  roots  and  slumps. 

These  and  other  evidences  of  the  engi- 
neering development  of  the  South  are 
presented  in  the  present  number.  Even 
the  citation  of  all  such  examples  of 
Southern  modernity  would  be  utterly  im- 
practical. Our  efforts,  therefore,  have 
been  restricted  to  the  discussion  of  a  few 
representative  installations,  as  diversified 
as  possible  in  character.  These  suffice 
to  show  that  in  engineering,  as  in  other 
matters,  Dixie-land,  far  from  being  un- 
der the  domination  of  the  hookworm,  is 
thoroughly  alive  to  her  opportunities. 


The  Dividing  Line 

It  is  unfortunate  that  there  is  so  little 
available  information  as  to  the  actual 
cost  of  steam  power-plant  operation.  In 
the  controversy  between  the  advocates  nf 
the  isolated  plant  and  those  interested  in 
the  extension  of  central-station  service 
no  authentic  figures  are  given,  and  when 
an  owner  is  compelled  to  make  a  choice 
between  the  two  systems  it  is  usually 
the  best  talker  who  gets  the  business, 
regardless  of  the  facts  involved  in  the 
case. 

There  is,  of  course,  some  dividing  line 
in  the  power  requirements  above  which 
the  isolated  plant  will  give  the  cheaper 
service  and  below  which  it  will  be  profit- 
able to  buy  power. 

There  are  several  factors  that  enter 
into  the  power-plant  problem,  not  the 
least  of  which  is  heat.  In  many  in- 
dustries this  is  needed  the  year  round, 
and  in  all  northern  latitudes  for  at 
least  half  of  the  year,  and  the  ratio  of 
fuel  required  for  heat  to  that  necessary 
to  furnish  the  required  power  should  be 
considered. 


442 

The  cost  of  labor  in  a  small  plant  is 
proportionally  higher  per  unit  of  output 
than  in  the  large  one.  A  ste^m-power 
electric  plant  of  fifty  kilowatts  capacity 
will  require  the  employing  of  an  engi- 
neer and  a  fireman,  which  would  make 
the  labor  cost  alone  approximately  one 
cent  per  kilowatt-hour.  Coal  and  fixed 
charges  would  probably  increase  this  to 
nearly  four  cents  for  a  constant  load 
for  three  thousand  hours  per  year  and 
it  might  easily  be  double  this  for  a 
plant  where  the  maximum  output  is 
reached  only  during  the  lighting  period. 
For  a  plant  of  one-half  this  capacity 
the  total  labor  cost  could  not  be  much 
less,  but  the  cost  per  unit  of  production 
would  be  doubled  and  would  reach  a 
price  which  would  be  readily  met  by  the 
central  station. 

As  the  plant  increases  in  capacity  the 
cost  of  attendance  per  unit  of  output 
rapidly  decreases,  and  in  many  large 
plants  the  labor  cost  per  kilowatt-hour 
is  an  insignificant  fraction  of  a  cent. 

In  the  central  station  there  are  large 
distribution  expenses  to  be  met  which 
do  not  obtain  in  the  small  plant.  There 
are  some  at  or  near  the  fifty-kilowatt  line 
where  the  costs  will  balance  and  above 
which  the  isolated  plant  will  have  the 
advantage,  while  below  this  line  pur- 
chased service  will  be  the  cheaper. 

The  calls  for  steam  for  purposes  other 
than  for  power  will  have  a  modifying 
influence  and  may  in  some  cases  make 
even  the  smallest  load  a  profitable  one 
to  carry. 
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engineer  must  tolerate  the  discomforts 
and  hardships  imposed,  and  accomplish 
his  task  as  best  he  can. 

Unless  one  has  experienced  the  work 
of  firing  in  a  poorly  ventilated  boiler 
room  during  a  hot  day,  when  the  load  is 
usually  heavy,  it  is  difficult  to  imagine 
its  discomforts.  Then,  too,  there  are 
those  small,  cramped  quarters  where  the 
auxiliaries  are  often  located,  and  where 
making  repairs  or  adjustments  is  well 
riigh  torture. 

Wherever  conditions  will  allow  it,  the 
design  of  a  power  plant  should  be  such 
as  to  give  space  enough  around  each 
piece  of  machinery  to  facilitate  attend- 
ance and  repair  instead  of  aiming  in  the 
opposite  direction,  as  the  conditions  in 
many  plants  would  suggest  had  been 
done. 
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of  $3.50  per  day  and  an  increase  of 
about  65  cents  in  the  cost  of  domestic 
coal  per  ton,  will  come  out  of  the  pocket 
of  the  consumer. 

A  strike  will  mean  an  increased  con- 
sumption of  soft  coal  and  an  increase  m 
cost.  This  will  ultimately  result  in  a 
higher  cost  of  living  which,  in  the  minds 
of  the  public,  is  altogether  too  high  as 
it  is,  without  additional  burdens.  A 
strike  to  succeed  must  have  the  sympathy 
of  the  public;  without  that,  it  is  bound 
to  fail. 

Although  indications  do  not  point  to 
a  long-drawn-out  strike,  a  big  reserve 
supply  at  the  rear  of  the  boiler  plant 
will  materially  assist  in  preventing  a 
shutdown  and  suspension  of  business 
due  to  failures  of  cargoes  to  arrive  on 
time. 


Structural  Errors 

It  is  to  be  regretted  that  engineers 
and  power-plant  men  in  general  are  so 
often  compelled  to  labor  in  small  spaces 
where  it  is  almost  impossible  to  accom- 
plish the  work  to  be  done  without  loss  of 
temper  and  very  often  minor  injuries  to 
the  body.  It  is  true  that  the  ability  to 
m.eet  such  conditions  is  what  is  required 
of  an  engineer,  but  that  is  to  his  credit, 
and  does  not  justify  the  conditions  that 
call  for  the  exercise  of  his  skill  in  this 
direction. 

Of  course,  it  is  not  always  possible  to 
prevent  the  existence  of  such  places  in 
power  plants,  and  it  is  also  true,  once 
in  a  while,  that  the  architect  is  not  to 
blame.  Where  space  is  very  valuable,  the 
architecture  of  the  plant  must  be  adapted 
to  that   condition.      In    such    cases    the 


Possibilities  of  a  Coal  Strike 

Engineers  and  plant  owners  who  have 
had  their  ears  to  the  ground  feel  that 
a  strike  among  the  coal  miners  is  not 
only  possible  but  probable.  That  the 
trouble  will  extend  to  the  entire  bitumi- 
nous coal  fields  in  the  United  States  is 
doubtful,  but  that  the  anthracite  miners 
will  strike  Apr.  1  is  almost  a  foregone 
conclusion. 

The  situation  is  intensified  because  the 
existing  agreement  between  the  anthra- 
cite and  bituminous  coal  miners  and  the 
operators  expires  at  the  same  time, 
Apr.  1. 

A  strike  means  much  to  all  concerned. 
Not  that  there  will  be  a  suspension  of 
business,  such  as  England  has  experi- 
enced, but  if  the  users  of  the  smaller 
sizes  of  anthracite  coal  cannot  obtain  a 
sufficient  supply,  bituminous  coal  will  be 
substituted  at  an  increase  in  price  and 
with  its  accompanying  smoke  produc- 
tion. 

Those  who  have  had  the  foresight,  and 
whose  circumstances  have  permitted,  have 
stored  coal  in  anticipation  of  a  shortage. 
Those  who  have  not  the  facility  for 
storing  fuel  will  find  it  necessary  to 
modify  furnace  and  grate  conditions  and 
make  arrangements  for  burning  soft  coal, 
of  which  there  is  an  overproduction. 

In  the  event  of  a  strike  it  is  doubtful 
if  it  extends  over  a  long  period.  Public 
sympathy  is  not  with  the  threatened  sus- 
pension of  mining  because  the  miners 
demand  a  20  per  cent,  minimum  in- 
crease.    This  practically  means  a  wage 


Wave  Motors 

Another  wave  motor  is  announced  on 
page  443  of  this  issue.  The  problem 
of  converting  the  energy  contained  in 
the  moving  mass  of  water  which  con- 
stitutes a  wave  is  rather  a  financial  than 
a  mechanical  one.  There  are  many  ways 
of  doing  it,  but  none  has  met  with  any 
extensive  adoption  because  the  interest 
on  the  cost  of  the  installation  would 
more  than  pay  for  coal  enough  to  pro- 
duce the  derivable  power. 

It  is  often  questionable  whelther  it 
will  pay  to  dam  a  river  and  develop  the 
power  of  a  continuous  water  supply.  The 
same  careful  consideration  of  the  re- 
lation of  interest  and  depreciation  charges 
to  power  producible  should  precede  any 
investment  in  a  wave  motor.  The  de- 
nominator is  apt  upon  analysis  to  be 
unexpectedly  small. 


An  entrance  examination  is  proposed 
for  candidates  for  admission  to  the  In- 
stitution of  Mechanical  Engineers  of 
Great  Britain.  Such  examinations  have 
long  been  in  force  in  the  Institution  of 
Civil  Engineers  and  are  proposed  for 
the  Electrical  Engineers.  The  rules  are 
flexible  enough  to  permit  the  admission 
of  a  man  of  sufficiently  wide  practical 
experience,  notwithstanding  a  lack  of  in- 
stitutional education.  So  far  as  we  know, 
no  such  examinations  are  required  in 
any  of  the  American  national  profes- 
sional societies  in  the  engineering  field. 
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Readers  with  Something  to  Say 

A  letter  good  enough  to  print  will  be  paid  for.     Ideas,  not  mere  words,  wanted 


Working  a  Bag  Out  of  a 
Boiler 

I  was  recently  called  upon  to  work  a 
bag  out  of  a  boiler.  After  examining 
the  boiler,  I  found  the  bag  to  be  17  in. 
in  diameter  and  2'4  in.  deep.  I  drilled 
a  hole  in  the  center,  to  allow  for  take-up 
and  cleaned  the  plate  off  nicely  both 
inside  and  outside,  and  then  heated  the 
plate  to  a  red  color,  placing  fireclay  mixed 
to  a  putty  in  the  center  so  as  not  to 
overheat  at  that  point.  I  was  very  care- 
ful not  to  overheat  the  plate  at  any  point. 

Then,  with  a  smooth  face  flatter  and 
a  medium-size  sledge,  I  drove  all  around 
the  center,  working  the  bag  up.  Sev- 
eral heats  were  necessary  to  get  the 
plate  back  to  the  original  shape.  I  used 
a  straight-edge  to  determine  when  the 
bag  was  out  and  the  plate  in  shape.  I 
drove  the  plate  so  as  to  bow  a  little  in- 
ward. 

After  this  was  accomplished,  I  reamed 
the  hole  out,  which  had  partly  closed  and 
heating  a  rivet  of  proper  size,  placed 
the  head  on  the  inside  and  riveted  up 
the  hole.  I  then  gave  the  boiler  90  lb. 
per  square  inch  of  cold  water  test  and 
hammered  lightly  on  the  repaired  boiler, 
which  showed  no  stress  or  strain.  After 
dropping  the  water  to  a  proper  level,  the 
boiler  was  fired  up,  the  job  being  perfect 
in  every  respect. 

E.   L.   Morris. 

Salem,  Va. 


Centrifugal   Pump  Trouble 

We  are  pumping  some  2500  gal.  of 
water  per  minute  carrying  about  8  per 
cent,  solids  through  a  10-in.  pipe  line 
2000  ft.  long,  and  raising  the  water  and 
solids  some  70  ft.  To  do  this,  at  times 
wc  have  three  10-in.  centrifugal  sand 
pumps  in  the  line.  One  pump  is  placed 
at  the  lower  level,  the  other  two  are 
placed  at  such  locations  as  to  divide  the 
head   equally   between   the  three   pumps. 

We  have  had  considerable  trouble  in 
the  breaking  of  the  upper  pumps  when 
starting  up  or  shutting  down,  due  to  the 
separating  and  closing  again  of  the  col- 
umn of  water  in  the  line.  Of  course,  if 
all  three  pumps  oould  be  controlled  si- 
multaneously, the  trouble  would  be  elimi- 
nated. One  solution  is  to  discharge  the 
water  from  the  lower  pump  into  a  small 
reservoir  or  sump  hole  near  the  suction 
of  the  upper  pump  and  pick  it  up  again. 
This,  however,  necessitates  a  complica- 
tion of  suction  and  priming  connections 


and   foot   valves   which   it  is  desirable   to 
avoid. 

We  have  tried  check  valves  in  the  line 
to  hold  the  column  of  water  from  flush- 
ing back  toward  the  lower  pump.  This 
lias  proved  of  no  avail  as  the  check  valve 
holds  a  stationary  column  of  water  on  its 
upper  side  which  has  enough  inertia  to 
cause  immense  pressure  due  to  impact 
when  the  lower  column  hits  it.  We  have 
also  contemplated  installing  relief  valves 
at  suitable  points  in  the  line,  but  the  diffi- 
culty of  keeping  the  valve  seats,  and 
other  parts  in  good  condition  due  to  sand, 
rock,  etc.,  in  the  water  has  deterred  us 
heretofore.  We  are  now  contemplating 
placing  air  chambers  at  the  discharge  of 
the  pump  to  cut  down  the  jar  due  to  the 
making  and  breaking  of  the  column  of 
water  in   the   line. 

Possibly  our  experience  may  be  of  in- 
terest to  Power  readers,  and  its  discus- 
sion may  be  of  benefit  to  those  in- 
terested. 

Milton  Baker. 

Plant  City,  Fla. 


problem    from   the   standpoint   of  the   in- 
dividual motor. 

The  inclosed  prospectus  will  introduce 
the  question  in  an  entirely  new  light,  as 
it  deals  with  the  problem  from  the  stand- 
point of  a  system. 

F.  M.  Reynolds, 

Secretary, 

The  Globe  Wave  Power  &  Electric  Co. 

Long   Beach,   Calif. 

[The  accompanying  figure,  taken  from 
that  shown  in  the  prospectus,  serves  to 
illustrate  the  principle  of  the  "system" 
mentioned. 

The  submerged  vanes  actuate  the 
pumps  which  force  water  into  a  pressure 
tank  from  which  the  water  flows  to  the 
waterwheels  that  run  the  dynamos. — 
Editors.] 


A  Wave  Power  System 

In  a  recent  number  of  Power,  there 
appeared  an  exhaustive  article  by  Frank- 
lin Van   Winkle,  "Power  Derivable  from 


Cut  the  Boiler  Shell 

The  danger  of  using  sharp  tools  in 
cleaning  the  inside  of  a  steam  boiler  was 
proved  to  me  a  short  time  ago. 

The  boiler  in  the  plant  where  I  have 
been  employed  as  general  mechanic  for 
two  years,  had  for  four  years  been 
equipped  with  a  boiler  scraper,  making 
it  almost  if  not  quite  impossible  for  the 
engineer  to  get  inside  under  the  tubes 
to  do  the  cleaning  properly. 
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The  New  Wave-power  System 


Ocean  Waves."  He  states  that  the  pos- 
sibilities of  obtaining  commercial  power 
from  a  wave  motor  are  founded  on  a  very 
narrow  margin.  I  will  go  farther  than 
that  and  state  that  they  are  practically 
out  of  the  question.  Mr.  Van  Winkle 
has  made  the  same  mistake  that  all  in- 
ventors and  engineers  have  made  ever 
since  the  history  of  the  wave-motor  ques- 
tion began,  viz.:  That  of  considering  the 


The  damage  must  have  occurred  over 
four  years  ago,  and  before  the  scrapers 
were  put  in.  The  engineer  on  firing  up 
the  boiler  one  Monday  morning  noticed 
a  small  leak  in  the  rear  sheet, 
about  3  ft.  from  the  rear  head,  at  the 
point  where  the  brace  from  the  head  is 
riveted  to  the  sheet.  At  40  lb.  pressure 
there  was  a  stream  of  water  and  steam 
as   large   as  a  lead   pencil  pouring   into 
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the  combustion  chamber.  The  engineer 
at  once  pulled  the  fire  and  began  to  cool 
the  boiler. 

As  soon  as  it  was  cool  the  scraper  was 
removed  and  thrown  away.  Seven  tubes 
were  then  removed  when  it  was  found 
that  the  crack  w'as  directly  under  the 
heel  of  the  brace.  The  brcice  was  then 
taken  out  and  in  place  of  a  crack  we 
found  that  the  shell  had  been  cut  some 
time  by  a  sharp  tool  as  it  had  been  driven 
under  the  brace  to  remove  the  hard 
scale. 

The  cut  started  from  each  side  of  the 
brace,  which  was  4  in.  wide,  at  about  1 
in.  back  from  where  the  heel  of  the 
brace  met  the  iron.  It  extended  at  a 
slight  angle  to  the  rear,  one  cut  overlap- 
ping the  other  about  '4  in.,  and  from  a 
scratch  at  the  beginning  to  fully  '4  in. 
deep  where  they  met  in   the  center. 

The  inspector  claimed  it  had  been 
caused  by  the  expansion  and  contraction 
of  the  metal,  but  as  there  was  a  metal 
chip  lying  over  and  partially  closing  the 
first  cut  where  they  came  together,  it 
must  have  been  caused  by  driving  some- 
thing under  the  brace. 

Six  'j-in.  holes  were  drilled  and 
tapped,  copper  plugs  put  in  and  headed 
over  nicely;  the  brace  and  tubes  were 
replaced  after  they  had  been  trimmed 
and  welded,  and  when  the  boiler  was 
put  into  commission  again  it  was  as 
good  as  ever. 

It  is  a  good  plan  not  to  use  sharp 
tools  or  tools  with  sharp  corners  around 
boiler  shells  in  scaling;  but  if  it  is  nec- 
essary, be  careful  where  the  edge  or 
corners  of  the  tools  go,  or  a  leak,  if  not 
worse,  may  result. 

A.  H.  Strong. 

Los  Angeles,  Calif. 


Steam    and    Temperature 
Charts 

The  accompanying  charts  from  a  record- 
ing steam  gage  and  a  recording  flue-gas 
thermometer  graphically  illustrate  the 
importance  of  proper  construction  and 
operation  of  boiler  furnaces.  These  charts 
were  obtained  from  an  1 8- ft.  by  72-in. 
return-tubular  boiler,  set  in  a  brick  fur- 
nace. It  was  operated  12  hours  daily, 
at  two-thirds  of  its  rated  capacity. 

The  fire  was  stopped  at  about  5:50 
p.m.,  as  shown  by  the  chart,  Fig.  1.  The 
steam  pressure  was  115  lb.  at  5:45  a.m., 
there  having  been  no  fire  in  the  furnace 
during  the   intervening   12  hours. 

Oil  is  used  for  fuel  and  about  two 
minutes  before  the  engine  is  stopped  for 
the  night  the  supply  of  steam  and  oil 
to  the  burner  is  shut  off  and  the  ashpit 
doors  snd  damper  are  closed,  but  the 
feed  pump  continues  to  run.  As  soon  as 
the  engme  is  shut  dowm  the  ma'n  stop 
valve  on  top  of  the  boiler  is  closed,  the 
feed  pump  being  supplied  with  steam 
from,  a  small  auxiliary  line. 


The  feed  pump  is  permitted  to  run 
until  the  boiler  contains  about  three  gages 
of  water,  which  pulls  the  steam  down 
to  95  lb.  The  feed  pump  is  then  stopped, 
all  valves  in  the  feed  line  are  closed  and 
the  steam  is  shut  off  from  the  auxiliary 
header. 

When  the  feed  pump  was  stopped  at 
6  p.m.  the  steam  pressure  commenced  to 
rise,  caused  by  the  boiler  absorbing  heat 
from  the  hot  brickwork  of  the  furnace, 
until  at  7  p.m.  the  safety  valve  opened. 
The  fall  of  pressure  between  7:15  p.m. 
and  5:45  a.m.  was  regular  and  gradual, 
being  caused  mostly  by  the  radiation  of 
heat  from  the  boiler  and   furnace. 

The  bulb  of  the  recording  flue-gas 
thermometer  is  inserted  in  the  smokebox 
directly  above  the  tubes,  and  the  ther- 
mometer chart,  Fig.  2,  sljows  that  the 
temperature  in  the  smokebox  fell  at  a 
rate  corresponding  to  the  fall  in  steam 
pressure. 


Repairing  a  Cracked   Cylin- 
der Head 

Cylinder  heads  of  pumps  become 
broken  sometimes.  A  simple  way  to 
repair  one  while  waiting  for  a  new  part 
can  be  accomplished  in  the  following 
manner:  Remove  the  broken  head  and 
cut  a  piece  of  galvanized  iron  the  exact 
size  of  the  head  and  place  it  between 
the  packing  and  cylinder  head.  Then 
tighten  up  the  stud  nuts  holding  the 
head,  and  the  pump  is  ready  for  work, 
providing   no   further  trouble  exists. 

Stanley  Radcliffe. 

Laurel,    Md. 


What  Broke  the  Crosshead? 

The  accompanying  sketch  shows  a  very 
peculiar  break  of  a  crosshead  of  a  lOx 
30-in.  Corliss  engine,  belted  to  two  35- 
kw.  generators.  The  engineer  had  packed 
the  piston  a  few  minutes  before  starting 


Steam    Chart 


I  have  seen  plants  where  the  steam 
pressure  would  fall  to  zero  a  few  hours 
after  the  fuel  oil  was  shut  off,  owing 
partly  to  leaky  steam  and  water  valves, 
but  principally  to  a  leaky  furnace  set- 
ting and  leaky  ashpit  doors  and  damp- 
ers, which  permitted  cold  air  to  be  drawn 
in  through  the  tubes,  cooling  the  water 
and  condensing  the  steam   in  the  boiler. 

This  is  poor  economy,  for  fuel  is 
wasted  in  heating  the  furnace  and  rais- 
ing steam  to  the  working  pressure  in 
the  morning. 

J.  T.  Williams. 

Brownsville.    Tex. 


Fig.  2.   Te.mperature  Chart 


up  for  the  night's  run.  He  started  up 
and  the  engine  had  no  more  than  gotten 
up  speed  when  there  was  a  loud  report. 
It  was  found  that  the  crosshead  and 
bottom  shoe  were  broken,  as  shown.  When 


Babbitt- 


Effect  of  Air  in   Steam 

I  would  like  to  have  some  practical 
and  theoretical  opinions  as  to  the  effect 
air  in  steam  may  have  on  the  vacuum 
in   a   condenser. 

Would  not  a  leaky  suction  on  a  lifting 
boiler  feed  pump  affect  the  vacuum  more 
than  a  ieaky  condenser  pump  on  ac- 
count of  the  higher  temperature  of  the 
air  coming   from   the   boiler? 

W.  A.   Flillcraf. 

Collinsville,   Okla. 


Broken  Crosshead 

the  engineer  shut  down  he  found  that 
both  guides  w-ere  hot  and  the  crosshead 
shoe  was  out  on  the  floor. 

I  do  not  understand  what  caused  the 
trouble  as  the  nuts  A  had  not  been  taken 
up  in  six  months.  The  engine  has  been 
in  operation  about  10  months  and  ran 
at  90  r.p.m. 
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The  bolt  B  was  bent  up  toward  the 
piston,  but  was  not  broken,  and  both 
nuts  were  tight.  The  crosshead  was 
patched,  a  brass  shoe  made  and  put  on 
and  it  has  been  working  very  nicely  since. 

Can  someone  who  has  had  a  similar 
tiouble  and  found  out  what  caused  it 
let   me    know? 

H.   R.  Williams. 

Grand  View,  Tex. 


To  Remove   Burnt  Oil 

For  several  years  I  have  used  the  fol- 
lowing recipe  for  removing  burnt  grease 
from  the  bright  parts  of  engines,  such  as 
cylinder  heads  and  valve  bonnets. 

Dissolve  about  5c.  worth  of  oxalic  acid 
in  1  qt.  of  distilled  water  and  apply  with 
a  rag  while  the  metal  is  either  hot  or 
cold. 

Some  engineers  are  troubled  by  oil 
sticking  to  the  sight-feed  glass  on  lubri- 
cators. One  remedy  is  to  clean  the  glass 
thoroughly  and  refill  it  with  glycerm.  It 
will  not  only  keep  the  oil  from  stick- 
ing, but  the  oil  can  be  fed  in  small,  round 
drops.  Keep  the  packing  nuts  tight  and 
fill  the  lubricator  each  time  before  it 
runs  dry,  and  the  glycerin  will  stay  in 
the  glass  indefinitely. 

D.  E.  Aden. 

Wilburton,  Okla. 


Rail    Bench  Anvil 

While  visiting  a  neighboring  plant  my 
attention  was  attracted  to  a  small  bench 
anvil.    It  was  made  from  a  piece  of  ?.i^e\ 


Anvil  Made  from  a  Piece  of  Rail 

railroa.l  rail  tapered  at  one  end  as  shown 
J.  H.  Stretton. 
Los   Angeles,   Calif. 


Low  Water  in  Boiler 

In  a  plant  where  I  was  acting  as  night 
engineer,  there  was  a  battery  of  five  boil- 
ers. On  entering  the  boiler  room  one 
night,  I  found  the  head  fireman  asleep, 
and  his  helper  firing  in  his  place.  I 
looked  at  the  water  gages  and  could  see 
no  water  in  No.  4  glass.  On  trying  the 
column  and  getting  no  water,  I  ordered 
the  helper  to  pull  the  fire  while  I  went 
behind  the  boiler  to  open  the  back  door. 
While  I  was  doing  this,  the  fireman 
awoke  and  turned  the  water  into  the 
boiler.  It  seemed  to  me  that  the  boiler 
jumped  an  inch  from  the  floor;  there 
was  a  muffled  report,  and  the  helper  said 
the  steam  gages  went  up  5  lb. 

The  water  put  out  the  fire,  and  on  ex- 


amination I  found  45  flues  sprung  in 
the  tube  head.  The  feed  water  en- 
tered the  boilers  at  195  deg.  F.,  and  it  is 
my  opinion  that  the  boiler  would  have 
exploded  if  the  tubes  had  not  sprung  and 
relieved  the  pressure. 

I  do  not  want  any  more  conclusive 
proof  that  water  in  an  empty  boiler  will 
cause    an    explosion. 

V.  C.  Wood. 

Copenhagen,   N.   Y. 


Gage  Tester 

There  are  50  odd  steam,  air  and  water 
gages  in  constant  use  about  my  plant, 
and  I  keep  them  accurate  by  testing  with 
a  home-made  gage  tester,  which  is  al- 
ways ready  for  use.  It  is  connected  up 
as  shown  in  the  illustration. 


Gage  Tester 


The  water  gage  is  tested  every  two 
or  three  months  by  the  same  boiler  in- 
spector. I  can  test  gages  at  different 
pressures  by  throttling  the  valve  in  the 
steam  line  and  opening  the  drain  cock 
at  the  end  until  the  desired  pressure  is 
obtained. 

With  this  device  I  keep  all  gages  in 
perfect  working  order  with  very  little 
trouble  and  expense.  The  pipe  can  be 
connected  to  the  boiler  steam  header  or 
to  a  water  tank  if  the  pressure  is  enough. 
J.  W.  Dickson. 

Memphis,  Tenn. 


Three   Pressure   Problems 

There  are  three  problems  which  I 
would  like  to  have  the  readers  of  Power 
solve.  The  first  is.  What  is  inside  of  the 
spring  of  a  steam  gage,  steam,  air  or 
water? 

Second.  With  100  lb.  pressure  (gage) 
on  a  boiler,  what  pressure  would  a  gage 
show  when  placed  3000  ft.  away  on  the 
end  of  a  '/■-in.  pipe  with  the  pipe  level, 
no  leaks,  no  outlet,  and  the  gages  at  the 
same  elevation  with  the  pipe  full  of 
water?      (See   Fig.   1.) 

Third.  A  10  and  6  by  12-in.  duplex, 
outside-packed,  plunger  steam  pump  is 
fitted  with  a  5-in.  suction  pipe  and  a  4-in. 
discharge  pipe.  The  steam  at  the  throt- 
tle is  100  lb.  and  the  suction  lift  is  5  ft. 
The  head  on  the  discharge  pipe  is  5  ft.; 
that  is,  the  end  of  the  pipe  is  bent  to  an 


angle  of  90  deg.,  or  at  right  angles  to 
the  horizontal  pipe.  What  length  of 
pipe  would  be  required  so  that  when 
placed  level  with  the  open  end  up  in 
the  air  or  vertical,  no  water  would  flow 
from  the  end  with  the  pump  running 
with  a  wide  open  throttle?  The  slippage 
is  assumed  to  be  20  per  cent,  and  no  al- 


FiGS.    1    and    2.    Piping' OF    Gages    and 
Pump 

lowance  is  made  for  friction  of  the  pump 
pistons.      (See   Fig.  2.) 

The  first  question  has  been  discussed 
all  winter  at  an  engineers'  association 
and  is  still  unsettled. 

Question  two  is  asked  to  learn  what, 
if  any,  difference  in  pressure  there  would 
be  between  the  steam  gage  on  the  boiler 
and  one  in  the  engine  room  some  dis- 
tance away,  as  is  the  usual  case. 

QuesHon  three  is  asked  to  determine 
whether  a  pipe  could  be  long  enough 
so  that  the  10-ft.  static  head  plus  the 
friction  of  the  open-end  pipe  could  in- 
crease the  load  enough  to  overcome  the 
100  lb.  steam  pressure. 

J.  C.  Hawkins. 

Hyatt.'^ville,  Md. 


Cut  Engine  Cylinders 

A  call  came  from  a  large  power  plant 
to  a  firm  of  engine  builders  to  send  a 
man  to  bore  out  a  32-in.  cylinder.  It 
was  found  that  before  reboring  the  cyl- 
inder it  would  be  necessary  to  put  on  a 
patch,  as  the  cylinder  was  cut  entirely 
through  at  the  top;  the  sides  showed 
some  wear  but  the  bottom  had  hardly 
any. 

A  copper  patch  was  put  ',n  and  the 
cylinder  was  rebored.  The  engine  was 
then  put  into  service  again  and  a  sharp 
lookout  kept  for  results.  Some  days 
afterward  the  cylinder  head  was  again 
removed  and  signs  of  new  cutting  were 
apparent. 

Several  theories  were  advanced  as  to 
the  cause  of  the  trouble.  The  same  kind 
of  oil  was  being  used  in  other  engine 
cylinders  running  under  the  same  gen- 
eral conditions,  and  steam  was  supplied 
at  160  lb.  pressure,  superheated  to  480 
or  500  deg. 

A  suggestion  was  made  that  turning 
a  little  off  from   the  sides  of  the  rings 
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make  them  freer  in  the  grooves  might     Peculiar   Gage    Glass    Fracture     'he  piston  or  connecting-rod,  and  I  had 


help  matters.    This  was  done  and  proved 
to  be  a  remedy. 

A  similar  case  cost  this  same  engine 
company  a  new  engine  cylinder,  to  re- 
place one  which  was  cut  so  badly  in  a 
short   time    as    to    require    reboring. 

After  running  some  days,  the  same 
thing  happened  again,  and  the  purchasers 
demanded  a  new  cylinder;  it  was  fur- 
nished. 

Imagine  their  surprise  when  the  cut- 
ting started  again.  Finally,  the  piston 
rings  were  reduced  Vi,.  in.  in  width,  and 
no  further  trouble  was  reported. 

The  cutting  was  done  mostly  on  the  head 
end  and  stopped  about  where  the  cutoff 
would  occur  at  normal  load.  This  was 
doubtless  due  to  the  fact  that  at  the  end 
of  the  stroke  before  the  boiler  pressure 
was  admitted,  the  ring  was  free  to  ex- 
pand, which  it  did.  When  boiler  pres- 
sure was  admitted,  however,  the  pres- 
sure on  the  follower  was  sufficient  to 
grip  the  ring,  whose  edge  acted  as  a 
scraper  until  the  pressure  was  cut  off, 
which,  becoming  less,  released  the  rings. 
H.  R,  Low. 
Moosup,  Conn. 


The  accompanying  illustration  repre- 
sents a  water  glass  recently  removed 
from  a  boiler  water  column.     The  sketch 


them   out   for  a  proper  examination,  but 
found  them  all  right. 

Although  I  had  not  located  the  trouble, 
I  told  the  men  to  get  the  engine  together 


K 


Showing    Peculiar    Fracture   of    Water  Glass 


shows  the  manner  in  which  the  glass 
broke,  the  spiral  and  the  divisions  being 
as  near  a  duplicate  of  the  actual  glass 
as   it   is   possible   to   make. 

Richard  Swartz. 
Hot    Springs,   Ark. 


What  About  the  Receiver 
Pressure 

The  accompanying  diagrams  were  taken 
from  a  pumping  engine  which  I  think 
are  about  right.     I   would   like  to  know 


Locating  a   "Screech" 

I  was  installing  a  small  high-speed 
engine  and  fan  in  the  boiler  room  and 
having  paid  a  visit  to  the  maker's  works 
to  see  the  engine  tested,  I  expected  no 
trouble   with   it  when  starting  up. 

I  arranged  for  a  trial  run  immediately 
after  stopping-time  to  make  sure  of  a 
good  send  off  the  next  morning.  When 
I  turned  on  steam,  running  the  engine 
slowly,  I  also  turned  on  an  awful  screech- 
ing. As  the  screeching  synchronized 
with  the  stroke  of  the  piston,  I  had  the 
cylinder  cover  removed  and  an  abundant 
supply  of  thick  oil  was  poured  in,  but 
this  did   not  improve  matters. 

The  cover  was  again  removed  and  the 


Fig.    1.    HiCH-ppESSURE    Diagrams 


Fig.  2.  Low-pressure  Diagrams 


if  any  reader  has  any  suggestions  as 
tn  the  receiver  pressure  carried,  which 
is  6  lb.  per  square  inch.  Is  equal  work 
done  in  both  cylinders? 

Notwithstanding  that  our  engine  runs 
very  smoothly,  it  will  be  noticed  that 
there  is  very  little  compression. 

J.  F.   Reynolds. 

Phoenix,  Ariz. 


piston  tested  for  clearance;  using  feel- 
ers I  found  a  variation  from  0.003  to 
0.007  in.,  and  concluded  that  an  error 
of  0.004  in.  would  not  cause  such  a 
noise.  Then  I  removed  the  piston,  and  as 
the  rings  were  somewhat  stiff  I  had 
them  relieved  slightly  on  the  inside. 

As  this  made  no  improvement,  I  con- 
cluded  that   something   was  wrong   with 


again,  but  there  was  not  the  slightest  im- 
provement. W?th  both  hands  on  the 
valve  wheel  I  turned  off  the  steam  and 
the  screech  seemed  to  vibrate  along  my 
arms.  Upon  removing  the  globe  stop 
valve,  I  found  the  valve  stem  over  which 
the  disk  fitted  much  too  tight,  the  spin- 
ning of  the  disk  setting  up  the  screech 
which  puisated  with  the  piston-valve 
movement.  This  was  soon  put  right  and 
we  made  a  good  start  in  the  morning. 

I  had  saved  S6  by  purchasing  that 
globe  valve  separate  from  the  engine. 
On  the  other  hand,  I  had  to  pay  two  pipe 
fitters  and  a  fireman  for  the  all-nighl 
vvork,  ,';nd  there  were  my  own  time  and 
loss  of  sleep,  a  new  suit,  salve  for  various 
scalds  and  the  coa!  I  did  not  save  that 
night. 

F.  P.  Terry. 

Belfast,    Ireland. 


Damper  Regulator 

I  would  like  to  see  the  following  ques- 
tions discussed  by  the  readers  of  Power: 

Is  it  economy  to  use  damper  regu- 
lators  operated   by   steam   pressure? 

Is  it  not  true  that  when  a  damper  opens 
a  poor  fire  is  the  direct  cause  and  will 
this  not  cause  the  furnace  to  chill  and 
produce  a  low  percentage  of  CO:?  Fur- 
ther, would  not  a  regulator  operated, by  a 
CO:  apparatus  produce  a  greater  sav- 
ing than  when  operated  by  other  means  J' 
G.   Clinton   Smith. 

Iron   River,   Mich. 


Question  Reference  Book 

I  have  experimented  with  index  ques- 
tion books  for  some  time  and  I  am  now 
trying  a  system  that  appe.irs  to  me  the 
best  of  which  I  have  seen  or  heard.  The 
book  fits  the  vest  pocket  and  gives  a 
leaf  2J^x4K'  in.  The  paper  is  thin  and 
can  be  used  on  both  sides. 

The  questions  are  grouped  and  num- 
bered; for  instance,  under  "Boilers"  I 
group  "braces,"  "heating,"  "rivets,"  and 
so  on. 

Over  the  question  I  write  in  red  ink 
where  the  answer  may  be  found,  as,  for 
instance,  Power,  Vol.  34,  page  44. 

Whenever  I  find  a  question,  I  make 
note  of  where  I  can  find  the  answer,  as 
this  is  much  easier  than  writing  out  the 
answers. 

L.   N.  Webster. 

Springfield,  Mass. 
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Questions  Before  the  House 

Comment,  criticism,  suggestions  and  debate  upon  various  articles, 
letters   and   editorials    which  have  appeared  in  previous  issues 


What  Cracked  the  Ell 

In  answer  to  Mr.  Blessing's  request 
in  the  Feb.  13  issue,  I  offer  the  fol- 
lowing: 

If  the  distance  from  the  center  of  the 
tee  to  the  center  of  the  ell  does  not  meas- 
ure exactly  the  same  as  the  openings 
in  the  cylinder,  a  slight  strain  would 
be  caused  in  connecting  up  the  pipe,  and 


Therefore,  if  the  expansion  joint  sticks 
ever  so  little,  the  expansion  will  bow  the 
pipe  out  enough  to  bind  the  joint  so 
that  it  cannot  slip  no  matter  how  much 
pressure  comes  on  it.  The  greater  the 
pressure,  the  harder  it  will  bind. 

Even  if  an  expansion  joint  has  lateral 
play  enough  to  prevent  its  binding,  it  is 
often  the  case  that  the  friction  neces- 
sary to  make  it  slip  is  greater  than  the 
force  required  to  bend  the  pipe. 

All  pipe  lines  containing  bends  or  el- 
bows should  be  thoroughly  braced  in  a 
straight  line  with  the  section  containing 
the  expansion  joint  in  order  that  the 
latter  will  be  forced  to  do  its  work. 
Fred  Boone. 

Davidson,  Okla. 


Piping    Arrangement   to   Take    Up 
Expansion   Strains 

when  expansion  takes  place  instead  of 
the  expansion  joint  acting  as  a  relief, 
it  creates  an  increased  strain,  causing 
the  ell  to  break. 

If  the  measurements  are  correct,  a 
longer  expansion  joint  would  remove  the 
cause.  I  suggest,  if  the  conditions  will 
permit,  that  Mr.  Blessing  place  the  tee 
closer  to  the  cylinder,  breaking  down 
with  a  close  nipple  and  ell,  making  a 
swing  joint  as  shown  in  the  accompany- 
ing figure,  and  doing  away  with  the  ex- 
pansion  joint. 

I  had  a  similar  case  seven  years  ago, 
and  the  swing  joint  gave  the  desired 
relief. 

Edward  L.  Johnson. 

Brooklyn,    N.    Y. 


In  the  Feb.  13  issue,  H.  R.  Blessing 
wants  to  know  why  the  ell  breaks  on  a 
pipe  which  is  supposed  to  be  protected 
by  an  expansion  joint. 

An  expansion  joint  will  very  often 
fail  to  operate  in  a  position  such  as  i? 
shown  by  his  drawing.  The  joint  is  not 
in  a  straight  line  between  the  two  ends 
of  the   piping   intended   to   be   protected. 


is  due  either  to  crystallization  because 
of  vibration  or  more  probably  to  unequal 
expansion,  as  the  cylinder  is  steam- 
jacketed,  although  there  is  an  expansion 
joint   provided. 

If  the  flanges  of  the  side-pipe  ells  are 
not  male  and  female,  I  believe  that  the 
trouble  could  be  stopped  by  making  the 
bolt  holes  a  little  larger  and  not  do  the 
final  tightening  up  until  the  joint  had 
"found  its  self."  If  it  is  a  male  and 
female  joint,  the  tongue  will  probably 
have  to  be  relieved  a  bit. 

Edward  H.  Lane. 

Kansas   City,   Mo. 


The  sketch  in  Mr.  Blessing's  letter 
in  the  issue  of  Feb.  13  shows  a  receiver- 
separator  approximately  10  ft.  high 
mounted  very  close  to  the  engine  cyl- 
inder and  rigidly  fixed  at  the  bottom  so 
that  its  expansion  would  raise  the  outer 
end  of  the  short  upper  connection,  there- 
by forcing  the  expansion  joint  away  from 
the  cylinder  and  putting  a  bending  mo- 
ment at  the  point  where  the  crack  ap- 
peared. 

When  steam  was  turned  into  the  cyl- 
inder, the  expansion  of  the  cylinder 
would  lend  to  relieve  the  stress,  or  might 
even  reverse  it  by  lifting  the  cylinder 
end  of  the  pipe  higher  than  the  receiver 
end.  In  any  case,  some  bending  force 
was  applied  as  often  as  the  cylinder 
was   heated    and   cooled. 

There  is  some  evidence  to  show  that 
cast-iron  fittings  slowly  deteriorate  when 
subjected  to  high  steam  pressures,  es- 
pecially if  superheated  steam  is  used 
and  the  temperatures  are  intermittent. 
Such  conditions  are  likely  to  be  found 
in  plants  of  this  size  and  it  may  be  that 
deterioration  of  this  sort  was  a  contribut- 
ing factoi.  Again,  the  engine  when  run- 
ning has  some  vibration  and  perhaps 
some  movement  relative  to  the  separator 
anchorage,  which  would  contribute  to  the 
same  effect 

The  remedy  is  to  shorten  the  nipple 
above  the  expansion  joint  until  this  joint 
is  as  close  to  the  tee  as  possible.  This 
will  decrease  the  amount  of  movement 
to  take  I'p. 

G.   M.    Wesley. 

LaFayette,  Ind. 


Reduced  Angular  Advance 

Referring  to  George  Dreyer's  letter 
under  the  above  title  in  the  issue  of 
Jan.  23,  I  would  say  that  it  seems  quite 
natural  that  a  reduction  of  the  angular 
advance  would  result  in  smoother  run- 
ning. Before  the  reduction  was  made 
the  full  pressure  of  the  steam  was  ex- 
erted against  the  piston  before  it  had 
reversed  the  direction  of  its  travel.  Con- 
sequently, even  the  slightest  lost  motion 
or  looseness  anywhere  was  bound  to 
cause  a  noticeable  pound. 

When  the  change  had  been  made  the 
full  steam  pressure  against  the  piston 
was  not  developed  until  the  reverse  stroke 
had  been  fairly  started,  as  indicated  by 
the  slanting  admission  line.  Hence  the 
extreme  reaction  of  the  steam  pressure 
and  the  momentum  of  the  flywheel  and 
moving  parts  were  eliminated. 

J.   W.    Dickson. 

Memohis,  Tenn. 


In  reply  to  Mr.  Blessing's  question  in 
the   Feb.    13   issue,    I    think   the   trouble 


Cure  for  Hot  Bearing 

Referring  to  the  practice  mentioned 
by  F.  P.  Strachan  in  the  Feb.  13  issue  of 
filing  flats  on  a  journal  to  cure  a  hot 
bearing,  I  have  tried  it  on  two  very  ob- 
stinate cases  with  perfect  success. 

I  was  having  all  kinds  of  trouble  with 
the  outboard  bearing  of  a  side-crank  en- 
gine; the  babbitt  at  some  time  had  been 
heated  and  squashed  out  enough  to  let 
the  shaft  down  about  'i  in.  When  I 
took  the  job,  the  shaft  was  level,  but 
there  was  a  '4 -in.  shim  under  the  bear- 
ing, and  a  quarter-inch  space  between 
the  journal  and  the  top  cap.  The  jour- 
nal was  9  in.  in  diameter  and  the  babbitt 
metal  hugged  it  closely  for  180  deg.  of 
the  circle,  if  not  more,  and  it  seemed 
hopeless  to  get  any  lubricant  between 
them.     I  chipped  and  filed  one  flat  place 
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on  the  shaft,  taking  care  of  the  chips 
and  filings,  to  keep  them  out  of  the  bear- 
ing. My  idea  of  the  flat  was  that  it 
would  catch  some  of  the  oil  at  each 
revolution,  and  carry  it  down  to  the  place 
where  it  was  needed. 

I  have  recently  tried  the  same  cure  in 
a  very  similar  case,  and  with  the  same 
success,  but  I  do  not  think  much  of  the 
idea  as  applied   to  new  machinery. 
B.  Copping. 

Oliver   Springs,   Tenn. 


In  the  issue  of  Feb.  13,  F.  P.  Strachan 
gives  an  unique  way  of  curing  a  hot 
bearing  and  asks  why  it  should  not  be 
adopted.  If  main-shaft  journals  of  large 
engines  were  scored  in  this  manner  I 
would  consider  it  poor  practice,  because 
the  flat  places  would  be  hard  on  the 
babbitt  and  it  would  probably  be  neces- 
sary to  rebabbitt  the  bearing  twice  as 
often  as  if  the  journal  were  perfect. 
The  flat  places  would  increase  the  pres- 
sure per  square  inch  on  the  babbitt 
touched  by  the  other  places  on  the  shaft. 

The  flat  spots  on  the  shaft  would  also 
tend  to  fill  the  oil  with  small  particles 
of  babbitt  which  would  mean  frequently 
renewing  the  oil  in  the  oiling  system. 
Taking  it  all  together,  I  cannot  see  that 
flat  spots  would  be  of  any  advantage. 

Good  oil  grooves  cut  in  the  babbitt 
would  be  a  grtat  deal  better.  A  con- 
tinuous oiling  system  with  the  bearings 
flooded  wUh  oil  would  go  a  long  way 
toward  preventing  any  hot  bearing. 

A.   Rauch. 

S'j'.ssvale,   Penn. 


he  knew  that  some  day  they  would  force 
him  to  render  an  account  of  his  steward- 
ship before  a  disinterested  tribunal  whose 
verdict  would  mean  either  his  downfall 
or  his  permanency.  And  now  that  day 
had  come. 

A  thorough,  elaborate  test  of  every 
piece  of  power-generating  and  power- 
consuming  apparatus  in  the  plant  was 
begun.  Days  were  spent  in  preparing 
for  it;  many  more  in  conducting  it,  and 
finally  the  test  was  ended. 

In  his  report  to  the  board  of  directors 
the  reputable  engineer  who  conducted 
the  test  gave  the  facts  as  he  found  tiiem. 
So  favorable  were  they  to  the  administra- 
tion of  the  chief  that  a  representative  of 
the  central  station  who  was  present  was 
astounded  by  what  he  heard  and  ex- 
claimed: "Why,  our  plant  could  not  do 
as  well !" 

The  engineer  told  him  that  if  it  could 
not,  it  had  better  get  men  that  could. 
They  did,  but  it  was  then  too  late  to 
pluck  the  now  harvested  plum. 

Efficiency  accomplished  it  all.  Be  effi- 
cient and  endure. 

B.   H.  Chester. 

Harrison,  N.  J. 


A  Plant  tlie  Central  Station 
Did  Not  Getl 

In  the  Feb.  13  issue  it  was  told  ed- 
itorially how  the  central  station  got  one 
plant.  The  following  tells  of  one  plant 
the  central  station  did  not  get. 

It  is  one  of  the  large  modern  office- 
building  installations  of  about  4000  hp. 
Hundreds  of  motors  are  used  throughout 
the  plant,  and  there  are  upward  of  25 
first-class  passenger  elevators^ — a  ver- 
itable eyesore  to  the  central-station 
solicitors.  These  people  were  covetous 
of  this  possible  plum,  and  dreamed  of 
one  day  ousting  the  old  force  and  equip- 
ment and  installing  central-station  ser- 
vice. 

The  company  was  going  to  build,  and, 
of  course,  more  power  would  be  required, 
and  the  psychological  moment  had  ar- 
rived for  the  central  station  to  make 
its  supreme  effort.  Many  thousands  of 
dollars  worth  of  business  depended  upon 
it. 

The  chief  is  an  ordinary  everyday  en- 
gineer, just  like  thousands  of  others  who 
work  in  large  cities  but — he  was  not,  like 
many,  allowing  his  ego  to  get  the  upper 
hand  of  his  better  judgment;  he  was 
conscious  of  his  eager  competitors,   and 


Comparative  Efficiency  of 

Boilers 

Supplementing  the  answer  to  the  ques- 
tion under  the  above  title  in  the  Feb.  13 
issue,  I  wish  to  point  out  that  the  water- 
tube  boiler  has  these  points  in  its  favor. 

1.  Higher    working    pressure. 

2.  Larger  capacity  in  a  single  unit. 

3.  Less  floor  space  per  horsepower 
installed. 

4.  Freer   from   disastrous  explosions. 

5.  More  accessible   for  cleaning. 

To  prove  that  the  water-tube  boiler 
is  more  efficient  than  the  return-tubular 
boiler  by  submitting  copies  of  tests  would 
be  impossible,  for  there  are  very  few 
tests  which  are  reliable.  I  believe,  how- 
ever, that  there  are  other  considerations 
to  be  given  to  this  question  and  if  ac- 
curate tests  could  be  produced,  the  higher 
efficiency  of  the  water-tube  type  could 
be  shown.  All  boilers  for  power-plant 
use  are  built  of  plate  and  tubes  of  prac- 
tically the  same  thicknesses,  and  having 
the  same  properties  of  heat  conductivity, 
therefore,  based  on  this  consideration 
only,  one  boiler  would  be  just  as  effi- 
cient as  another. 

Units  fulfilling  the  following  qualifi- 
cations are  m.ore  efficient  than  other 
types: 

1.  Best  arrangement  of  the  heating 
surface. 

2.  Best  arrangement  for  baffling  the 
gases. 

3.  Closest  confinement  of  the  gases  to 
the  heating  surface  throughout  their 
travel. 

4.  Definite  circulation. 

5.  Rapid  circulation. 


6.  Best  position  of  each  individual 
section  of  the  heating  surface  in  its  re- 
lation to  contact  with  the  hot  gases,  the 
accumulation  of  soot  and  scale. 

7.  Least  restricted  areas  for  the  cir- 
culation of  water,  steam,  or  both  at  any 
point. 

8.  Gas  passages  of  either  fixed  cross- 
sectional  area  or  uniformly  diminishing 
with  the  reduction  of  the  volume  of  the 
gases  due  to  decrease  in  temperature. 

9.  Fewest  possible  turns  in  gas  pass- 
ages 'o  prevent  increase  in  drop  in  draft. 

10.  Construction  of  baffies  to  entirely 
prevent   short-circuiting   of   the    gases. 

11.  Greatest  possible  steam  area  at 
point  of  liberation  of  steam  from  the 
heating  surface  to  steam  space. 

12.  Greatest  possible  practical  dis- 
tance between  water  level  and  steam 
outlet. 

13.  Steam  space  surrounded  by  hot 
gases. 

14.  Ample  steam  storage  capacity  to 
prevent  any  tendency  toward  lifting  of 
the  water  by  steam  leaving  the  boiler. 

A  boiler  must  be  kept  clean  to  be  effi- 
cient;   therefore, 

15.  Fewest  necessary  parts  to  be  re- 
moved to  gain  complete  accessibility  to 
all  parts  for  cleaning. 

16.  Cost  of  cleaning  as  to  time,  labor, 
etc..  to  ward  off  carelessness  and  neg- 
lect of  this  operation. 

Relation  of  setting  to  boiler  efficiency: 

17.  Setting  should   be   air-tight. 

18.  Setting  should  have  proper  thick- 
ness of  walls  with  air  spaces  or  ma- 
terial forming  dead-air  cells  to  prevent 
radiation. 

The  type  of  boiler  having  the  greatest 
number  of  these  advantages  in  its  con- 
struction is  best  qualified  for  making 
and  delivering  dry  steam;  therefore,  it 
should   be  the  most  efficient. 

B.  Lewis. 

New    York    City. 


Lubricator  Experience 

Mr.  Watson's  lubricator  troubles  de- 
scribed in  the  Feb.  6  issue  recall  some 
of  the  difficulties  I  have  had  with  the 
different  makes  of  lubricator.  It  is  cer- 
tain that  a  lubricator  will  not  work  un- 
less the  mechanical  conditions  are  right. 

Mr.  Watson's  cut  of  a  lubricator,  here 
reproduced,  very  fairly  represents  the 
average  construction,  but  to  force  oil  out 
through  pipe  B  there  must  be  a  greater 
pressure  on  the  oil  in  the  body  of  the 
lubricator  than  that  which  is  exerted  by 
the  steam  against  the  oil  at  the  end  of 
pipe  B  in  the  steam  pipe  of  the  engine 
or  pump.  This  is  brought  about  by  the 
v.'eight  of  the  oil  in  the  lubricator,  the 
weight  of  the  column  of  condenser  water 
in  pipe  P  and  the  condenser  and  pipe  D. 

There  is  no  established  length  for  a 
condenser  pipe  for  the  different  sizes 
of  lubricators.  It  is  frequently  said  that 
it  could   be   too   long   or  too   short,   and 
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some  contend  the  longer  the  pipe  the 
better  the  lubricator  will  feed;  still  others, 
that  if  it  is  too  long  there  will  be  great 
liability  of  the  oil  being  chilled,  caus- 
ing it  to  coagulate  and  thereby  stop  up 
the  feed  glass.  If  it  is  too  short  it  will 
keep  the  oil  too  warm,  cause  it  to  feed 
too  rapidly  and  smear  up  the  feed  glass. 
My  conclusions  are  that  when  a  lubri- 
cator does  not  work  there  is  either  some- 
thing wrong  with  the  way  it  is  connected 
up;  something  wrong  mechanically  or 
out  of  balance  in  some  way,  or  the  oil  is 
bad.  I  have  many  times  had  just  such 
troubles  as  Mr.  Watson  mentions  and 
I  find  it  is  poor  policy  to  be  continually 
blowing  out  the  feed  glass  by  means  of 
drip  cock  E.  One  -will  break  many 
glasses,  especially  if  the  weather  is  cold 
and  the  lubricator  is  in  an  exposed  posi- 
tion. If  the  feed  glass  continues  to  clog 
up,  first  shut  off  all  valves  on  the  lubri- 
cator, remove  plug  C,  blow  back  gently 
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through  valve  B  and  thereby  clean  out 
pipe  T.  Then  put  a  soft  rag  or  piece  of 
cotton  waste  on  a  small  stick  and  thor- 
oughly swab  out  the  feed  glass.  Next, 
take  a  tin  of  water  of  about  the  tem- 
perature of  the  water  ordinarily  in  the 
feed  glass  to  avoid  cracking  it  and  refill 
it,  replace  plug  C  and  open  the  other 
valves;  then  the  lubricator  should  get 
busy  at  once.  If  it  does  not,  shut  off 
everything  again,  remove  plug  C  and 
drop  in  a  few  grains  of  salt.  Salt  water 
has  a  greater  specific  gravity  than  con- 
densed water  and  it  is  therefore  easy 
to  see  why  oil,  which  is  naturally  lighter 
than  water,  will  rise  more  readily  through 
it. 

Try  to  have  the  lubricator  so  piped 
and  located  that  while  working  its  tem- 
perature will  never  be  so  high  or  so  low 


that  one  cannot  bear  a  hand  on  the  con- 
denser without  experiencing  an  unpleas- 
ant sensation.  When  draining  be  sure 
to  get  the  water  all  out,  and  when  start- 
ing, open  all  valves  slowly. 

Thomas  M.  Sterling. 
Middlebranch,  Ohio. 


jecting  downward  into  it,  the  noise  will 
be  caused  in  the  pipe.  It  may  be  over- 
come by  sealing  the  end  of  the  pipe  with 


I  differ  with  Mr.  Watson  in  his  letter 
under  the  above  heading,  in  the  Feb.  6 
number,  as  to  blowing  out  the  sight- 
feed  glass.  Many  engineers  blow  out 
the  water  with  steam  and  thereby  heat 
the  lubricator  and  cause  it  to  be  hard  to 
start.  Blowing  out  the  sight-feed  glass 
once  in  three  months  is  often  enough  if 
the  oil  is  kept  clean.  When  I  refill  a 
lubricator  I  close  the  sight-feed  valve 
and  the  steam  valve  and  open  the  drip 
at  the  bottom,  then  take  out  the  filling 
plug  and  pour  oil  in  the  plug  opening. 
By  the  time  the  water  is  out  the  lubri- 
cator is  filled  and  will  start  to  work  at 
once. 

When  the  oil  backs  down  in  the  feed 
glass  I  carefully  regulate  the  feed  and 
let  it  work  empty  in  the  usual  way,  for 
the  feed  is  working  the  same  as  before, 
although  the  drops  cannot  be  seen. 

When  the  lubricator  becomes  empty 
the  water  works  through  the  sight-feed 
valve  and  displaces  the  oil,  and  it  runs 
through  the  tailpiece  to  the  engine.  When 
the  oil  is  displaced  by  water  in  the 
sight-feed  glass  I  close  the  valve  and  re- 
fill the  same  as  above  explained. 

Charles  Bracken. 

Dunlo,  Penn. 


Noisy   Heater 

I  think  that  L.  C.  Greene's  trouble 
with  a  noisy  heater,  as  related  in  the 
Feb.  6  issue,  lies  in  the  overflow  pan, 
judging   from   my   experience. 

The  heater  of  which  I  speak  was  noisy 
at  times,  especially  when  using  the  most 
water.  Every  time  the  heater  was  opened 
I  would  find  that  the  overflow  pan  had 
jumped  off  of  its  supports.  This  pan 
fitted  very  close  to  the  top  of  the  heater, 
thus  leaving  a  very  small  steam  space 
between  the  top  of  the  heater  and  the 
surface  of  the  water  in  the  pan.  This 
had  a  tendency  to  produce  water-ham- 
mer, causing  the  pan  to  lift  off  of  its 
supports  and  kick  over  out  of  place.  All 
that  kept  it  from  falling  out  was  the 
extension  of  the  water  pipe  into  the  pan. 
The  trouble  was  cured  by  cutting  down 
the  sides  of  the  pan   !'_■   in. 

E.  G.  HoppE. 

Cairo,   111. 


Referring  to  L.  C.  Greene's  heater, 
described  in  the  Feb.  6  issue.  I  think 
that  the  noise  is  caused  by  the  cold  inlet 
water  condensing  the  vapor  in  the  top  of 
the  heater.  He  does  not  show  by  sketch 
the  arrangement  of  the  heater,  but  I  have 
always  found  that  if  cold  water  is  ad- 
mitted to  any  steam  space  by  a  pipe  pro- 


Showing  Manner  of  Water  Sealing 
Pipe  Outlet 

water,  as  shown  at  A  or  B  in  the  ac- 
companying figure.  This  is  done  in  many 
types  of  heater. 

W    T.   Meinzer. 
Brooklyn,  N.  V, 


firebrick    Furnace    Arches 

In  Mr.  Dixon's  article  under  the  above 
caption,  in  the  Feb.  20  issue,  a  table  was 
inadvertently  given,  the  figures  of  which 
corresponded  with  the  rise  per  foot  of 
radius.     Although  this  might  be  used  in 
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some  cases,  it  is  not  nearly  as  useful  as 
the  accompanying  table  which  is  the  one 
that  should  have  been  included  in  the 
article. — Editor. 


License   I^aws 

Referring  to  the  recent  discussion  un- 
der the  above  heading,  Mr.  Hawkins  need 
not  go  to  Massachusetts  to  find  the  kind 
of  examination  he  desires;  Baltimore  is 
nearer  for  him. 

Here  we  have  examinations  which  em- 
brace such  matters  as  valve  setting  on 
slide-valve,  automatic  and  Corliss  en- 
gines, principles  of  operation  of  various 
types  of  governor,  indicator  diagrams, 
bracing  boilers,  safety-valve  rules,  safe 
working  pressures,  horsepower  of  en- 
gines and  boilers,  boiler  efficiency,  safe 
speeds  of  flywheels,  refrigeration,  hy- 
draulic elevators,  installation  and  care 
of  piping,   etc. 

M.   N.   Stevens. 

Baltimore,  Md. 
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Death  of  Rear  Admiral  Melville 


Rear  Admiral  George  Wallace  Mel- 
ville, U.  S.  N.,  retired,  noted  as  an  en- 
gineer and  explorer,  died  at  his  home  in 
Philadelphia  on  Mar.   17  from  paralysis. 

Born  in  New  York,  Jan.  10,  1841, 
he  was  descended  from  a  distinguished 
Scotch  family  which  figured  prominently 
during  the  reign  of  Henry  VIII.  He 
was  educated  at  the  Brooklyn  Polytechnic 
Institute  and  later  entered  as  an  ap- 
pientice  in  the  engineering  works  of 
James  Binns,  in  Brooklyn,  where  he 
received  his  practical  training. 

At  the  outbreak  of  the  Civil  War,  he 
entered  the  navy  as  third-assistant  engi- 
neer and  served  on  beard  the  "Michigan," 
the  "Dakota"  and  other  vessels,  and  took 
part  in  several  engagements,  including  the 
capture  of  Norfolk.  Shortly  after  this, 
however,  he  contracted  typhoid  fever  and 
was  sent  to  the  hospital  at  Key  West. 

In  1864,  the  "Wachiisett,"  to  which  he 
was  attached,  was  lying  in  the  port  of 
Bahia,  Brazil,  near  the  Confederate  ship 
"Florida"  and  at  a  council  held  in  the 
cabin  it  was  proposed  to  ram  the  lat- 
ter vessel,  but  an  objection  was  raised  on 
the  ground  that  the  shock  would  loosen 
the  boilers,  break  the  steam-pipe  joints 
and  scald  everybody  below  on  the 
"Wachusett."  Melville  met  this  objec- 
tion by  the  quiet  proposition  to  stay 
below  alone  and  take  his  chances,  and 
the  scheme  was  adopted.  In  the  attack, 
a  cable  jammed  and  an  ineffective  blow- 
was  struck,  but  the  "Florida"  was  other- 
wise captured  and  Melville  was  put  on 
beard  of  her  to  act  a?  chief  engineer. 

After  a  period  of  several  years  spent 
on  various  ships  of  the  navy,  Melville 
became  associated  with  a  series  of  arctic 
relief  expeditions  which  were  destined  to 
make  him  an  international   figure. 

The  "Jeanette"  expedition  through 
Bering  Straits  was  equipped  for  the  gov- 
ernment in  1879  with  funds  supplied 
chiefly  by  James  Gordon  Bennett,  of  the 
New  York  Herald.  Lieutenant  De  Long 
was  selected  to  command  the  expedition 
and  Melville  was  chosen  as  chief  engi- 
neer. From  the  start  at  San  Francisco, 
Melville  seems  to  have  been  the  main 
reliance  of  De  Long,  whose  reports  re- 
dound with  his  praise,  and  are  so  much 
occupied  with  his  mechanical  contriv- 
ances that,  as  the  commander  himself 
remarked,  "they  look  more  like  an  engi- 
neer's  notebook   than   a   seaman's   log." 

The  necessity  for  constant  pumping 
to  keep  down  a  oad  leak  encountered 
in  the  ice  pack  led  Melville  to  contrive 
all  sorts  of  devices  for  saving  coal,  cul- 
minating in  a  pump  and  windmill  of  his 
own  manufacture.  His  courage  and  cheer- 
fulness never  faltered,  and  he  kept  up 
the  spirits  of  the  others. 

Soon  after  passing  through  Bering 
Straits,  the  "Jeanette"  was  caught  in  the 


ice  pack,  where  she  was  held  for  nearly 
two  years,  drifting  500  miles  to  the 
northwest.  On  June  11,  1881,  the 
"Jeanette"  sank,  her  crew  being  forced 
to  escape  on  foot  over  the  ice  toward 
the  Siberian  coast,  a  distance  of  500 
miles,  the  nearest  intervening  island  be- 
ing 150  miles  away. 


rnd  after  excessive  hardships  found  a 
settlement  of  the  Yakut  Eskimos  from 
whom  he  received  succor.  The  party  had 
frozen  hands  and  feet,  Melville  himself 
for  15  days  being  unable  to  stand.  As 
soon  as  possible,  he  proceeded  south  to 
a  Russian  outpost,  but  instead  of  return- 
ing  to    civilization,    he    immediately   col- 
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After  two  weeks,  De  Long  observed 
that  the  drifting  of  the  fields  had  car- 
ried them  21  miles  farther  north  than  at 
the  start,  but  by  August  they  arrived 
within  90  miles  of  the  mainland,  a 
journey  across  open  water  being  possible 
the  rest  of  the  way.  De  Long  had  dis- 
tributed the  party  in  three  boats,  tak- 
ing charge  of  the  first  one  himself  and 
placing  the  others  under  command  of 
Lieut.    Chipp   and    Melville   respectively. 

A  storm  arose  and  Chipp's  boat 
foundered,  De  Long's  and  Melville's  be- 
ing separated.     The  latter  reached  land 


lected  such  supplies  as  northern  Siberia 
afforded  and  turned  back  into  the  winter 
night  to  search  for  De  Long's  party,  two 
scouts  from  which  had  met  him.  His 
only  companions  were  two  Yakuts. 
The  windings  of  the  retreat  from  the 
"Jeanette"  had  aggregated  2200  miles; 
now,  with  hardly  any  intervening  rest, 
Melville's  devotion  to  duty  led  him  1100 
miles  more  and  this  under  conditions  of 
season  and  preparation  which  rendered 
his  exploits  practically  unprecedented. 
He  found  traces  of  De  Long,  but  lost  the 
trail  and  thus  was  compelled  to  return. 
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Even  this  was  not  the  end  of  his  ef- 
forts, for  January  found  him  northward 
bound  again,  with  better  equipment.  At 
last  he  discovered  tlie  corpses  of  De  Long 
and  others  and  buried  them  on  a  high 
point  of  land,  building  over  their  graves 
a  cairn  with  a  timber  cross,  which  tomb 
has  been  reproduced  in  granite  and 
marble  at  Annapolis,  where  the  bodies 
now  repose. 

But  still  another  Arctic  voyage  lay  be- 
fore Melville.  Lieut.  A.  W.  Greely, 
U.  S.  A.,  with  a  party  of  25,  had  been 
sent  in  1881  to  establish  a  meteorological 
station  at  Lady  Franklin  Bay  in  the 
Greenland  region.  Being  cut  off  from 
supplies  and  not  having  been  heard  from, 
a  relief  expedition  was  sent  to  their  aid 
in    the    winter   of    1883-84. 

In  the  equipment  of  this  expedition, 
much  dependence  was  placed  upon  Mel- 
ville's advice.  He  went  along  as  chief 
engineer  of  the  "Thetis,"  flagship  of 
Commander  (later  Rear  Admiral)  W.  S. 
Schley,  who  subsequently  came  into  fame 
at  the  battle  of  Santiago.  The  starving 
survivors  of  the  Greely  party  were  final- 
ly found  near  Cape  Sabine,  in  Ellesmere 
Land.  For  his  gallant  work  in  connec- 
tion with  this  expedition  he  was  awarded 
a  gold  medal  by  Congress  and  was  ad- 
vanced 15  numbers  in  rank,  soon  being 
detailed   as   chief  engineer  of  the   navy. 

Admiral  Melville  did  not  tarry  about 
making  much  innovations  in  naval  de- 
sign as  his  good  judgment  dictated.  One 
of  the  first  was  to  get  rid  of  the  notion 
that  engines  must  be  horizontal,  so  that 
they  could  be  stowed  down  in  the  hold 
where  nobody  wanted  to  put  anything 
else.  His  initial  venture  with  vertical 
engines  was  upon  the  "Maine." 

About  the  beginning  of  Melville's  tenn, 
the  recent  resumption  of  the  use  of 
forced  draft  had  brought  about  a  craze 
all  over  the  world  for  reducing  boiler 
weight  to  the  last  degree,  and  the  talented 
Sennett,  the  British  engineer-in-chief, 
ruined  his  reputation  by  the  effort  to  get 
a  horsepower  on  less  than  1.5  sq.ft.  of 
heating  surface.  At  first  there  was  noth- 
ing but  praise  for  him,  but  when  one 
ship  after  another  proved  a  failure,  it 
was  found  that  he  had  been  reckless. 
Melville  refused  absolutely  to  go  to  such 
lengths,  his  favorite  expression  being,  "I 
never  send  a  boy  to  do  a  man's  work." 
While  the  English  ships  were  being 
pulled  through  at  reduced  power  by  the 
Admiralty  ferrule,  the  United  States 
ships  went  along  without  a  single  failure 
or  mishap  and  the  rest  of  the  world 
found  that  Melville,  while  as  bold  as  the 
boldest,  would  not  sacrifice  sound  engi- 
neering to  popular  clamor.  He  was  con- 
servative   in    his   progressiveness. 

He  was  the  first  engineer-in-chief  of 
any  navy  to  come  out  distinctly  and 
strongly  as  an  advocate  of  water-tube 
boilers  for  large  vessels  and,  moreover, 
was  the  first  naval  engineer  to  secure 
accurate  data  upon  the  coal  consumption 


in  forced-draft  trials.  He  also  intro- 
duced the  standardized  screw  as  a  meth- 
od of  determining  speed  trials,  and 
credit  is  due  to  him  for  the  first  series 
of  experimental  data  on  the  use  of 
steam  jets  for  forced  draft. 

One  of  Melville's  greatest  successes 
early  in  the  building  of  the  new  navy 
was  the  20,000-hp.  cruiser  "Columbia," 
built  in  1890.  In  her  construction.  Ad- 
miral Melville,  against  the  urgent  advice 
of  friends,  risked  his  professional  repu- 
tation to  provide  triple  screws.  When 
designed,  this  ship  had  larger  machinery 
than  that  of  any  afioat.  She  crossed  the 
ocean  from  Southampton  to  Sandy  Hook 
in  less  than  seven  days,  greatly  reducing 
the  existing  warship  records  for  a  trans- 
atlantic passage  and  beating,  by  at  least 
a  day,  the  expectations  of  her  designer 
and  builder.  Even  this  speed  record  was 
soon  broken  by  her  sister  ship  the  "Minne- 
apolis." 

Foreign  nations,  England  not  included, 
followed  the  lead  and  made  extensive 
use  of  triple  screws,  but  for  some  rea- 
son which  has  never  been  explained,  the 
admiral's  desire  to  continue  the  policy 
of  putting  them  in  was  negatived  by  the 
Navy    Department. 

How  far  Melville  was  ahead  of  the 
general  naval  mind,  can  be  inferred  from 
his  suggestion  of  a  ship  of  the  "Dread- 
nought" type  as  long  ago  as  1899.  Fur- 
thermore, his  resourcefulness  was  ex- 
hibited during  the  war  with  Spain  in 
the  construction  of  a  repair  ship  and 
a   water-distilling   ship. 

One  of  the  remarkable  characteristics 
of  Admiral  Melville,  which  enabled  him 
to  perform  such  an  immense  amount  of 
work,  was  his  quality  of  inspiring  ad- 
miration, respect  and  loyalty  in  his  sub- 
ordinates. 

Under  the  rule  of  retirement  at  62 
years  of  age,  he  passed  out  of  office  in 
August,  1903,  at  the  end  of  his  third 
term  and  sixteenth  year  as  engineer-in- 
chief  of  the  navy.  So  long  a  tenure  of 
office  by  a  bureau  chief  was  probably 
unprecedented  in  the  navy.  He  was  then 
as  active,  mentally  and  physically,  as 
most  men  are  at  fifty. 

Admiral  Melville  later  resided  in  Phila- 
aeiphia,  which  had  been  his  home  before 
his  service  in  Washington,  and  was  the 
lecipient  of  distinguished  professional 
honor.  In  1896  he  received  from  Stevens 
Institute  of  Technology  the  degree  of 
doctor  of  engineering,  an  honor  which  is 
rarely  granted  by  that  institution.  Among 
other  degrees  awarded  him  was  LL.D. 
Hit.  bust  in  bronze  adorns  the  War 
Museum  of  the  Loyal  Legion  in  Phila- 
delphia. 

As  president  of  the  American  Society 
of  Mechanical  Engineers,  he  had  already 
served  the  term  of  1898-1899,  and  when 
the  society  met  in  Washington  in  May, 
1309,  a  session  was  spent  in  witnessing 
the  presentation  of  his  portrait,  painted 
by  Ivanowski,  to  the  National  Gallery. 


Convention,   American   Boiler 
Manufacturers'  Association 

The  twenty-fourth  annual  convention 
of  the  above  association  was  called  to 
order  on  Tuesday  forenoon,  Mar.  12,  at 
the  St.  Charles  Hotel,  New  Orleans,  by 
the  secretary,  J.  D.  Farasey,  and  was 
welcomed  to  the  city  by  Mayor  Behr- 
nian.  In  the  absence  of  the  president, 
Col.  E.  D.  Meier,  W.  H.  Bateman  re- 
sponded in  behalf  of  the  association.  J. 
Don  Smith,  of  Charleston,  second  vice- 
president,  then  introduced  John  .A. 
Mi;rphy,  of  New  Orleans,  who,  as  a 
local  member  of  the  association,  sec- 
onded the  welcome  of  the  mayor.  While 
he  was  speaking.  President  Meier,  whose 
train  had  been  delayed,  came  in,  and  re- 
ceived a  rousing  welcome.  J.  W.  Porch, 
president  of  the  Progressive  Union,  was 
introduced  and  told  of  the  work  of  the 
city  in  conserving  !o  the  people  the  river 
front,  the  building  of  a  municipal  belt 
line,  water-works  sewage  plant,  etc. 

During  the  afternoon  session  D.  J. 
Champion,  of  Cleveland,  presented  a 
paper  upon  "Rivets."  Twenty  years  ago 
steel  was  regarded  as  a  hard  brittle 
metal  adapted  for  the  making  of  razors, 
etc.  The  openhearth  basic  process  had 
made  possible  the  production  of  steel 
which  was  better  than  iron  for  most  of 
the  uses  for  which  that  metal  had  been 
employed.  In  addition  to  high  tensile 
strength  it  possessed  great  ductility,  but 
it  is  not  fibrous  as  is  iron,  and  should 
not  be  subjected  in  the  form  of  rivets  to 
the  nicking  and  bending  test. 

Mr.  Champion's  paper  brought  out  an 
unlisted  paper  or  discussion  by  H.  J. 
Hartley,  of  the  Cramp  Ship  Building  Co., 
of  Philadelphia,  on  "Hydraulic  Riveting." 
His  remarks  dealt  with  the  subject  of 
hydraulic  pressures  as  applied  to  rivet- 
ing, on  which  there  appears  to  be  con- 
siderable diversity  of  opinion.  In  a  num- 
ber of  tests  made  by  William  Sellers  & 
Co.  the  data  pointed  to  a  pressure  of 
300,000  lb.  per  square  inch  of  rivet  sec- 
tion for  driving  and  heading  cold  rivets. 
At  the  Baldwin  Locomotive  Works  a 
series  of  tests  for  determining  the  best 
piessures  for  driving  rivets  in  high-pres- 
sure steam  boilers  gave  an  average  re- 
sult of  160,000  lb.  per  square  inch  of 
rivet  section.  Mr.  Hartley  emphasized 
the  importance  of  the  increased  pressure 
at  the  terminal  stroke  of  the  ram  due 
to  the  surge  of  the  accumulator  at  the 
end  of  the  stroke.  The  increase  runs  as 
high  as  60  per  cent,  and  its  effect  m 
filling  the  rivet  hole  and  making  tight 
work  is  much  the  same  as  a  second  pres- 
sure of  the  rivet  after  it  is  partially 
cooled.  In  the  course  of  his  talk  the 
speaker  displayed  a  number  of  blueprints 
showing  the  shapes  of  rivet  heads  in 
common  use.  These  are  reproduced  in 
the   accompanying   illustrations. 

Fig.  1  shows  the  shape  of  rivet  head 
mostly  used   by  manufacturers.     Fig.  2 
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shows  a  rivet  with  a  pan-shaped  head, 
ready  to  be  driven  with  cone-shaped 
dies;  the  rivet  being  hot  and  the  initial 
pressure  bearing  on  the  head  and  point, 
it  necessarily  follows  that  the  rivet  must 
flow  into  the  dies  before  it  gets  bearing 
sufficient  to  squeeze  it  into  the  dies. 

Fig.  3  represents  the  shape  of  the 
rivet  head  after  being  driven. 

Fig.  5  shows  a  rivet  with  a  round- 
shaped  head,  with  a  fillet  under  the  head, 
heated  and  ready  to  be  driven.  It  may 
be  noticed  that  the  dies  on  the  head  and 
point  bear  more  centrally,  and  while  the 


of  Charcoal  Iron  Boiler  Tubes."  He 
took  up  the  earlier  methods  of  production 
direct  from  the  ore  and  then  dwelt  at 
some  length  upon  the  present  practice 
in  this  country  of  making  charcoal  iron 
from  wrought  and  steel  scrap.  In  this 
process  the  forge  fire  is  run  with  a  cold 
blast  and  one  tuyere  is  used,  the  cold 
blast  producing  a  better  quality  of  iron 
and  the  one  tuyere  making  it  possible 
for  the  forgeman  to  give  closer  attention 
to  the  mixture. 

He   stated    that    the    principal    use   of 
charcoal  iron  in  America  is  for  iron  roof- 
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die  at  the  blank  end  of  the  rivet  has  a 
slight  point  bearing  like  Fig.  2,  yet  it  is 
so  little,  due  to  the  head  end  being 
solidly  and  firmly  held  in  the  die,  that 
it  may  be  said  the  initial  pressure  is  bear- 
ing centrally  on  both  ends  of  the  rivet, 
thus  permitting  the  rivet  to  flow  into  the 
hole  while  filling  the  radial-shaped  dies. 
In  other  words,  the  main  feature  is  ac- 
complished by  the  rivet  filling  the  hole 
before  the   head  is   formed. 

Fig.  4  is  a  sketch  of  a  rivet  driven  with 
a    round-shaped    die. 

The  round  head  is  the  better  and  also 
stronger  in  the  shearing  section  of  the 
head.  It  is  also  much  easier  to  calk  a 
round-head  than  a  cone-head  rivet,  if 
such  should  ever  be  required.  The  first 
indentation  of  the  calking  tool  on  a 
round-head  rivet  forms  an  arch  or  back- 
ing to  the  tool,  which  has  the  effect  of 
forcing  the  metal  down  to  the  plate,  sim- 
ilar to  calking  the  edge  of  a  seam,  while 
the  same  operation  on  a  pan-  and  cone- 
shaped  head  has  a  tendency  to  curl  up 
the  thin  edges  of  the  rivet  on  account  of 
insufficient  metal  above  the  calking  sur- 
face. 

On  Wednesday  morning  the  first  order 
of  business  was  to  report  Cleveland  as 
the  convention  city  for  1913,  when  the 
silver  anniversary  of  the  association  will 
be  celebrated.  All  the  officers  of  the 
previous  year  were  reelected,  as  were 
also  those  of  the  supplymen  with  the  ex- 
ception of  T.  P.  Wallace,  of  the  executive 
committee,  who  is  now  replacing  W.  L. 
Hirsch,  of  Pittsburg.  The  convention  was 
then  ready  for  the  papers  scheduled  for 
the  day. 

In  the  absence  of  H.  A.  Beale,  Jr., 
George  Thomas,  of  the  Parkesburg  Iron 
Co.,  presented  a  paper  on  the  "History 
of  Charcoal   Iron   and   the   Manufacture 


ing  and  boiler  tubes,  the  advantages 
possessed  for  the  latter  service  being 
that  it  will  not  crystallize  under  shock, 
that  it  is  ductile,  is  noncorrosive  and 
will  not  pit.  In  explanation  of  its  non- 
corrosive  qualities  two  theories  were  ad- 
vanced: one,  that  the  intimately  mixed 
network  of  cinder  forms  a  protective 
covering;  and  another,  that  its  homo- 
geneous nature,  purity  and   low  percent- 


sures  used.  He  then  described  and  il- 
lustrated the  method  of  manufacturing 
seamless  steel  tubing  by  the  piercing  and 
cold-drawn  processes  and  gave  compara- 
tive figures  relating  to  the  strength  and 
ductility  of  hot-  and  cold-drawn  tubing. 

The  use  of  compressed  air  in  boiler 
shops  was  taken  up  somewhat  in  detail 
by  Thomas  Aldcorn,  of  New  York.  Bas- 
ing his  argument  upon  the  contention 
that  the  generating  plant,  of  which  the 
compressor  is  an  important  element,  is 
really'  the  heart  of  the  whole  establish- 
ment, Mr.  Aldcorn  proceeded  to  give 
some  pointers  on  compressors.  In  this 
connection  he  recommended  the  pres- 
sures to  be  employed  and  under  what 
conditions  single  and  compound  com- 
piessors  should  be  used.  Regarding  the 
use  of  pneumatically  operated  tools  he 
showed  how  not  only  was  the  speed 
increased  but  also  that  the  quality  of 
work  was  improved  with  air-driven  rivet- 
ing machines,  hammers,  drills,  etc.,  as 
compared  to  similar  tools  when  operated 
by  hand. 

H.  C.  Meinholtz,  of  St.  Louis,  Mo., 
gave  an  instructive  paper  upon  the  mod- 
ern boiler  shop,  taking  up  the  location, 
construction,  general  arrangement  and 
equipment. 

"Boiler  Explosions,  Their  Causes  and 
Prevention"  was  the  subject  of  a  paper 
by  S.  F.  Jeter,  of  the  Hartford  Steam 
Boiler  Insurance  Inspection  Co.  An 
abstract  is  presented  on  pages  426  and 
427  of  this  issue. 


A  Group  at  the   Ne\x'   Okleans  Convention 


age  of  manganese  prevent  electrolysis. 
The  paper  of  J.  J.  Dunn,  of  the  Shelby 
Steel  Tube  Co.,  dealt  with  the  manufac- 
ture of  seamless  steel  boiler  tubes  and 
proved  especially  instructive.  Mr.  Dunn 
showed  how  the  development  in  steam 
engineering  had  progressed  hand  in  hand 
with  the  processes  in  manufacturing  steel, 
dependent,  of  course,  upon  the  ability  of 
the  material  to  withstand  the  steam  pres- 


Charles  L.  Huston,  vice-president  of 
the  Lukens  Iron  &  Steel  Co.,  discussed 
the  segregation  of  carbon,  phosphorus 
and  sulphur  during  the  process  of  cool- 
ing, thus  producing  steel  of  nonuniform 
quality  and  making  a  higher  factor  of 
safety  necessary.  This  segregation,  he 
attributed  to  two  causes:  first,  the  steadily 
accumulating  wall  of  solidified  steel  at 
the    outer    portion    near    the    mold     con- 
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siantly  expels  into  the  liquid  portion 
the  hardening  elements  or  metalloids, 
such  as  carbide  of  iron,  etc.;  second, 
there  is  a  tendency  for  these  metal- 
loids to  float  toward  the  top  by  reason 
of  the  difference  in  specific  gravity. 

Closely  related  to  this  segregation  is 
the  formation  of  blow-holes  due  to  the 
confined  gases  within  the  ingot.  Experi- 
ments were  quoted  to  show  that  if  the 
metal  is  rolled  hot,  these  holes  will  close 
up  to  a  large  extent,  so  as  to  produce  a 
fairly  solid  plate,  although  their  entire 
elimination    is    almost    impossible. 

Mr.  Huston  recommended  a  good  soft 
steel  of  moderate  tensile  strength  (about 
55,000  lb.  per  square  inch)  rather  than 
a  steel  of  high  tensile  strength  which  is 
apt  to  be  brittle.  This  point  had  re- 
cently been  impressed  upon  the  United 
Slates  government  officials  and  as  a  re- 
sult they  have  consented  to  a  reduction 


their  own  meetings  and  all  could  be  ar- 
ranged so  as  not  to  interfere  with  the 
general  meeting  of  the  association  as  a 
v.hole.  The  appointment  of  a  committee 
to  confer  with  the  various  state  legisla- 
tures who  are  contemplating  the  intro- 
duction of  state  boiler  rules  and  regula- 
tions  was    also    recommended. 

On  Thursday  the  report  of  the  Com- 
mittee on  Uniform  Boiler  Specifications 
was  read  and  unanimously  adopted.  It 
called  for  several  modifications  in  the 
Massachusetts  laws,  and  as  it  was  the 
most  important  feature  of  the  entire  con- 
vention, it  will  be  printed  in  full  in  the 
next  issue  of  Po\)i  kr. 

W.  O.  Hart,  member  from  Louisiana 
of  the  National  Commission  for  Uni- 
form State  Laws,  appeared  before  the 
convention  and  told  of  the  work  of  this 
commission,  which  includes  accredited 
representatives  from  every  state  and  ter- 


to  the  mayor,  local  committee  and  all 
who  had  contributed  to  the  success  of 
the  meeting  were  passed,  and  the  1912 ' 
convention  adjourned  with  a  high  ap- 
preciation of  the  hospitality  and  courtesy 
extended  and  the  elaborate  arrangements 
made  for  the  entertainment  of  the  ladies. 


First  Steam  Turbine  Now  a 
Monument 

The  General  Electric  Co.  has  reerected 
in  the  center  of  a  park  plot  in  its  grounds 
at  Schenectady,  N.  Y.,  the  first  5000-kw. 
Curtis  steam  turbine  installed  in  the 
Fisk  St.  station  of  the  Commonwealth 
Edison  Co.  at  Chicago.  It  is  to  serve  as 
a  memorial  to  the  rapid  development  of 
the  steam-turbine  unit  applied  to  cen- 
tral-station service. 

This  turbine  was  installed   in  the   Fisk 
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in  the  specifications   from  75,000  to  65,- 
000  lb.  per  square  inch. 

W.  H.  S.  Bateman  gave  an  interesting 
talk  on  the  association  in  the  old  days, 
as  it  is  at  the  present,  and  concluded 
with  some  suggestions  for  its  betterment. 
It  was  his  opinion  that  the  society  should 
be  divided  into  five  sections  as  follows: 
Marine  boiler;  water-tube  boiler;  return- 
tubular  boiler,  including  small  type  fire- 
box boilers;  house  heating,  miscellane- 
ous boilers  and  pressure  tank  builder's 
section,  and  locomotive  boiler.  Each  sec- 
tion to  have  its  own  chairman  and  secre- 
tary and  the  larger  sections,  if  necessary, 
to  be  subdivided  and  located  in  the  vari- 
ous states,  according  to  the  number  of 
shops  within  a  certain  territory.  At 
the  convention  these  sections  could  hold 


ritory  except  Alaska.  They  will  meet  at 
Milwaukee  probably  in  August  and  would 
be  glad  to  consider  uniform  boiler  laws. 
His  invitation  to  have  a  representative 
of  the  association  present  at  the  meet- 
ing was  accepted. 

The  convention  adjourned  at  noon  on 
Thursday  to  assemble  the  same  evening 
at  the  banquet  at  the  St.  Charles.  About 
125  sat  at  table,  with  Col.  E.  D.  Meier 
officiating  as  toastmaster.  An  especially 
appreciated  feature  was  the  presentation 
on  behalf  of  the  supplymen's  associa- 
tion by  Thomas  Aldcorn  of  a  silver  set  of 
five  pieces,  to  John  Corbett,  president 
of  the  Supplymen.  All  ladies  were  pre- 
sented with  a  silver  souvenir  spoon  of 
New  Orleans  make  and  emblematic  of 
the  city.    The  usual  resolutions  of  thanks 


St.  station  eight  years  ago,  being  put  in 
operation  Oct.  2,  1903,  and  remained  in 
continuous  service  until  May  29,  1909. 
h  was  specified  in  the  contract  by  Presi- 
dent Insull  when  this  unit  was  re- 
placed that  it  should  be  set  up  as  a 
monument  to  commemorate  the  great  step 
in  engineering  which  its  installation 
marked.  A  bronze  tablet  detailing  its 
history  has  been  placed  on  the  turbine 


Boiler  Explosion  at    Fluvanna 

By  the  bursting  of  a  boiler  in  the 
Smiley  crating  mill,  on  Mar.  11,  at  Flu- 
vanna, Penn.,  the  plant  was  completely 
wrecked  and  two  men  injured.  It  is 
thought  that  a  frozen  pipe  indirectly 
caused  the  accident. 
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Locomotive    Boiler  Explosion 

By  the  explosion  of  a  Southern  Pacific 
locomotive  in  this  road's  roundhouse  at 
San  Antonio,  Tex.,  on  Mar.  18,  it  is  re- 
ported by  the  daily  press,  32  strike  break- 
ers were  killed  and  60  were  badly  in- 
jured. No  further  details  could  be  had 
at  the  time  of  going  to  press.  There  is 
a  strong  rumor  that  the  explosion  was 
caused  by  a  charge  of  nitroglycerin. 


Newark  Industrial  Exposition 

Elaborate  preparations  are  being  made 
for  the  industrial  exposition  to  be  held 
in  Newark,  N.  J.,  Alay  13  to  25. 

It  is  claimed  that  100,000  different 
articles  are  manufactured  in  the  3000 
shops  of  the  Newark  industrial  district. 
Not  only  will  the  products  of  Newark's 
factories  be  shown,  but  also  the  processes 
of  manufacture.  There  will  be  many 
special  features  of  an  entertaining  and 
educational  nature,  including  a  series  of 
lectures  on  the  industrial  development 
and  opportunities  of  Greater  Newark. 

The  committees  in  charge  number  300 
representative  citizens  of  the  Newark  in- 
dustrial district,  including  Chairman  Cur- 
tis R.  Burnett,  president  of  the  Board  of 
Trade;  Thomas  A.  Edison,  ex-Governor 
Franklin  Murphy,  Forrest  F.  Dryden, 
president  of  the  Prudential  Insurance 
Co. ;  Frederick  Frelinghuysen,  president 
of  the  Mutual  Benefit  Life  Insurance 
Co.;  Hon.  Thomas  N.  McCarter,  presi- 
dent of  the  Public  Service  Corporation 
of  Newark. 


No  Water  Power  Trust  on 
Government  Territory 

On  Mar.  13,  at  Washington,  the  House, 
by  a  vote  of  98  to  37,  defeated  a  meas- 
ure permitting  the  Hydro-Electric  Co.  to 
lay  a  pipe  line  across  part  of  the  Mono 
National  Forest  Reser/ation  in  California. 

It  was  charged  that  the  "water-power 
trust"  had  sought  to  influence  the  legis- 
lators and  several  members  claimed  that 
they  had  been  victims  of  a  lobby. 

Representative  C.  D.  Smith,  of  New 
York,  has  introduced  a  bill  to  compel 
every  "counsel  or  agent"  of  corporations 
or  individuals  seeking  Congress  legisla- 
tion to  register  with  both  houses  on  Dec.  1 
of  each  year,  with  heavy  fine  and  im- 
prisonment as  penalty  for  failure  to  com- 
ply. His  bill  would  compel  corporations 
and  others  who  employ  lobbyists  to  file 
with  the  Senate  and  House  two  months 
after  the  close  of  each  session  of  Con- 
gress a  detailed  statement  of  expenses. 


Correction:  In  the  tabulation  of 
power-plant  equipment  of  the  Hazard 
Manufacturing  Co.'s  new  power  plant, 
published  in  the  Mar.  12  issue,  the  pumps 
were  said  to  be  manufactured  by  the 
Nelson-Snyder  Manufacturing  Co.;  the 
firm  name  is,  of  course,  Wilson-Snyder. 


A  Million  Dollar  Plant  for 
Savannah 

A  power  plant  of  11,000  kw.  capacity 
and  costing  SI, 000,000  will  be  built  on 
tne  Savannah  River  by  the  Savannah 
Electric  Co. 

Work  will  begin  at  once  and  it  is  stated 
that  the  plant  will  be  completed  by  Nov. 
1.  The  company  has  been  given  op- 
tion"; on  three  plots  of  river  property,  but 
ir  has  not  been  determined  which  will 
be  purchased. 


Coal  Mined  in  1910 

The  amount  of  coal  mined  in  the 
United  States  in  1910,  according  to  fig- 
ures of  the  United  States  Geological 
Survey,  was  greater  by  10,000,000  tons 
than  the  total  tonnage  which  had  been 
mined  up  to  the  close  of  the  year  1871. 


OBITUARY 

Dr.  Henry  Wilson  Spangler,  Whitney 
Professor  of  Dynamical  Engineering  at 
the  University  of  Pennsylvania,  Philadel- 
phia, Penn.,  died  on  Mar.  17,  at  his  home 
in  West  Philadelphia. 


Prof.  Henry  W.  Spangler 

Dr.  Spangler,  who  had  been  connected 
with  the  University  of  Pennsylvania  for 
more  than  20  years,  was  born  in  Carlisle, 
Penn.,  on  Jan.  18,  1858.  He  was  gradu- 
ated from  the  United  States  Naval  Acad- 
emy in  1878  and  was  an  engineer  in  the 
United  States  Navy  from  1878  to  1889; 
and  in  1898,  during  the  Spanish-American 
War,  he  again  served  in  the  Navy  for  a 
short  time. 

He  was  called  to  the  university  in  1881 
to  take  the  chair  of  Assistant  Professor 
of  Mechanical  Engineering,  which  posi- 
tion he  held  for  three  years  and  again  for 
two  years,  from  1887  to  1889,  when  he 
became  professor.  Dr.  Spangler  was  the 
head  of  the  mechanical  engineering  de- 
partment  until   his   death   and    held   the 


Whitney  Professorship  of  Dynamical  En- 
gineering. 

In  1896  the  university  conferred  upon 
him  the  honorary  degree  of  Master  of 
Science  and  ten  years  later  the  degree 
of  Doctor  of  Science. 

He  was  a  member  of  the  Advisory 
Council  of  the  Engineering  Congress  held 
in  Chicago  in  1893;  a  member  of  the 
Jury  of  Awards  of  the  Buffalo  Exposition 
in  1901,  and  a  member  of  many  scientific 
organizations,  including  the  Franklin  In- 
stitute, American  Society  of  Mechanical 
Engineers,  American  Society  of  Naval 
Architects  and  Marine  Engineers  and  the 
Engineers  Club  of  Philadelphia,  of  which 
he  was  president  in  1890  and  again  in 
1908. 

Doctor  Spangler  was  the  author  of  a 
number  of  standard  works,  among  them 
one  on  "Valve  Gears,"  "Notes  on  Thermo- 
dynamics," "Elements  of  Steam  Engi- 
neering," and  was  the  co-author  of 
"Graphics." 


SOCIETY  NOTES 

A  lecture  on  "Steam  Plant  Manage- 
ment and  Operation"  will  be  given  un- 
der the  auspices  of  the  general  com- 
mittee of  the  Combined  Associations, 
N.  A.  S.  E.,  of  Manhattan  and  Bronx, 
by  Prof.  E.  V.  Lallier,  M.  E.,  at  the 
Broadway  -Central  Hotel,  Broadway  near 
Third  St.,  on  Wednesday  evening,  Apr. 
3,  at  8:15  p.m.  This  lecture  will  combine 
the  four  essential  features  of  steam-plant 
operation,  practical  training,  technical 
knowledge,  cooperation  and  the  physical 
condition  of  the  plant.  Members  of  all 
bodies  of  operating  and  mechanical  en- 
gineers, owners  of  steam  plants,  real- 
estate  agents  and  steam  users  are  cor- 
dially invited  to  attend. 


PERSONAL 

H.  R.  Setz.  chief  engineer  of  the 
Struthers-Wells  Co.,  of  Warren,  Penn., 
for  the  last  two  years,  has  just  accepted 
the  position  of  chief  engineer  with  the 
Otto  Gas  Engine  Works,  of  Philadelphia. 
Mr.  Setz  was  formerly  connected  with 
several  of  the  leading  American  and 
European  gas-  and  oil-engine  manufac- 
turers. His  particular  attention  will  be 
directed  toward  the  development  of  a  com- 
plete line  of  horizontal  Otto  Diesel  en- 
gines. 

Albert  E.  Guy.  for  six  years  chief  en- 
gineer of  the  De  Laval  Steam  Turbine 
Co.,  Trenton,  N.  J.,  now  occupies  a  sim- 
ilar position  with  the  Wilson-Snyder 
Centrifugal  Pump  Co.,  of  Pittsburg, 
Penn.  This  company,  in  connection  with 
the  Wilson-Snyder  Manufacturing  Co., 
has  been  organized  to  manufacture  and 
sell  complete  new  lines  of  high-grade 
centrifugal  pumps  of  Mr.  Guy's  design. 
As  many  of  our  readers  will  remember, 
Air.  Guy  has  been  a  prominent  contributor 
to  Power  of  technical  articles. 


A 


MAN    cannot    turn    anything    over    in 
his  mind  unless  he  knows  it." 


How  strongly  this  applies  to  the  power 
plant,  where  men  must  not  only  know  a 
tlimg  but  know  it  well.  The  efficiency  of  the 
plant  depends  upon  that  of  each  individual 
in  it,  and  individual  efficiency  is  dependent 
upon  his  knowledge  of  his  work.  Where  such 
work  is  potent  with  danger,  and  pregnant 
with  liabilities  to  costly  accidents,  the  skill 
required  to  perform  it  must  necessarily  be 
high. 

Skill  is  applied  knowl- 
edge, and  the  broader  the 
knowledge  of  the  work  to 
be  done,  the  more  skilled 
is  the  worker. 

There  are  quite  a  few 
engineers  who  do  not  give 
th  .nr  subordinates  full  ac- 
cess to  the  means  of  acquir- 
ing more  definite  knowl- 
edge of  their  particular 
duties;  done  intentionally, 
this  is  nothing  short  of 
criminal;  if  not,  it  is  gross 
negligence,  and  cannot  be  justified  by  any 
process  of  reasoning. 

It  is  not  enough  that  a  switchboard 
operator  merely  know  the  switches  and  instru- 
ments on  the  board;  he  should  be  thoroughly 
acquainted  with  the  numerous  circuits  con- 
nected with  it.  If  it  is  a  remote-control,  high- 
tension  board,  the  reasons  are  multiplied 
because  the  complications  are  greater. 

Such  operators  and  the  dynamo  and 
motor  tenders  should  be  supplied  with  blue- 
prints showing  in  detail   the   circuits  of  the 


board,     machines,     elevators     and     whatever 
other  apparatus  the  plant  maintains. 

The  steam-fitters  and  plumber  should 
also  be  supplied  with  charts  hung  where  thev 
will  facilitate  locating  the  valves  controlling 
the  lines  of  the  steam  and  water  systems. 

Such  charts  or  prints  fail  of  their  pur- 
pose when  locked  in  the  drawer  of  the  chief's 
desk.  One  might  as  well  have  a  telephone 
without  a  directory. 

Engineers  should  have 
ready  access  to  duplicates 
of  these  charts  that  they 
may  familiarize  themselves 
with  the  locations  to  which 
the  charts  refer.  When 
trouble  arises  is  no  time  to 
gather  information  as  to 
the  remedy  for  the  trouble ; 
the  men  must  know  on  the 
instant  what  to  do,  and  how 
best  to  do  it.  The  uses  of 
such  means  of  information 
is  highly  necessary  if  the 
chief  would  have  his  men 
become  better  acquainted  with  the  plant. 

While  the  chief  is  to  blame  for  such  con- 
ditions, the  engineers  and  those  doing  other 
work  about  the  plant  are  oftentimes  equally 
at  fault.  They  are  often  reluctant  to  cor- 
rectly and  thoroughly  answer  the  questions 
of  the  firemen,  oilers,  wipers,  etc.,  and  they 
fail   to  demonstrate  to  them  where  possible. 

Engineering  is  greater  than  the  individual 
engaged  in  it,  and  it  is  this  mutual  aid 
which  will  make  for  the  betterment  of  the 
vocation. 
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Winding  Engines  of  the  Ashley  Planes 


When  going  into  Wilkes-Barre,  Penn., 
from  the  east  on  the  Lehigh  Valley  R.R., 
the  traveler  will  see,  as  he  looks  down 
the  mountain  when  about  16  miles  from 
the  station,  two  sets  of  planes;  a  third 
is  invisible  behind  the  hill.  These  are 
known  as  the  "Ashley  Planes,"  and  for 
years  it  has  been  the  practice  of  the 
Central  R.R.  of  New  Jersey  to  haul 
freight  cars  up  these  three  planes  to  the 
top  of  the  mountain. 

Powerful  Engines  Required 

The  first  impression  received  is  that 
powerful  engines  must  be  used  in  haul- 
ing the  loaded  freight  cars  up  these  steep 
grades.  Curiosity  overcame  the  writer's  in- 
clination to  take  things  easy  last  Thanks- 
giving Day,  and  armed  w'ih  a  camera, 
a  street  car  for  Ashley  where  the  planes 
terminate  was  boarded.  A  ride  of  about 
20  minutes  and  the  bottom  of  No. 
3  plane  was  reached.  No.  2  plane  is 
about  half-way  up  the  mountain  and  has 
the  heaviest  grade  of  the  three,  and  No. 
1   plane  lies  at  the  top  of  the  mountain. 

The  original  machinery  installed  at 
these  planes  served  its  purpose  for 
years,  but  in  1902  the  winding  machin- 
ery of  the  three  planes  was,  to  a  large 
e.xtent,  rebuilt  by  the  Bethlehem  Steel 
Co.  In  place  of  the  ordinary  cast-iron 
winding  gears,  cut  gears  were  substituted. 
Later  on  it  was  found  that  the  increased 
traffic  on  the  planes  demanded  higher 
speed,  and  it  was  gradually  increased 
until  it  had  been  doubled,  and  still  the 
amount  of  freight  to  be  handled  in- 
creased. 

New  Engines  Installed 

The  excessive  loads  under  which  the 
engines  were  forced  to  labor  soon  caused 
them  to  begin  to  break  down,  and  the 
same  company  which  had  made  the  re- 
pairs in  1902  was  given  a  contract  to 
build  engines  of  sufficient  size  to  handle 
the  freight  traffic  going  up  the  planes. 
These  engines  were  made  chiefly  of  steel 
frames  and  the  bedplates  were  so  de- 
signed that  they  would  fit  on  the  old 
foundations  and  between  the  old  winding 
drums.  A  special  design  of  valve-gear 
was  also  placed  on  the  engines.  The 
throttle  valve  is  operated  by  means  of 
steam  admitted  to  the  valve  piston,  and 
the  reversing  gear  is  operated  in  the 
same  manner.  These  arrangements  call 
for  very  slight  e.xertion  on  the  part  of 
the   operator   when   handling   the   engine. 

Winding   Engine 

In  Fig.  1  is  shown  a  view  of  the  latest 
design  of  winding  engine,  which  was 
made  by  the  Bethlehem  Steel  Co.  On 
the  engine  shaft  is  mounted  a  spur  gear 
70  in.  in  diameter  which  meshes  with  two 
20-ft.    10-in.    geared    sheave    wheels,    in 


By  Warren  O.  Rogers 


There  are  three  planes  at  Ash- 
ley, Penn.,  over  which  the  freight 
cars  handled  by  the  Central  R.  R. 
of  New  Jersey  are  drawn  up  the 
mountain. 

Each  plane  is  equipped  with  a 
twin-winding  engine  and  drives 
two  winding  drums  over  which  a 
2i-in.  cable  runs. 

The  ends  of  each  cable  are  at- 
tached to  a  barney-car  which 
pushes  the  loaded  freight  cars  up 
the  planes. 


which  there  are  four  grooves  for  the 
winding  rope.  The  two-segment  spur 
gearwheel  has  36  cut  teeth  with  a  pitch 
of  6;<i  in.  The  winding  gearwheels  are 
of  the  built-up  type,  the  rims,  segments. 


The  gear  rims  of  both  the  pinion  and 
the  winding  wheels  are  bolted  to  the 
body  of  each  gearwheel  and  thus  facili- 
tate the  making  of  repairs  in  case  of  a 
breakdown. 

The  engines  are  of  the  twin  vertical 
type  and  have  cylinders  48  in.  in  diam- 
eter by  40  in.  stroke;  the  piston  rods 
are  each  6  in.  in  diameter.  Steam  is  ad- 
mitted to  the  steam  chest  of  each  cylin- 
der through  a  15-in.  steam  pipe  and  is 
exhausted  to  the  atmosphere  through  an 
18-in.  exhaust  pipe. 

The  engines  at  Nos.  2  and  3  planes 
are  practically  of  the  same  size  and  de- 
sign as  the  new  unit,  except  that  the 
latter,  which  was  built  in  1909,  has  a 
different  valve-gear,  as  shown  in  detail 
in  Fig.  2. 

The  cables  used  in  hauling  the  cars 
up    the    planes    are    wound    around    tiie 


Fig.  1.  The  New  Winding  Engine  at  No.  1  Plane 


hub  and  spoke  being  bolted  together  by 
1'4-in.  bolts.  The  pinion  is  geared  to  a 
70-in.  crankshaft  and  each  of  the  two 
winding  wheels  is  mounted  on  a  sep- 
arate  19-in.  shaft. 


winding  wheels  four  times,  and  pass  out 
of  the  engine  room  under  the  floor  to 
the  center  of  the  double  track,  sheave 
wheels  being  used  where  the  cables  make 
a  bend. 
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No.   1   Plane 

In  Fig.  3  is  shown,  looking  toward 
the  bottom,  a  view  of  No.  1  plane.  The 
barney  car  is  on  the  down  trip,  and  the 
method   of  taking   care   of  the   cable   is 


rear  of  each  barney  car  having  a  ton- 
nage twice  that  of  the  hauling  cable,  or 
20,000,000.  The  tail  rope  runs  on  the 
same  guide  wheels  that  are  used  by  the 
haulage  rope.  The  slack  is  taken  up  by 
a  compensating  device,  shown  in  Fig.  6. 


No.  3  Plane 

The  bottom,  No.  3,  plane  has  a  grade 
of  5  per  cent,  and  is  equipped  with  a 
2'/2-in.  steel  cable  5780  ft.  in  length.  It 
weighs  59,792  lb.  and  runs  at  a  speed 
of   13  miles  per  hour.     The  load  on  the 


Fig.  2.   Front  and  Side   Elevation  of  Winding  Engine  at  No.  I  Plane 


also  shown.  In  the  pit  between  the  rails 
there  is  one  large  sheave  wheel  about 
4  ft.  in  diameter,  and  on  either  side  of 
it  there  are  small  guide  wheels  about  8 
in.   in   diameter. 

The  2'j-in.  cable  used  on  this  plane 
IS  4690  ft.  in  length,  weighs  48,326  lb. 
and  travels  at  a  speed  of  16  miles  per 
hour.  The  time  required  to  draw  four 
80-ton  cars  up  No.  1  plane  is3'_.  min.  The 
average  tonnage  of  the  rope  is  10,000,000 
tons.     The  ends  of  the  haulage  cable  at 


This  consists  of  a  sheave  wheel  mounted 
on  a  truck  that  is  free  to  travel  on  a 
short  incline  track.  The  truck  is  weighted 
and  as  slack  occurs  in  the  tail  cable  from 
expansion  or  stretch,  it  is  taken  up  by 
the  compensating  device. 

No.  2  Plane 

A  view  of  No.  2  plane  from  the  top 
is  shown  in  Fig.  4.  This  plane  has  a 
grade  of  14  per  cent.,  and  it  requires 
3  min.  to  draw  three  80-ton  gondola  cars 


plane  is  six  80-ton  cars  and  is  handled 
in  4'_.  min.  Fig.  5  shows  a  train  start- 
ing from  the  foot  of  No.  3  plane.  The 
manner  of  handling  the  cars  by  means 
of  a  barney  car  is  shown  in  Fig.  7. 

The  old  barney  cars  were  made  of  cast 
iron,  but  a  new  steel  car  has  recently 
been  built  and  a  new  motion  of  changing 
the  gage  of  the  wheels  has  been  adopted. 
A  new  cable  fastening  has  also  been 
adopted,  which  makes  it  impossible  for 
the  rope  to  pull  out  of  its  fastening. 


Fig.  3.  Looking  Down  No.  1  Plane 


Fig.  4.  Looking  Down  No.  2  Plane 


each  plane  are  secured  to  a  barney  car 
after  the  manner  shown  in  Fig.  5. 


A    l;<-in.   tail 


Tail  Rope 

rope  is  secured   to  the 


to  the  top  at  a  speed  of  20  miles  an 
hour.  The  cable  is  2'4  in.  in  diameter, 
is  3670  ft.  long  and  weighs  44,512  lb. 
The  hauling  rope  has  a  useful  capacity 
of  630,000  tons 


Accidents    Not    Frequent 

It  is  not  often  that  an  accident  oc- 
curs, but  when  the  cars  do  get  away  a 
genuine    wreck     follows.      In    Fig.    8    is 
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Fig.  5.  Barney  Car  on  No.  1  Plane;  Also  Switch 
Arrangement 
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Fig.  6.  How  Slack  in  the  Tale  Rope  Is  Taken  Up 


the  barney  car.  The  outside  set  is  for 
the  regular  freight  cars,  but  the  four 
inside  rails  are  for  the  barney  car.  In 
the  illustration  the  barney  car  has  just 
taken  the  wide-gage  rails.  If  it  were  re- 
turning to  the  pit  from  which  it  has 
just  emerged,  the  wheels,  upon  striking 
the  turned-out  end  of  the  rails,  would  be 
forced  closer  to  the  body  of  the  ear  and 
would  travel  on  the  inner  rails,  with  the 
outside  of  the  flange  bearing  against  the 
inside  of  the  outer  rails. 

When  the  wheels  of  the  barney  car 
strikes  the  point  of  the  inside  rails,  the 
flanges  strike  the  inside  rails  and  ars 
further  forced  toward  the  body  of  the 
car,  taking  the  inside  rails  with  the  flanges 
bearing  against  the  center  rails.  Whe>i 
the  bottom  of  the  pit  is  reached,  the  car 
runs  through  a  spring  switch  onto  the 
center  rails,  which  rise  abruptly  to  the 
track  surface  at  the  far  end  of  the  pit 
and  run  parallel  with  the  outer  rails  un- 
til the  frog  is  reached. 


Fig.  7.  Barney  Car  and  Loaded  Coal 
Cars  on  No.  2  Plane 

shown  a  spill  which  resulted  from  the 
cable  pulling  out  of  its  fastenings  on 
the  barney  car  when  the  train  of  four 
loaded  gondola  coal' cars  was  about  half- 
way up  No.  1  plane.  Although  the  cars 
were  wrecked,  fortunately  no  one  was 
hurt,  owing,  it  is  said,  to  the  sprinting 
ability  of  the  men  who  were  employed  at 
the  foot  of  the  plane. 

AuTO.MATic   Switches 

An  examination  of  Fig.  5  shows  an  in- 
genious arrangement  for  automatically 
switching  the  barney  car  'nto  the  pit  at 
the  bottom  of  the  plane.  It  will  bs 
noticed  that,  although  the  regular  freight- 
car  trucks  are  made  with  the  wheel 
flanges  on  the  inside  of  the  rail,  the 
barney  car  is  made  with  the  flanges  on 
the   outside  of  the   rail. 

Referring  to  the  track  construction  in 
Fig.  5,  it  will  be  seen  that  there  are 
three  sets  of  rails  on  the   near  side  of 


Fig.  8.  Result  of  a  Runaway 
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On  the  return  trip,  the  car  runs  on  the 
inner  rails,  but  as  it  nears  the  point  where 
the  rails  is  turned  out  on  the  outside,  the 
flanges  of  the  barney-car  wheels  forces 
the  rails  out  again  and  permits  the  tracks 
to  assume  their  widest  gage.  As  soon 
as  the  wheels  have  passed  the  points, 
the  springs,  which  are  in  tension  against 
the  rails,  force  them  back  into  place.  The 
central  rails  are  held  in  place  by  means 
of  springs  which  force  them  against  the 
outer  rails.  The  barney  car  is  made  with 
four  separate  axles,  each  of  which  slides 
m  a  long  square  box,  in  the  inner  end 
of  which  is  a  spring  which  presses 
against  the  end  of  the  axle. 

An  inner  guide  rail  assists  in  forcing 
the  outer  rails  apart  as  the  barney-car 
wheel  strikes  them  and  the  rails  at  the 
same  time.  Should  the  spring  at  the  end 
of  the  axle  break,  the  wheels  would  take 
the  proper  rails  at  the  right  place.  The 
ordinary  car  trucks  always  take  the  outer 
rail.  

Scale   Prevention 

By  John  Creen 

For  the  treatment  of  moderate  quan- 
tities of  feed  water  in  which  carbonate 
of  lime  predominates,  handy  and  effective 
apparatus  may  be  contrived  by  the  en- 
gineer out  of  one  or  more  boiler  tanks, 
in  which  the  water  is  heated  by  exhaust 
steam  through  a  system  of  pipe  coils, 
soda  or  other  chemicals  being  used  as 
reagents.  By  this  means  very  bad  water 
may  be  purified  of  a  large  portion  of  its 
mineral  matter,  which  is  left  behind  in 
the  tank.  Feed-water  heaters,  whether 
using  exhaust  or  live  steam,  answer  the 
same  purpose.  In  the  lime  process,  28 
grains  of  caustic  lime  will  give  a  total 
precipitate  of  100  grains  of  carbonate, 
the  28  grains  of  caustic  being  them- 
selves converted  into  50  grains  of  car- 
bonate. 

But  for  various  reasons,  steam  users 
often  prefer  to  treat  the  water  inside 
the  boilers,  in  which  case  the  use  of 
caustic  lime  forms  a  too  bulky  precipi- 
tate, and  some  other  reagent  must  there- 
fore be  employed.  By  using  caustic 
soda,  both  carbonate  and  sulphate  of 
lime  can  be  thrown  down,  and  the  pro- 
cess is  more  rapid  than  with  caustic  lime 
and  carbonate  of  soda.  Suppose,  for 
instance,  a  water  contains  6  grains  of 
carbonate,  and  8.16  grains  of  sulphate 
of  lime;  by  adding  3.75  grains  of  caustic 
soda  to  the  water,  these  at  once  become 
6.36  grains  of  carbonate  of  soda,  and  6 
grains  of  carbonate  of  lime  are  precipi- 
tated. The  6.36  grains  of  carbonate  of 
soda  decompose  the  8.16  grains  of  sul- 
phate of  lime,  and  are  converted  into 
8.52  grains  of  sulphate  of  soda,  and  an- 
other 6  grains  of  carbonate  of  lime  are 
precipitated.  Altogether,  12  grains  of 
lime  are  thrown  down,  and  the  soda 
acts  twice,  first  by  absorbing  an  acid, 
and    second    by    changing    this    acid    for 


another.  When  used  in  this  way,  31 
grains  of  caustic  soda  will  precipitate 
100  grains  of  carbonate  of  lime.  Soda 
therefore  will  remove  nearly  double  the 
quantity  removed  by  caustic  lime  from 
waters  containing  both  carbonate  and 
sulphate  of  lime,  but  the  cost  of  treat- 
ment by  soda  is  considerably  more  than 
by  the  lime  treatment.  The  following 
formulas  will  be  found  useful: 

1.  Water  in  which  carbonate  of  lime 
only  is  present — For  treating  1000  gal. 
of  water,  1060  grains  of  carbonate  of 
soda,  made  caustic  with  560  grains  of 
burnt  lime,  are  required  for  each  grain 
of  carbonate  of  lime  per  gallon.  To  pro- 
duce the  same  result  with  soda,  I '  _■  oz. 
of  caustic  soda  for  each  grain  of  car- 
bonate of  lime  present  per  gallon  will  be 
necessary   for  the  treatment  of  1000  gal. 

2.  Waters  containing  sulphate  of  lime 
only — For  each  grain  of  sulphate  of  lime 
per  gallon,  1  ■':J  oz.  of  pure  carbonate  of 
soda  will  be  required  to  treat  1000  gal. 
of  water. 

3.  When  both  carbonate  and  sulphate 
of  lime  are  present — As  explained  for 
carbonate  waters  (1),  1  J-j  oz.  of  caustic 
soda  for  each  grain  of  carbonate  of  lime 
will  precipitate  the  lime  in  1000  gal.,  but 
this  quantity  will  also  throw  down  1.36 
grains  of  sulphate  of  lime  at  the  same 
time,  so  that  if  the  proportion  of  sulphate 
does  not  exceed  the  carbonate  beyond 
the  ratio  of  8  to  6,  the  sulphate  may  be 
disregarded.  If,  however,  sulphate  of 
lime  is  present  in  a  greater  ratio,  car- 
bonate of  soda  should  also  be  added. 
An  excess  of  soda  should  be  used  to 
insure  a  proper  reaction,  which  is  greatly 
assisted  by  heating  the  water. 

Unless  the  soda  used  is  of  the  best 
quality  and  free  from  adulteration,  leak- 
ages at  the  seams  may  be  caused,  or  the 
plates  and  fittings  may  be  attacked;  the 
use  of  impure  caustic  soda  has  been  the 
cause  of  much  trouble  in  this  direction. 

When,  however,  scale  has  formed  on 
the  internal  heating  surfaces  and  shell 
of  the  boiler,  there  is  an  effective  meth- 
od (which  the  writer  has  practiced  with 
success  for  many  years)  of  removing  it. 
Caustic  potash  answers  this  purpose, 
especially  when  the  scale  consists  chiefly 
of  mud,  with  sulphate  and  carbonate 
of  lime  and  magnesia  combined.  Caustic 
potash  is  the  concentrated  lye  sold  in 
grocery  stores,  but  if  it  is  required  in 
large  quantities  it  should  be  purchased 
from  wholesale  druggists.  Dissolve  it 
in  a  barrel  of  water,  say  40  lb.  to  the 
barrel,  and  then  pump  it  into  the  boiler; 
this  is  about  %  lb.  of  potash  per 
pound  of  water  and  is  strong  enough  for 
the  purpose. 

The  method  employed  by  the  writer 
was  as  follows:  One  boiler  was  cut  out 
of  service  at  noon  on  Saturday,  the 
damper  was  nearly  closed  and  the  pres- 
sure let  drop  to  30  or  40  lb.  The  potash 
being  ready,  the  mixture  was  pumped 
from  a  suitable  tank  into  the  boiler;  con- 


tinuing to  pump  clean  water  until  the 
glass  was  full.  The  fire  was  then  al- 
lowed to  die  out,  and  the  boiler  left  in 
this  condition  for  at  least  24  hours,  when 
the  furnace  was  again  lighted,  and  the 
steam  pressure  raised  to  15  or  20  lb. 
The  fire  was  then  drawn  and  the  boiler 
blown  down ;  the  bottom  doors  were 
taken  off,  all  the  chunks  of  scale  which 
could  not  go  through  the  blowoff  cocks 
were  removed,  and  the  boiler  was  thor- 
oughly washed  out  with  water  from  a 
hose  at  high  pressure.  The  boiler  was 
then  closed,  filled  with  clean  water  and 
steam  raised,  and  put  into  commission 
again.  A  repetition  of  this  at  every  week- 
end for  a  few  weeks  will  thoroughly 
clean  the  dirtiest  boiler. 

In  handling  caustic  potash  the  utmost 
care  must  be  used;  it  is  truly  caustic, 
and  if  a  small  portion  splashes  in  one's 
face  or  eyes  it  will  cause  serious  trouble. 
The  same  is  true  of  the  hands.  For  a 
very  hard  scale  an  acid  purger  should  be 
used,  as  lime  is  alkaline  and  its  antidote 
is  an  acid.  Probably  someone  may  ex- 
claim loudly  against  using  an  acid  purger, 
arguing  that  it  will  destroy  the  boiler. 
It  is  just  here  that  trouble  is  likely  to 
ensue  in  the  hands  of  an  inexperienced 
person.  In  the  first  place,  an  acid  purger 
is  largely  diluted  with  water,  and  it 
attacks  the  scale  first,  having  the  great- 
est affinity  for  it.  After  that  it  would 
attack  the  boiler  plates  if  allowed  to  re- 
main in  the  boiler,  but  there  can  be  no 
after  effects  of  this  character  from  a 
boiler  purger,  because  it  is  no  longer  in 
the  boiler  when  the  scale  is  removed,  the 
boiler  cleaned  out  by  hand,  washed  with 
a  hose,  filled  up  and  blown  out  again 
before  steam  is  raised.  Of  the  two  evils, 
it  is  best  to  choose  the  least,  and  in  this 
case  the  use  of  a  strong  boiler  purge 
is  less  than  the  injury  and  loss  of  fuel 
caused   bv  scale. 


Revenue  in   Public  Water 
Power 

A  report  of  the  new  Conservation  Com- 
mission recently  submitted  to  the  New 
York  legislature  finds  that  the  waters  of 
the  state  furnish  a  total  flow  having  a 
capacity   of    1,271,000  hp. 

Ordinarily,  development  for  manufac- 
turing purposes  is  based  upon  an  esti- 
mate of  only  60  per  cent,  of  the  time 
of  continuous  flov/.  A  well  considered 
plan  of  conservation  wlould  yield  an 
available  horsepower  of  about  1,780,000. 
In  an  investigation  before  the  foreign 
affairs  committee  of  the  House  of  Rep- 
resentatives it  was  ,'^hown  that  the  Ontario 
Power  Co.,  of  Niagara,  sells  electric 
power  for  $9.40  per  horsepower-year. 
At  a  rate  of  $30  for  comparatively  small 
developments  it  will  be  at  once  evident 
how  large  a  source  of  income  will  be 
available  to  the  state,  whenever  it  de- 
velops its  water  powers. — Scientific 
American. 
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Cost  of  Isolated  Plant  Power 


Where  steam  heating  is  required,  elec- 
tric power  may  be  generated  as  a  by- 
product of  the  heating  plant,  at  a  cost 
of  less  than  2c.  per  kilowatt-hour  in  the 
majority  of  cases.  The  reasons  for  this 
low  cost  of  generation  may  be  sum- 
marized as  follows: 

First.  The  fixed  costs,  which  go  to 
make  up  a  large  share  of  the  cost  of 
power,  are  chargeable  only  against  the 
additional  investment  for  the  plant  by 
which  electric  power  is  generated,  over 
and  above  the  investment  for  the  low- 
pressure  steam-heating  plant. 

Second.  The  coal  cost  chargeable 
against  electric  power  is  reduced,  during 
those  periods  when  the  exhaust  steam  is 
used  for  heating,  to  a  small  percentage  of 
the  coal  consumed,  represented  by  that 
part  of  the  heat  in  the  steam,  which  is 
lost  between  the  high-pressure  boiler  and 
the  heating  system. 

Third.  The  labor  charge  comprises 
only  the  additional  labor  required,  as 
compared  to  a  low-pressure  heating 
plant.  Furthermore,  by  reasori  of  the 
additional    labor,    which    is   of   a   higher 


From  a  paper  prepared  by  the 
American  Engine  Co.,  showing 
the  cost  of  power  as  generated  by 
noncondensing  engines,  the  ex- 
haust of  which  is  used  for  heat- 
ing during  the  winter  season. 

The  method  of  arriving  at  the 
costs  as  herein  outlined  is  ap- 
plicable to  any  isolated  plant. 


the  price  of  coal  and  the  amount  of  ex- 
haust steam  used  for  heating. 

Fixed  Charges 

An  industrial  plant  operating  3000  hr. 
per  year  at  an  average  load  of  200  kw. 
will  be  assumed  with  two  100-kw.  and 
one  50-kw.  engine-driven  dynamos  in- 
stalled. These,  with  suitable  piping  and 
auxiliaries,  may  be  set  down  at  SI  1,000. 

Two  200-hp.  boilers  would  be  required. 
However,  the  total  cost  of  these  boilers 
would  not  be  chargeable  against  power 
since  boilers  would  also  be  required  for 
the  low-pressure  heating  plant.    The  cost 


first  cost,  totaling  $12,500,  have  been 
considered.  It  might,  of  course,  be  profit- 
able to  install  other  apparatus  in  a 
plant  of  this  character,  as,  for  instance, 
a  feed-water  heater.  But  as  that  ap- 
paratus should  pay  for  itself  out  of  the 
coal  saved,  it  will  not  be  considered  un- 
der the  items  of  additional  first  cost. 

Of  the  total  additional  cost  of  $12,500, 

a     certain     fixed     percentage     must     be 

charged   off  every   year  against  the  cost 

of  power.     The  fixed  charges  would  be: 

Per  cent. 

Interest   at    5 

Depreciation   at    5 

Insurance,    real    estate,    upkeep, 

obsolescence    5 

Total 15 

And 

0.15   X    $12,500   =   $1875  (1) 

the  fixed  charge  per  year  against  the 
additional  investment  for  apparatus  to 
generate  power  as  a  byproduct  of  the 
heating  system. 

Labor,  Oil,  Waste,  Etc. 
The  cost  for  additional  labor  may  be 
taken  as  one  man  at  $800  per  year,  while 
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Number  of  (Months  of  Exhausf  Steam  Hecfing 

Fig.  1.  Total  Cost 


10    20   30  40    50  60    70   80  30   100 
Load  Factor,  Per  Cent 


2  3 

Cost  of  Cool,  Dollars  per  Ton 

F;g.  ^..   Cost  as  Dependent  upon  Load  Factor 


grade,  greater  economy  is  obtained  in 
fuel  consumption. 

Fourth.  While  the  charge  for  oil, 
waste,  repairs  and  miscellaneous  items  is 
incurred  entirely  through  the  installa- 
tion of  the  engine  and  generator,  they 
amount  to  but  a  small  proportion  of  the 
total  expense. 

Every  isolated  plant  with  exhaust- 
steam  heating  must  be  considered  as  a 
separate  problem,  because  of  the  wide 
variation  in  load,  cost  of  coal,  water, 
labor,  etc.  The  following  case,  which 
may  be  considered  typical,  will  serve  to 
outline  the  calculation  whereby  the  cost 
of  power  may  be  determined,  and  sec- 
ondly to  indicate  the  influence  on  the 
cost  per  kilowatt-hour  of  the  three 
most  important  factors,  the  fixed  charges. 


per  horsepower  of  low-pressure  boilers, 
grates,  stack,  etc.,  is  nearly  the  same  as 
a  similar  high-pressure  equipment.  But 
as  heat  is  lost  and  consumed  between 
the  high-pressure  boiler  and  the  heating 
system,  a  somewhat  greater  boiler  capa- 
city must  be  installed  when  power  is  to 
be  generated.  As  the  exhaust  from  an 
engine  contains  80  to  90  per  cent,  of  the 
heat  given  it,  in  the  boiler,  an  increase 
in  boiler  capacity  of  25  per  cent,  over 
the  low-pressure  equipment  will  easily 
take  care  of  this  item.  Considering  $18.75 
per  horsepower,  including  boiler,  grates, 
stack  setting,  piping  and  labor  of  in- 
stallation, the  additional  boiler  cost  would 
be 

400  hp.   X   20%   X   S18.75  =  $1500 
The    two    largest    items    of    additional 


repairs,  oil   waste,  packing,  etc.,  may  be 
set   down   as  .?250,   making   a  total   of 
$1050  (2) 

Coal 

The  coal  chargeable  against  power 
comprises  the  coal  equivalent  of  the  heat 
lost  between  the  high-pressure  boiler  and 
the  heating  system  when  the  heating  sea- 
son is  on;  and,  when  no  heating  is  being 
done,  all  of  the  coal  burned  is  charge- 
able  against   power. 

The  cost  for  coal  will  depend  therefore 
upon  (a)  the  steam  consumption  of  the 
engines;  (b)  the  evaporation  of  the 
boiler;  (c)  the  cost  of  coal,  and  (d) 
the  percentage  of  the  total  amount  of 
steam  generated  which  is  used  by  the 
heating  system. 
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(a)  The  steam  consumption  of  a 
good  high-speed  engine  for  isolated-plant 
work  is  26  lb.  per  horsepower-hour,  run- 
ning noncondensing,  or  40  lb.  per  kilo- 
watt-hour. To  be  on  the  safe  side  and 
to  take  care  of  the  effect  of  reduced  and 
fluctuating  loads  on  the  steam  consump- 
tion, assume  60  lb.  of  steam  per  kilo- 
watt-hour. 

(b)  Assume  8  lb.  of  steam  per  pound 
of   coal. 

(c)  and  (d)  The  cost  of  coal  and 
the  proportion  of  the  total  steam  gen- 
erated which  is  used  in  the  heating  sys- 
tem, are  both  variable.  In  the  figures 
given  herewith,  the  cost  of  coal  ranges 
from  $1  to  $5  per  ton.  The  amount  of 
steam  used  in  the  heating  system  is 
taken  care  of  by  considering  it  propor- 
tional to  the  number  of  months  that  the 
exhaust  steam  is  used  for  heating.  Dur- 
ing those  months  it  is  assumed  that  all 
the  exhaust  steam  is  used  by  the  heat- 
ing system.  Strictly  speaking,  at  the 
beginning  and  end  of  the  heating  season, 
there  are  periods  when  only  a  moderate 
amount  of  heating  is  required  and  only 
a  portion  of  the  exhaust  steam  is  utilized. 
This  decrease  in  heating  load  may  be 
taken  care  of  by  assuming  a  shorter 
heating  season.  For  example,  suppose 
that  during  the  four  winter  months  all 
the  exhaust  steam  is  used  in  heating  and 
that  for  1 '  _.  months  before  and  after 
this  season  the  amount  of  steam  used  in 
the  heating  system  varied  from  zero  to 
full  capacity.  It  would  then  be  quite  ac- 
curate to  assume  that  the  heading  sea- 
son of  seven  months  would  be  equivalent 
to  a  season  of  5'_.  months  in  which  the 
heating  load  was  always  equivalent  to 
the  full  exhaust  of  the  engine. 

Water 

An  average  price  for  water  is  10c.  per 
thousand  gallons.  During  the  heating 
season  it  is  assumed  that  only  30  per 
cent,  of  the  water  is  returner!  to  the 
boiler;  in  other  periods  ai.  the  water  is 
lost. 

With  the  fixed  costs  and  labor,  as  al- 
ready given,  and  calculating  the  coal  and 
water  charges  for  given  conditions,  the 
charts  shown  were  obtained.  The  fol- 
lowing example  will  serve  to  explain  in 
detail  the  method  of  obtaining  these  fig- 
ures: 

Example 

Assume  the  heating  season  equivalent 
to  six  months  of  full-load  steam  heat- 
ing, when  all  the  exhaust  is  used.  Dur- 
ing this  period  the  coal  chargeable 
against  power  is  the  equivalent  of  the 
heat  lost  between  the  high-pressure 
boiler  and  the  heating  system.  Assume 
that  20  per  cent,  of  the  heat  of  the  steam 
is  lost  in  this  manner.  The  other  fac- 
tors entering  into  the  coal  cost  have  al- 
ready been  given,  i.e.,  load  200  kw.; 
steam  consumption  60  lb.  per  kilowatt- 
hour;    evaporation    8    lb.    of    steam    per 


pound  of  coal;  hours  per  year,  3000. 
With  coal  at  S4,  the  cost  for  coal  charge- 
able to  power  during  the  six  months' 
heating  period  would  be: 

.ooX^xfXo..oX-^.,,oo 

The  part  of  the  year  when  there  is  no 
exhaust-steam  heating,  and  those  times 
when  only  part  of  the  exhaust  steam  is 
used  for  heating,  are  equivalent  to  six 
months  of  straight  noncondensing  opera- 
tion.    The  cost  of  coal  is  therefore 

^ooo       6o  $4  „ 

joo  X X  —  X  — ^—  =  $4500 

2  8  2000 

To  this  coal  cost  must  be  added  the 
cost  for  water,  which  may  be  set  down 
at  10c.  per  thousand  gallons.  During  the 
heating  season,  the  heating  system  re- 
turns 80  per  cent,  of  the  boiler  feed. 
The  cost   for  water  is  then 

•looo        60  10         . 

200  X  ^^^ X  - —  X  0.20  X =  $43.20 

2         8.33  1000 

For  the  other  six  months  the  cost  for 

water  is  as   follows: 

, ,  3000  _     60  ,      10        «     , 

200  X  '  -  X  -5—  X =  $2 16 

2         8.33       1000 

Therefore  the  total  charges  for  gen- 
erating power  at  the  rate  of  200  kw.  for 
3000  hr.  a  year  are  as  follows: 

Fixed    charge    $1875 

Labor,   oil  and  miscellaneous 1050 

^„„i  )  4500 

Coal    I     900 

,,-    .  (     216 

^^  ater     j       43 

Total     $IS5S4 

During  the  year  ihere  are  developed 
3000  X  ?nO  -:  600,000  kw.-hr.,  giving 
a  cost  per  Kw.-hr.  of 

S8584  ^  500,000  =   1.431  cents 

In  the  same  manner  it  is  found  that 
when  the  heating  season  is  equivalent 
to  only  two  months  of  full-load  heating, 
the  cost  per  kilowatt-hour  is  1.85c.  For 
the  same  co;iditions  when  the  price  of 
coal  is  $5  instead  of  $4,  the  cost  per 
kilowatt-hour   is  2.175c. 

From  these  data  the  charts  shown  in 
Figs.  1  and  2  were  prepared.  In  Fig.  2 
the  cost,  exclusive  of  coal  and  water,  is 
considered  separately;  being  plotted 
against  the  load   factor. 

A  load  of  200  kw.  for  3000  hr.  per  year 
IS  considered  as  a  100  per  cent,  load  fac- 
tor (although  the  plant  capacity  is  250 
kw.).  At  this  load  the  fixed  charge, 
labor    charge    etc.,  per  kilowatt-hour  is 

$l87S    i-   f 'oso 
-    '''  ^    =  0,488  cent 

600.000 

Similarly,  at  50  per  cent,  load  factor  the 
cost  per  kilowatt-hour,  exclusive  of  coal 
and  water,  is 

JM875  +  Sio.so 

.=  0.Q76  cetit 

300,000 

By  similar  calculations  the  curve  is 
p'otted,  which  may  be  used  in  connec- 
tion with  the  cuH"  s  at  the  right  in  order 
to  studv  the  cost  of  power  under  various 
conditions. 

Suppose,    for    instance,   that    the    load 


factor  is  50  pei;  cent.,  then  the  fixed 
charges,  labor,  etc.,  amount  to  S0.98.  If 
the  coal  cost  is  $4  a  ton  and  the  number 
of  months  of  exhaust-steam  heating  is 
4;  then  the  coal  and  water  cost  per  kilo- 
watt-hour is  1.17c.  and  the  total  cost  of 
power   per  kilowatt-hour  is  2.15c. 


Study    Questions 

In  accordance  with  the  suggestion  of 
a  subscriber,  who  would  like  to  work 
out  some  problems  and  be  assured  of 
the  correctness  of  his  results,  but  who 
finds  the  answers  in  the  usual  catechism 
too  handy,  we  submit  the  following,  the 
answers  to  which  will  be  published  nexf 
week: 

1.  A  generator  unit  uses  16.5  lb.  of 
steam  per  kilowatt-hour.  What  is  the 
consumption  per  indicated  horsepower- 
hour  if  the  overall  efficiency  of  the  unit 
is  90  per  cent.? 

2.  A  boiler  evaporates  8.5  lb.  of  water 
per  pound  of  coal  from  feed  having  a 
temperature  of  160  deg.  into  dry  satu- 
rated steam  of  135  lb.  absolute  pres- 
sure. What  is  the  equivalent  evaporation 
from  and  at  212  deg.? 

3.  What  weight  will  be  required  at  W 


3— >f<- 


'^ 


to  balance  a  weight  of  100  lb.  at  w  when 
the  distances  are  as  given  in  the  sketch  ■' 

4.  How  far  would  a  body  starting 
from  rest  drop  in  one  second;  in  four 
seconds?  Explain  why,  air  resistance 
neglected. 

5.  If  a  boiler  had  its  safety  valve  set 
to  blow  at  100  lb.  gage  at  the  sea  level, 
what  pressure  would  the  gage  show  when 
the  valve  blew  if  the  boiler  were  moved 
to  an  elevation  where  the  pressure  was 
one  pound  less  per  square  inch? 


Writing  on  electrical  power  in  the 
Transvaal  in  Cassier's  Magazine  for 
February,  Rowland  Gascoyne  gives  the 
following  schedule  of  prices  as  fixed  by 
the  Victoria  Falls  Power  Co.  for  the 
supply  of  electrical  energy. 

Price  per  unit 

(kw.-hr.)  from  Price  per 

Load                Oct.  1,  1910,  unit  after 

factor,           to  Oct.  1,  1912,  Sept.  30.  1912, 

percentage              Pence  Pence 

10                           2.512  2.475 

15                         1.754  1.717 

20                           1.375  1.33S 

30                           0.995  0.958 

0.807  0,770 

0.692            ■  0.655 

0.617  0.580 


70  and  over      0.5617 


0.525 


The  magnitude  of  this  company's  op- 
erations is  understood  when  it  is  known 
that  its  capitalization  is  .S30,000,000 ;  its 
license  allows  an  annual  output  up  to 
500  million  kilowatt-hours,  and  its  trans- 
mission  lines  extend   over  50  miles. 
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Low  Pressure  Turbine  Installation 


A  further  demonstration  of  the  econ- 
omy to  be  obtained  by  the  installation 
of  a  low-pressure  turbine  in  connection 
with  a  Corliss  engine  has  recently  been 
made  in  the  power  plant  of  the  Good- 
year Tire  &  Rubber  Co.,  of  Akron,  Ohio. 
A  large  proportion  of  the  power  de- 
veloped by  this  plant  is  required  to  drive 
machinery  in  a  department  of  the  factory 
adjoining  the  engine  room  and  is  de- 
livered to  several  lines  of  heavy  shaft- 
ing, with  couplings  direct  to  the  ma- 
chines, by  a  rope-drive  system  from  a 
Corliss  engine.  The  balance  of  the 
power  required  in  the  factory  buildings, 
which  cover  an  area  of  about  25  acres, 
is  furnished  by  electric  drive  from  a 
lov.-pressure  turbo-generator  using  the 
e.\haust  steam  from  the  engine  together 
with  that   from  various  plant  auxiliaries. 

The  Corliss  engine  is  a  34  and  60  by 
60-in.  Hamilton  horizontal  cross-com- 
pound noncondensing  machine  rated  at 
2600  hp.  and  running  at  80  r.p.m.  It 
will  be  noted  that  a  cylinder  ratio  of  1 
to  3.1  is  used  in  order  to  have  an  en- 
gine of  low  steam  consumption  when 
running  noncondensing.  The  American 
system  of  rope  drive  is  used  to  transmit 
the  power  from  the  engine  to  the  line 
shafting. 

There  is  also  a  26  and  52  by  54-in. 
Fulton  horizontal  cross-compound  con- 
dersing  engine  rated  at  1200  hp.  which 
is  available  for  operation  with  the  Ham- 
ilton engine  and  which  also  serv'es  as 
a  partial   relay  to  it. 

The  low-pressure  turbine  is  a  1500- 
kw.  Allis-Chalmers  machine  direct  con- 
nected to  a  three-phase,  60-cycle,  480- 
\olt  generator  running  at   1800  r.p.m. 

The  specified  steam  pressure  at  the 
low-pressure  throttle  is- 15  lb.  per  square 
inch  absolute  or  about  0.3  lb.  gage  at 
average  atmospheric  pressure.  A  back- 
pressure valve  is  placed  in  the  exhaust 
line  from  the  engine  to  the  turbine  and 
is  adjusted  to  maintain  a  constant  back 
pressure  on  the  engine  of  about  1  lb. 
gage.  This  gives  the  engine  a  constant 
exhaust  pressure  to  work  against  and 
at  the  same  time  prevents  the  vacuum 
from  backing  up  through  the  turbine  in- 
to the  exhaust  header  which  is  48  in. 
in  diameter  and  50  ft.  in  length  and  is 
more  easily  kept  tight  under  pressure 
than  under  vacuum. 

A  high-pressure  tiirottle  is  provided 
for  supplying  live  steam  to  make  up  for 
any  deficiency  in  the  exhaust  steam.  The 
use  of  live  steam  is  not  likely  to  occur 
to  any  great  extent,  however,  as  the  en- 
gine ordinarily  operates  23  hr.  per  day 
and  during  the  remaining  two  half-hour 
periods  when  it  is  shut  down,  the  tur- 
bine load  decreases  also;  moreover,  all 
the  auxiliaries  which  furnish  a  consider- 
ablt    percentage    of    the    total    exhaust 


By  B.  R.  T.  Collins 


To  meet  the  increased  demand 
for  power,  a  1500-kw.  low-press- 
ure turbo-generator  was  installed 
in  connection  with  one  of  the 
noncondensing  Corliss  engines. 

According  to  the  figures,  the 
saving  effected  by  this  arrange- 
ment for  the  present  year  will 
amount  to  about  twice  the  fixed 
charges  on  the  additional  invest- 
ment. 


steam  to  the  turbine  are  in  service  24 
hr.    per   day. 

The  turbine  condensing  equipment 
consists  of  an  Allis-Chalmers  condenser, 
piovided  with  two  single-stage  centrifu- 
gal pumps  mounted  on  a  common  shaft 
coupled  direct  to  a  175-hp.  Terry  steam 
turbine.  One  of  these  pumps,  which  has 
a  double  impeller,  removes  the  condensed 
steam  and  water  from  the  condenser 
body  and  the  other  delivers  water  from 
the  cold  well  to  the  twin  air  ejectors.  The 
water  used  by  the  latter  pump  is  re- 
turned to  the  cold  well  and  is  used  over 
again  as  its  temperature  is  not  increased 
materially  by  its  passage  through  the 
ejector  nozzles.  A  28-in.  vacuum  is 
guaranteed  with  a  full  load  of  1500  kw., 
15  lb.  absolute  steam  pressure  at  the 
throttle  and  injection  water  at  not  more 
than  70  deg.  F. 

As  a  partial  relay  for  the  low-pres- 
sure turbine,  there  is  a  500-kw.  Crocker- 
\v'heeler  motor-generator  set,  used  or- 
dinarily to  convert  alternating  into  di- 
rect current  for  the  variable-speed  motors. 
This  can  be  operated  inverted  from  a 
Cooper  condensing  engine  direct-con- 
nected to  a  300-kw.  Westinghouse  direct- 
current  generator  and  thus  provide  relay 
capacity  up  to  the  overload  limit  of  the 
engine-driven  unit.  This  arrangement  is 
also  convenient  for  carrying  the  load  on 
Sundays  and  at  othei  times  when  the 
demand   for  power  is  light. 

Later,  it  is  proposed  to  provide  more 
relay  capacity  by  installing  an  auxiliary 
turbine  which  can  be  coupled  to  the 
motor-generator  set  in  an  emergency  and 
which  will  provide  sufficient  power  to 
generate  1000  kw.  divided  equally  be- 
tween   alternating    and    direct    current. 

A  test  recently  made  on  the  low-pres- 
sure turbine  showed  a  steam  consump- 
tion of  32.8  lb.  per  kiiowatt-hour  output 
of  the  turbine  alone  at  a  steady  load  of 
1292.7  kw.  under  the  conditions  speci- 
fied which  is  6.3  per  cent,  better  than 
the  maker's  guarantee  at  this  load. 

Considering  the  engine  and  turbine  as 


a    unit,    a    water    rate    of    16.95    lb.    per 
kilowatt-hour  was  obtained. 

In  order  to  make  a  comparison  of  this 
result  with  the  steam  consumption  pre- 
vious to  the  installation  of  the  turbine, 
when  the  load  was  carried  by  two  in- 
dependent compound-condensing  engines, 
it  was  necessary  to  add  10  to  15  per 
cent,  to  the  foregoing  figures  to  com- 
pensate for  the  variable  load,  as  the 
comparative  data  were  obtained  from  a 
24-hr.  test  of  the  complete  plant  on 
Sept.  13  to  14,  1911.  This  test  showed  a 
steam  consumption  of  26.55  lb.  per  kilo- 
watt-hour for  both  engines  taken  to- 
gether carrying  an  average  of  992.7 
equivalent  kilowatts  for  the  24-hour  test 
period. 

.Adding  15  per  cent,  for  the  variable 
load  on  a  24-hour  test,  to  16.95  lb.,  the 
result  obtained  on  the  steady  load  com- 
bined engine  and  turbine  test  gives  19.49 
lb.  per  kilowatt-hour  for  the  compara- 
tive steam  consumption  as  against  26.55 
lb.  for  the  two  engines.  This  shows  a 
gain  of  7.06  lb.  per  kilowatt-hour,  or 
26.6  per  cent,  in  favor  of  the  turbine 
and  engine. 

The  cost  of  the  1500-kw.  low-pressure 
turbine  installation  was  838,300.  includ- 
ing the  condenser,  piping,  separators, 
expansion  joints,  special  valves,  founda- 
tions, etc.,  but  not  including  the  switch- 
board or  the  building.  This  is  equivalerj 
to  about  S25  per  kilowatt.  The  cost  of 
the  2500-hp.  noncondensing  engine  in- 
stallation was  $32,000.  including  the  pip- 
ing, separator,  valves,  foundations,  etc., 
but  not  including  the  building,  making 
about  $13  per  horsepower. 

This  makes  the  installation  cost  of  the 
combined  engine  and  low-pressure  tur- 
bine unit  S70.300.  The  fixed  charges  on 
this  amount,  taking  interest  at  5  per 
cent.,  depreciation  at  5  per  cent.,  taxes  at 
1 '  _>  per  cent,  and  insurance  at  1  per 
cent.,  or  a  total  of  12' _.  per  cent.,  would 
be  $8787  per  year.  The  cost  of  operat- 
ing the  plant  with  two  condensing  en 
gines  during  the  year  1911  was  $63,457. 
Assuming  that  there  would  have  been 
an  increase  of  one-third  in  this  operating 
cost,  during  the  present  year,  due  to  in- 
creased demand  for  power,  under  the  old 
conditions,  this  would  amount  to  $84,609 
for  the  probable  operating  cost  for  1912. 
Taking  an  average  yearly  saving  of  20 
per  cent,  due  to  the  new  installation  of 
an  engine  and  low-pressure  turbine, 
based  on  the  26.6  per  cent,  saving  as 
shown  by  the  tests  referred  to,  there 
would  be  $16,920  as  the  probable  yearly 
saving  due  to  the  new  machinery  or 
nearly  twice  the  fixed  charges  of  $8787 
on  the  entire  installation   cost. 

Comparing  the  cost  of  the  engine  and 
low-pressure  turbine  unit  as  installed 
with    the    cost    of    a    high-pressure   tur- 
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bine  installation  of  similar  capacity  shows 
the  following:  A  high-pressure  turbine 
rated  at  2000  kw.  with  25  per  cent,  con- 
tinuous overload  capacity  and  50  per 
cent,  overload  for  two  hours,  with  175 
lb.  steam  pressure,  no  superheat,  a  28- 
in.  vacuum  and  running  at  1800  r.p.m., 
would  have  very  nearly  the  same  equiva- 
lent capacity  as  the  engine  and  low- 
pressure  turbine  unit  under  discussion; 
if  anything,  the  capacity  would  be  less 
than  the  combined  unit.  The  installed 
cost  of  such  a  high-ptessure  unit  would 
be  about  S45,500,  including  the  con- 
denser, piping,  separator,  expansion 
joints,  foundations,  etc.,  but  not  includ- 
ing the  switchboard  or  building  so  as  to 
correspond  with  the  costs  of  the  com- 
bined unit.  This  cost  is  based  on  actual 
proposals    for    turbine,    condenser,    etc.. 


and  should  be  very  close  to  the  actual 
cost  under  the  conditions  at  this  par- 
ticular plant. 

Comparing  this  figure  with  the  actual 
cost  of  the  engine  and  low-pressure  tur- 
bine, $70,300,  shows  an  increased  cost 
of  .$24,800  for  the  combination,  and  tak- 
ing 12'..  per  cent,  of  this  gives  $3100 
per  year  for  fixed  charges  on  the  addi- 
tional  investment  required. 

A  comparison  in  steam  consumption 
between  the  engine  and  low-pressure 
turbine  combination  and  the  high-pressure 
turbine  alone  as  heretofore  given,  shows 
a  lower  consumption  at  full  load  for 
the  combined  unit  by  8.4  per  cent.  If 
it  is  assumed  that  this  difference  would 
exist  at  the  average  load  carried  during 
the  year,  which  would  probably  be  some- 
v/here    between    three-quarters    and    full 


load,  and  taking  the  yearly  cost  of  opera- 
tion at  $84,609  as  before,  8.4  per  cent,  of 
this  cost,  or  $7107,  would  represent  the 
yearly  saving  in  favor  of  the  engine  and 
low-pressure  turbine  unit.  This  is  more 
than  twice  the  yearly  fixed  charges  ol 
$3100  on  the  additional  investment  re- 
quired  for  the   latter. 

In  conclusion,  it  may  be  said,  that  from 
the  results  of  the  tests  and  comparisons 
given  above,  the  conclusion  would  be  war- 
ranted that  there  is  sufficient  margin  be- 
tween the  steam  consumption  of  a  unit 
composed  of  a  noncondensing  engine  and 
low-pressure  turbine  as  compared  with  a 
high-pressure  turbine,  under  the  condi- 
tions described,  to  unquestionably  throw 
the  decision  in  favor  of  the  engine  and 
low-pressure  turbine  and  warrant  the  ad- 
ditional expenditure  required  for  them. 


Steam   Leakage    Past   Piston  Valves 


The  Feb.  9  issue  of  The  Engineer  con- 
tains a  very  interesting  account  of  some 
investigations  recently  conducted  by  H. 
D.  Lobley  at  the  University  of  Birming- 
ham to  determine  the  loss  of  steam  due 
to   leakage   past  a  piston   valve. 

A  striking  feature  of  these  tests  is 
that  the  results  are  quite  contrary  to 
those  obtained  by  Callendar  and  Nieol- 
son  in  a  similar  series  of  tests  carried 
out  in  1897.  Mr.  Lobley's  results  indi- 
cate that  the  loss  due  to  leakage  past  a 
piston  valve  is  comparatively  small, 
whereas  the  conclusion  from  Callendar 
and  Nicolson's  experiments  was  that  this 
loss  formed  a  large  part  of  the  "missing 
■quantity,"  a  term  used  to  designate  the 
thermal  losses  within  the  steam-engine 
cylinder. 

The  experiments  as  conducted  by  Mr. 
Lobley  were  made  with  an  ordinary  4-in. 
piston  valve  fitted  with  four  ramsbottom 
spring  rings  and  taken  from  stock.  The 
valve  was  fitted  into  a  jacketed  cylinder 
and  was  driven  at  various  speeds  by  a 
m.otor.  Steam  was  supplied  from  the 
boiler  or  superheater  to  the  center  of  the 
valve  and  the  leakage  was  taken  from 
the  end.  This  steam  was  led  to  a  con- 
denser and  after  being  condensed  was 
carefully  weighed.  The  illustration  shows 
a  section  through  the  cylinder.  A  steady 
flow  of  steam  was  allowed  to  blow 
through  the  jacket  so  as  to  prevent  stag- 
nation and  a  corresponding  reduction  in 
temperature  which  probably  would  have 
occurred  if  the  amount  of  steam  used 
had  been  only  that  due  to  leakage. 

During  each  of  the  tests,  readings  were 
taken  every  15  min.  The  first  run  was 
made  with  superheated  steam,  a  boiler 
pressure  of  200  lb.  per  square  inch  and 
variable  speeds;  the  second  was  at  the 
same  steam  pressure  with  a  constant 
speed  and  at  different  degrees  of  super- 
heat; the  third  was  with  saturated  steam 
at    different    pressures    and    a    constant 


The  loss  due  to  leakage  alone 
depends  upon  the  pressure  differ- 
ence and  the  speed;  also,  it  is 
much  less  where  superheated 
steam  is  used. 

The  total  leakage,  however,  was 
found  to  be  comparatively  small. 


speed.     The  results  are  shown  in  the  ac- 
companying tables. 

As  a  means  of  comparison  with  Cal- 
lendar and  Nicolson's  results,  Mr.  Lob- 
ley  applies   his   own   figures   to   the    for- 


^  Val\fel^od 


Section  through  Valve  Chest 

mula  deduced  by  them  and  then  solves 
for  the  leakage  coefficient.  This  expres- 
sion  is  as   follows: 


K 


CP 


where, 

K  =  Rate   of   leakage   per   hour   per 
pound  difference  of  pressure; 
P  =  Perimeter  of  port; 
L  =  Mean   overlap   of  valve; 
C  =  Leakage  coefficient. 
Although   these    terms    were   originally 
applied   to   a  slide   valve,   in  the  case  of 
a   piston   valve,   P  would    represent   the 


T..\BLE   1. 

SUPERHEATED   STEAM 

Temper- 

Boiler 

ature  of 

Gage  Pres- 

Leakage 

Speed  in 
fi.p.m. 

Steam, 

sure,  Lb. 

Trial 

Deg.  F. 

per  Sq.In. 

Hour 

A  1.  . 

200 

407 

200 

4  825 

B2.  . 

l.W 

396 

200 

4  82 

B3 

100 

:i92 

200 

4   9 

B4 

50 

397 

200 

4  8 

BS. 

(standing) 

409 

200 

2  4 

TABLE  2. 

SUPERHEATED  STEAM 

Trial 

Speed  in 
R.p.m. 

Temper- 
ature of 
Steam, 
Deg.  F. 

Boiler 
Gage  Pres- 
sure, Lb. 
per  Sq.In. 

Leakage 

in  Lb.  per 

Hour 

Al.. 
A2., 
A3.. 
A4.. 
A5.. 

200 
200 
200 
200 
200 

407 
452 
498 
5S7 
588 

200 
200 
200 
200 
200 

4  826 
3  66 

2  70 
3.075 

3  275 

TABLE  3.     SATURATED 

STEAM 

Pressure  in 
Trial    Lb.  per  Sq.In. 

Speed   in 
R.p.m. 

Leakage  in 
Lb.  per  Hour 

CI... 
C  2.  .. 
03       . 
C4 
C5    .. 

156    1 
128 

SO 

37.4 
152 

200 
200 
200 
200 
(standing) 

7   8 

6  6 
4  9 
3  86 

circumference  of  a  ring  and  L  would 
be  the  sum  of  the  widths  of  the  rings, 
representing  the  length  of  the  contact 
surface.  The  assumption  was  made  that 
the  leakage  past  the  two  portions  of  the 
valve   was   equal. 

Table  4  shows  the  values  of  C  calcu- 
lated from  the  saturated-steam  tests  with 
variable  pressure   differences. 
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From  this  an  average  value  of  0.0022 
is  obtained  for  C,  or  about  one-te  ith  of 
mat  found  by  Callendar  and  Nioolson. 
The  value  of  C,  however,  is  not  constant, 


lAULE  4 

.     LEAKAGE  COEFFICIENT 

Pressure 
Difference 

Leakage  in  ] 
Lb.  per  Hour;        K 

C 

141 
113 

65 

22  4 

7  8         j  0.0276 
7   5             C  03325 
6  6            0  05075 
4  9             0.1095 

0  001) 
0  00132 
0  00202 
0  00433 

although  it  does  not  vary  directly  with 
the  pressure  difference.  The  relative 
amount  of  this  leakage,  according  to  Mr. 
Lobley's  results,  may  be  arrived  at  close- 
ly by  considering  that  a  4-in.  piston 
valve   would    handle   about    1500   lb.    of 


Chimneys   for    Dissipating 
Smoke 

By  Dr.  Alfred  Gradenwitz 

A  new  arrangement  effecting  a  thor- 
ough dilution  of  smoke  and  air  has  been 
invented  by  Dr.  H.  Wislicenus  and  is 
being  promoted  by  a  German  metal- 
lurgical firm  (Metallbank  und  Metal- 
lurgische  Geselleschaft,  at  Frankfort- 
on  Main).  This  "dissipator,"  as  it  is 
called,  is  based  on  the  following  princi- 
ple: 

Instead  of  escaping  from  the  top  of 
the  chimney  in  the  usual  manner,  the 
exhaust  gases  are  caused  to  leave 
through  a  number  of  approximately  hori- 
zontal air  channels,  proportioned  to  their 


rise,  and  becoming  more  and  more  di- 
luted before  escaping  through  the  slots. 
The  air  channels  are  widened  out  conical- 
ly,  which  design  is  especially  favorable 
for  the  formation  of  whirls  and  for  in- 
suring a  thorough  mixture.  All  heavy 
smoke,  with  a  strong  wind,  is  thus  dis- 
solved into  a  foggy  mist,  while  with  a 
light  wind  it  is  at  least  thoroughly  dis- 
tributed and  diluted. 

The  shape  and  dimensions  of  the  air 
channels  can  be  varied  in  many  ways  so 
as  to  further  assist  the  dissipator  action; 
by  a  tangential  arrangement  (Fig.  3), 
by  a  double  funnel-shaped  air  channel 
(Fig.  4)  or  by  an  extension  of  part  of 
the  channels  into  diverging  passages 
(Fig.  5).  All  these  modifications  have 
been   protected   by   letters  patent. 


Fig.  1.  Dissipator  Stack  Compared  with  Ordinary 

Chimney  When  Handling  Moderate 

a.mount  of  s.moke 


Fig.  2.  Stack  Handling  Heavy  Tar  Smoke^  Notice 
How  Smoke  Is  Diluted 


steam  per  hour.  The  valve  when  run- 
ning at  a  temperature  of  557  deg.  ^ 
leaks  only  3.075  lb.  of  steam  per  hour. 
This  represents  only  about  0.2  per  cent. 
of  the  steam  handled. 

The  effect  of  temperature  upon  the 
leakage  is  clearly  shown  by  the  tests.  By 
slightly  superheating  the  steam,  the  leak- 
age was  reduced  from  7.8  to  4.8  lb.  pc'' 
hour. 

An  explanation  of  tl  is  is  given  based 
upon  the  conaonsation  und  reevaporation 
theory  This  is  to  the  effect  that  the 
space  between  the  two  portions  of  th;; 
valve  is  constantly  in  contact  with  steam 
at  a  high  temperature  while  the  exhaust 
side  is  exposed  to  the  comoaratively  cold 
steam  at  atmospheric  pressure.  When 
the  valve  begins  to  move  it  exposes  a 
cold  portion  of  the  liner  and  some  hot 
steam  is  immediately  condensed.  The 
P.lm  of  water  thus  formed  allows  the 
rings  to  pass  over  it,  and  upon  emerg- 
ing on  the  exhaust  side  of  the  valve  it 
evaporates  again.  With  superheated 
steam,  the  cold  walls  are  heated  to  a 
large  extent  at  the  expense  of  the  super- 
heat and  much  less  condensation  re- 
sults 


mass  and  the  rate  of  flow.  The  gases 
are  thus  whirled  through  with  the  air 
current  within  the  dissipator  chimney  and 
in  its  immediate  neighborhood,  without 
affecting  the  draft. 

The  upper  part  of  the  chimney,  one- 
fourth  to  one-third  of  its  height,  is  lat- 
ticed (see  Fig.  1).  In  this  section  the 
air  currents  a."  niixed  on  one  side  in  the 


Whenever  in  the  place  of  a  draft  chim- 
ney, a  channel  mouth  terminating  on  the 
level  or  on  some  roof  or  hill  has  to  be 
dealt  with,  the  discharge  shaft  can  be 
designed  with  multiple  gratings,  insuring 
a  more  thorough  mixture  (see  Fig.  6). 
The  first  instance  of  such  a  "multi- 
dissipator"  chimney  is  a  stack  erected  in 
connection  with  a  Winkler  washing  cham- 


FiG.  4  Fig.  5 

Different  Forms  OF  Dissipator   Chimneys 


Fig.  6 


funnel-shaped  or  slot-like  channels  with 
the  rising  current  of  exhaust  gases,  the 
air  currents  deviating  and  changing 
their  speed  so  as  to  produce  a  whirl- 
ing action.  The  mixture  thus  formed 
escapes  through  the  air  channels  on  the 
opposite  side.  Only  a  small  part  of  the 
gases  escapes  through  each  series  of 
channels,    the    remainder    continuing    to 


ber  (for  removing  acids),  while  an  im- 
proved plant  consisting  of  radial  bricks 
— with  a  moist  veniilator  and  limestone 
plant  for  the  removal  of  acids — was  in- 
stalled for  a  large  German  dyeing  and 
bleaching  works.  These  chimneys,  on 
account  of  the  convenient  distribution 
of  their  slots,  are  of  a  pleasing  appear- 
ance, and  their  stability  has  been  found 
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Fig.  7.  First  Experime,ntal  Multi-dissi- 
PATOR  Stack,  Showing  Smoke   Di- 
luted  INTO   A   Haze 

to   be   quite   as    satisfactory   as   tliat   of 
ordinary  stacks. 

Fig.  7  shows  the  first  multi-dissipator 
constructed  by  Dr.  Wislicenus  and  illus- 
trates how  the  smoke  is  dissolved  into 
a   foggy  mist. 


"Albany"  Shaking  Grate 

George  H.  Thacher  &  Co.,  Albany, 
N.  Y.,  manufacture  the  "Albany"  shak- 
ing grate  herewith  illustrated.  For  the 
larger  sizes  of  furnace  the  grate  area 
is  divided  into  four  quarters,  each  of 
which  shakes  as  a  unit  as  indicated  in 
Fig.  1.  All  parts  are  standardized  and 
completely  interchangeable,  there  being 
no  right-  or  left-hand  grates.  The  grate 
bars  are  triangular  in  shape  which,  it  is 
claimed,  gives  the  best  distribution  of 
metal  and  the  greatest  strength  and 
durability. 

The  individual  parts  of  the  grate  are 
shown  in  Fig.  3,  while  Fig.  2  shows  them 
assembled.  The  bearing  bar  A  is  set  in 
the  brickwork  and  carries  the  side  frame 
B  as  shown.  The  end  pieces  C  fit  into 
the  wedge-shape  slots  in  the  side  frames. 
The  grate-bar  frames  D  are  carried  in 
bearings  in  the  side  frames  and  are 
ioined  together  underneath  by  the  con- 
necting bar  £,  to  which  the  connecting- 
rod  K  is  attached.  The  grate  surface 
proper  is  composed  of  a  number  of  grate 
sections  O  which  fit  into  the  grate-bar 
frame  and  are  fastened  in  place  by  a 
split   pin   which   passes   throueh   the   Iub 


on  the  section  and  the  bottom  member 
of  the  frame,  as  shown  in  the  lower 
part  of  Fig.  1.  The  advantage  of  this 
construction  is  that  the  amount  of  air 
space  of  any  installation  may  be  changed 
simply  by  changing  the  grate  sections  O 
without  making  any  change  in  the  rest 
of  the  installation  and  when  a  section 
burns  out  only  that  section  has  to  be  re- 
placed and  not  a  whole  bar.     These  grate 


the  diameter  of  the  journal  is  cut  out 
of  the  top  part  of  the  bearings.  Thus, 
any  frame  may  be  lifted  out  of  its  bear- 
ings and  removed  entirely  by  simply  dis- 
connecting it  from  the  connecting  bar 
and  turning  the  frame  at  an  angle  of 
90  deg. 

During  the  shaking  operation  of  the 
grate,  when  the  sections  are  tilted,  a 
wedge-shape  pocket  is  formed  by  the  top 


sections  are  made  in  several  sizes  to 
give  any  percentage  of  air  space  from  a 
!t-in.  opening  for  fine  fuels  up  to  a  -M- 
in.    opening,    for   bituminous    lump    coal. 


Showing  Assembly  of  Parts 


of  one  section  and  the  side  of  the  next 
into  which  the  under  stratum  of  ash  is 
pushed  by  the  first  motion  of  the  grate. 
When    the    sections    are    again    brought 


^iiimimmimmmmmim* 


Fig.  3.  Showing  Individual  Parts  of  the  "Albany"  Shaking  Grate 


In  addition,  sections  with  pinhole  openings 
may  be  obtained  for  especially  fine  fuels. 
The  journals  at  the  ends  of  the  grate- 
bar  frames  are  flattened  on  the  top  and 

a  section  somewhat  fmallpr  in  width  than 


back  to  the  normal  position,  this  ash  is 
cut  off  from  the  live  fuel  and  dropped 
into  the  ashpit.  This  pocket-forming  ar- 
rangement tends  to  prevent  the  loss  of 

imliiirnt   fiipl   tn   the   ?shnit_ 
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Conducted  to  be  of  service  to  the  men  in  charge  of  electrical  equipment  in  the  power  house 


Wires   for    Direct-current 
Circuits 

By  Cecil  P.  Poole 

There  are  two  ways  of  getting  at  the 
proper  size  of  wire  to  use  for  electric 
circuits  in  order  to  keep  the  line  loss  with- 
in desired  limits;  one  by  considering  the 
power  transmitted  and  the  other  by  con- 
sidering the  current  strength,  regardless 
of  the  power.  The  former  method  is 
more  easily  applied  in  alternating-current 
work,  but  the  latter  is  simpler  of  appli- 
cation in  direct-current  work. 

No  matter  which  method  may  be  used, 
however,  the  current  per  wire  must  be 
considered,  either  directly  or  indirectly, 
in  the  case  of  indoor  wiring  be- 
cause the  fire  insurance  authorities 
will  not  allow  more  than  a  certain  cur- 
rent to  be  carried  by  each  standard  size 
of  wire,  in  order  to  guard  against  over- 
heating. Table  1  specifies  the  maximum 
allowable  current  for  every  standard  size 
of  copper  wire  in  regular  use  for  power 
and  lighting  circuits  in  the  United  States. 
It  also  shows  what  the  drop  in  voltage 
is  per  foot  of  each  size  of  wire,  for 
each  ampere  of  current  carried;  the  drop 
per  foot  of  distance  (for  a  two-wire  cir- 
cuit) per  ampere  of  current;  the  drop 
in  volts  and  the  loss  in  watts  per  foot 
of  distance  when  carrying  the  greatest 
allowable  current,  and  the  drop  and  lost 
watts  per  foot  of  distance  when  carrying 
four-fifths  of  the  greatest  allowable  cur- 
rent. This  last  group  of  figures  applies 
essentially  to  motor  circuits  and  shows 
the  greatest  drop  and  the  greatest  loss 
per  foot  of  distance  that  are  allowable 
under  the  insurance  rules.  The  rules  re- 
quire that  wires  used  for  connecting 
motors  to  supply  circuits  shall  be  large 
enough  to  carry  25  per  cent,  more  than 
the   full-load  current  of  the  motors. 

For  example.  No.  4  wire  with  rubber 
insulation  is  allowed  to  carry  only  65 
amperes,  maximurri.  Therefore,  a  motor 
connected  up  with  this  size  of  wire  must 
not  take  more  than  80  per  cent,  of  65 
amperes  (0.8  x  65  =  52  amperes)  at 
full  load,  because  the  25  per  cent, 
margin  required  will  make  the  maxi- 
mum current  52  x  1-25  =  65  amperes. 
Neither  the  drop  nor  the  loss  at  65  am- 
peres, in  such  a  case,  is  important,  be- 
cause that  current  would  exist  only  for 
a  few  moments  while  starting  the  motor 
and  perhaps  occasionally  when  momen- 
tary overloads  occur.  It  is  the  full-load 
droD   and   loss   that   are   of   importance; 


that  is  why  columns  10,  11,  14  and  15 
were  put  in  Table   1. 

The  usefulness  of  these  columns  lies 
in  showing  by  a  single  simple  multiplica- 
tion whether  a  given  size  of  wire  can 
be  used  for  a  given  drop.  For  example, 
suppose  a  220-volt  motor  is  to  be  put  in 
at  a  distance  from  the  mains  of  75  ft., 
and  a  drop  of  1  per  cent,  is  desired  at 
full  load.  Also  suppose  that  you  have  on 
hand  a  lot  of  No.  4  and  No.  6  rubber- 
covered  wire  but  no  other  near  sizes. 
At  1  per  cent,  drop  over  a  distance  of  75 
ft.  the  drop  per  foot  would  be 

o.oi  X  --0 

— =  0.0.-93 

of  a  volt.  Reference  to  the  tenth  col- 
umn of  the  table  shows  that  the  greatest 
allowable  drop  for  No.  4  is  0.0263  of  a 
volt  and  that  for  No.  6  is  0.0296;  there- 
fore, the  No.  6  wire  cen  be  used. 

The  drop  columns  are  useful  also  in 
determining  the  limits  of  drop  in  another 
way.  For  example,  suppose  a  250-volt 
motor  requiring  60  amperes  at  full  load 
is  to  be  installed  at  a  distance  of  150 
ft.  from  the  mains  and  the  drop  must 
not  exceed  2  per  cent.,  which  would  be  5 
volts.  What  size  of  rubber-insulated  wire 
should  be  used?  According  to  the  fourth 
column  of  the  table.  No.  3  wire  could 
be  used  without  exceeding  the  insurance 
limits,  because  60  amperes  plus  25  per 
cent,  would  make  the  maximum  current 
75  amperes  and  the  insurance  rules  al- 
low 76.  But  would  the  drop  come  within 
the  limit  of  2  per  cent.?  According  to 
column  10,  the  allowable  full-load  drop 
per  foot  of  distance  is  0.0244  of  a  volt, 
so  that  for  150  ft.  the  full-load  drop 
would  be  150  x  0.0244  =  3.66  volts 
vi'hich  comes  well  within  the  specified 
limit  of  5  volts. 

Columns  12  to  15  correspond  to  col- 
umns 8  to  11;  they  give  the  loss  in  watts 
under  the  same  conditions  for  which  col- 
umns 8  to  1 1  give  the  drop  in  volts.  This 
is  useful  in  cases  where  the  current  is 
not  stated  but  the  power  is.  For  ex- 
ample, if  it  were  known  that  39  kw.  had 
to  be  transmitted  260  ft.  from  a  220- 
volt  line  with  a  loss  of  not  more  than 
2  per  cent,  it  would  not  be  necessary  to 
divide  39,000  by  220  to  find  the  line  cur- 
rent; then  see  how  small  a  size  of  wire 
would  satisfy  the  fire-insurance  rules, 
and  finally  figure  the  drop  to  see  if  it 
came  within  the  2  per  cent,  limit.  All 
that  is  required  is  to  divide  2  per  cent, 
of  39,000  by  260  to  get  the  loss  in 
watts   ner   foot  of  distance   and   find  the 


nearest  larger  number  in  column  12; 
this  number  is  3.22  and  the  size  of  wire 
at  the  left-hand  end  of  the  same  line 
of  type  is  No.  0.  Therefore,  No.  0  can 
be  used  to  satisfy  both  the  insurance  and 
the  loss  requirements. 

Column  8  would  not  apply  to  this  case 
without  checking  up  the  insurance  re- 
quirements separately.  Thus,  the  loss 
being  2  per  cent,  or  less,  the  drop  will 
be  2  per  cent,  or  less.  Now  2  per  cent, 
of  220  volts  is  4.4  volts,  and  this  would 
be  a  drop  of  4.4  -^  260  =  0.0169  volt  per 
foot.  Column  8  gives  no  intimation  as  to 
whether  one  should  use  wire  of  400,000 
circ. rails  cross-section,  with  a  maximum 
drop  of  0.0174  volt  per  foot  of  distance, 
or  some  of  the  smaller  sizes,  which  are 
all  capable  of  a  higher  drop  per  foot  of 
distance.  The  current  must  be  known  in 
order  to  use  columns  7  to  11.  These  col- 
umns are  very  useful,  however,  when  the 
current  is  known,  and  it  usually  is. 

Columns  8  to  15,  although  highly  con- 
venient in  cases  where  the  current  is 
near  the  maximum  allowed  by  the  in- 
surance rules  for  one  of  the  standard 
sizes  of  wire,  are  not  of  much  service 
in  dealing  with  currents  which  fall  be- 
tween the  insurance  limits  for  neighbor- 
ing wire  sizes.  For  example,  with  a  cur- 
rent of  64  or  65  amperes,  this  table  shows 
at  once  whether  No.  4  rubber-insulated 
(or  No.  6  weatherproof!  wire  will  give 
the  desired  drop  or  loss.  But  if  the  full- 
load  current  of  a  motor  happened  to  be, 
say,  48  amperes.  Table  1  would  not  show 
what  the  drop  would  be  with  any  size 
of  wire  allowed  by  the  insurance  rules, 
except  by  the  use  of  the  figures  in  col- 
umn 7,  which  involves  at  least  two  prob- 
ably tedious  calculations.  Adding  the  25 
per  cent,  margin  required  would  carry 
the  current  up  to  6C  amperes  maximum 
allowance.  With  rubber-covered  wire, 
any  size  larger  than  No.  5  could  be  used, 
and  the  drop  would  be  less  than  0.0263 
volt  per  foot  of  distance;  with  No.  4  it 
would  be  go  of  0.0263,  with  No.  3  it 
would  be  ??  of  0.0263,  with  No.  2  U 
or  5.1  of  0.0263,  and  so  on.  The  deter- 
mination of  the  drop,  however,  requires 
a  good  deal  of  tiresome  arithmetic,  ap- 
plied   on    the    cut-and-try    plan. 

In  order  to  avoid  this,  with  the  at- 
tendant possibilities  of  arithmetical  er- 
ror due  to  haste  or  the  misplacement  of 
a  decimal  point.  Table  2  is  provided. 
This  shows  for  each  size  of  wire  the 
product  of  amperes  x  feet  correspond- 
ing to  different  drops  in  voltage  from  ]i 
to   60  volts.      For  example,   if  the   cur- 


April 


1912 


POWER 


467 


rent  multiplied  by  the  distance  were 
equal  to  50,000,  the  drop  with  No.  0000 
wire  would  be  5  volts;  with  No.  0  wire 
10  volts;  with  No.  2  wire  about  16  volts; 
with  No.  5  wire  32  volts,  etc.  The  table 
was  computed  on  a  calculating  machine 
and  the  number  of  figures  in  each  of  the 
large  numbers  is  therefore  greater  than 
IS  really  necessary. 

Finding  the  Size  of  Wire 

For  finding  the  proper  size  of  wire  to 
use  for  a  given  load,  distance  and  drop, 
multiply  the  current  by  the  distance  and 
in  the  line  with  the  desired  drop,  find  the 
nearest  number  to  the  product  of  current 
X  feet;  at  the  head  of  the  column  in 
v.'hich  that  nurnber  is  located  will  be 
found  the  size  of  wire. 

Example  I.  A  pair  of  wires  180  ft. 
long  must  carry  100  amperes  with  a  drop 
of  about  3  volts;  what  size  of  wire 
should  be  used? 

The  distance  being  180  ft.  and  the  cur- 
rent 100  amperes,  the  product  (amperes 
X  feet)  is  18,000.  The  drop  is  to  be  3 
volts;  starting  at  3  in  the  drop  column 
and  following  along  that  line,  the  near- 


est number  to  18,000  ampere-feet  is 
18,915,  which  is  located  in  the  fourth 
column  of  the  table,  and  the  size  of  wire 
at  the  lop  of  that  column  is  No.  00.  Now, 
this  size  must  be  checked  for  insurance 
limitation  Table  1  shows  that  No.  00 
is  allowed  to  carry  150  amperes  with 
rubber  insulation  or  220  with  other  kinds, 
so  that  it  is  within  the  limit,  even  for 
motor  service. 

Example  II.  A  250-volt  motor  re- 
quiring 75  amperes  at  full  load  must  be 
connected  to  a  supply  circuit  700  ft. 
away,  and  as  the  connecting  wires  are 
out  of  doors,  weatherproof  wire  can  be 
used.  It  is  desired  that  the  drop  shall 
not  be  more  than  4  per  cent.,  which,  of 
course,  is  10  volts.  What  size  of  wire 
should  be  used? 

The  current  X  distance  will  be  52,500 
and  starting  at  10  volts  in  the  drop  col- 
umn it  will  be  found  that  50,000  is  the 
nearest  number  to  52,500;  it  is  located 
in  the  No.  0  column  and  immediately  be- 
low it  i3  the  number  55,000,  which  is  in 
the  line  with  1 1  volts  drop.  Therefore, 
if  No.  0  wire  be  used,  the  drop  will  be 
half-way  between   11  volts  and  10  volts, 


or  101/2.  If  it  is  important  to  keep  the 
drop  within  10  volts.  No.  00  wire  must 
be  used.  The  nearest  number  to  52,500 
in  this  column  is  50,440,  in  the  line  with 
8  volts  drop;  the  actual  drop  with  this 
size  of  wire,  therefore,  would  be  between 
8  and  9  volts,  because  the  amperes  x 
feet  are  52,500,  whereas  with  No.  00 
wire  they  would  have  to  be  50,440  to 
give  8  volts  drop  or  56,745  to  give  9 
volts  drop. 

Finding  the  Drop 

From  the  last  example  it  should  be 
clear  that  when  the  current,  distance  and 
wire  size  are  known  the  drop  can  be 
found,  at  least  approximately,  from  Table 
2  by  multiplying  the  current  and  dis- 
tance together,  finding  the  nearest  num- 
ber to  the  product  in  the  column  under 
the  wire  size  and  following  along  that 
line   to   the   drop   column. 

Example  III.  A  pair  of  No.  8  wires 
25  ft.  long  carry  28  amperes;  what  is 
the  drop? 

The  current  x  distance  =  700;  the 
nearest  number  to  this  in  the  No.  8  col- 
umn  of  Table  2  is  782  and   this   is  in 


PROPERTIES  OF  COPPER  WIRKS 
Brown  &  Shakpe  Gage 


1 

2      ■ 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13               14               15 

Diam- 
eter in 
.Mils 

.\rea  in 

Circular 

Mils 

Greatest 
.\llowable 
Current* 

Volts  Drop 

per  Ampere 

per  Foot  of 

Wire 

Volts  Drop 
per  Ampere 
per  Foot  of 
Distancet 

Volts  drop  per  foot 
of   distance. t    car- 
rying     maximum 
current. 

Volts   drop  per  foot 
of    distancet    with 
SO';;    of  maximum 
current. 

Watts  lost  per  foot 
of  distance.tvvith 
maximum     cur- 
rent. 

Watts     lost     per 
foot      of      dis- 
tance;! 80%  of 
max.  current. 

Wire 
Size; 
No. 

Rub- 
ber 
Insul. 

Other 
Insul. 

Rubber 
Insulation 

Other 
Insulation 

Rubber 
Insulation 

Other 
Insulation 

Rubber 
Insula- 
tion 

Other 
Insula- 
tion 

Rubber 
Insula- 
tion 

Other 
Insula- 
tion 

2,000,000 
1,900,000 
1,800,000 

1050 
1010 
970 

1670       0  00000528       0  00001056      0  01109 
1610       0  000005.56       0  00001112   '   0  01123 
1550       0  00000586    j    0  00001173       0.01138 

0  01763 
0  01790 
0.01818 

0 , 00887 
0 . 00900 
0.00910 

0  01411 
0  01432 
0.01455 

11.64 
11.34 
11   04 

29,44 
28.81 
28.17 

7,45 
7,26 
7,06 

18,84 
18  44 
18  03 

1,700,000 
1,600,000 
1,500,000 

930 
890 
850 

1490       0  00000621    |    0  00001242      0  01155 
1430       0  00000660       0  00001320      0  01175 
1360       0  00000704       0  00001408   |   0  01197 

0.01851 
0  01888 
0  01915 

0.00924 
0  00940 
0  00957 

0  01480 
0  01510 
0.01532 

10  74 
10  45 
10   17 

27,58 
27,00 
26,04 

6,87 
6-69 
6  51 

17,65 
17,27 
16-67 

1,400,000   !      810 
1.. 300,000   '      770 
1,200.000         7.30 

1290       0  00000754    1    0   00001.508       0,01221 
1220       0  00000812    '■    0  00001624      0  01250 
11.50       0  0O000S8O       0  00001760  ,   0  01285 

0  01945  !   0  00977 
0  01981    ;   0.01000 
0  02024       0  01028 

0  015.56 
0,01585 
0.01619 

9  89 
9  62 
9  38 

25,09 
24    16 
23  27 

6  33 
6   15 
6  00 

16  05 
15  46 
14  89 

1,100,000 

1,000,000 

900,000 

690   '    1080       0  00000960 
650  1    1000   :    0,000010.56 
600  ]      920   j    0  00001173 

0   00001920   1    0-01325 
0,00002112   I   0.01373 
0,00002346    1    0.01408 

0  02074 
0.02112 
0,02158 

0  01060 
0  01098 
0  01126 

0.01659 
0.01689 
0-01726 

9.14 
8.92 
8.44 

22.40 
21.12 
19.85 

5-85 
5-71 
5.40 

14  33 

13,51 
12-70 

800,000 
700.000 
600.000 

550 
500 
450 

840       0  00001320       0  00002640      0  01452 
760   ,    0  00001510       (1  00003020   i   0  01510 
680       0  00001760       0  00003520   !   0.01584 

0.02218 
0.02295 
0.02394 

0.01162 
0,01208 
0,01267 

0.01774 
0,01836 
0  01915 

7,97 
7,55 
7   12 

18.63 
17.44 
16  28 

5   10 
4.83 
4,55 

11,92 
11.16 
10,42 

500.000 
400.000 
300,000 
200,000 

390 
330 
270 
200 

590 
500 
400 
300 

0.00002112       0  00004225      0,01648 
0  00002640        0   00005280       0  01742 
0  00003520    1    0  0000704         0,01900 
0  00005278    ;    0,0001056      |   0,02112 

0.02493 
0  02640 
0  02816 
0  0317 

0  01316' 
0  01394 
0  01521 
0  01690 

0  01994 
0.02112 
0  022.53 
0   02534 

6  42 
5,74 
5   13 
4  22 

14  70 
13.20 
11   26 
9.51 

4.11 
3  67 
3  28 
2.70 

9.41 

■8.44 
7.21 
6.08 

oono  '  4fio  0 
noo     101)  B 

(II)      .ilil  8 
II     :iL>.l  9 

211,600 
167,770 
133,000 
105.560 

210 
177 
150 
127 

312 
262 
220 
185 

0.0000499 
0.0000630 
0  0000793 
0.000100 

0,000100 
0   000126 
0,000159 
0   000200 

0  02100 
0  02230 
0.02385 
0  02540 

0,0312 
0.0330 
0  0350 
0  0390 

0  niii.so 

0   II17.S1 
0    lll'.IIIS 
0   02032 

0   02496 
il   02641 
(1   112798 
II   113120 

4.41 
3  94 
3  57 
3  22 

9  73 
8.64 
7.70 
7.21 

2.82 
2.52 
2-29 
2  06 

6  23 
5  S3 

4.92 
4.61 

1 

3 

4 

289.3 
257.6 
229.4 
204. 3 

83.690 
66,360 
52,625 
41,740 

107 
90 
76 
65 

156       0  000126 
131    ,    0   100159 
110  1    0.000201 
92   j    0.000253 

0 , 000252 
0,000318 
0 , 000402 
0  000506 

0  0270 
0.0286 
0  0306 
0 , 0329 

0  0393 
0  0417 
0,0442 
0.0465 

0  02157 
0  0229 
0  0244 
0.0263 

0  03145 
0.03332 
0  03537 
0  0372 

2,88 
2,57 
2.32 
2.13 

6.13 
5,46 
4,86 
4.27 

1-84 
1.64 
1.48 
1.36 

3.92 
3  49 
3   11 

2 . 7.''. 

5 
6 
8 
10 

181.9 
162.0 
128.  5 
101.9 

33,090 
26,245 
16,512 
10,384 

54 
46 
33 

24 

77 
65 
46 
32 

0.000319 
0 .  000402 
0  000639 
0  001017 

0 . 000638 
0.000804 
0.001278 
0.002034 

0  0345 
0.0370 
0,0422 
0  0488 

0.0491 
0 , 0523 
0  0588 
0.0651 

0 , 0276 
0 , 0296 
0.0.337 
0.0390 

0  0393 
0,0418 
0.0470 
0,0521 

1.86 
1.70 
1.39 
1    17 

3.78 
3.40 
2.70 
2  08 

1.19 
1.09 
0.889 
0.749 

2.4i 
2.17 
1.73 
1   33 

12 
14 
16 

18** 

80.8 
64.1 
.50.8 
40.3 

6, .530 
4,107 
2.. 583 
1,624 

17 
12 
6 
3 

23 
16 
8 
5 

0  001617 
0.00257 
0  00409 
0.0065 

0  003234 

0  00514 
0  00818 
11  013 

0  0550 
0  0617 
0.049 
0.039 

0  0744 
0.0822 
0.0654 

0  0440 
0 , 0493 
0.0393 

0.0595 
0  0658 
0,0523 

0  935 
0  740 
0.294 

1,71 
1   31 
0 .  523 

0.598 
0  473 
0.188 

1.09 
0,842 
0  334 

*The  limit  (in  amperes)  allowed  by  the  fire  insurance  rules  for  indoor  wiring. 
out  danger  of  overheating. 
tFor  a  two-wire  circuit. 
**This  size  is  allowed  indoors  only  in  flexible  lamp  cords. 


For  outdoor  overhead  wires,  twice  these  figures  may  be  allowed  with- 
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he  same  line  with  1  volt;  the  drop,  there- 
"ore,  will  be  between  1  volt  and  -M  volt 
—nearer  1  volt. 

Example  IV.  An' outdoor  line  of  No. 
!  weatherproof  wire  carries  200  amperes 
40  ft.  from  a  230-volt  circuit  to  a  fac- 
ory  building  containing  lamps  and 
notors;  what  is  the  voltage  at  the  en- 
rance  to  the  building? 

The  current  X  distance  =  28,000.  The 
learest  number  to  this  in  the  No.  2  wire 
:olumn  of  Table  2  is  28,300,  which  is 
n  the  line  with  9  volts.  Therefore,  28,- 
!00  amperes  X   feet  would  give  9  volts 

Irop  and   28,000  will  give    '4^^^    of  9 
*^  28,300 

olts,  or  8.9  volts  drop.     The  voltage  at 

he   factory  building,   therefore,   will   be 

130  —  8.9  =  221.1   volts. 


Finding  the  Practical  Current 
It  sometimes  happens  that  an  old  ex- 
isting feeder  or  distribution  main  can 
be  put  into  use  to  carry  part  of  an  ex- 
tension load  or  for  some  other  purpose, 
and  it  is  desired  to  know  about  how  much 
load  it  will  be  practical  to  put  on  it.  The 
first  step  in  such  a  case  would  be  to  find 
cut  whether  the  line  will  carry  the  full 
insurance  allowance  without  too  much 
drop.  This  is  more  quickly  done  with 
Table  1,  using  the  drop  columns  at  the 
right.  If  the  drop  is  too  great  with  the 
current  allowed,  then  Table  2  will  be 
more  convenient  for  finding  how  much 
current  can  be  carried  without  too  great 
a  drop. 

Example   V.     It   is  desired   to   load   a 
pair  of  No.  4  rubber-covered  wires   100 


ft.  long  as  heavily  as  possible  without 
making  the  drop  exceed  2!/2  volts;  how 
much  current  will  the  line  carry? 

The  allowable  drop  is  Zy,  volts  and 
the  distance  100  ft.;  the  drop  per  foot, 
therefore,  must  not  exceed 


of  a  volt.  The  eighth  column  of  Table  1 
shows  that  the  drop  per  foot  of  distance 
in  a  pair  of  No.  4  rubber-insulated  wires 
carrying  maximum  current  is  0.0329  of 
a  volt,  which  is  much  beyond  the  desired 
limit  of  0.025  of  a  volt  per  foot. 

The  required  current  can  be  found 
quickly  from  Table  2.  In  the  line  with 
2'/'^  volts  drop  and  the  column  under  No. 
4  wire  is  the  number  4940.  This  is  am- 
peres  X    feet,  so  that  dividing  it  by  the 


TABLE  2.  RELATION  BETWEEN  DROP  AND  CURRENT  X  DISTANCE 
The  numbers  in  the  bod.v  of  the  table  are  amperes  X  feet  for  a  two-wire  circuit 

Size  of  Wike 

B  &  S  Gage 

olts 
Drop 

0000 

000 

00 

0 

1 

2 

3 

4 

5 

6 

8 

10 

12 

14 

16 

1 

2,505 
5,010 
7,515 

1,984 
3,968 
5,952 

1,576 
3,152 

4,728 

1,250 
2,500 
3,750 

990 
1,980 
2,975 

786 
1,572 
2,358 

622 
1,243 
1,865 

494 

988 
1,482 

392 

783 

1,175 

311 
622 
933 

195 
390 
586 

123 
246 
369 

77 
154 
231 

48 
97 
145 

30 
61 
91 

1 

U 
1* 
If 

10,020 
12,525 
15,030 
17,535 

7,936 
9,920 
11,900 
13,890 

6,305 
7,880 
9,457 
11,034 

5,000 
6,250 
7,500 
8,750 

3,968 
4,960 
5,950 
6.945 

3,145 
3,930 

4,717 
5,503 

2,487 
3,109 
3,731 
4,353 

1,976 
2,470 
2,964 
3,458 

1,567 
1,959 
2,351 

2,742 

1,244 
1,555 
1,866 
2,177 

782 

978 

1,174 

1,369 

492 
615 
737 
860 

309 
386 
463 

541 

194 
243 
292 
340 

■  122 
152 
183 
213 

2 

It 
2J 

20,040 
2?.545 
25,05u 
27,555 

15,870 
17,855 
19,840 
21,825 

12,610 
14,185 
15.760 
17,340 

10,000 
11.250 
12,500 
13,750 

7,936 
8,927 
9,920 
10,910 

6,289 
7,075 

7,861 
8,647 

4,975 
5,595 
6,219 
6.840 

3,952 
4,445 
4,940 
5,430 

3,134 
3,525 
3,918 
4,310 

2,487 
2,799 
3,109 
3,420 

1,565 
1,761 
1,956 
2,152 

983 
1,106 
1,229 
1,352 

618 
695 
773 
850 

389 
"437 
486 
535 

244 
274 
305 
335 

3 

34 

4 

4* 

30.060 
35.070 
40,080 
45.090 

-i-^10 

3li745 
35,710 

18,915 
22,065 
25,220 
28,370 

15,000 
17,500 
20,000 
22,250 

11,904 
13,885 
15,870 
17,855 

9,434 
11,005 
12,575 
14,150 

7,462 
8,706 
9,950 
11,190 

5,928 
6,915 
7,905 
8,890 

4,700 
5,485 
6,269 
7,050 

3,731 
4,353 
4,975 
5,597 

2,347 
2,739 
3,130 
3,521 

1,475 
1,721 
1,967 

2,212 

927 
1.082 
1,236 
1,391 

583 
680 
778 
875 

366 

427 
488 
549 

6* 

50,100 
55,110 
60,120 
65,130 

39,680 
43,650 
47,620 
51,585 

31,525 
34,675 
37,830 
40,980 

25,000 
27,500 
30,000 
32,500 

19,840 
21,825 
23,810 
25.790 

15,720 
17.295 
18.868 
20,440 

12,437 
13,680 
14,925 
16,170 

9,880 
10,870 
11,855 
12,845 

7,837 
8,620 
9,400 
10,185 

6,219 
6,841 
7,463 
8,085 

3,912 
4,304 
4,695 
5,086 

2,458 
2,704 
2,950 
3,196 

1.546 
1,700 
1,855 
2,009 

972 
1070 
1167 
1264 

610 
671 
732 
793 

I* 
9 

70,140 
75,150 
80.160 
90,180 

55,555 
59,520 
63,490 
71,425 

44,135 
47,285 
50,440 
56,745 

35,000 
37,500 
40,000 
45,000 

27,775 
29,760 
31,745 
35,710 

22,010 
23,585 
25,155 
28,300 

17,410 
18,655 
19,900 
22,385 

13,830 
14,820 
15,810 
17,785 

10,970 
11,755 
12,540 
14,100 

8,706 
9,328 
9,950 
11,194 

5,477 
5,868 
6,260 
7,042 

3,441 
3,687 
3,933 
4,425 

2,164 
2,319 
2,473 
2,782 

1361 
1459 
1556 
1750 

854 
915 
976 
1098 

10 

11 
12 
13 

100.200 
m),220 
120.240 
130,260 

79,365 
87,300 
95,235 
103.170 

63,050 
69,355 
75,660 
81,965 

50.000 
55.000 
60.000 
65.000 

39,680 
43,650 
47,620 
51,585 

31,445 
34,590 
37,735 
40,880 

24,875 
27,360 
29,850 
32,335 

19,760 
21,740 
23,715 
25,690 

15,670 
17,240 
18,800 
20,375 

12,438 
13,682 
14,925 
16,169 

7,825 
8,607 
9,390 
10,172 

4,916 
5,408 
5,900 
6,391 

3,092 
3,401 
3,710 
4,019 

1945 
2140 
2334 
2529 

1221 
1343 
1465 
1587 

14 
15 
16 
17 

140.280 
150.300 
160.320 
170,340 

111.110 
119,045 
126,980 
134,920 

88,270 
94,575 
100,880 
107,185 

70,000 
75.000 
80,000 
85,000 

55,555 
59,520 
63,490 
67,460 

44.025 
47,170 
50.310 
53,460 

34,025 
37,310 
39.800 
4-2. 2  S5 

27,665 
29,640 
31,620 
33.595 

21,940 
23,510 
25,075 
26,645 

17,413 
18,657 
19,900 
21,144 

10,955 
11,737 
12,520 
13,302 

6,883 
7,375 
7,866 
8,358 

4,329 
4,638 
4,947 
5,256 

2723 
2918 
3112 
3307 

1709 
1831 
1953 
2075 

18 
19 
20 
21 

180.360 
190,380 
200,400 
210,420 

142,855 
150.790 
158.730 
166.665 

113,490 
119,800 
126.100 
132,405 

90,000 
95,000 
100,000 
1J5,000 

71,425 
75,395 
79,365 
83,330 

56.600 
59.745 
62.890 
66.035 

44,775 
47,260 
49.750 
52,235 

35.570 
37.550 
39.525 
41,500 

28,210 
29,780 
31,345 
32,915 

22,388 
23,632 
24,876 
26,119 

14,085 
14,867 
15,649 
16,432 

8,850 
9,341 
9.833 
10.324 

5,565 
5,875 
6,184 
6,493 

3501 
3696 
3891 
4085 

2197 
2319 
2442 
2564 

23 
24 
25 

220,440 
230,460 
240,480 
250,500 

174,600 
182,540 
190,475 
198,410 

138,710 
145,015 
151,320 
157,630 

110,000 
115,000 
120,000 
125,000 

87,300 
91,270 
95,235 
99,205 

69,180 
72,325 
75,470 
78,615 

54.725 
57.210 
59.700 
62.190 

43,475 
45,450 
47,430 
49,400 

34,480 
36.050 
37.615 
39,180 

27,363 
28,607 
29,851 
31,095 

17,214 
17,997 
18,779 
19,562 

10,816 
11,308 
11,799 
12,291 

6,802 
7.111 
7.421 
7.730 

4280 
4474 
4669 
4863 

2686 
280S 
2930 
3052 

26 

27 
28 
29 

260.520 
270.540 
280. .560 
290.580 

206.350 
214.285 
222.220 
230.155 

163,930 
170,240 
176,540 
182,850 

130,000 
135.000 
140,000 
145,000 

103,175 
107,140 
111,110 
115,075 

81,760 
84,905 
88,050 
91,195 

64.675 
67,160 
69,650 
72,135 

51,380 
53, .360 
55,335 
57,310 

40,750 
42.320 
43.885 
45,450 

32,338 
33,582 
34,826 
36,070 

20,344 
21,127 
21,909 
22,692 

12,783 
13,274 
13,766 
14,258 

8,039 
8,348 
8,658 
8,967 

5058 
5642 

3174 
3296 
3418 
3540 

50 
52 
J4 
56 

300.600 
320.640 
340.680 
360.720 

238.095 
253,965 
269,840 
285,710 

189,155 
201.765 
214,375 
226,985 

150.000 
160.000 
170,000 
180,000 

119,045 
126,980 
134,920 
142,855 

94,340 
100,625 
106,915 
113,205 

74,625 
79,600 
84,575 
89,550 

59,285 
63,240 
67,190 

71,145 

47.020 
50.155 
53.290 
56.425 

37,313 
39,800 
42,289 
44,776 

23,474 
25,039 
26,604 
28,169 

14.749 
15.733 
16,716 
17,699 

9,276 
9,894 
10.513 
11.131 

5836 
6225 
6614 
7003 

3663 
3907 
4151 
4395 

58 

to 

12 
14 

380.760 
400.800 
420,841 
440,880 

301,585 
317,460 
333,330 
349,205 

239,595 
252.205 
264,815 
277,425 

190,000 
200.000 
210.000 
220,000 

150,790 
158,730 
166,665 
174,600 

119,495 
125,785 
132,075 
138,360 

94,525 
99,500 
104,475 
109,450 

75,100 
79,0.50 
83,000 
86,950 

59.560 
62  695 
65.830 
68,965 

47,264 
49,751 
52,239 
54,726 

29,734 
31,299 
32,864 
34,429 

18,682 
19,666 
20,649 
21,632 

11.750 
12,368 
12,987 
13,605 

7392 
7782 
8171 
8560 

4639 
4884 
5128 
5372 

16 
18 
50 

460,920 
480,960 
501,000 
521.040 

365,080 
380,950 
396,825 
412,700 

290,035 
302,645 
315,255 
327,865 

230,000 
240,000 
250,000 
260,000 

182,540 
190,475 
198,410 
206,350 

144.650 
150.940 
157,230 
163,520 

114,425 
119,400 
124.375 
129,350 

90.900 
94.860 
98,810 

72,100 
75,235 
78,370 

57,214 
59,700 
62,189 

35,994 
37,559 
39,124 

22,616 
23,599 
24.582 

14,223 
14,842 
15,460 

8949 
9338 

9727 

5616 
5860 
6105 

54 
36 
58 
50 

541,080 
561.120 
581.160 
601,200 

428,570 
444,440 
460,315 
476,190 

340,480 
353,090 
365,700 
378,310 

270,000 
280,000 
290,000 
300,000 

214,285 
222,220 
230,155 
238,095 

169,800 
176,100 
182,390 
188,680 

134,325 
139,300 
144,275 
149,250 
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distance  will  give  the  corresponding  cur- 
rent: 


4940 
100 


-  =  49.4  amperes 


which  is  the  current  required  to  give  2% 
volts  drop. 

Summary,  in  Rules 

The   methods   of   using  the   tables   ex- 
-lained    in    ;he    foregoing    may    be    con- 
:lensed  into  rules,  as  follows: 
TABLE   1 

To  F;Nn  Drop:  Find  in  column  7  the 
ramhii  ill  the  line  u  'ih  the  size  of  wire; 
multirh'  it  by  the  cui'ent  and  multiply 
the  result  by  the  distance.  The  final 
result  will  be  the  drop  in  volts. 

Drop,  w!th  Greatest  Allowable 
Lamp  Current:  In  column  8  or  9  find 
the  number  in  the  line  with  the  size  of 
wire  and  multiply  it  by  the  distance.  The 
result  will  be  the  drop  in  volts  when  the 
ti'/re  is  carrying  the  greatest  allowable 
current. 

Drop,  with  Greatest  Allowable 
Motor  Current:  In  column  10  or  II 
find  the  number  in  the  irie  with  the  size 
of  wire  and  multiply  it  by  the  distance. 
The  result  will  be  the  drop  when  the  larg- 
est allowable  motor  is  taking  *ullload 
current. 

Watts  Lost  with  Greatest  Lamp 
Current:  In  column  12  or  13  find  rue 
number  in  the  line  with  the  size  of  wire 
and  multiply  it  by  the  distance.  The 
result  will  be  the  loss  in  :vutts  when 
the  wire  carries  the  greatest  allowa'-ie 
current. 

Watts  Lost  with  Creates'.  Motjr 
Current:  In  column  14  or  15  fin^  the 
number  in  the  line  with  the  size  of  wire 
and  multiply  it  by  the  distance.  The  re- 
sult will  be  the  loss  in  watts  when  the 
largest  allowable  motor  is  taking  fall 
load  current. 

To  Find  Wire  Size:  Multiply  the  cur- 
rent by  the  distance  and  divide  the  de 
sired  drop  by  the  product;  find  the  near- 
est number  to  the  result  in  column  7; 
this  number  will  be  in  the  line  with  the 
reqiired  wire  size.  Compare  this  with 
the  insurance  requirement. 

Wire  Size  for  Greatest  Allowable 
Loss:  Divide  the  desired  loss  by  the 
distance  and  find  the  nearest  larger  num- 
ber to  the  result  in  column  12  or  13  for 
lamps  or  column  14  or  15  for  a  motor; 
this  number  will  be  in  the  line  with  the 
required  wire  size. 

TABLE    2 

To  Find  Drop:  Multiply  current  by 
distance  and  find  the  nearest  number 
to  the  product  in  the  column  under  the 
size  of  wire.  In  line  with  this  number 
■will  he  the  drop  in  volts.  If  the  amperes 
X  feet  are  greater  than  the  nearest  num- 
ber in  the  table,  the  actual  drop  will  be 
greater  than  the  drop  stated  in  column  1. 

To  Find  Wire  Size:  Multiply  cur- 
rent by  distance  and  find,  in  the  line  with 
the  desired  drop,  the  number  nearest  to 


the  product.  At  the  head  of  the  column 
will  be  the  size  of  wire  to  use.  If  the 
actual  amperes  X  feet  are  greater  than 
the  number  in  the  table,  the  actual  drop 
will  be  greater  than  the  drop  in  column  1. 


If  any  reader  should  find  difficulty  in 
applying  these  tables  to  his  own  work, 
a  letter  to  the  author  describing  the  con- 
ditions and  the  difficulty  will  receive 
prompt  attention. 


Some  Data  on  Central  and 

Private    Power    Plant 

Operation 

In  r-.  paper  recently  read  before  the 
Nations'  Gas  Engine  Association  at 
Cleveland  Rossiter  Holbrook  presented 
some  statistics  which  are  of  much  perti- 
nence to  the  question  of  central-station 
service   vs.   isolated-plant   operation. 

The  first  group  of  figures  was  taken 
from  the  New  York  Edison  Co.'s  semi- 
annual report  to  the  Public  Service  Com- 
mission for  the  second  half  of  1909.  Ac- 
cording to  Mr.  Hnlbrook,  this  report 
shows  the  following  significant  data: 

Total  output    120.000,000   kw.-hrs. 

Total    income $7,231,602.62 

Total  station  expenses $1,318,570.21 

Distribution   expenses    1,210,108.84 

Uencval  expenses 704,400.71 

Taxes 402,943.21 

Amortization     916,024.11 

Uncollectible    D.lls    92,860.08 

Total  expenses    $4,644,907.16 

T  .tal  expense  per  k"w.-hr.  .  .  .  3.S7c. 

station  expense  per  Itw.-hr. ..  1.1   c. 

werage  income  per  kw.-hr..  6.02c. 

From  these  figures  it  appears  that  all 
consumers  paying  less  than  S'/^c.  per 
kilowatt-hour  are  supplied  at  a  loss 
which  must  be  made  up  by  charging 
..mall  consumers  extra-high  rates.  Mr. 
Holbrook  also  pointed  out  that  the  rate 
of  amortization  charged  against  the  com- 
pany's equipment  is  about  2  per  cent., 
whereas  in  discussing  isolated-plant  op- 
eration, central-station  representatives 
commonly   figure    10  to   15  per  cent. 

Rei-rring  to  the  question  of  whether 
operati.ig  an  isolated  plant  is  profitable 
cr  not,  Mr    Holbrook  said: 

1  should  '/ery  much  like  to  know  why 
the  Commonwealth  Edison  Co.  is  operat- 
ing (he  plant  in  the  Majestic  Theater 
Buildins-  on  Monroe  St.,  Chicago,  The 
company  bought  this  plant  at  a  rather 
fancy  figure,  and  if  the  managers  had 
believed  in  their  own  talk,  it  would  have 
been  "Junked";  but  the  company  is  oper- 
ating it.  The  same  condition  exists  at 
Gunther's.  the  Fisher  Building,  and  the 
Chicago  Title  &  Trust  Building.  In  all 
these  cases  the  landlord  and  tenants  are 
getting  bills  from  the  Edison  Co..  which 
in  turn  is  operating  the  landlords'  own 
plant  and  making  money  on  it. 

The  New  York  Edison  has  installed  a 
little  isolated  plant  at  its  own  coal  yards 
instead  of  using  current  from  its  mains. 
If  the  central  station  will  do  these 
things — well,  I  will  leave  the  rest  to 
your  good  sense. 

I  have  reports  from  all  over  the  coun- 
try, such  as  the  Great  Northern,   of  Chi- 


cago, where  the  total  operating  expense 
for  1907  was  less  than  $34,000,  as  against 
more  than  $64,000  for  1905.  when  cen- 
tral-station service  was  used;  the  Mis- 
souri Baptist  Sanitarium,  of  St.  Louis, 
that  saves  $1000  a  year  out  of  a  total 
operating  expense  of  less  than  $5000;  the 
Sohmer  Building  (an  oflice  building),  of 
New  York,  29x100,  12  stories,  with  a 
yearly  cost  of  $2761.25  for  heat,  light  and 
power,  including  120.000  kw.-hr.  of  elec- 
tricity delivered  from  the  plant.  The 
Langsdorf  Building,  a  loft  building 
where  the  total  operating  cost  for  1910, 
for  light,  heat  and  power  amounted  to 
If7757.39.  and  electricity  alone  from  the 
Edison  company  would  cost  $8198.85. 
And  1  have  here  a  report  made  by  Mail- 
loux  &  Knox  on  the  plant  in  R.  H.  Macy 
&  Co.'s  store,  installed  in  1?02.  They 
have  covered  seven  years — 1903  to  1910 — 
and  the  cost  of  electricity  is  1.52c.  per 
kilowatt-hour. 


LETTERS 

Demagnetizing   a   Watch 

In  the  issue  for  Feb.  27,  S.  G.  Rose 
asks  for  a  method  of  demagnetizing 
watches.  The  alternating-current  solenoid 
he  describes  is  a  very  good  method  pro- 
vided one  has  the  current  at  hand. 

A  much  simpler  way  of  doing  the  job, 
however,  is  to  suspend  the  watch  by  a 
strong  cord;  twist  the  cord  so  that  when 
released  the  watch  will  spin  for  several 
seconds,  release  it,  and  while  the  watch 
is  spinning  slowly  approach  it  with  the 
positive  pole  of  any  strong  magnet  and 
then  slowly  withdraw  the  magnet.  Do 
this  a  number  of  times  and  be  sure  that 
the  magnet  is  not  near  the  watch  when 
it  ceases  to  rotate  or  afterward.  This 
method  never  fails. 

C.  C.  Heyder. 

Hansford,  W.  Va. 


An  easy  method  of  demagnetizing  a 
watch  is  as  follows: 

Suspend  the  watch  on  a  string  about 
2  ft.  long  and  twist  the  string  very  tight 
so  the  watch  will  spin  for  some  time 
when  released.  Then,  holding  the  upper 
end  of  the  string  high  enough  to  let 
the  watch  hang  free,  release  the  watch 
and  allow  the  string  to  untwist  and  set 
the  watch  to  whirling.  As  the  watch 
whirls,  walk  toward  the  polepiece  of 
a  dynamo  field  magnet,  and  back  away 
again.  Doing  this  two  or  three  times 
while  the  watch  spins  around  usually 
cures    the    trouble. 

Thomas  Williams. 

Gypsy,  W.  Va. 

[Exactly  the  same  suggestion  has  been 
received  also  from  W.  T.  Reeves,  Adams- 
ton,  W.  Va.— Editor.] 


A  1000-ft.  ship  will  he  built  by  Har- 
land  &  Wolff,  Belfast,  for  the  White  Star 
Co.  The  vessel  will  be  driven  at  18 
knots  by  a  combination  of  reciprocating 
engines  and  turbines,  and  her  breadth 
will  be  100  ft. 
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Worth-while  gas-engine  and  producer  information  treated  in  a  way  that  can  be  of  practical  use 


Reversing  Gas  and 
Oil  Engines 

By  a.  M.  Levin 

Although  Americans  hear  only  oc- 
casionally about  reversing  gas  engines, 
Europeans  show  a  decided  partiality  to 
them.  The  reversible  marine  gas  motor, 
they  say,  eliminates  the  expense  of  a 
costly  reversing  gear,  and  by  its  adop- 
tion an  outfit  as  light  as  possible  will 
be  obtained.  The  manipulation  in  re- 
versing the  engine  consists  simply  in  the 
throwing  over  of  one  or  more  reversing 
levers;  excepting  that  the  two-stroke- 
cycle  engine  requires  generally,  as  a 
pieliminary  operation,  to  be  unclutched 
ficm  the  propeller  shaft. 

A  feature  of  the  two-ported  two-stroke- 
cycle  engine  in  which  the  scavenging  air 
is  compressed  in  the  crank  case  is  that 
the  direction  of  its  motion  is  optional. 
The  engine  will,  as  is  well  known,  run  in 
whichever  direction  it  is  started.  To  re- 
verse it  when  in  operation,  therefore, 
would  seem  a  very  simple  matter,  as  a 
heavy  charge  preignited  during  the  com- 
pression stroke  will  tend  to  do  so.  A 
number  of  patents  relating  to  reversing 
devices  based  on  this  circumstance  are 
on  record;  many,  however,  are  of  rather 
questionable  worth. 

Reversing  by   Preignition 

In  order  that  the  desired  result  shall 
be  obtained,  it  is  necessary  that  the  pre- 
ignition pressure  shall  become  high 
enough  to  overcome  the  inertia  of  the 
moving  parts  during  the  compression 
stroke,  and,  in  addition,  provide  suffi- 
cient force  to  rotate  the  parts  in  the  op- 
posite direction  until  a  new  impulse  can 
be  obtained.  These  two  requirements 
involve  a  series  of  others  that,  primarily, 
determine  the  conditions  under  which  the 
reversal  of  the  engine  may  actually  be 
accomplished. 

For  instance,  the  energy  stored  in  the 
flywheel,  when  revolving  at  full  speed,  is 
often  several  times  that  generated  by  a 
single  explosion  and,  consequently,  a 
fiist  requisite  will  be  to  reduce  the  speed 
of  the  engine  to  a  proper  limit  prelimin- 
ary to  reversal.  What  that  limit  should 
be,  as  well  as  what  other  requirements 
there  are  to  be  considered,  will  best  be 
revealed  by  examining  the  reversing  dia- 
giam. 

In  Fig.  1  is  shown,  in  heavy  lines,  a 
regular  full-load  diagram  of  a  two-stroke 
engine.     Assume   that,    for  the   purpose 


advanced  so  that  preignition  of  the  charge 
occurs  during  the  compression  stroke  at 
the  point  E.  The  resulting  explosion 
will  carr>'  the  pressure  along  line  EF 
to  a  point  somewhat  higher  than  the 
legular  expansion  line;  due,  essentially, 
to  the  scavenging  effect  created  by  some 
previous  strokes  during  which  the  ex- 
plosions have  been  cut  out  for  the  pur- 
pose of  reducing  the  speed.  From  F,  ■ 
the  charge  becomes  compressed  along 
the  line  FL  to  a  point  C.  The  extent 
of  this  compression  must  evidently  be 
such  that  the  area  EFGHIE  shall  repre- 
sent the  energy  which  the  moving  parts 
have  transmitted  to  the  charge  in  com- 
pressing it.  counted  from  the  time  the 
explosion  occurred.  The  available  energy 
for  compression  of  the  gases  being  spent 
at  the  point  G,  the  gases  will  from  there 


takes  place,  then  the  area  GHAKG  rep- 
resents the  work  available  for  driving 
the  engine  backward.  This  work  must, 
therefore,  exceed  by  a  proper  margin  the 
combined  resistances  existing  or  occur- 
ring during  the  first  backward  explosion 
stroke,  during  the  compression  stroke, 
and  perhaps  during  part  of  the  succeed- 
ing explosion  stroke,  until  a  new  impulse 
can  be  obtained. 

As  the  area  GHAKG  will  be  larger  the 
later  the  preignition  is  timed  in  the  com- 
pression stroke,  with  a  slow  engine  speed 
late  preignition  is  to  be  considered  favor- 
able for  sure  reversal  of  the  engine.  On 
the  other  hand,  assuming  the  preigni- 
tion to  be  timed  early  in  the  compres- 
sion stroke  and  the  engine  speed  high, 
then  the  compression  might  readily  be 
carried  back  close  toward  the  head  end 
of  the  diagram  before  reversal  takes 
place,  and  an  ample  impulse  obtained. 
Therefore,  the  preignition  must  be  timed 
to  suit  the  speed  of  the  engine.  A  safe 
compromise  will  probably  be  to  aim  at 
obtaining  the  preignition  impulse  some- 
what later  than  mid-stroke,  and  to  suit 
the  engine  speed  accordingly.  By  laying 
in  on  the  diagram  the  approximate  pres- 
sure line  EFG,  and  from  it  estimating 
the    energy     represented     by     the     area 


Atmospheric   Line  '""""^"^ 

Fic.  1.  Diagram  of  Reversal  by  Preignition 


reexpand;  and  in  driving  the  piston  back- 
ward, reverse  the  motion  of  the  en- 
gine. The  new  expansion  line,  which 
will  drop  somewhat  below  the  compres- 
sion line  FG  due  to  the  cooling  of  the 
charge,  is  represented  by  the  line  GK. 

If  the  energy  stored  in  the  moving 
parts  at  F,  immediately  after  the  pre- 
ignition takes  place,  is  in  excess  of  that 
represented  by  the  area  EFLMIE,  then 
the  crank  will  be  carried  over  the  cen- 
ter, instead  of  reversing,  and  the  engine 
will  speed  up  in  the  forward  direction ; 
the  full  energy  represented  by  the  whole 
area  LMAKL  contributing  to  give  it  veloc- 
ity. Whenever,  at  an  attempted  reversal 
of  the  engine,  this  occurs  it  will,  of 
course,  be  needless  to  make  a  second  at- 
tempt without  first  slowing  down  the 
engine.     If,  as  assumed,  G  is  the  point 

oi     nrhirh     rovprsnl     nf     thp     movinP     nartS 


EFLMIE,  the  maximum  allowable  en- 
gine speed  may  be  approximated,  pro- 
vided the  weights  of  the  principal  moving 
engine   parts  are  known. 

It  may,  of  course,  be  necessary  to  de- 
termine, finally,  the  most  effective  speed 
and  Ignition  point  by  trial,  as  different 
engines  act  somewhat  differently,  but  this 
v;ill  be  a  simple  matter  when  the  con- 
ditions underlying  the  problem  have  been 
observed. 

In  case  the  ignition  is  not  shifted 
quickly  enough  after  reversal  to  time 
the  following  explosion  near  the  end  of 
the  compression  stroke  (which  in  prac- 
tice is  not  readily  done  by  hand),  then 
the  impulse  will  be  weak.  This  impulse 
might  occur  even  as  late  as  at  the  point 
E,  giving  for  that  stroke  the  small  energy 
represented  by  the  area  EIANE.  The 
reauirements  for  a  sure  reversal  in  this 
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cKse  will  be  that  the  work  represented 
by  the  combined  areas  GHAKG  and 
EIANE  must  be  ample  for  keeping  the 
engine  in  motion  through  practically  four 
strokes. 

It  is  evident,  finally,  that  the  smaller 
the  load  carried  by  the  engine  when 
being  reversed,  the  more  surely  it  will 
respond.  It  is  usual,  therefore,  to  un- 
clutch  the  load  before  reversal. 

With  the  stated  requirements  for  a 
prompt  reversal  of  the  two-stroke  spark- 
ignited  engine  in  view,  it  becomes  a 
simple  matter  to  outline  the  main  fea- 
tures that  must  be  embodied  in  a  revers- 
ing device  which,  with  one  throw  of  a 
hand  lever,  shall  automatically  reverse 
the  engine.  For  instance:  The  throwing 
over  of  the  lever  may  be  made  to  effect 
the  closing  of  the  fuel  valve  and  the 
clutching  in  of  a  suitable  controller 
which,  when  the  speed  of  the  engine 
falls  low  enough,  will  open  the  fuel  valve 
and  advance  the  ignition  to  the  required 
point  in  the  compression  stroke,  and, 
finally,  when  reversal  has  taken  place, 
to  shift  the  ignition  back  to  the  ordinary 
running  point.  The  unclutching  of  the 
load,  of  course,  must  be  done  as  a  pre- 
liminary  operation. 

The   Bolinders  Gear 

The  features  of  a  reversing  device  for 
the  two-stroke-cycle  oil  engine  of  the 
hot-chamber  fuel-atomizing  type  would, 
in  principle,  be  similar  to  the  arrange- 
ment just  outlined.  An  example  is  the 
Bolinders  reversible  kerosene  marine  en- 
gine, the  reversing  features  of  which 
are  illustrated  diagrammatically  in  Fig. 
2.  This  engine  is  fitted  with  two  fuel 
injection  pumps,  one.  A,  for  continuous 
work  ahead  or  astern,  is  timed  for  firing 
shortly  before  the  head-end  center;  the 
other,  B,  for  supplying  the  fuel  to  pro- 
duce only  the  reversing  explosion,  which 
is  accomplished  at  the  proper  point  in 
the  compression  stroke.  The  charging 
strokes  of  both  pumps  are  regulated  on 
the  hit-and-miss  principle  by  an  inertia 
governor.  On  the  rocking  bell  crank  C, 
which  is  oscillated  by  the  eccentric  D, 
are  fastened  the  two  small  inertia  gov- 
ernor weights  E  and  F,  and  the  cam 
blocks  G  and  H  are  bolted  to  the  sector 
K,  which  is  fulcrumed  as  shown  and  free 
to  swing  through  a  small  angle. 

During  uninterrupted  work  ahead  or 
astern  the  regular  plunger  A  is  actuated 
by  the  pickblade  on  the  governor  weight 
E  in  the  usual  way.  At  excessive  speeds 
the  governor  weight  will  hit  the  shoulder 
L  hard  and  be  thrown  up  out  of  line  with 
the  nose  of  the  pump  plunger,  thereby 
causing  the  fuel  charge  to  be  cut  out 
To  reverse  the  engine  from  the  ahead 
motion  indicated  by  the  arrow  in  the  fig- 
ure, the  reverse  lever  M  is  thrown  over 
to  the  astern  position,  N.  thereby  com- 
pressing the  coil  spring  O,  which  presses 
the  arm  P  of  the  fork  on  the  end  of  the 
link    Q   against   the   shaft.      Friction    be- 


tween the  shaft  and  the  fork  raises  the 
latter  and  the  link  Q  tilts  the  sector  K 
so  as  to  push  the  pickblade  on  the 
weight  £  out  of  line  with  the  plunger 
nose  of  the  pump  A,  cutting  out  this 
pump;  at  the  same  time,  the  block  H  is 
moved  to  the  left,  allowing  the  pickblade 
F  to  be  swung  by  its  spring  into  align- 
ment with  the  plunger  nose  of  the  re- 
versing pump. 

As  yet,  however,  the  engine  speed  is 
too  high  and  the  motion  of  the  governor 
weight  F  too  swift  to  allow  the  pickblade 
to  act  upon  the  fuel-pump  plunger,  but 
as  soon  'as  the  speed  slows  down  to 
the  proper  point,  the  governor  weight 
will  slide  easily  up  on  the  cam  shoulder 
S  and  the  pickblade  will  engage  the  nose 
of  the  reversing-pum.p  plunger.  TJie 
opposing  charge  for  the  reversal  of  the 
engine  is  thereby  injected  and  fired  at 
the  proper  point  in  the  compression 
stroke.  The  moment  the  shaft  begins 
to  reverse,  the  sector  K  will  drop  to  its 
lower  position,  putting  the  reversing  fuel 
pump  B  out  of  service  and  the  regular 
pump  A  into  action.  As  the  engine  re- 
quires   only    a    few    turns    for    speeding 


Fig.  2.   Bolinders  Gear 

up,  the  clutching  in  of  the  propeller 
shaft  is  done  immediately  after  reversal. 
The  preignition  impulse  for  reversal  is 
somewhat  higher  than  the  usual  maxi- 
mum working  pressure;  a  liberal  allow- 
ance is  about  30  per  cent,  higher.  How- 
ever, as  the  engine  must  be  built  with 
an  allowance  for  equally  heavy  casual 
excess  strains,  whether  it  is  intended  for 
reversal  or  not.  its  weight  would  not  nec- 
essarily be  materially  increased  by  build- 
ing it  for  reversal  in  the  manner  de- 
scribed. 

Four-stroke   Engines 

With  thefour-stroke-cycleengine,the  re- 
versing problem  becomes  somewhat  more 
complicated,  because  of  the  necessity 
that  the  timing  of  the  valve  motion  with 
respect  to  the  crank  must  be  altered. 
The  sequence  of  the  different  strokes  of 
the   cycle    will,   of   course,   be   the    same 


whether  the  engine  runs  forward  or  back- 
ward; but  as  plotted  on  the  cam  face  it 
will,  relative  to  the  one  or  the  other  di- 
rection of  rotation,  run  in  reverse  order, 
due  to  the  reversed  rotation  of  the  cam. 
If,  therefore,  as  may  be  the  most  con- 
venient, the  compression  stroke  of  the 
forward  rotation  be  changed  into  the 
expansion  stroke  of  the  reverse,  then 
the  interchange  between  the  strokes  be- 
comes: 


For 


motion  motion 

Suction  Exhaust 

Compression  Expansion 

Expansion  Compression 

Exhaust  Suction 

Normally  in  carefully  adjusted  cam 
motions  for  four-stroke  engines  the 
angles  between  the  center  lines  of  the 
cams  and  those  of  the  cam  rollers  are 
approximately  as  follows:  With  the  crank 
on  dead  center  and  ready  for  the  suction 
stroke,  the  angle  between  the  center  line 
of  the  inlet  cam  throw  and  the  center 
line  through  its  roller  is  about  48  deg., 
and  the  angle  between  the  cenier  line  of 
the  exhaust  cam  throw  and  the  center 
line  through  its  roller  about  52  deg.,  the 
difference  between  the  angles  being  due 
to  the  difference  in  the  most  efficient 
length  of  the  two  cam  throws.  In  shift- 
ing the  cams  for  reversed  motion  of  the 
engine,  therefore,  the  inlet  cam  should 
be  moved  ahead  96  deg.  and  the  exhaust 
cam  moved  back  104  deg.,  both  counted 
in  the  old  direction  of  motion. 

Not  infrequently,  a  compromise  is 
made  between  the  differences  in  the  most 
efficient  length  of  the  cam  throws,  and 
the  same  cam  is  sometimes  made  to  do 
for  both  the  inlet  and  the  exhaust.  In 
such  cases,  in  order  to  reverse  the  mo- 
tion, both  cams  should  be  shifted  ap- 
proximately 100  deg.  (for  small  engines 
the  rule  is  sometimes  to  shift  them  both 
90  deg.),  the  inlet  cam  being  shifted 
ahead  and  the  exhaust  cam  backward 
relative  to  the  previous  direction  of  ro- 
tation. 

As  it  would  entail  some  difficulty,  how- 
ever, to  shift  the  cams  on  the  camshaft, 
this  is  never  done  in  practice.  A  sim- 
pler way  is  to  mount  a  second  cam  on 
the  shaft  at  the  required  angle  from  the 
regular  cam  and  alongside  of  it.  In  re- 
versing, the  camshaft  is  slid  bodily 
lengthwise  so  as  to  bring  the  reverse 
cam  in  alignment  with  the  cam  roller. 

Another  method  for  reversing  the  tim- 
ing of  the  valve  openings  relative  to 
the  crank  motion  would  be  to  reverse 
the  gear  connection  between  the  crank- 
shaft and  the  camshaft  so  that  the  cams 
always  run  in  the  same  direction,  whether 
the  crankshaft  is  reversed  or  not.  By 
this  method  only  one  set  of  cams  be- 
comes necessary. 

The  power  for  the  reversal  of  the  four- 
stroke  engine  is  always  obtained  by 
means  of  compressed  air.  In  connection 
with  practically  all  combustion  engines 
of  larger  power  there  is  required,  for 
starting  purposes,  an  air  compressor  and 
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a  tank,  and  the  same  air  supply  is  used 
for  reversing.  The  air  pressure  used  is 
variously  of  from  120  to  200  lb.,  but  for 
the  sake  of  better  economy,  a  reducing 
valve  should  be  inserted  in  the  pipe  line 
between  the  engine  and  the  air  tank. 
It  is  imperative  for  the  reliable  starting 
and  reversing  of  the  engine  that  no  dead 
points  shall  occur  during  the  operation 
with    compressed    air,    and    a    sufficient 


Fic.  3.  A  "Standard"  Cylinder 

number  of  cylinders  should  therefore  be 
worked  by  air.  The  cylinders  intended 
for  operation  with  air  are  fitted  with 
special  air-admission  valves  actuated  by 
separate  starting  cams. 

In  starting  or  reversing  a  gas  or  gaso- 
line engine  it  is  customary,  for  the  more 
ready  handling  of  the  engine  by  air,  to 
i;se  a  reduced  compression  (about  one- 
half  of  the  regular)  in  the  cylinders  op- 
erating by  combustion.  The  exhaust 
valves  for  these  cylinders  must,  accord- 
ingly, be  actuated  while  starting  or  re- 
versing by  special  cams  that  give  re- 
duced compression. 

The  "Standard"  Marine  Engine 

The  vertical  section  through  one  cyl- 
inder of  the  Standard  double-acting  six- 
cylinder  marine  engine  is  shown  in  Fig. 
3.  The  reversmg  of  this  engine  is  ef- 
fected by  means  of  compressed  air  which 
is  admitted  only  beneath  the  pistons  of 
the  three  rear  cylinders.  For  the  sake 
of  providing  against  dead  points  when 
operating  on  air,  the  air-inlet  and  lower 
exhaust  valves  of  these  cylinders  arc 
opened  by  means  of  double  cams  once 
every  revolution  of  the  crankshaft.  The 
opening  of  all  valves  is  effected  by  means 
of  a  double  set  of  cams;  in  reversing, 
the  entire  camshaft  is  shifted  axially.  A 
small  air  cylinder  and  piston  are  em- 
ployed for  shifting  the  camshaft  and 
holding  it  in  each  position  against  dis- 
placement. 


In  Fig.  4  is  shown  the  construction 
of  the  cams  operating  the  exhaust  valves 
of  the  upper  ends  of  the  cylinders.  Both 
cams  and  rollers  are  leveled  on  their 
sides,  to  allow  the  rollers  to  slide  readily 


Position  of  Cam  for 
Forward  Rotation 


Position  of  Cam  for 
Starting  Forward. One 
Half  Compression 


Position  of  Cam 
for  Starting  Reverse 


Fig.  4.  Positions  of  Sliding  Cam 

up  on  the  cam  throws  when  the  shaft  is 
shifted  axially.  The  cams  operating  the 
inlet  and  lower  exhaust  valves  are  of 
similar  construction,  somewhat  modified 
to  suit  the  conditions  under  which  they 
are  to  work. 

For  submarine  work,  the  famous 
Thornycroft  firm  builds  an  eight-cylinder 
single-acting    engine    the    reversing    fea- 


operating  cams,  which  rotate  always  in 
the  same  direction,  whether  the  rotation 
of  the  crankshaft  be  forward  or  reverse. 
To  make  this  practicable  the  reversing 
camshaft  gearing  B  is  used.  The  ver- 
tical shaft  C  and  bevel  gear  D  transmit 
motion  from  the  crankshaft  to  the  cam- 
shaft E,  through  gears  F  or  G.  The  latter 
two  gears,  which  are  loose  on  the  cam- 
shaft, are  always  in  mesh  with  the  driv- 
ng  gear  and  one  or  the  other  is  con- 
nected to  the  camshaft  by  a  sliding  jaw 
coupling,  H,  which  drives  the  camshaft 
by  means  of  a  feather  and  is  moved 
3long  the  shaft  by  a  hand  lever. 

A  Swedish  Reversing  Gear 

Another  reversing  gear,  which  has  been 
adopted  by  the  Sodra  Varfs  works  at 
Stockholm  for  relatively  small  four-cyl- 
inder four-stroke-cycle  kerosene  engines, 
is  illustrated  in  Fig.  7.  Fuel-injection 
pumps  are  used,  driven  by  cams  on  the 
camshaft.  The  engine  is  reversed  by 
means  of  compressed  air  which  is  ad- 
mitted to  all  four  cylinders  in  turn,  and 
there  are  four  cams  for  each  of  the  cyl- 
inders, namely,  one  for  the  inlet  valve, 
one  for  the  exhaust  valve,  one  for  the 
air  valve  and  one  for  the  fuel  admission. 
These  cams  are  arranged  side  by  side 
on  the  shaft  S.  The  push-rod  which 
actuates  one  of  the  valves  is  represented 
at  P  and  the  cam  roller  at  R.  The  cam 
roller  is  not,  as  usual,  connected  di- 
rectly to  the  valve  stem  or  pump  plunger, 
but  mounted  on  a  lever  L,  through  which 
it  transmits  motion  from  the  cam  to  the 
stem  or  push-rod.  For  disengaging,  in 
maneuvering,  any  of  the  valves  or  pumps, 
there  is  used  a  control  shaft  C,  which 
carries  cams  in  line  with  the  various 
cams  on  the  camshaft.  If  the  shp.ft  C 
be  turned  to  the  position  where  none 
of  its  cams  touch  the  toes  G  of  the  lever.'; 


Figs.  5  and  6.  Camshaft  Reversing  Gear 


tures  of  which  are  illustrated  in  Figs. 
5  and  6.  Compressed  air  for  starting 
and  reversing  is  admitted  to  four  of 
the  single-acting  cylinders  through  air 
valve  A.    There  is  only  one  set  of  valve- 


L,  then  all  the  stems  become  inoperative, 
because  the  coil  springs  Q  will  hold  the 
rockers  L  in  the  position  shown  by  the 
dotted  lines,  allowing  the  main  cams  to 
clear  the  cam   rollers  /?.     Of  the  cams 
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shown  on  the  shaft  C,  A  belongs  to  the 
compressed-air  valve,  F  to  the  fuel-injec- 
tion pump,  and  V  to  the  inlet  and  ex- 
haust  valves. 

In  reversing,  the  maneuvering  shaft  C 
is  first  rotated  by  means  of  a  handwheel 
so  that  the  point  O  is  opposite  the  toe  G, 
and  the  camshaft  S  is  then  moved  axially 
so  as  to  bring  the  reverse  cams  for  the 
suction  and  exhaust  valves  into  working 
position.  The  control  shaft  C  is  then 
rotated  further  so  ihat  the  cam  A  comes 
opposite  the  toe  G,  in  which  position  the 
compressed-air  valve  corresponding  to 
the  cam  A  and  the  inlet  and  exhaust 
valves  corresponding  to  the  cam  V  will 
be  operative.  The  air  pressure  thus 
admitted  will  first  check  the  forward  mo- 
tion of  the  engine  and  then  give  it  speed 
in  the  reverse  direction.  The  shaft  C 
is  thereupon  rotated  so  that  the  cam  F 
is  opposite  the  toe  G,  causing  the  com- 
pressed air  to  be  cut  off  and  the  fuel 
pump  to  be  put  in  action. 

The  Benz  Reversing  Engine 
The  Diesel  marine  engines  built  by 
Sulzer  Brothers,  and  those  built  by  the 
Benz  firm  at  Mannheim,  work  on  the 
two-stroke  cycle,  and  they  are  equipped 
for  scavenging  purposes  with  large  air 
pumps  driven  by  cranks  on  the  main 
crankshaft.  The  main  features  of  these 
engines  are  generally  similar  to  all  two- 
stroke  engines  of  the  Diesel  type,  but 
the  two  methods  adopted  for  their  re- 
versal may  well  be  worth  outlining. 

In  the  Benz  engine  there  are  two 
double-acting  scavenging  air  pumps 
driven  by  cranks  set  at  90  deg.  A  cen- 
tral extension  of  the  piston  of  one  of 
these  pumps  constitutes  a  compressor 
plunger  for  supplying  pressure  air  for 
reversing  and  starting  and  an  extension 
of  the  other  piston  forms  a  second-stage 
plunger  for  compressing  high-pressure 
air  for  fuel  injection.  The  air  for  revers- 
ing and  starting  purposes  is  stored  at  a 
pressure  of  200  lb.  in  a  receiver.  The 
underlying  idea  of  the  reversing  arrange- 
ment is  to  transform  the  large  pump  cyl- 
inders, which  under  ordinary  operation 
supply  the  scavenging  air,  into  air-motor 
cylinders  or  of  the  reversing  of  the  engine. 
The  pumps  draw,  ordinarily,  air  from 
the  outside  and  deliver  it  at  a  low  pres- 
sure into  a  holder  which  connects  and 
surrounds  the  air  ports  of  all  the  com- 
bustion chambers.  When  each  piston,  at 
the  bottom  of  the  stroke,  uncovers  these 
ports,  which  are  cut  in  the  usual  way 
in  the  lower  part  of  each  cylinder, 
scavenging  air  is  admitted.  In  maneu- 
vering for  reversal,  however,  the  air 
valves  controlling  the  intake  to  the  pump 
cylinders  are  reversed,  so  that  instead  of 
the  pistons  drawing  air  from  the  outside 
they  will  receive  air  from  the  compressed- 
air  receiver,  reduced  to  about  60  lb.,  and 
discharge  to  the  atmosphere,  or  to  the 
scavenging-air  holder.  That  is,  the  pump 
cylinders  become  changed  into  air-motor 


cylinders  which  resist  the  forward  motion 
of  the  engine  and  finally  reverse  it. 

The  scavenging  air  supply  to  the  com- 
bustion chambers  is,  in  the  meantime, 
not  cut  off,  because  the  discharge  from 
the  air  cylinders  will,  in  part,  be  sup- 
plied   for   scavenging.     The   combustion 


Fig.  7.  A  Swedish   Reversing  Gear 

cylinders  are,  therefore,  always  under 
normal  working  conditions  and  ready  to 
act  in  harmony  with  the  air  cylinders. 
In  reversing,  the  fuel  is,  of  course,  cut 
off  for  a  short  period  to  allow  the  en- 
gine to  slow  down,  and  the  timing  of 
the  fuel-injection  and  exhaust  valves  re- 
versed. The  latter  is  done  by  the  axial 
shifting  of  the  camshaft,  which  is  fitted 
with  a  double  set  of  cams. 

Sulzer's  Method 

For  the  Sulzer  engine  the  reversing 
is  done  by  means  of  compressed  air  ad- 
mitted through  the  regular  starting  valves 
directly  into  all  of  the  working  cylinders. 
A  tandem  two-stage  air  compressor,  con- 
nected to  a  crank  on  the  main  shaft,  just 
forward  of  the  scavenging  air  pump,  sup- 
plies the  air  pressure  required  for  fuel 
injection  and  also  for  starting,  the  first 
stage  of  the  compressor  delivering  to  a 
receiver  in  which  the  pressure  is  kept  at 
about  180  lb.,  and  from  which  the  air 
for  starting  and  reversing  is  obtained. 
The  second  stage,  compressing  the  air 
to  a  very  high  pressure,  supplies  the 
tubes  from  which  air  for  the  fuel  injec- 
tion is  drawn. 

From  the  foregoing  it  is  evident  that 
several  practical  methods  are  available 
for  making  the  combustion  engine  re- 
versible, any  one  of  which,  if  rightly 
carried  out,  ought,  especially  in  heavy 
marine  work,  to  be  preferable  to  the  use 
of  reversing  gears  or  adjustable  propeller 
blades,  which  at  present  are  the  more 
common  methods  in  use  for  vessels  of 
small  and  moderate  sizes. 


LETTERS 

Cost  of  Fuel  for  Diesel  Engines 

In  the  Mar.  5  issue  is  an  article  by 
R.  E.  Mathot,  entitled  "Comparison  of 
Gas,  Oil  and  Steam  Motive  Powers," 
in  which  the  Diesel  engine  is  put  at  a 
serious  disadvantage  by  reason  of  the 
high  price  of  fuel  which  the  author  as- 
sumed. The  price  of  SI. 40  per  kilogram, 
making  the  operating  cost  0.028c.  per 
brake  horsepower,  might  easily  be  mis- 
leading to  readers  who  are  not  acquainted 
with  the  fact  that  the  figures  apply  only 
to  European  conditions — which  we  pre- 
sume must  be  the  author's  intention. 

Fuel  oil  such  as  is  used  in  the  Diesel 
engine  costs  in  this  country  on  an  aver- 
age less  than  one-half  of  the  price  stated 
by  Mr.  Mathot.  Basing  the  calculations 
on  the  consumption  of  fuel  of  the  re- 
spective prime  movers  as  specified  in  the 
article,  and  applying  to  them  actual  cost 
of  the  respective  fuels  in  this  country, 
will  easily  show  that  the  Diesel  engine 
offers  the  lowest  operating  cost. 
BuscH-SuLZER  Bros. -Diesel  Engine  Co., 
By  a.  0.  Krieger. 

St.  Louis,  Mo. 

[All  of  Mr.  Mathot's  figures  were  based 
on  European  practice  and  conditions  and 
therefore  do  not  give  comparisons  that 
are  obtainable  in  the  United  States.  As 
Mr.  Mathot  is  a  well  known  Belgian  en- 
gineer, we  presumed  that  these  facts 
would  be  recognized  by  our  readers.  Mr. 
Krieger's  comment  on  the  price  of  fuel 
oil  is  quite  warranted. — Editor.] 


Pittsburg    Greatest   Manufact- 
uring District 

The  total  primary  horsepower  which 
drives  the  wheels  of  Pittsburg,  Penn., 
shops  and  mills  during  1909  was  791,- 
047,  according  to  the  industrial  census 
just  compiled  by  Director  E.  Dana  Du- 
land,  of  the  United  States  Census  Bu- 
leau,  and  announced  by  the  Pittsburg 
Industrial    Development   Commission. 

The  figures  represent  the  metropolitan 
district,  an  area  within  a  radius  of  15 
miles  of  the  center  of  the  city  embracing 
many  populous  communities  outside  the 
municipal  boundaries.  Several  of  the 
largest  manufacturing  establishments  are 
in  these  suburbs  and  the  statistics  of  the 
industrial  census  make  this  center  the 
greatest  manufacturing  district  in  the 
United  States. 

This  aggregate  horsepower,  which  is 
practically  sufficient  to  drive  all  the  big 
vessels  in  the  navy,  is  generated  in  200 
different  classes  of  industries. 

The  greatest  power  is  generated  in 
the  iron  and  steel  works  and  rolling  mills 
where  54  establishments  used  357,945 
hp.  in  1909,  the  latest  year  for  which 
statistics  are  available  in  the  Federal 
Census  Bureau. 
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Heating  and  Ventilation 

Considered  as  power-plant  problems.     Layout  and  operation  of  systems  and  apparatus 


Dust  in   Relation  to  Heating* 

By  Conr.^d  MEiER 

It  is  a  popular  notion  that  steam  and 
hot-water  systems  give  a  different  sort 
of  heat.  Engineers  would  define  this 
more  correctly  by  stating  that  various 
methods  of  heating  will  produce  different 
air  conditions.  The  old-fashioned  devices 
are  still  considered  by  many  people  to 
be  more  wholesome,  even  though  less 
efficient  than  the  modern  apparatus,  of 
which  it  is  often  said  that  it  does  not 
ventilate,  the  dead  air  and  stuffiness  be- 
ing attributed  generally  to  the  lack  of 
air  supply   incidental   to   heating. 

Partly  out  of  this  idea  has  grown  the 
popularity  of  the  indirect  system,  but 
now  complaints  are  heard,  that  through 
heating,  and  even  tempering,  by  stacks, 
the  air  will  lose  its  natural  sweetness  and 
refreshing  qualities.  The  recent  tendency 
by  the  medical  profession  to  oppose 
plenum  ventilation  appears  to  be  the  re- 
sult of  such  observations.  Engineers 
themselves  will  have  observed,  especially 
in  public  buildings  and  schools,  that  even 
a  generous  plenum  supply  will  not  make 
the  occupants  forget  the  desire  to  open 
the  windows. 

Heated  but  unoccupied  rooms  are  often 
found  stuffy,  even  after  long  vacancy, 
when  natural  ventilation,  which  is  al- 
ways present,  should  suffice  to  keep  them 
sweet.  Everybody  has  noticed  the  stifling 
air  of  ill  kept,  empty  railroad  coaches 
which  is  not  altogether  caused  by  over- 
heating, nor  by  previous  occupancy.  In 
such  cases  the  foulness  of  the  air  can- 
not be  due  to  lack  of  ventilation  alone; 
these  circumstances  indicate  a  cause  of 
vitiation  aside  from  the  well  known 
sources  and  explain  in  a  measure  the 
demand  for  purer  air  which  has  really 
arisen  and  become  general  only  with  the 
introduction  of  the  modern  ways  of  heat- 
ing. 

None  of  this  evidence  is  proof  that  the 
heating  apparatus  itself  is  at  fault,  but 
it  should  certainly  raise  the  question 
whether  the  quality  of  room  air  is  altered 
in  any  material  way  by  the  process  of 
heating. 

Causes   of  Vitiation 

As  proof  of  certain  chemical  changes 
there  are  the  investigations  of  Profs. 
Esmarch    and    Nussbaum.      The    former 


•Abstract  of  paper  read  before  the 
American  Society  of  Heating  and  Ven- 
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authority  has  demonstrated  the  follow- 
ing points: 

Dust,  especially  when  of  organic 
nature,  will  decompose  on  heating  sur- 
faces from  a  temperature  of  about  160 
deg.  F.  upward.  Of  the  gases  produced, 
ammonia  is  shown  by  chemical  reaction 
not  only  over  the  radiator  but  in  the 
room  air  at  large.  The  quantities  are 
usually  too  small  to  be  called  a  poison 
to  the  average  person,  but  are  quite 
often  noticeable  by  odor.  Under  extreme 
conditions,  when  steam  is  turned  into  a 
dusty  radiator  or  stack,  the  ammonia 
may  become  very  disagreeable.  Analysis 
was  made  for  CO.  but  none  could  be 
found. 

When  heating  surfaces  were  carefully 
cleaned  before  the  test,  the  effect  on  the 
air  was  still  present  and  demonstrable 
by  analysis,  but  less  intense,  thus  show- 
ing that  the  dust  suspended  in  the  air 
will  also  decompose  when  passing  over 
the  heating  surfaces,  and  that  there  is  a 
constant  vitiation  going  on  besides  the 
periodical  effect  while  reheating.  No 
traces  of  any  foreign  gases  could  be  de- 
tected until  steam  was  turned  on;  hence 
it  is  safe  to  say  that  heating  is  the  cause. 
It  may  be  concluded  also,  that  if  heating 
were  accomplished  by  clean  surfaces  and 
without  causing  air  circulation,  decompo- 
sition could  not  take  place. 

Prof.  Nussbaum.  investigating  inde- 
pendently, has  arrived  at  the  same  gen- 
eral conclusions,  but  has  gone  further 
into  certain  details.  He  found  that  moist 
organic  dust  will  begin  to  decompose 
even  at  140  deg.  F..  while  dry  dust,  or 
dust  in  dry  air.  must  be  heated  to  about 
200  deg.  F.  before  gases  become  notice- 
able. The  same  applies  to  dust  lying 
on  surfaces  or  passing  by  them. 

Means  to  Prevent  Vitiation  by 
Heating 

Naturally,  the  foremost  remedy  that 
suggests  itself  is  to  exclude  the  dust  as 
the  main  source  of  vitiation.  All  will 
agree  that  this  would  be  desirable,  but 
unfortunately  it  cannot  always  be  done. 
Even  where  artificial  devices  for  this  pur- 
pose are  used  in  connection  with  warm- 
air  heating  and  air-supply  systems  more 
or  less  dust  will  enter  into  a  building  in 
other  ways.  Vacuum  cleaners  and  gen- 
eral vigilance  will  help,  but  the  fact  re- 
mains that  a  great  majority  of  cases  will 
have  to  contend  with  more  or  less  dust. 

The  safest  way  to  prevent  the  chemical 
adulteration  of  air  through  decomposing 
of  organic  matter  would  appear  to  be  a 


moderate  temperature  of  heating  sur- 
faces. With  clean  surfaces  and  dry  air, 
according  to  Nussbaum,  there  will  be  no 
vitiation  with  temperatures  up  to  160 
deg.  F.,  and  none  to  speak  of  until  the 
surfaces  are  near  the  boiling  point.  Un- 
der less  ideal  conditions,  when  more 
or  less  dust  is  to  be  expected,  the  tem- 
perature should  be  kept  down  to  about 
160  deg.  F.  or  lower,  as  a  rule,  accepting 
an  occasional  rise  to  180  deg.  F.  during 
a  cold  spell  as  unavoidable  and  of  minor 
importance. 

iVloderate  temperature  of  heating  sur- 
face seems  also  advantageous  in  view  of 
the  devitalizing  of  the  air  by  the  absorp- 
tion of  all  the  ozone  and  probably  of 
part  of  the  oxygen. 

Hot-water  heating  would  seem  to  meet 
the  situation  best  in  respe;f  to  tempera- 
ture and  liberal  surfaces,  but  whichever 
system  is  used,  it  is  advantageous  to  re- 
duce the  tendency  to  create  air  currents 
and  to  give  preference  to  the  kind  of 
surface  that  is  yielding  a  greater  ratio  of 
its  heat  by  radiance.  Low  and  flat  radia- 
tion which  is  recommended  is  generally 
no  more  expensive  considering  its  higher 
total  efficiency. 

The  next  important  rule  should  be  to 
insist  on  clean  heating  surfaces.  It  will 
not  do  to  depend  for  this  on  the  good 
intentions  of  anyone  concerned.  Engi- 
neers must  take  the  first  step  to  induce 
or  compel  clean  surfaces  by  selection  of 
the  most  easily  cleanable  styles  and  by 
proper  disposition  to  keep  the  greatest 
part  of  it  in  view.  As  it  happens,  the 
styles  which  are  giving  the  best  radiant 
heat  and  the  least  contamination  by  dust 
are  also  the  easiest  to  clean.  Radiators 
should  have  fair  spacing  between  loops 
to  show  the  dirt  and  to  make  it  likely 
that  it  will  be  removed.  They  should 
not  be  tucked  away  in  corners.  Better 
means  are  always  at  hand  to  make  them 
inconspicuous  or  presentable,  as  the  case 
may  require.  Enamel  finish  in  some 
neutral  color,  black  or  white,  is  only  one 
of  those  means,  which,  by  the  way,  will 
help  appreciably  in  the  radiating  effi- 
ciency. This  sort  of  finish,  it  is  some- 
times complained,  would  show  the  dust. 
It  is  all  the  more  desirable  then,  in  order 
to  induce  clean  surfaces. 

Considering  that  the  requirements  for 
heat  and  for  ventilation  generally  are 
not  all  coincident,  and  that  a  purer,  more 
effective  and  wholesome  air  supply  can 
be  secured  by  windows  or  other  rational 
means,  when  and  where  required,  and 
without     affecting    the     heat    supplv.     it 
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would  seem  that  the  idea  of  better  sani- 
tary conditions  through  heating  by  air  is 
largely  a  delusion.  The  indirect  method 
should  be  restricted  to  cases  where  it  is 
really  indicated,  or,  if  no  other  system 
will  do,  the  conditious  might  be  made 
more  favorable  for  it  by  extra  protection. 
In  any  event,  such  apparatus  should  be 
designed  to  avoid  excessive  air  tempera- 
ture, equipped  with  filters  to  keep  the 
dust  out  of  air  passages  and  heating 
stacks,  and  with  all  provisions  to  induce 
proper  maintenance   of  the   apparatus. 

The  excessive  dryness  complained  of 
sometimes  with  direct  steam  heat  is  often 
nothing  but  irritation  of  the  respiratory 
tract  through  dust.  It  should  be  relieved 
in  such  cases  by  cleaner  'adiation  and 
cleanei'  surroundings,  and  by  lower  tem- 
perature of  heating  surfaces.  Moistening 
pans  will  raise  humidity,  but  generally 
do  not  improve  the  air  while  dust  and 
dirt   are  present. 

These  would  seem  to  be  sufficient  rea- 
sons for  reform,  and  the  lines  on  which  io 
improve  heating  apparatus  from  the  sani- 
tary point  of  view  do  not  seem  difficult 
to  follow  and  would  lead,  if  anything, 
toward  greater  efficiency  in  other  direc- 
tions. Nor  should  there  be  much  differ- 
ence in  cost  when  taken  as  a  whole.  Hot- 
water  heating,  for  instance,  can  be 
brought  down  very  nearly  to  the  cost  of 
steam,  if  scientifically  planned,  and  the 
practical  possibilities  of  its  adaptation 
to  all  sorts  of  conditions  are  by  no  means 
exhausted.  The  ways  and  means  for 
reform  may  therefore  be  said  to  be  with- 
in reach. 

Briefly  resuming,  the  following  rules 
may  be  put  down: 

1.  To  prevent  chemical  vitiation  of 
room  air  by  heating  it  is  desirable  to 
have  heating  surfaces  at  moderate  tem- 
perature, if  possible  not  exceeding  180 
deg.  F.  at  any  time  and  to  use  easily  ac- 
cessible and  clean  radiation.  Air  supply 
should  be  filtered  where  necessary. 

2.  To  prevent  the  physical  admix- 
ture of  dust  and  its  drying,  caused  by  the 
air  currents  due  to  heating,  it  is  desir- 
able again  to  use  heating  surfaces  at 
moderate  temperature,  well  distributed, 
spread  out  and  inducing  salubrity  in  gen- 
eral. 

3.  To  reduce  the  pollution  of  the  air 
by  the  bacteria  the  same  means  are  in- 
dicated as  those  recommended  to  keep 
down  the  dust. 

4.  To  produce  thermal  conditions 
most  agreeable  and  wholesome  to  a  ma- 
jority, it  seems  desirable  to  favor  the 
application  of  radiant  heat  which  warms 
the  surroundings  and  occucants  directly 
and  produces  comfort  at  lower  air  tem- 
perature. It  should  be  used  in  a  mild 
form  and  be  well  distributed.  Ventila- 
tion should  be  treated  as  a  separate  prob- 
lem, as  each  can  be  solved  by  itself  to 
the  best  advantage. 

5.  To  prevent  excessive  dryness,  the 
same  idea  of  keeping  down  air  tempera- 
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ture   by   utilizing   heat   rays   seems   indi- 
cated. 

6.     Ventilating    apparatus    should    be 
made  self-cleaning  throughout. 


Charge  for  Steam   Heat 

Referring  to  C.  E.  Diamond's  question 
of  a  proper  charge  for  steam  heat,  in 
the  Feb.  27  issue,  I  had  occasion  to  make 
a  charge  for  heafing  about  two  years 
ago,  and  made  it  on  the  following  basis, 
which  is  still  carried  out: 

Each  square  foot  of  radiating  service 
will  require  about  %  lb.  of  steam  at 
the  boiler  per  hour.  Assuming  a  loss 
of  10  per  cent,  on  account  of  condensa- 
tion, the  actual  amount  of  steam  required 
at  the  boiler  will  be  0.277  lb.  per  square 
foot  per  hour.  Under  good  conditions 
1  lb.  of  coal  will  generate  10  lb.  of  steam, 
and  on  this  basis  there  will  then  be  re- 
quired 0.0277  lb.  of  coal  per  square  foot 
of  radiating  service  per  hour.  From  the 
number  of  square  feet  of  radiation  sup- 
plied, the  total  coal  required  can  then 
easily  be  determined  and  the  charges 
based  on  the  cost  of  the  coal  per  ton. 

The  cost  of  operating  the  plant  to  give 
the  above  condition  will  simply  be  in  the 
same  ratio  as  the  amount  of  coal  used 
for  heating  to  the  total  amount  of  coal 
used  in  the  plant.  For  example,  if  the 
heating  service  requires  10  per  cent,  of 
the  total  coal  burned,  the  charge  would 
be  10  per  cent,  of  the  coal  bill  plus  10 
per  cent,  of  the  other  operating  costs  in 
the  plant.  There  will,  of  course,  be  some 
variation  due  to  extreme  cold  and  mild 
weather,  but  the  above  will  give  a  fair 
average. 

If  more  exact  conditions  must  prevail, 
it  might  be  advantageous  to  install  steam 
meters  and  base  the  charges  on  the  per- 
centage of  steam  used  for  heating  to 
the  total  amount  of  water  evaporated  in 
the  plant. 

W.   R.   Metz. 
Washington,  D.  C. 
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this  point  there  is  a  steam  valve  in  the 
pipe  that  is  connected  to  a  rod  running 
down  into  the  equalizing  tank.  To  this 
rod  is  attached  a  ball  float,  and  there 
is  a  ball  and  lever  connected  to  the  top 
of  the  valve.  The  height  of  the  water 
in  the  equalizing  tank  corresponds  to 
the  height  of  the  water  in  the  return 
tank;  so  that  any  variation  of  water 
level  will  cause  the  steam  valve  to  open 
or  close.  An  equalizing  pipe  from  the 
steam  main  is  connected  to  and  has 
free  opening  to  both  the  equalizing  and 
return  tank.  The  water  supply  to  the 
pump  from  the  return  tank  is  piped  to 
the  suction  chamber  and  just  outside 
the  chamber  this  pipe  is  tapped  and  a 
branch  run  to  the  bottom  of  the  equaliz- 
'iig  tank.  The  pump  discharge  is  piped 
direct  to  the  boilers.  There  is  a  pipe 
leading  from  a  hot-water  tank  to  the 
return  tank  for  the  purpose  of  increasing 
the  supply  to  be  pumped  to  the  boilers. 
A  vacuum  breaker,  operated  by  opening 
or  closing  a  valve,  is  placed  on  the  top 
of  the  return  tank. 

These  boilers  carry  80  lb.  steam  pres- 
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Why  Does  This  Pump  Race? 

I  am  employed  in  a  steam-heating 
plant,  the  heating  being  done  by  three 
return-tubular  boilers,  66  in.  by  18  ft., 
through  a  two-pipe,  direct,  dry-retum 
system.  The  building  is  seven  stories 
high.  The  returns  empty  into  a  tank  t5 
ft.  long  and  2  ft.  in  diameter,  and  from 
there  are  pumped  back  to  the  boiler  by 
a  Deane  duplex  pump,  7''.  and  4^2  by 
12  in.  The  pump  is  automatically  con- 
trolled by  the  height  of  the  water  in  the 
tank;  when  the  tank  is  half  full  the 
pump  will  stop  and  as  the  water  rises 
it  will  go  to  work  again. 

Held  up  from  the  floor  by  a  support, 
to  the  height  of  the  top  of  the  discharge 
chamber  of  the  pump,  is  an  equalizing 
tank.  The  steam-supply  pipe  comes  down 
and   rests  on   the  top  of  this  tank.     At 
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sure,  and  the  pressure  on  the  heating 
system  is  4  lb. 

Now  when  the  steam  heat  is  shut  off 
and  the  vacuum  breaker  opened,  the 
pump,  instead  of  working  along  as  it  has 
teen  doing,  will  suddenly  begin  to  race, 
starting  slowly  and  speeding  up,  and  if 
let  alone  would  tear  itself  to  pieces.  At 
the  end  of  the  stroke  there  is  a  violent 
noise.  I  shut  the  pump  down  and  wait 
until  all  escaping  steam  and  air  have 
stopped  at  the  vacuum  breaker;  then  I 
start  the  pump  and  no  more  trouble  is 
encountered  until  the  next  time. 

The  man  who  installed  this  plant  says 
it  cannot  be  run  without  the  equalizing 
feature,  but  with  this  feature  cut  in  or 
out  it  makes  no  difference  in  the  action 
of  the  pump.  It  may  be  that  some  of 
the  readers  of  Power  have  had  a  similar 
experience  and  can  give  an  explanation. 
W.  T.  Moulton. 

Portland,   Maine. 


Belgium  produced  23,125,200  tons  of 
coal  last  year,  but  it  had  to  import  be- 
tween three  and  four  million  tons. 
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Stereophagus  Sewage  Pump 

This  pump,  which  is  of  the  centrifugal 
type,  has  been  designed  for  pumping  sew- 
age water.  It  is  manufactured  by  R.  C. 
Parsons,  39  Victoria  St.,  London,  S.  W., 
England. 

In  Figs.  1,  2,  3  and  4  is  illustrated  the 
construction  of  the  interior  of  the  pump 
and  the  impeller,  which  is  made  conical. 
The  liquid  is  admitted  to  the  impeller  on 
one  side  only.  There  is  also  but  one 
side  of  shrouding  to  the  impeller  from 
which  the  blades  project,  their  edges 
terminating  in  a  conical  shape. 

Surrounding  the  impeller  is  a  spiral 
chamber  leading  to  the  outlet  pipe,  sim- 


Fic.   1.  Sectional  View  of  Pump 

ilar  to  the  ordinary  centrifugal  pump. 
Attached  to  the  interior  of  the  inlet  pipe, 
and  projecting  as  far  as  the  center  is  a 
fin  havmg  its  upstream  edge  sloping 
gradually  to  the  side  of  the  pipe,  as 
shown  at  A,  Fig.  3.  The  casing  on  the 
conical  side  of  the  impeller  is  formed  to 
the  same  angle  as  that  of  the  impeller. 


Showing  Slicing  Knife 


so  that  the  edges  of  the  blades  fit  against 
the  internal  surface. 

At  the  side  of  this  casing  is  a  cylin- 
drical chamber,  in  which  is  a  holder  con- 
taining a  steel  knife  with  a  sloping  edge 
so  as  to  coincide  with  the  angle  of  the 
blades  of  the  impeller,  as  shown  at  B, 
Fig.   4.  ; 

The  upstream  side  of  this  knife  is  in 
line   with   the   fin   and   its  point   reaches 


to  the  center  of  the  impeller.  In  the 
conical  surface  of  the  casting  is  a  spiral 
groove  having  square  edges,  as  shown 
at  C. 

The  action  of  the  pump  is  as  follows: 
Having  been  charged  and  set  in  motion, 
it  draws  the  liquid  in  through  the  suc- 
tion pipe  which  passes  between  the 
blades  of  the  impeller  into  the  spiral 
chamber  and  is  injected  to  the  delivery 
pipe.  Should  there  be  any  solid  ma- 
terials in  the  liquid,  they  slide  along  the 
fin  and,  coming  in  contact  with  the 
blades  of  the  impeller,  are  carried  around 
until  they  reach  the  edge  of  the  knife 
and  are  cut  to  pieces.  Should  they  not 
be  cut  small  enough  to  pass  through  the 


I 


Fig.  2.  Looking  Into  the  Casing 

passage  between  the  blades  the  first 
time,  they  are  carried  around  and  are  re- 
cut  as  often  as  required  to  enable  them 
to  pass  through  the  impeller. 

The  passages  between  the  blades  of 
the  impeller  at  the  point  where  the  cut- 
ting takes  place  are  arranged  to  be  of 
the  least  dimensions  of  any  of  those  in 


Fig.  4.  Casing  from  the  Knife  Side 

the  pump  and  to  enlarge  therefrom  to- 
ward the  outlet,  so  that  no  piece  of 
solid  substance  which  passes  the  knife 
can  become  fixed  in  any  of  the  passages. 
In  the  event  of  any  substance  becom- 
ing jammed  between  the  edges  of  the 
blades  of  the  impeller  and  the  casing, 
they  fall  into  the  spiral  grooves  in  the 
face  of  the  conical  casing  and  are  ejected 
with  the  fluid  that  is  being  pumped.    The 


cutting  action  of  the  impeller  blades  as 
they  pass  the  knife  is  at  one  point  at  a 
time,  and  therefore  no  perceptible  shock 
occurs  when  any  substance  is  cut  up. 

Means  have  been  provided  for  adjust- 
ing the  impeller  toward  the  conical  cas- 
ing and  as  the  edges  of  the  blades  be- 
come worn  they  are  brought  closer. 


Vulcan  Automatic  Drain  Valve 

A  device  used  in  conjunction  with  the 
Vulcan  soot  cleaner  is  an  automatic  drain 
valve,  as  shown  in  Fig.  1.  It  can  be 
vsed  for  other  purposes.  G.  L.  Simonds 
&  Co.,  64  East  Van  Buren  St.,  Chi- 
cago,   111.,   are   the   manufacturers. 

This  valve  is  to  prevent  water  getting 
into  the  piping  due  to  leaks  which  might 
occur  in  the  operating  valves,  discharges 
any  water  that  might  get  past  a  leaky 
valve  and  also  indicates  such  leakage. 

It  is  a  gravity  check,  valve  and  is  placed 
just  beyond  and  belo.w  the  operating 
valve  on  the  no-pressure  side,  being  set 
vertically  and  connected  to  the  main 
horizontal  line  overhead  by  means  of  a 


Fig.    1.   Section 

through 

Valvi 


Fig.  2.  Application 
of  Valve 


nipple  and  return  bend,  as  shown  in 
Fig.  2. 

The  valve  is  made  of  brass  and  con- 
sists of  an  outside  casting  threaded  at 
the  bottom  as  shown.  The  bottom  of 
the  valve  chamber  is  finished  off  in  the 
form  of  a  valve  seat  at  C.  The  disk  £ 
is  thrust  upward  when  the  steam  pres- 
sure is  turned  on,  thus  making  the  es- 
cape of  live  steam  impossible.  The  in- 
stant the  pressure  is  released,  the  com- 
bined weight  of  the  disk,  valve  stem,  and 
weight  W  causes  the  disk  £  to  drop, 
thus  leaving  a  free  vent  through  the 
opening  F. 

Any  steam  or  condensation  leaking 
through  the  globe  valve  in  Fig.  2,  can- 
not get  into  the  piping  system  as  the 
water  would  drop  down  the  return  bend 
and  flow  out  through  the  opening  in  the 
drain  valve. 


Recently  a  collier  at  the  coal  pier  of 
the  Baltimore  &  Ohio  R.R.,  in  Balti- 
more, was  loaded  with  7029  tons  of  car- 
go coal  and  545  tons  of  bunker  coal  in 
4  hr.  30  min.,  thereby  establishing  a 
record   in   coal  handling. 
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Cleanliness  in  the  Power 
Station 

Cleanliness  and  system  are  two  of  the 
prime  requisites  that  make  for  satisfac- 
tory operation  in  the  electric  power  sta- 
tion. They  cannot  be  too  strongly  em- 
phasized, and  if  they  are  not  rigidly  ob- 
served, the  best  installation  will  fail  of 
its  purpose  and  the  money  expended  on 
it  will,  to  a  great  extent,  be  wasted. 
Every  piece  of  the  equipment  should  be 
kept  neat  and  clean  and  its  installation 
so  arranged  as  to  permit  of  this  being 
easily  accomplished.  For  example,  the 
switchboard  and  controlling  apparatus 
should  be  placed  out  from  the  wall  a 
distance  sufficient  to  allow  the  operator 
to  get  behind  them  easily  and  this  space 
should  be  kept  free  from  all  material  not 
directly  connected  with  the  operation  of 
such  apparatus.  That  this  is  not  always 
done  is  only  too  true,  as  a  casual  glance 
behind  many  a  switchboard  or  machine 
will  testify. 

The  use  of  switches  and  wires  as 
hangers  for  articles  of  clothing,  etc.,  is 
a  practice  sometimes  seen  and  one  that 
should  never  be  allowed;  metal  lockers, 
well  ventilated  and  of  sightly  appear- 
ance, are  a  necessary  adjunct  to  a  prop- 
erly equipped  power  house.  Individual 
metal  receptacles  provided  with  hinged 
metal  covers  or  lids  for  the  accommoda- 
tion of  oily  waste  or  waste  papers  should 
also  be  considered  necessary  parts  of 
the  equipment.  Such  things  as  these  are 
potent  factors  in  the  reduction  of  fire 
risks. 

The  power  station  should  not  be  used 
as  a  storage  place  for  spare  parts  and 
for  the  storage  and  filtering  of  oil;  where 
possible,  a  separate  building  should  be 
used  for  such  purposes.  A  power  sta- 
tion large  enough  to  contain  a  miscellane- 
ous lot  of  material  that  might  be  stored 
in  it  is  too  large  for  the  real  purpose  for 
which  it  was  built,  which  usually  means 
that  more  money  was  expended  on  its 
erection  than  was  necessary.  It  is  con- 
siderably cheaper  to  build  storage  houses 
than  power  houses. 


The  windows  should  receive  sufficient 
attention  to  keep  them  in  efficient  con- 
dition and  if  any  are  located  near  elec- 
trical apparatus  they  should  be  so  ar- 
ranged that  they  can  be  closed  quickly 
and  easily  to  prevent  any  damage  that 
might  result  from  rain  beating  in.  It  is 
also  well  to  have  all  lamps,  as  far  as 
practicable,  so  located  as  to  be  accessible 
for  trimming  or  cleaning  from  the  floor, 
platform,  walks,  etc.  It  is  usually  found 
that  in  the  best  lighted  stations  the  lamps 
are  thus  arranged,  for  the  easier  it  is  to 
care  for  them,  the  better  attention  they 
will  get. 

A  fire  hose  conveniently  located  and 
an  easy  connection  to  a  water  main  have 
been  found  a  very  profitable  investment; 
in  addition  to  this,  a  few  buckets  or 
boxes  of  dry  sand  and  a  fire  extinguisher 
or  two  will  be  found  highly  advantageous 
in  case  of  fire  in  a  part  of  the  plant 
where  water  cannot  be  applied. 

It  may  be  possible  that  some  of  the 
foregoing  suggestions  will  seem  quite 
extravagant  and  their  adoption  to  entail 
unnecessary  expense  and  trouble;  never- 
theless, their  strict  observance  will  result 
in  more  pleasant  surroundings  for  the 
men  in  the  station,  far  less  risk  of  fire, 
lower  insurance  rates  and  less  liability 
to  service  interruptions. 

A  clean  and  well  ordered  power  house 
is  indicative  of  smooth  running,  well 
kept  machinery  and,  consequently,  a  low 
operating  cost,  which  is,  after  all,  the 
main  object  for  which  the  engineer 
should  strive. 


Using    Second     Hand 
Machinery 

Frequently  there  are  cases  where  ap- 
paratus has  been  shipped  for  installa- 
tion that  was  defective  in  some  of  its 
parts;  perhaps  the  exterior  presented  a 
finished  appearance,  but  some  detail  of 
interior  construction  may  have  prevented 
proper  operation. 

The  small  boy  is  expected  to  take  apart 
almost  anything  that  falls  into  his  hands 
because  he  wants  to  know  how  it  is  made. 
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but  it  is  not  advisable  for  an  engineer  to 
disassemble  machines  which  arrive  at 
the  plant  for  installation;  he  should  make 
sure,  so  far  as  it  is  possible,  that  they 
have  been  properly  assembled  and  are  in 
good  condition. 

This  is  especially  true  in  the  case  of 
large  concerns  where  the  machines  in 
one  plant  may  be  discarded  for  a  time 
and  then  installed  in  another  for  perma- 
nent use. 

A  case  has  just  come  to  light  where  a 
motor-driven  centrifugal  pump  was  to  be 
used  as  a  boiler  feeder.  When  the  pump 
arrived  the  engineer  figured  that  it  was 
capable  of  delivering  water  against  a 
pressure  of  but  twenty-three  pounds.  He 
was  assured,  however,  that  it  was  good 
for  sixty  pounds  pressure;  and  the 
pump  was  installed.  After  it  was  tested 
out,  the  best  to  be  obtained  was  a  de- 
livery pressure  of  twenty-one  pounds. 
Of  course,  the  work  of  installing  and 
dismantling  was  a  dead  loss,  as  well  as 
the  service  of  the  pump.  Either  care- 
lessness was  responsible  for  this  blunder, 
or  else  it  was  a  case  of  "put  it  in  and 
see  what  it  will  do."  Such  practice  is 
not  advisable  in  power  plants  and  is 
usually  disadvantageous  to  all  concerned. 

A  duplex  steam  pump  was  next  de- 
livered to  the  plant,  the  connections  were 
made  and  the  steam  was  turned  on,  but 
the  pump  refused  to  move.  An  examina- 
tion showed  that  the  pistons  were  so 
badly  rusted  in  the  cylinders  that  it  was 
necessary  to  use  a  hammer  and  a  block 
to  loosen  them,  and  the  pump  was  badly 
corroded  in  the  steam  chest  and  other 
interior  parts.  The  pump  was  made  to 
run  after  considerable  trouble,  but  it 
would  not  deliver  sufficient  water. 

Another  pump  was  installed  and  before 
it  had  been  in  operation  an  hour  the  pis- 
ton came  off  the  rod  and  the  pump  was 
shut  down  for  repairs.  When  it  came 
back  from  the  shop  the  engineer  found 
that  the  threads  on  the  plunger  piston 
were  of  a  special  size  and  that  a  nut 
one  size  too  large  had  been  used.  The 
locknut  had  been  omitted,  and  if  the 
pump  had  been  started  there  probably 
would  have  been  another  accident. 

These  are  little  matters,  but  they  go 
to  show  that  someone  must  have  been 
careless. 

Second-hand  machinery  may  answer  in 
some  places,  but  the  power  plant  is  not 
an   ideal  place   for  trying  them  out.     It 


would  doubtless  be  money  well  invested 
if  such  apparatus  were  tested  out  before 
being  delivered  for  installation;  certain- 
ly this  would  avoid  useless  work  and 
costly  delays  in  many  cases. 


Prepare  for  the  Summer  Now 

As  summer  is  approaching,  with  its 
hot.  sultry  days — days  when  the  engi- 
neer's labor  should  be  as  light  as  pos- 
sible— ^preparation  should  be  made  to 
care  for  those  small  things  which,  in- 
dividually considered,  are  of  little  im- 
portance, but  which  collectively  promote 
comfort  and  facilitate  the  operation  of 
the  plant. 

Perhaps  there  are  leaky  flanges  and 
fittings  with  sand  holes  in  them  through 
which  steam  hisses  the  announcement  of 
a  remediable  loss.  The  steam  headers  on 
top  of  the  boilers  with  their  many  branch- 
ing lines  may  be  the  source  of  erosion 
and  damage  to  brickwork  by  reason  of 
the  constant  dripping  >f  water  of  con- 
densation. ■  To  change  over  from  one 
header  to  another  in  a  large  plant  is  not 
a  pleasant  task;  many  valves,  usually 
stiff  and  difficult  to  turn,  must  be  opened 
and  closed,  and  this  is  much  less  arduous 
while  the  weather  is  cool  than  in  mid- 
summer; much  trouble  and  inconvenience 
may  be  avoided  by  "doing  it  now." 

In  the  cellars  and  tunnels  like  condi- 
tions may  prevail.  Work  in  such  hot, 
close  quarters  may  be  much  more  com- 
fortably undertaken  at  this  season,  es- 
pecially as  it  has  to  be  performed  in  a 
short  time  in  order  to  prevent  any  in- 
terruption of  the  service  during  a  period 
when  service  is  needed  most. 

It  may  be  that  the  bridge-walls  and 
arches  require  patching,  or  sections  of 
the  grate  bars  need  renewing  and  the 
boilers  cleaning.  Perhaps  the  soot  pits, 
breechings  and  chimney  base  are  full  of 
soot,  and  thereby  seriously  interfere  with 
the  draft  and  the  boiler  economy. 

The  feed-water  filters  surely  will  bet- 
ter perform  their  function  if  they  are 
cleaned  and  the  filtering  medium  is  re- 
newed. Warm  weather  increases  the  de- 
mands on  the  refrigeration  plant,  and 
to  meet  them  the  plant  must  be  in  good 
order. 

It  is  very  probable  that  tne  coal-hand- 
ling machinery  is  worn,  and  the  belt 
housing  contains  fine,  hard-packed  coal 
which  prevents  the  guide  pulleys  from 
working  freely. 


Now  is  the  time  to  make  an  effort  to 
systematize  work  that  is  so  essential  to 
the  safe  and  efficient  operation  of  the 
plant;  much  can  be  done  thoroughly  and 
comfortably  at  this  season  which  if  neg- 
lected until  the  hot  summer  days  would 
be    slighted    or    left    undone. 


Load  Factor 

Engineering  practice  seems  to  be  han- 
dicapped in  many  respects  by  a  lack  of 
definite  standards  by  which  the  perform- 
ance of  similar  installations  and  apparatus 
may  be  readily  compared.  Important 
among  these  is  "load  factor,"  which  term 
is  interpreted  in  so  many  ways  that  much 
unnecessary  confusion  results. 

A  prominent  engineer  (presumably  an 
expert  in  his  line)  was  asked  upon  the 
witness  stand  recently  to  define  what  is 
meant  by  "load  factor."  He  replied  that 
any  one  of  several  answers  might  be 
made,  each  equally  correct  according  to 
the  interpretation  of  the  conditions.  He 
stated  further  that  he  had  a  conception 
of  what  should  properly  be  designated  as 
the  load  factor,  but  any  other  engineer 
holding  a  different  opinion  would  be 
equally  justified  in  the  light  of  present 
practice. 

This  witness  summed  up  the  situation 
very  clearly  and  concisely.  By  many 
the  term  "load  factor"  is  used  to  mean 
the  ratio  of  the  total  yearly  output  in 
kilowatt-hours  or  horsepower-hours  to 
the  rated  yearly  capacity  in  similar  units. 
Others  regard  it  as  the  ratio  of  the  out- 
put to  the  maximum  continuous  capacity; 
while  still  another  group  of  engineers, 
notably  in  English  practice,  consider  the 
load  factor  as  the  ratio  of  the  average 
load  to  the  maximum  load  carried  at  any 
time  during  the  year. 

The  first  of  these  methods  might  seem 
a  rational  basis  provided  all  similar  ma- 
chines were  rated  according  to  the  same 
standard,  but  unfortunately  the  practices 
of  manufacturers  also  differ  in  this  re- 
spect. However,  we  shall  not  attempt  to 
go  into  the  merits  or  demerits  of  any  of 
the  methods  mentioned,  but  merely  wish 
to  call  attention  to  the  need  of  some 
definite  basis  being  selected  and  ob- 
sen'ed.  Since  the  cost  per  kilowatt- 
hour  is  directly  dependent  upon  the  load 
factor,  the  selling  price  is  often  similarly 
determined;  hence  the  importance  of  for- 
mulating a  definite  basis 
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Readers  with  Something  to  Say 

A  letter  good  enough  to  print  will  be  paid  for.     Ideas,  not  mere  words,  wanted 


Mine  Pump  Gasket  Blew  Out 

An  experience  I  once  had  with  a  6x8- 
in.  triplex  power  pump,  driven  by  a  50- 
hp.  motor,  and  located  at  the  bottom  of  a 
500-ft.  shaft,  may  be  of  interest  to  mine 
engineers. 

To  place  the  pump  it  was  necessary 
to  tal<e  it  to  pieces,  and  reassemble  it 
in  the  mine.  In  so  doing,  the  bolts  that 
hold  the  cylinders  to  the  base  probably 
were  not  drawn  up  evenly,  for  on  start- 
ing up  the  gasket  blew  out.     A  new  gas- 


Relief  Valve  on   Discharge  Pipe 

ket  was  cut  from  common  red  sheet 
packing,  and  the  pump  started,  but  this 
gasket  lasted  only  a  few  minutes. 

The  sump  was  filling  fast  and  some- 
thing had  to  be  done  quickly.  As  I  was 
out  in  the  country  I  had  to  use  what 
material  I  had  on  hand.  A  new  gasket 
was  cut  from  the  same  sheet  packing;  a 
wire  fly  screen  was  taken  from  a  window 
and  a  gasket  cut  from  that  and  placed 
on  the  top  of  the  sheet  rubber,  and  the 
pump  started,  but  not  before  the  water 
was  up  to  my  knees.  That  gasket  has 
been  in  use  for  six  months  and  is  still 
light,  although  another  one  ordered  from 
the  pump  factory  is  in  readiness  if 
needed. 

This  pump  is  at  the  bottom  of  a  500- 
ft.  shaft  and  the  discharge  pipe  has  no 
stop  valve.  A  gage  at  the  pump  registers 
230  lb.  per  square  inch.  Twice  the 
pressure  has  burst  the  tube  in  a  300- 
Ib.  gage  and  once  cracked  an  air  cham- 
ber. As  there  can  hz  no  pressure  in  ex- 
cess of  the  head,  I  was  at  a  loss  to  ac- 
count for  what  was  very  evidently  an 
increase  in  pressure  at  times.  I  finally 
decided  that  it  was  due  to  water-hammer 
caused  by  the  pump  being  allowed  to 
run  after  the  sump  was  empty. 

As  the  pump  sucked  air,  and  the  water 
surged,  in  the  vertical  discharge  pipe,  I 
put  a  check  and  a  relief  valve  in  the 
pipe  as  shown,  and  have  had  no  trouble 
since. 

E.  J.  Saxe. 

Chriscopher,  111. 


Calibrating  Gages 

Most  progressive  engineers  have  the 
conventional  screw  force  pump  for  com- 
paring pressure  gages.  This  pump,  with 
slight  modification,  is  also  useful  for 
comparing  vacuum  gages.  The  one  I 
use  has  a  bore  of  \'A  in.  and  the  plunger 
is  arranged  as  shown  in  Fig.  1  for  test- 
ing   pressure    gages. 

It  is  also  an  excellent  and  simple  de- 
vice that  can  be  easily  reversed  by  turn- 
ing the  leather  around,  fitting  a  new 
screw  and  washer  to  look  as  shown  in 
Fig.   2. 

Care  must  be  taken  in  filling  the  pump 
with  water  to  have  the  pipes  full  and  the 
plunger  just  covered.     After  a  few  trials 
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Sectional  Views  of  Pressure-pump 
Pistons 

one  wil!  become  expert  in  obtaining  22 
in.  or  more  of  vacuum.  Then  correct  the 
faulty  vacuum  gage  by  resetting  the  in- 
dex. 

Frank    Martin. 
College   Point,  N.  Y. 


Cleaning  Air  Compressor 
Cylinders 

For  cleaning  air-compressor  cylinders 
I  tap  a  'i -in.  hole  in  the  suction  line  near 
the  cylinder  and  screw  in  'j-in.  pipe. 
Running  vertically  from  this  is  a 
2-in.  pipe,  18  in.  long;  on  top  of  it  I 
put  a  screw  cap  and  on  the  'j-in.  line 
I  put  a  globe  valve. 

Once  a  week  I  use  2  gal.  of  hot  water 
in  which  has  been  sliced  a  cake  of  soap. 
I  stir  it  thoroughly  until  all  of  the  soap 
dissolves;  then  gradually  pour  in  the 
top  of  the  pipe,  through  a  screened  fun- 
nel, using  about  a  cupful  at  a  time.  After 
using  about  three-quarters  of  the  suds,  I 
pour  in  one-half  a  cup  of  oil,  and  wash 
out  with  the  balance  of  the  suds.  The 
oil  is  then  put  in  at  the  suction  inlet,  so 
as    to    lubricate    both    upper    and    lower 


parts  of  the  cylinder;  when  oiling  with 
lubricators  the  oil  does  not  get  to  the 
bottom  of  the  cylinders. 

Where  there  are  two  cylinders,  of 
course  the  piping  is  also  attached  to  the 
low-pressure  one. 

A.  P.  Shaw. 

Lima,  Ohio. 


Why  Won't  the  Lubricator 
Work.? 

I  have  a  lubricator  puzzle  which  I 
would  like  to  have  some  reader  of  Power 
solve    for   me. 

I  installed  an  extra  boiler-feed  pump 
a  short  time  ago  and,  not  wishing  to 
buy  an  extra  lubricator,  I  piped  the  steam 
so  that  one  lubricator  and  throttle  valve 
answered  for  both  pumps.  I  placed  a 
valve  B  and  D  in  each  pipe  between  the 
pumps  and  throttle  valve  C,  as  shown. 

The  pump  A  is  used  regularly  and 
after  starting  it  up  I  found  that  the  lubri- 
cator would  not  operate  and,  thinking  it 
might  be  stopped  up,  removed  it  and  gave 
it  a  thorough  cleaning.  It  balked  just 
the   same,   so   I   put   on   another   and   it 


To  Pump  B 
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Lubricator  and  Pipe  Connections 

acted  in  the  same  way.  As  a  last  re- 
sort, I  removed  the  valve  B  and  the  lubri- 
cator works  satisfactorily.  I  tried  to  op- 
erate the  lubricator  with  the  valve  C 
wide  open  and  using  the  valve  B  as  a 
throttle  valve,  but  the  lubricator  acted 
the  same. 

When  using  the  pump  B  with  the  Yn- 
in.  valve  D  open  wide  and  using  C  as  a 
throttle,    the    lubricator    works    all    right. 

Now,  why  will  it  not  work  with  the 
valve  B  open  and  using  the  valve  C  as 
a    throttle? 

The  pump  A  has  a  detachable  valve 
rod,  so  I  can  Ifft  it  off  and  stop  the  pump 
when  I  wish  to  run  the  pump  6.  I  am 
going  to  put  a  'j-in.  stop  cock  where  I 
had  the  valve  B  and  see  if  it  will  help 
any,  as  I  want  a  valve  at  that  point. 

W.  S.  Hull. 

Sheldon,   111. 
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Riveting  on  Saddle  Flanges 

Owing  to  the  installation  of  a  new 
engine  and  condenser,  it  was  necessary 
to  make  some  changes  in  the  discharge 
line  which  served  two  other  condensers. 
These  could  only  be  shut  down  for 
about  two  hours  each  day.  Owing  to  the 
elevation  of  the  discharge  line,  it  stood 
full  of  water  when  not  in  use;  hence  it 
would  have  to  be  drained  and  dammed 
up  each  night. 

As    one    of    the    jobs    was    putting    a 


A  groove  was  cat  around  the  circum- 
ference of  the  head  in  which  packing, 
rubber  or  oakum  wa.*!  placed  before  the 
head  was  tightened.  The  holes  were 
drilled  deep  enough  so  that  the  studs 
C,  D,  E  and  F  cou'd  be  dropped  in  while 
assembling  the  pieces,  when  they  are 
screwed  into  the  common  center  piece, 
the  nuts  backed  down  against  the  wash- 
ers  and   the    head    tightened. 

Nominally,  this  bulkhead  had  only  a 
3-ft.  head  of  water  on  it,  but  during  a 
heavy   rain   it   would   be   as   high   as    10 


Fig.  1.  SmE  and  Front  View  of  Bulkhead 


30-in.  saddle  flange  on  the  under  side 
of  the  36-in.  end  of  the  discharge  line, 
to  get  a  siphon  effect,  the  job  would  re- 
quire considerable  time,  as  the  bolt-holes 
would  have  to  be  drilled,  the  30-in.  piece 
drilled  out  and  several  30-in.  fittings 
placed   before   the   valve    was   put   on. 

The  bulkhead  shown  in  Fig.  1  was  used, 
which  is  almost  self-explanatory.  A  20- 
in.  manhole  was  already  provided  on  the 
top  side  of  the  line.  The  small  hole 
near  the  bulkhead  was  cut,  through  which 
tools  were  passed,  and  to  serve  as  a 
means  of  ventilation.     The  bulkhead  was 


ft.,  owing  to  back  water  from  a  city 
sewer.  It  was  in  place  for  about  three 
weeks  and  did  not  leak.  At  the  same 
time  it  was  found  that  another  connec- 
tion would  have  tn  be  made  to  a  48-in. 
supply  main,  which  had  a  12-ft.  head 
of  water  in  it. 

As  in  the  discharge  line,  the  connec- 
tion was  to  consist  of  a  30-in.  saddle 
flange  and  30  ft.  of  pipe  and  fittings, 
and  the  same  conditions  were  imposed; 
that  is,  the  line  could  only  be  worked  on 
about  three  hours  each  night,  and  it 
would  have  to  be  drained  each  time,  this 


■  3C  "Saddle  Fiance 

Frc.  2.  Another  Method  of  Applying  Bulkhead 


made  in  four  pieces,  so  mortised  that 
the  pieces  would  slide  one  upon  the 
other. 

The  bolts  B  were  to  be  tightened  up 
after  the  pieces  were  shoved  hard  against 
the  wall  of  the.  pipe  by  the  jacking 
screws  C,  D,  E  and  F.  The  holes  through 
which  the  bolts  B  passed  were  made 
large  to  allow  the  proper  movement  of 
the  bulkhead,  and  v.-ere  countersunk  on 
one  side  to  allow  two  thicknesses  of  1-in. 
boards  to  be  nailed,  sheet  rubber  being 
placed  between  them. 


meaning  the  draining  of  1100  ft.  of  48- 
in.  pipe. 

Another  condition  was  that  there  were 
three  engines  served  from  the  end  of 
this  pipe,  and  as  the  flange  was  to  be 
placed  ahead  of  the  condenser  connec- 
tions, some  method  had  to  be  devised 
to  work  on  the  line  and  yet  not  shut  the 
water  off  of  the  end  of  the  line. 

In  Fig.  2  is  shown  how  the  job  was 
done.  This  sketch  is  self-explanatory; 
the  only  thing  to  look  after  is  to  see 
that   the   bridge   G    consists    of   a   good 


piece  of  wood  and  arched  out  over  the 
proposed  hole,  to  allow  for  putting  in 
the  bolts  or  rivets.  The  pieces  were  put 
in  through  a  20-in.  manhole  and  as- 
sembled inside. 

Edward    H.    Lane. 
Kansas   City,   Mo. 


Rigging  for  Driving  Small 
Pipe  Well 

The  engineer  is  sometimes  called  upon 
to  drive  small  pipe  wells,  and  the  usual 
way  is  to  rig  up  a  platform  of  some 
sort  upon  which  one  or  two  men  can 
stand  and  drive  the  pipe  down  by  means 
of  heavy  mauls,  but  this  method  is  slow 
and  expensive  in  comparison  with  the 
plan  that  I  once  saw  adopted. 

The  pipe  was  cut  in  short  lengths,  so 
as  not  to  have  to  raise  the  weight  A, 
shown    !P    the    illustration,   too    far    from 


Pipe-well  Drill 

the  ground  at  the  start.  The  drive  point 
B  was  screwed  on  to  the  end  of  a  piece 
of  pipe  which  was  coupled  to  a  second 
piece  by  means  of  the  special  coupling  C. 
The  weight  was  then  placed  in  position 
against  the  coupling.  Then  the  clamp  D, 
which  carried  the  sheaves  EE  and  eye- 
bolt  F,  was  placed  on  the  upper  end  of 
the  pipe,  as  shown,  and  held  in  place  by 
the  bolts  GG. 

The  two  ropes  HH  were  then  passed 
around  the  sheave  wheels  and  secured  to 
the  eye-bolts  in  the  top  of  the  weight,  as 
shown.  The  whole  was  then  raised  to  a 
vertical  position  by  means  of  the  guy 
lines  K,  which  were  secured  to  stakes 
driven   in   the    ground. 

The  weight  A  was  raised  and  let  drop 
by  two  men  pulling  and  letting  out  on 
the  ropes  HH.  The  pipe  is  kept  plumb, 
by   taking   up   on   the   guy   lines. 

A  tripod  can  also  be  used  in  place  of 
the  guy  lines,  with  a  guide  at  the  top 
in  which  the  pipe  can  slide.  The  weight 
should  weigh  from  200  to  300  lb.,  ac- 
cording to  the  size  of  the  pipe. 

George  J.  Little. 

Passaic,  N.  J. 
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Barrel  Engine  Governor 

I  took  charge  of  a  pumping  plant  at 
a  cement  works,  and  in  order  to  get  the 
marl  for  making  the  cement  it  was  nec- 
essary to  pump  the  water  continually 
from  a  large  lake  so  that  the  men  could 
shovel  the  marl  from  the  bottom.  Owing 
to  the  many  springs  it  was  necessary  to 
pump  24  hours  a  day  and  seven  days  a 
week. 

I  had  a  belt-driven  rotary  pump  driven 
by  a  20-hp.  slide-valve  engine.  Because 
of  the  variation  in  the  amount  of  water 
supplied  by  the  springs,  and  to  the  en- 
gine having  no  governors,  I  had  trouble 
in  controlling  the  speed.  Sometimes  it 
would  drain  all  the  water  out  of  the  hole. 
The  pump  would  then  lose  its  priming 
and  the  engine  would  race.  At  other 
times,  the  engine  would  not  run  fast 
enough   to  keep  the  water  down. 

I  arranged  a  governor  after  the  man- 


of  these  holes  I  tightly  fitted  a  piece  of 
'_-in.  pipe  just  long  enough  to  come 
even  with  the  top  of  the  steam  chest 
and  in  the  cylinder  wall  even  with  the 
bottom  of  the  groove. 

A  bolt  with  a  square,  flat  head  E  was 
made  and  suspended  by  the  nut  and  a 
washer  through  the  pipe  in  the  hole  C  and 
served  as  an  additional  anchor  to  the 
dovetail  to  hold  the  patch  in  place.  A 
piece  of  heavy  asbestos  paper  large 
enough  to  more  than  cover  the  patch  all 
around  was  obtained,  also  a  piece  of 
sheet  steel  of  the  same  size.  These  were 
bent  to  the  circumference  of  the  cyl- 
inder. Next,  a  block  the  same  size  as 
the  piece  of  steel  was  trimmed  so  as  to 
conform  to  the  same  circle.  A  jack 
screw,  with  a  block  underneath,  was  used 


good,  tight  job,  but  I  concluded  that  the 
melted  copper  would  come  nearer  finding 
all  of  the  uneven  places,  and  it  did. 

Thomas  M.  Sterling. 
Middlebranch,  Ohio. 


Barrel  Flo/\t  Governed  the  Engine 
Speed 

ner  shown  in  the  illustration.  It  is  made 
out  of  an  ordinary  oil  barrel  with  the 
bung  hole  plugged.  I  then  secured  a 
light  cable  to  the  barrel  and  ran  it  over 
a  grooved  pulley  which  was  supported 
by  a  frame.  The  other  end  of  the  cable 
ran  to  the  throttle  of  the  engine,  on 
which  I  fixed  another  grooved  pulley. 
The  cable  was  wound  around  this  wheel 
a  couple  of  turns  and  a  weight  to  counter- 
balance the  barrel  was  attached  to  the 
loose  end  of  the  cable. 

The  device  worked  finely  and  was  -the 
means  of  ending  my  troubles. 

J.   R.   Hardisty. 

Paris,  Ont.,  Can. 


to  tighten  the  plate  and  asbestos  over 
the  crevice  so  that  there  was  no  pos- 
sibility of  the  metal  leaking  out.  This 
arrangement  is  shown  at  F. 

When  all  was  ready,  two  clay  crucibles 
and  a  forge  were  obtained  and,  after 
constructing  a  temporary  furnace  out  of 
firebrick  around  the  forge,  the  copper 
was  melted;  and,  using  the  hole  B  to 
pour  through  and  hole  Z)  as  a  vent,  a 
good  job  was  obtained.  A  heavy  air 
hammer  was  then  used  to  peen  the  sur- 
BCp 


A  Troublesome  Feed  Pump 

Some  time  ago  I  was  called  in  to  ex- 
amine a  feed  pump  of  a  neighboring 
plant  which  the  engineer  in  charge  had 
been  unable  to  operate  satisfactorily. 
The  pump  was  connected  up  in  the  ordi- 
nary mrnner  with  a  globe  and  check 
valve  next  to  the  boiler  and  the  pump 
would  be  operating  nicely  but  at  times 
would  not  force  water  into  the  boiler. 

I  shut  the  pump  down  and  soon  found 
that  the  gasket  under  the  valve  plate 
did  no;  extend  across  the  center  rio 
and  both  ends  of  the  pump  were  con- 
nected through  the  opening  left  under 
the  valve-seat  plate.  This  was  remedie.i 
and  I  3'ipposed  that  I  had  overcome  the 
trouble,  but  I  found  that  I  had  patted 
myself  on  the  back  too  soon. 

When  the  pump  was  started  up  it  ran 
nicely  for  a  time  and  then  failed  to  de- 
liver water  to  the  boiler.  The  cylinder 
head  on  the  water  end  was  then  re- 
moved End  the  plunger  repacked.  When 
the  pump  was  again  started  it  pumped 
water,  but  later  on  would  not  supply  a 
sufRcieni  amount  to  the  boiler. 

This  "off-again-on-again"  action  was 
puzzling,  and  as  no  defect  in  the  pump 
could  be  found  a  machinist  was  called 
in,  but  without  results.  Finally  an  in- 
jector was  piped  up,  in  order  that  the 
plant  could  operate  while  the  pump  was 
being  given  a  thorough  overhauling,  and 


Method  of  Repairing  a  Scored  Cylinder 


Patching  a   Corliss  Cylinder 

Some  time  ago  I  had  occasion  to  over- 
haul a  large  Corliss  engine,  and  found  a 
deep  grove  about  2  in.  wide  and  12  in. 
long  in  the  top  of  the  cylinder  and  about 
1  ft.  from  the  crank  head,  as  shown  at 
A   in   the   illustration. 

I  finally  concluded  that  a  copper  patch 
would  be  the  most  durable  and  best 
from  all  standpoints.  The  groove  was 
squared  and  chipped  and  the  edges  dove- 
tailed, making  a  slot  2^4  in.  wide,  12-34 
in.  long  and  7^  in.  deep.  I  then  took  a 
ratchet  and  drilled  three  holes,  B,  C  and 
D,  through  the  top  of  the  cylinder  wall 
and  the  top  of  the  steam  chest.     In  each 


face  of  the  patch  until  it  was  nearly 
Rush  with  the  surrounding  surface  of  the 
cylinder.     It  was  then  scraped  smooth. 

The  melted  copper  filled  each  of  the 
pipes  B,  C  and  D.  It  was  peened  over 
in  the  case  of  the  pipes  in  the  holes  B 
and  Z)  and  the  nut  and  washer  on  the 
bolt    took   care    of   the    hole    C. 

A4any  engineers  asked  me  why  we  did 
not  rebore  and  bush  the  cylinder,  but 
it  is  evident  that  this  would  be  imprac- 
ticable, as  it  would  have  required  a 
bushing  Zi  or  I  in.  thick,  together  with 
the  necessary  time  and  expense  to  do 
the  job. 

Several  mechanics  argued  that  the  cop- 
per patch  should  have  been  peened  in  in 
sheets   or  laminations   in   order  to   get  a 


to  my  surprise  the  injector  failed  to  op- 
erate. 

This  was  clue  enough,  however,  to  the 
probaole  cause  of  the  trouble.  The  cap 
of  the  check  valve  was  removed,  but  it 
was  in  good  condition;  then  the  globe- 
valve  bonnet  was  taken  off,  and  it  was 
found  that  the  disk  had  come  off  the 
stem  and  rested  upon  the  seat,  effectual- 
ly preventing  the  free  admission  of  water 
to  the  boiler. 

Just  why  the  disk  shifted  enough  to 
allow  the  pump  to  feed  the  boiler  at  one 
time  and  then  changed  again  and  cut  off 
the  water  is  a  matter  that  has  puzzled 
all   concerned. 

A.  J.  Berlin. 

Veedersburg,  Ind. 
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Questions  Before  the  House 

Comment,  criticism,  suggestions  and  debate  upon  various  articles, 
letters   and   editorials    which  have  appeared  in  previous  issues 


Laying  a   Plant  Up 

Replying  to  Mr.  Gpal's  article.  "Start- 
ing a  Plant  Shut  Down  for  a  Year,"  in 
the  issue  of  Feb.  13,  I  would  suggest 
when  a  plant  is  to  be  shut  down  for  si.x 
months  or  a  year,  that  all  the  manhole 
and  handhole  plates  be  taken  off  the 
boilers,  and  all  the  joints  on  the  boilers 
and  plates  be  cleaned  and  covered  with 
heavy  oil  or  hard  grease  and  the  boilers 
thoroughly  cleaned. 

An  outside  inspection  of  the  brickwork 
should  also  be  made,  and  if  any  brick- 
work or  resetting  be  necessary,  it  should 
be  done  at  once,  to  allow  time  for  set- 
ting and  drying  thoroughly,  as  brickwork 
is  apt  to  crack  if  not  thoroughly  dry 
when  fire  is  started  in  the  furnace.  All 
valves  should  be  opened  wide  and  then 
turned  back  one  turn  to  keep  them  from 
sticking.  Be  sure  there  are  no  pockets 
for  water  to  stand  in,  freeze  and  cause 
trouble. 

The  water  glasses  should  be  taken  out 
so  that  new  rubber  gaskets  will  be  put 
in  when  starting  uo  as  the  old  rubber 
will   get    hard    and    crack. 

The  feed  pumps  should  have  all  the 
packing  taken  out  of  the  piston  and  valve 
rods,  and  the  stuffing-boxes  should  be 
filled  with  clean  waste  soaked  in  cylinder 
oil;  take  out  the  valves,  clean  and  give 
them  a  coat  of  hard  grease  or  cylinder 
oil,  and  be  sure  to  leave  no  water  stand- 
ing in  the  pumps.  The  feed-water  heater 
should  also  be  cleaned  out. 

The  engines  should  be  laid  up  be- 
fore the  boilers;  have  a  light  fire  in  the 
furnace  and  very  little  steam  pressure, 
then  the  packing  can  be  blown  out  from 
around  the  pistons  and  valve  rods.  After 
this  cut  the  steam  off  at  the  boilers  and 
open  all  valves  on  the  steam  lines  and 
engines.  This  will  leave'  the  engine  ^id 
pipes  hot  to  dry  out.  When  the  engin 
is  cold,  take  off  the  cylinder  head  and 
steam-chest  cover;  also  take  out  the 
valves  and  give  the  interior  of  the  cyl- 
inder, the  steam  chest  and  the  valves  a 
coat  of  heavy  cylinder  oil.  This  will 
keep  them  from  rusting.  Fill  the  stuffing- 
boxes  and  the  pumps  with  waste  and 
cylinder  oil.  AH  bright  work  should  be 
slushed  with  grease  or  heavy  oil. 

If  the  plant  is  in  a  building  which  is 
to  be  closed  up,  there  should  be  some 
means  for  the  air  to  circulate  in  the 
building;  if  not,  the  machinery  will  sweat 
in  the  change  of  temperature  from'  sum- 


mer to  winter.     If  the  smokestack  is  of 
iron,  it  should  be  covered. 

George  L.  Bailey. 
New    York   City. 


Taking  Charge  of  a   Plant 

The  article  starting  up  a  plant  in 
the  Feb.  13  issue,  by  Mr.  Goal  deserves 
some  comment.  An  engineer  should  take 
nearly  all  of  the  precautions  mentioned 
on  first  taking  charge  of  a  plant,  even 
though  it  has  not  been  shut  down.  He 
should  enter  the  boiler  at  the  earliest 
opportunity  and  learn  its  condition,  ex- 
amine the  brickwork  and  repair  it  if 
necessary,  replace  the  defective  grate 
bars,  and  be  sure  the  steam  gage  and 
safety  valve   are   in   proper  condition. 

Standing  a  year  may  have  loosened 
some  scale  and  permitted  some  rust  to 
accumulate,  but  it  would  not  change  the 
position  of  the  feed  pipe  or  the  water 
column,  nor  fill  the  heater  with  scale 
or  change  the  setting  of  the  engine  valve. 
A  plant  closed  down  yesterday  may  be 
in  as  bad  a  condition  as  one  of  a  year 
ago. 

If  an  engineer  knows  that  the  man 
who  formerly  had  charge  was  careful 
and  intelligent,  he  may  take  a  little  more 
time  before  giving  the  plant  a  thorough 
inspection,  but  he  must  know  for  him- 
self the  condition  of  the  steam  gage  and 
water  column,  that  the  pipes  leading  to 
the  water  column  are  not  clogged,  and 
he  will  learn  about  the  grate "  bars  the 
first  time  he  throws  coal  into  the  furnace. 
In  short,  an  engineer  should  never  take 
things  for  granted, 

G.  E.  Miles. 

La  Jara,  Colo. 


and  close  the  damper  in  a  more  or  less 
satisfactory  manner. 

As  a  rule,  I  think  that  home-made 
damper  regulators  are  unsatisfactory, 
and  that  the  closeness  of  regulation  and 
the  dependence  which  can  be  placed  on 
the  operation  of  the  many  familiar  makes 
of  regulators  on  the  market  will  amply 
repay  the  comparatively  small  cost  of 
securing  one  of  them. 

Joseph  King. 

Lynn,  Mass. 


Home  Made   Damper 
Regulator 

Martin  McGerry's  damper  regulator, 
as  showrf  in  the  issue  of  Feb.  13,  is  out 
of  true   or  incomplete. 

I,  can  readily  be  seen  from  his  sketch 
how  the  damper  can  close;  in  fact,  by  all 
the  known  laws  of  nature  it  should  have 
been  shown  closed;  but  how  it  is  to  open 
again  is  a  mystery  which  Mr.  McGerry 
neglected  to  explain. 

If  the  long  pipe,  shown  as  coming  from 
the  boiler,  entered  the  top  of  the  cylin- 
der, and  the  drip  pipe'  entered  the  bot- 
tom, and  a  steam-tight  piston  was  used 
mstead  of  the  leather  cup  on  the  plunger- 
rod,  the  device  might  be  .made  to  open 


Changes  Necessary 

The  defects  of  Mr.  Gillmore's  diagrams 
shown  on  page  235  in  the  Feb.  13  issue 
can  be  remedied   in  the   following  way: 

The  governor  should  be  advanced  to 
give  earlier  admission,  as  it  cannot  be 
done  by  changing  the  rods  without  in- 
terfering W'ith  the  speed  regulation.  In 
order  to  find  the  amount  of  advance, 
turn  the  engine  to  the  crank-end  center, 
take  up  all  the  lost  motion  in  the  ec- 
centric straps  and  rod  heads,  remove  the 
bonnet  from  the  crank  end  steam  valve, 
that  the  port  marks  on  the  valve  and 
the  valve  seat  can  be  seen,  and  note 
the  position  of  the  valve.  It  should  have 
'4   in.  opening  or  lead. 

There  is  a  chisel  miark  on  the  hub  .of 
the  eccentric  which  should  be  in  line 
with  one  on  the  boss  of  the  governor 
wheel.  If  it  is  not,  the  two  setscrews, 
'acting  as  stops  for  the  governor  cross- 
heads,  have  to  be  adjusted.  Next  loosen 
the  governor  springs  and  throw  the 
weights  out,  making  sure  that  the  ec- 
centric moves  to  the  mark,  which  denotes 
its  position   of  least  travel. 

The  valve  should  lap  the  port  now  :h 
in.  The  motion  of  the  valve,  due  to 
the  change  of  the  eccentric  from  greatest 
to  least  stroke,  should  therefore  be  ify 
in.  for  engines  up  to  18x24  in.  The 
larger  sizes  require  s':>-in.  lead  and  the 
valve  motion  must  be  ft  in.  If  this  mo- 
tion is  less,  as  it  seems  to  be  in  Mr. 
Gillmore's  engine,  the  governor  must  be 
turned  in  the  direction  of  rotation  until 
the  required  lead  and  lap  can  be  ob- 
tained. 

An  offset  key  will  be  necessary.  The 
head-end  admission  valve  must  also  be 
looked  over  while  the  crank  is  on  the 
head-end  center  The  valve  motion  will 
be  a  little  greater  on  this  end,  owing  to 
the  angularity  of  the  eccentric  rod,  and 
the  position  of  the  eccentric  pivot  pin. 
The  right-hand  diagram  shows  that 
steam  leaks  into  the  cylinder  after  cutoff. 
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The  valve  and  valve  seat  should  be  ex- 
amined and  fitted  to  a  bearing.  The 
compression  is  late  for  this  style  of  en- 
gine, especially  in  Ihe  left-hand  diagram, 
where  the   release  is  also  late. 

The  e-\haust  valves  should  close  for 
compression  when  the  crosshead  is  one- 
sixth  of  its  travel  from  the  end  of  the 
exhaust  stroke  and  open  for  release  when 
it  is  one-twelfth  from  the  end  of  the 
steam  stroke. 

M.  Werner. 

Chicago,  111. 


I  would  like  to  submit  the  following 
to  J.  D.  Gilmore,  who  showed  some  dia- 
grams in  the  Feb.  13  issue.  Both  dia- 
grams show  late  admission,  and  the  left- 
hand  one  shows  little  or  no  compression. 

As  the  remedy,  I  would  adjust  the 
steam  rods  so  as  to  give  the  valves  more 
lead  until  the  admission  line  is  vertical ; 
adjust  the  exhaust  rods  to  close  the 
exhaust  valve  earlier  in  the  case  of  the 
left-hand  diagram. 

J.    P.   COLTON. 

Ohio  City,   Ohio. 


Water  Gage  Illuminator 

Mr.  Lehman's  letter  under  the  above 
heading  in  the  Feb.  6  number  is  interest- 
ing. It  shows  that  he  has  put  some 
thought  into  the  matter.  But,  will  Mr. 
Lehman  tell  us  wJiat  he  is  going  to  do 
with  that  mirror  after  the  glass  lets  go? 

A  little  cleanliness  is  the  only  condi- 
tion I  ever  thought  necessary  for  the 
easy  reading  of  any  water  glass  that  I 
ever  saw. 

William  E.  Dixon. 

Maiden,  Mass. 


Christie  Air  Steam  Engine 

In  the  Jan.  30  issue,  Fred  Boone 
makes  several  mistakes.  He  says  that 
if  air  diffuses  from  the  engine  cylinder 
into  the  boiler,  the  diffusion  through  the 
inlet  valve  of  a  gas  engine  would  fill 
the  engine  room  with  dangerous  vapors. 
He  neglects  the  difference  in  pressure  of 
the  gases  in  the  two  cases.  The  steam- 
engine  cylinder  is  open  to  the  boiler 
when  the  air  is  under  from  75  to  150 
lb.  pressure  per  square  inch,  but  the 
gases  in  the  gas-engine  cylinder  are  at 
or  below  atmospheric  pressure  when  the 
inlet  is  open. 

Further,  the  air  diffusing  into  the  steam 
pipe  must  be  collected  there  or  returned 
to  the  engine  while  any  gases  escaping 
from  the  inlet  of  a  gas  engine  are  dif- 
fused through  the  atmosphere  and  are 
not  noticed.  The  magnitude  of  the  work 
of  diffusion  in  the  atmosphere  is  well 
shown  by  the  fact  that  the  atmosphere 
at  Pittsburg  contains  only  one  or  two 
parts  in  10,000  more  CO..  than  the  at- 
mosphere   in   the    Rocky    Mountains. 


Further  on  Mr.  Boone  says  that  the 
only  advantage  of  mixing  air  and  steam 
if.  the  lowering  of  the  saturation  point 
of  the  steam  and  thus  preventing  con- 
densation in  the  cylinder.  It  does  not 
lower  the  saturation  point  of  steam  to 
mix  air  with  it.  It  is  true  that  if  the 
steam  and  the  air  pressure  are  added 
together,  there  will  be  a  higher  total 
pressure  than  that  indicated  by  the  tem- 
perature of  the  steam,  but  the  steam  will 
begin  to  condense  as  soon  as  its  pres- 
sure rises  above  the  pressure  of  satu- 
rated steam  for  that  temperature,  regard- 
less of  whether  there  is  air  present  or 
not. 

If  air  were  pumped  into  the  boiler,  it 
would  prevent  condensation  in  the  steam 
pipes,  but  it  would  do  so  only  because 
the  steam  would  be  generated  at  a  higher 
temperature  and  pressure  than  that  at 
v;hich  it  is  used  and,  since  the  pressure 
would  drop  without  any  work  being  done, 
the  steam  would  become  superheated. 
The  same  effect  exactly  could  be  ob- 
tained by  throttling  the  steam  pressure 
down  as  it  leaves  the  boiler,  but  this 
would  be  an  expensive  way  of  superheat- 
ing. A  common  example  of  this  effect 
is  the  action  of  the  throttling  calorim- 
eter. 

The  promoters  of  the  Christie  engine 
do  not  appear  to  prove  that  the  air-steam 
is  exhausted  into  the  atmosphere  at  a 
pressure  below  the  atmospheric  pressure. 
They  do  prove  that  the  steam  is  ex- 
hausted into  the  atmosphere  at  a  pres- 
sure below  atmospheric  pressure  and  this 
is  true  in  a  technical  and  in  every  other 
sense. 

George  L.  Sullivan. 

Bozeman,    Mont. 


One-Man  Shifts 

An  editorial  in  a  lecent  issue  cites  the 
pathetic  case  of  the  engineer  of  the 
Pasadena  electric-light  plant  who  was 
slowly  ground  to  death  in  the  flywheel 
pit  of  an  engine,  just  because  the  munici- 
pality would  not  stand  the  extra  expense 
of  a  second  man  for  the  night  shift. 

A  somewhat  similar  accident  happened 
in  a  small  municipal  electric-light  plant 
near  Minster,  some  four  years  ago,  only 
the  engineer  was  not  killed.  To  the  best 
of  my  recollection,  the  plant  consisted 
of  five  horizontal  gas  engines,  varying 
in  capacity  from  35  to  75  hp.,  all  belted 
to  direct-current  generators  and  running 
on  natural  gas.  The  assistant  engineer 
came  on  duty  at  midnight,  which  was  the 
custom,  and  at  about  1  o'clock  a  small 
motor  which  was  on  a  shelf  on  the  wall 
about  10  ft.  above  the  floor  began  to 
spark.  The  engineer  mounted  a  step 
ladder  to  adjust  the  brushes  and  as  he 
did  so  the  stepladder  slipped  to  the  floo, 

The  engineer  fell  over  against  a  fly- 
wheel of  one  of  the  engines,  breaking 
an  arm  and  a  leg,  cracking  several  ribs 
and     receiving     internal     injuries     which 


rendered  him  helpless.  He  was  found  in 
this  condition  by  a  tramp  who  came  into 
the  plant  at  3  o'clock  to  seek  shelter 
from  the  cold.  The  tramp  immediately 
summoned  help  and  the  engineer  was 
taken  home,  where  he  lay  for  six  weeks 
before   he   was   able   to   get   about   again. 

As  the  gas  engines  in  this  plant  were 
nearly  automatic  in  operation,  the  plant 
was  kept  running  without  a  hitch  as  the 
load  was  light  and  regular  at  that  time 
of  the  night.  If  it  had  not  been  for 
the  timely  entrance  of  the  hobo  the  en- 
gineer would  have  died. 

Just  how  far  the  practice  of  one-man 
shifts  in  power  plants  should  be  car- 
ried, is  hard  to  decide.  Even  if  the  en- 
gineer should  decide  it,  there  are  still  the 
mianagers  and  owners  to  convince  of  the 
necessity  of  a  second  man  for  the  safety 
of  the  engineer  and  the  operation  of 
the  plant. 

M.    W.    Utz. 

Minster,   Ohio. 


What  Caused  the  Rod  to 
Wear 

As  to  Mr.  Kernick's  question,  in  the 
issue  of  Feb.  13,  the  answer  is  self-evi- 
dent. The  part  of  the  rod  remaining  in 
the  cylinder  is  exposed  to  a  mixture  of 
wet  steam  and  air;  it  may  be  due  to  the 
natural  leakage  from  the  throttle,  or 
perhaps  from  the  exhaust  pipe.  This 
causes  the  rod  to  rust  slightly,  and  when 
the  engine  makes  a  stroke  on  starting 
up,  this  rust  is  wiped  away  by  the  pack- 
ing in  the  stuffing-box. 

When  the  engine  is  shut  down  the 
next  day  a  fresh  surface  is  exposed  to 
the  oxidation  process  and,  in  the  course 
of  time,  it  will  become  uniformly  smaller 
than  that  portion  of  rod  not  exposed. 
This  might  be  prevented  by  swabbing 
the  rod  with  oil  before  shutting  down. 
Edward  H.  Lane. 

Kansas   City,   Mo. 


Clearing  a  Fouled   Feed  Line 

Frank  H.  Cordner's  letter  in  the  Jan. 
23  issue,  under  the  above  heading,  recall.' 
the    trouble    1    once    encountered. 

The  boilers  were  fed  by  a  pump 
equipped  with  extra-hard  rubber  dis- 
charge valves.  When  the  air  compressors 
were  shut  down,  from  6  to  7  a.m.  and 
12'  to  1  p.m.,  thus  depriving  the  feed- 
water  heater  of  exhaust  steam  and  al- 
lowing the  water  to  cool  the  valves,  would 
become  hard  and  break.  The  pieces  would 
be  pumped  into  the  feed  lines  and  clog 
them  up. 

^s  a  remedy,  a  thin  circular  plate  was 
dn.'^d   full   of  small  holes  and  inserted 

"   langed  joint  of  the  feed  line  next 

4      'e   pump.      A    more   convenient   ar- 

••.■£i=ment  would  be  a  flanged  tee,  with 

ti^^,    iranch    opening    capped,    and    the 

strai.per  located    in    the   flanged    joint   of 
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the  tee  at  the  discharge  end.  With  such 
an  arrangement  the  strainer  can  be  easily 
cleaned  after  removing  the  cap. 

Wilfred  E.  Bertrand. 
Philadelphia,  Penn. 


Home  Made  Water  Heater 

In  the  Feb.  13  issue,  John  Thorn  states 
that  I  must  have  considerable  trouble 
with  my  home-made  water  heater,  as 
described  in  Power  of  Dec.  26. 

The  heater  works  very  satisfactorily 
at  all  times,  and  has  been  in  use  for 
some  months  past  without  giving  any 
trouble  in  any  way.  He  says  that  he  is 
sure  that  nothing  but  steam  will  issue 
from  the  hot- water  outlets;  he  is  mis- 
taken as  we  have  hot  water  of  a  tem- 
perature of  about  210  deg.  F.  at  all 
times.  The  rumbling  noise  has  never 
happened  since  the  first  time  the  heater 
was  put  into  commission.  The  steam  on 
the  line  is  never  below  100  lb.  pressure 
and  it  is  reduced  to  45  lb.  at  the  tanks, 
if  the  steam  pressure  was  allowed  to 
vibrate  below  the  water  pressure  then 
trouble    would    no    doubt   happen. 

H.  L.  Russell. 

Keams  Canon.    'Vriz. 


boiler-room  doors  ire  left  open,  the  joints 
will  begin  leaking  ind  hissing  to  some 
extent.  After  closing  "he  doors  the  boiler 
room  warms  up  and  ti'e  joints  stop  leak- 
ing, though  if  a  practice  is  made  of  let- 
ting cold  air  strike  the  joints,  it  means 
making  new  ones. 

The  cold  air  strikes  the  pipe  and  causes 
it  to  contract,  thus  shortening  its  length. 
The  pull  comes  on  the  joints,  and  this 
to  a  great  extent  prevents  the  bolts  from 
contracting.  Contraction  and  expansion, 
often  repeated,  soon  start  a  leak  which 
would  not  happen  if  the  temperature  in 
the  boiler  room  remained  nearly  con- 
stant. 

L.   J.   Olliver. 

New   Bedford,   Mass. 


Wooden    Boxes    Cut  Shafting 

The  discussion  on  sand  for  hot  boxes 
recalls  an  experience  I  had  with  some 
bearings  in  a  steam  brick  dryer  which 
may  be  helpful  to  others. 

The  air  circulation  was  created  by  a 
series  of  butterfly  fans  driven  by  a  2-in. 
shaft  running  200  r.p.m.  in  boxes  made 
of  white  oak,  with  the  end  grain  to  the 
shaft. 

Some  time  after  the  dryer  had  been 
in  operation  I  had  occasion  to  examine 
these  boxes  and  found  that  the  oil  holes 
were  filled  with  something  which  re- 
sembled tarred  rope.  It  was  soon  as- 
certained that  the  wood  had  charred  and 
was  acting  as  an  infinite  number  of 
minute  cutting  tools.  The  shafting  at 
each  box  was  cut  almost  in  two,  the 
cuttings  resembling  fine  strands  of 
tarred  rope. 

I  renewed  the  shafting  and  put  in 
iron  boxes,  which  stopped  the  cutting 
trouble. 

John   T.   Chambers. 

Kennett   Square,    Penn. 


Does   Cold    Air  Cause  Leaky 
Pipe  Joints? 

I  do  not  quite  agree  with  Mr.  Normand 
in  his  letter  in  the  Feb.  13  issue,  al- 
though his  statement  that  the  joint  may 
be  leaky  and  the  hot,  dry  atmosphere 
absorbs  the  small  amount  of  escaping 
steam  sounds  all  right.  But  what  be- 
comes of  the  hissing  noise  caused  by 
the  escaping  steam;  does  the  hot,  dry 
atmosphere  eliminate  it  also? 

I  have  noticed  in  a  number  of  pjants 
that    during    the    winter   months,    if   the 


Where  new  holes  have  to  be  made,  the 
lacing  may  have  to  be  renewed  in  9  or 
12  months,  but  the  second  lacing  can  be 
sunk  below  the  face  of  the  belt;  then 
there  will  be  no  wear  on  the  wire  and 
it  should  last  until  the  belt  has  to  be 
taken  up. 

Belts  over  6  in.  w-ide  should  be  laced 
in  sections.  For  our  24-in.  belt  we  cut 
the  wire  the  same  length  as  for  four 
6-in.  belts;  this  method  makes  it  easier 
to  handle  the  wire. 

S.  F.  Rise. 

Lebanon,    Penn. 


An  Inexcusable  Loss 

Under  the  above  heading,  in  the  Feb. 
13  issue,  Roscoe  S.  Helvie  gives  some 
figures  showing  the  loss  incurred  by 
unnecessarily  increasing  the  clearance  of 
steam  engines  by  using  elbows,  long 
nipples,  etc.,  between  the  cylinder  and 
the  cylinder  cocks. 

After  the  engine  has  taken  up  its  load 
it  would  seem  to  me  that  the  cylinder 
cocks,  or  drain  valves,  could  be  closed, 
and  that  the  nipples  and  elbows  would 
in  a  few  seconds  become  filled  with  the 
water  of  condensation  and  stay  filled, 
until  the  engine  was  stopped,  and  the 
cylinder  cocks  again  opened.  In  this 
case  the  clearance  would  not  be  much 
affected. 

B.  Copping. 

Oliver    Springs,    Tenn. 


Joining   Leather    Belting 

My  experience  has  been  that  wire  lac- 
ing is  the  most  satisfactory.  The  ideal 
belt  is  the  endless  belt,  when  there  is 
some  v/ay  to  take  up  the  stretch,  but 
this  is  seldom  the  case  except  with  elec- 
trical   machinery. 

But  any  old  kind  of  wire  will  not  give 
good  results;  it  must  be  suitable  for 
Iscing.  (The  kind  we  use  is  not  ad- 
vertised in  PowERj  but  it  should  be.) 
There  are  four  sizes  of  wire  which  may 
be  used  to  mark  off  the  holes  for  2-in. 
belts  or  over,  start  '4  in.  from  the  side 
r.nd  Dunch  a  hole  every  Y^  in.  The  holes 
should  not  be  much  further  back  from 
the  ends  of  the  belt  than  its  thickness, 
or  a  long  joint  will  result  which  should 
be  used  only  in  endless  belts.  The  punch 
should  not  exceed  tw'ce  the  diameter  of 
the  wire  used. 

A  good  rule  for  finding  the  length  of 
the  wire  is  to  multiply  the  width  of  the 
belt  by  7  for  single  belts,  and  by  9  for 
double  belts.  We  have  belts  laced  this 
v/ay  which  are  from  1  to  24  in.  wide 
and  run  on  pulleys  with  diameters  of 
from  3  in.  to  24  ft.  Our  main  engine 
belt  is  24  in.  wide  for  a  24-ft.  flywheel 
making  80  r.p.m. 


The  British  Thermal  Unit 

Referring  to  the  editorial  on  "The 
British  Thermal  Unit,"  in  the  issue  of 
Feb.  27,  it  is  to  be  regretted  that  Presi- 
dent Bolton,  of  the  American  Society  of 
Heating  and  Ventilating  Engineers,  did 
not  have  at  hand  the  most  recent  books 
in  which  the  heat  unit  is  defined.  If  he 
had,  he  would  have  found  that  the  old 
definitions  in  which  the  temperature  of 
the  water  is  32  deg.  or  about  39  deg. 
are  no  longer  used  by  good  authorities, 
and  that  there  is  a  general  acceptance  of 
the  unit  used  by  Marks  and  Davis  in 
their  "Steam  Tables";  viz.,  the  average 
heat  per  degree  rise  of  temperature  be- 
tween 32  deg.  and  212  deg.,  or  Vi,,,  of 
the  heat  required  to  raise  1  lb.  of  water 
from  32  deg.  to  212  deg.  The  reasons 
for  the  adoption  of  this  "mean  B.t.u." 
are  given  in  the  introduction  to  Marks 
and  Davis'  "Steam  Tables  and  Dia- 
grams," page  6,  and  they  appear  to  be 
conclusive. 

William  Kent. 

Montclair,  N.  J. 


Indicator  Cords   Responsible 
for  Diagrams 

It  is  .entirely  possible,  and  very  like- 
ly, that  the  peculiarities  regarding  *he 
length  of  the- diagram  described  by  R.  A. 
Cultra  in  the  Feb.  27  issue  were  caused 
by  the  stretch  of  the  indicator  cord. 
This  stretch  was  probably  due  to  the  use 
of  guide  pulleys  (two  of  which  were 
used)  and  not  to  the  tension  of  the  ad- 
ditional spring  used  for  convenience  in 
handling   the   cord. 

The  head-end  diagram  taken  from  an 
18x42  Corliss  engine  was  ^  in.  shorter 
than  the  other.  Separate  indicators  op- 
erated from  the  same  pantograph  were 
used.  Presumably,  the  cord  leading  to 
the  head-end  indicator  was  between  8 
and    10   ft.   long. 

The  frictional  resistance  caused  by 
gi;ide  pulleys  greatly  increases  cord 
stress,  as  may  be  shown  by  a  simple 
experiment.  Fasten  a  spring  balance  to 
a  cord  running  straight  from  an  indi- 
cator drum  and  draw  the  drum  out  by 
hand  until  it  occupies  the  position  as- 
sumed at  the  crank  end  of  the  engine 
stroke.     In  this  position   note  the   force 
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indicated  by  the  spring  balance.  Now, 
pass  the  cord  over  the  guide  pulley  at- 
tached to  the  indicator  so  as  to  take  a 
half  turn  around  it  and  repeat  the  pro- 
cedure. It  will  be  found  that  the  force 
necessary  to  pull  out  the  drum  will  be 
between  25  and  50  per  cent,  greater  than 
in  the  first  case.  If  the  drum  is  now 
allowed  to  return  to  its  head-end  posi- 
tion, the  force  indicated  will  be  less  by 
this  same  percentage  (just  before  the 
stroke  is  reversed)  than  when  the  cord 
runs   straight. 

Normal  values  of  the  extreme  forces 
on  the  cord  under  the  conditions  cited, 
if  no  pulleys  are  used,  are  1  lb.  at  the 
head  and  2  lb.  at  the  crank  end.  Then 
the  effect  of  guide  pulleys  may  be  to 
make  these  'i  lb.  and  3  lb.  Thus  there 
is  lost  motion  at  both  ends  of  the  drum 
stroke  corresponding  to  the  stretch  in- 
duced by  2K'  lb.  instead  of  1  lb. 

Regular  grades  of  indicator  cord  will 
stretch  anywhere  between  0.01  and  0.04 
in.  per  foot  for  each  pound.  A  10-ft. 
cord  stretching  0.02  in.  per  pound  per 
foot  (a  very  good  quality)  would  have 
the  effect  noted  by  Mr.  Cultra  since  its 
total  stretch  for   1>^   lb.  would  be 

0.02  in.   X    10  ff.   X    1.5  =  0.30  in. 

An  indicator  diagram  shortened  in  this 
way  will  be  very  materially  in  error  at 
all  parts  where  the  lines  are  not  hori- 
zontal. 

Of  course,  in  the  case  cited,  the  short- 
ening may  have  been  due  to  something 
else,  such  as  slanting  cord  or  unequal 
drum  diameters,  but  it  is  more  iikely 
due  to  the  stretch  of  the  cord. 

There  is  a  good  deal  of  misconcep- 
lion  aboiit  the  stretch  of  an  indicator 
cord.  It  is  an  elastic  material  and,  like 
all  such,  will  not  stay  stretched  after 
being  stressed,  but  will  quickly  resume 
its  original  length. 

Julian    C.   Smallwood. 

Syracuse,  N.  Y. 


In  the  Feb.  27  issue,  R.  A.  Cultra  asks 
whether  the  discrepancy  in  length  of  cer- 
tain diagrams  might  not  be  due  to  the 
stretch  of  the  indicator  cord.  No  mat- 
ter how  old  a  cord  may  be,  or  how  often 
il  may  have  been  used,  it  will  stretch 
when  it  is  subjected  to  tension.  In  proof 
of  this,  take  a  cord,  new  or  old,  and 
stretch  it  by  suspending  a  pound  weight; 
then  after  making  two  ink  spots  on  the 
cord,  3  or  4  ft.  apart,,  add  about  10  lb. 
more  weight. 

By  carefully  tramming  the  distance 
between  the  spots  in  each  case,  the  de- 
gree of  stretch  may  be  ascertained.  The 
respective  amounts  of  pull  of  the  drum 
springs  are  readily  ascertained  either  by 
weights  or  by  spring  balance,  and  the 
tensions  in  use  can  be  very  closely  ap- 
proximated and  the  relative  stretch  meas- 
ured. If  the  indicators  have  paper  drums 
and  drum  pulleys  of  the  same  size,  then 
Mr.  Cultra  may  look  for  the  same  dis- 
crepancy in  the  length  of  the  diagrams. 


the  cord  which  stretches  the  more  yield- 
ing the  shorter  diagram.  Such  measure- 
ment of  stretch  should,  of  course,  include 
the  tension  due  to  the  spring  which  he 
states  was  employed  for  taking  up  the 
cord    from   the   pantograph. 

Interposition  of  guide  pulleys  has  the 
effect  of  "bunching  up"  and  making  the 
stretch  act  irregularly,  and  it  is  one  of 
the  commonest  causes  for  consecutive 
diagrams  showing  apparent  variation  in 
valve  action.  This  may  be  the  reason 
for  the  discrepancy  in  compression  in 
the  diagrams  illustrated,  by  concentrat- 
ing the  effect  of  stretch  in  different  parts 
of  the  respective  diagrams.  With  dia- 
grams taken  properly  in  other  respects, 
it  is  hardly  likely  that  this  discrepancy 
would  exist  with  any  good  form  of  re- 
ducing motion,  though  there  is  no  tell- 
ing what  might  happen  by  employment 
of  a  pantograph  motion,  especially  if 
the  indicator  cord  was  fastened,  as  in 
the  case  of  the  head-end  indicator,  to 
one  end  of  a  spring  which  was  attached 
to  the  cord  leading  from  the  pantograph. 

After  very  little  use,  the  joints  of  a 
pantograph  become  worm  and  loose  and 
are  liable  to  produce  crazy  and  ununi- 
form  diagrams,  no  matter  how  skillfully 
the  reducing  motion  may  be  connected  up 
and  used.  An  additional  source  of  error 
and  uncertainty  would  arise  from  mak- 
ing the  indicator  cord  fast  to  the  cord 
from  the  pantograph  or  to  the  end  of 
that  cord,  with  the  latter  secured  to  a 
.spring  having  one  end  fast  to  the  floor, 
as  described  by  Mr.  Cultra.  No  matter 
how  light  this  spring  might  be,  it  would 
set  up  some  degree  of  wobbling  motion 
tending  to  produce  a  shorter  and  imper- 
fect diagram. 

Though  both  indicators  may  take  their 
motion  from  the  same  pin  on  the  pan- 
tograph reducing  motion,  Mr.  Cultra  may 
expect  to  obtain  shorter  diagrams  from 
the  indicator  connected  to  the  head  end 
of  the  cylinder,  not  only  because  it  in- 
volves the  use  of  more  total  length  of 
cord,  but  also  because  of  the  lost  motion 
arising  from  the  wobble  of  the  pantograph 
cord  at  the  point  where  the  indicator 
cord  and  pantograph  cord  are  attached 
to  the  spring  which  is  secured  to  the 
floor.  I  would  suggest,  however,  that  be- 
fore attempting  any  refinement  in  an- 
alysis of  the  diagrams,  he  obtain  dia- 
grams with  a  better  form  of  reducing 
motion  than  the  pantograph.  The  best 
forms  of  reducing  motions  are  none  too 
good. 

Franklin  Van  Winkle. 

Paterson,   N.   J. 


Shooting  Out  Keys 

I  read  with  interest  Mr.  Tomlinson's 
article  "Shooting  Out  Keys,"  in  the  Feb. 
27  number. 

Here  in  the  soft-coal  region,  where 
the  services  of  experienced  shotfirers  are 
obtainable,   a   somewhat   simpler  method 


is  used.  A  small  piece  of  dynamite  is 
laid  against  the  end  of  the  key  to  be 
moved,  and  in  the  keyway.  It  should 
not,  of  course,  project  into  the  hub,  in 
case  the  key  does  not  come  clear  through, 
unless  the  hub  is  to  be  split.  Sometimes 
clay  is  laid  on  the  dynamite. 

Inexperienced  men  should  begin  op- 
erations with  an  exceedingly  small 
charge,  gradually  increasing  it  until  the 
results  desired  are  produced.  What  a 
piece  as  long  as  one's  thumb  will  do  is 
surprising  to  the  uninitiated.  Dynamite 
is,  of  course,  only  used  as  a  last  resort 
when  mechanical  means  fail,  as  they 
sometimes  do  on  a  "hurry-up"  repair 
job. 

F.    D.    BUFFUM. 

Ellsworth,   Penn. 


Automatic  Pump  Regulator 

The  automatic  pump  regulator  de- 
scribed by  Mr.  Lehman  in  the  Mar.  5 
issue  is  rather  unusual  and,  while  it  no 
doubt  works,  it  appears  to  be  a  sort  of 
"m,erry-go-round"  affair. 

Suppose  the  tank  to  be  full  of  water 
and  none  is  being  drawn  out.  With  the 
ordinary  pump  regulator  the  pump  does 
not  run  as  long  as  the  tank  remains  in 
ihis  condition.  If  the  tank  is  controlled 
by  Mr.  Lehman's  pump  regulator,  as 
soon  as  the  overflow  has  stopped,  the 
water  drains  out  of  the  pail  and  the 
weight  on  the  valve  lever  over-balances 
the  weight  of  the  pail  and  opens  the 
valve  and  starts  the  pump.  Water  is 
pumped  into  the  tank  on  the  roof  and 
as  the  tank  is  full  it  runs  out  of  the 
overflow  into  the  pail,  causing  the  valve 
to  shut  and  stopping  the  pump.  As 
soon  as  the  overflow  is  drained  out  the 
pump  will  start  up  again  and  the  above 
cycle  will  be  repeated. 

As  long  as  there  is  a  supply  of  steam 
to  the  pump  this  operation  will  keep  on 
indefinitely  and  in  a  short  time  enough 
steam  would  be  wasted  to  pay  for  the 
cost  of  any  one  of  the  many  types  of 
automatic  pump  regulators  on  the  market. 
W    L.    Durand. 

Brooklyn,  N.  Y. 


Knocking  in  Air  Compressor 

In  the  issue  of  Mar.  5,  page  341,  C.  R. 
M'cGahey  says:  "Mr.  Richards  is  mis- 
taken when  he  says  that  a  machine  can 
be  run  with  much  variation  in  the  length 
of  the  side  rods." 

I  have  not  made  any  such  statement. 
In  the  "straight-line"  compressor  under 
discussion,  with  the  crosshead  shown  in 
the  former  sketch,  a  swiveled  crosshead 
with  a  long  reach  between  the  side  rods, 
slight  differences  in  the  lengths  of  the 
rods,  including  the  I's  in.  mentioned, 
would  'make  no  difference  in  the  run- 
ning. The  crosshead  sketched  in  the 
issue  of  Mar.  5  is  a  different  and  stiffer 
affair  than  that  previously  shown  and  is 
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not    an    appropriate    illustration    of    the 
point  under  discussion. 

It  seems  to  me  unnecessary  to  dis- 
cuss the  knockings  which  result  in  com- 
pressors or  engines  from  slack  or  lost 
motion  in  rods  or  bearings. 

Frank    Richards. 

New  York   Cifv. 


Supplementan-  Exhaust  Valves 

In  the  issue  of  Feb.  20,  Mr.  Bonn  tried 
to  explain  the  extra  exhaust  valves  I  put 
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dropped  to  106  r.p.iii.  To  find  the  engine 
trouble  I  bought  an  indicator  outfit  for 
the  money  I  received  for  selling  an  old 
boiler  which  my  employer  gave  me.  I 
could  not  detect  any  leaks  after  testing 
the  piston  and  valves.  The  exhaust  pipe 
was  clear.  I  then  measured  the  ex- 
haust ports;  they  were  12  in.  long  and 
\'/4  in.  wide,  and  they  seemed  rather 
small. 

More  power  was  wanted  in  the  fac- 
tory, so  I  sent  some  diagrams  and  the 
area   of  the   steam   ports   to   the  engine 


.^\W\^\\W^\\\^^^^^^.^^^^^!^\^^\^^ 


Fig.  1.  Design  and  Arrangement  of    Auxiliary  Valves 


on  an  18x28-in.  engine.  He  would  have 
a  very  poorly  running  engine  (if  it  would 
run  at  all »  if  he  put  them  on  as  his  draw- 
ing shows. 

The  pistons  are  far  too  short  to  cover 
the  exhaust  ports  while  the  steam  acts 
on  the  main  piston;  furthermore,  he  has 
the  valves  too  high  for  economical  op- 
eration.     He  states  that  the  engine  has 


company.  It  would  not  do  anything  to 
the  engine;  it  blamed  the  piston  and 
valves  for  the  back  pressure.  I  sug- 
gested some  extra  exhaust  valves,  but 
the  company  would  not  take  the  re- 
sponsibility. 


Fic.  2.  Manner  of  Conneciing  Extra 
Exhaust  Valves  to  Valve  Gear 
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Fig.   3.   Diagraais  Taken   before   and 
after  Valves  Were  Put  On 


seen  12  years  in  service;  the  fact  of  the  Then  I  went  ahead  on  my  own  re- 
natter  is  it  was  built  35  years  ago.  sponsibility.  I  made  a  drawing  ai^l  had 
The  engine  runs  at  110  r.p.m.  and  some  castings  made  by  a  local  machine 
should  be  able  to  deliver  150  hp.  with  shop  and  put  the  extra  valves  on  top 
)0-lb.  gage  steam  pressure.  Whenever  of  the  cylinder,  as  shown  in  Figs  I  and  2 
he  load  mcreased  to  100  hp.  the  speed  The  diameter  of  the  valve  pistons  is  3 
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in.;  the  slots  in  the  cylinder  are  5x1'.: 
in.  These  valves  should  have  been  larger, 
but  I  would  not  risk  the  chance  of  weak- 
ening the  cylinder. 

The  diagrams  in  Fig.  3  indicate  the 
conditions  in  the  cylinder  before  and 
after  the  change  was  made.  The  back 
pressure  shown  by  the  lower  set  of  dia- 
grams is  4'A  lb.  There  are  over  4000 
ft.  of  pipe  on  the  exhaust  line  in  the 
winter,  during  which  season  these  dia- 
grams were  taken. 

Fig.  2  shows  how  the  valves  are  con- 
trolled from  the  regular  eccentric.  The 
engine  is  running  now  at  110  r.p.m.,  re- 
gardless of  the  load,  and  I  have  reduced 
the  grate  area  4  sq.ft.  The  machines 
throughout  the  factory  are  running  uni- 
formly and  everybody,  including  myself, 
is  pleased. 

Wendelin    Senge. 

South  Bound  Brook,  N.  J. 


See  the   Hump 

Phil  Lighte  asks  for  an  explanation  of 
the  "humps"  in  a  pair  of  diagrams  re- 
produced in  the  issue  of  Mar.  5. 

It  is  evident  that  these  humps  are  not 
true  representations  of  a  change  in  pres- 
sure inside  the  engine  cylinder  and  I 
believe  that  they  are  due  to  lost  motion 
in  the  indicator.  The  only  part  of  the 
instrument  influenced  by  the  change  of 
excess  pressure  from  the  bottom  to  the 
.  top  of  the  indicator  piston  is  the  spring, 
which,  from  having  been  under  compres- 
sion, comes  under  tension.  The  pencil, 
levers  and  piston  simply  register  the 
humps,  the  lost  motion  being  on  either 
or  both  ends  of  the  spring.  Perhaps  it 
may  not  be  screwed  up  tight. 

Although  the  humps  cannot  be  shown 
up  plainly  in  the  compression  lines,  on 
account  of  these  lines  being  almost  ver- 
tical where  they  pass  t^e  atmospheric 
line,  the  humps  manifest  themselvea 
there  to  the  same  amount. 

The  result  of  this  lost  motion  is  that 
the  part  of  the  diagram  above  the  at- 
mospheric line  is  raised  the  amount 
which  the  continuation  of  one  part  of  the 
expansion  line  is  above  the  remaining 
part.  The  mean  effective  pressure  shown 
will  be  too  high. 

That  four  of  the  diagrams  taken 
showed  the  humps  and  the  other  not, 
points  to  the  tightening  up  of  the  screw 
and  spring  without  the  knowledge  of  the 
operator.  This  may  possibly  have  resulted 
from  the  swinging  of  the  pencil  arm 
back  and  forth  toward  the  drum,  while 
taking  the  diagrams,  which  sometimes 
drags  along  the  cap.  to  which  the  top 
pan  of  the  spring  is  fastened.  This 
will  increase  or  reduce  the  lost  motion 
in  a  loose  spring,  according  to  the  direc- 
tion in  which  the  cap  turns. 

RuLOF  Klein. 
New   Y'ork   City. 
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Questions  are  not  answered  unless  accompanied  by  the  name  and 
address  of  the  inquirer.     This  page  is  for  you  when  stuck — use  it 


Watts   Req.iiired  for  a    Car   to 
Ascend  a  Grade 

If  a  trolley  car  weighs  8  tons,  the 
passengers  2  tons,  and  the  efficiency  of 
the  motors  is  75  per  cent.,  how  many 
watts  are  supplied  to  the  motors  when 
the  car  is  propelled  up  a  7  per  cent, 
grade  at  a  speed  of  12  miles  an  hour? 
G.  O. 
The  total  weight  of  the  car  and  its 
load  is 

8  +   2  =    10  tons 
and  the  distance  traveled  per  minute  is 
12  X  5-"8o 


6o 


=  1056  //. 


A  7  per  cent,  grade  means  a  vertical 
rise  of  7  ft.  in  every  hundred  traveled; 
therefore  the  vertical  rise  in  feet  per 
minute  would  be 

1056  X  0.07  =  73.92 
The  foot-pounds  of  work  done  per  min- 
ute by  the  motors  would  be 

20,000  X  73.92  =   1,478,400 
and   as    I    hp.   equals   33,000   ft. -lb.   per 
minute,  the  horsepower  developed  by  the 
motors  would  be 

1,478,40°^        8 
33,000 

The  watts  output  of  the  motors  would  be 

44.8    X    746   =   33,420.8 
As    the    efficiency    of    the   motors    is   75 
per  cent,  their  intake  would  be 
33.420^ 


0-75 


■  =  44,561  -walh 


Assuming  the  tractive  force  to  be  25  lb. 
per  ton,  the  foot-pounds  of  work  done 
per  minute  by  the  motors  if  running  on 
the  level  road  would  be 

1056    X    250   :=   264,000 
and  the  watts  delivered 
264,000  X  746 

^^ =  7QS7 

33,ooo  X  0.75 
The  total  power  required  for  the  car  to 
ascend    the    grade    would    be,   therefore, 

44,561    +   7957  =  52,518  watts 
or  52.52  kw. 


Specific  Gravity 

How  is  the  specific  gravity  of  a  solid 
determined? 

C.  L.  A. 

The  specific  gravity  of  a  substance  is 
its  weight  compared  with  an  equal  bulk 
of  pure  water.  A  solid  immersed  in  a 
fluid   will   displace   exactly   its  own   vol- 


ume, and  the  loss  of  weight  of  a  body 
equals  the  weight  of  the  fluid  which  it 
displaces.  For  example,  a  solid  weighed 
in  air  was  60  oz.  when  suspended  from 
the  scale  beam  and  when  weighed  in  a 
vessel  of  water  it  was  only  50  oz.  There- 
fore, the  weight  of  an  equal  bulk  of  water 
was 

60  —  50  =  10  02. 


and  the  solid  would  be 
heavier  than  water. 


60 


=  6  times 


Changing  Direction  of  Rotation 
of  Engine  with  Shaft  Govejvior 

How  can  the  direction  of  rotation  of 
an  engine  with  a  shaft  governor  be 
changed? 

w.  c.  c. 

Change  the  position  of  the  eccentric 
and  all  the  governor  parts.  The  pivoted 
ends  of  the  levers  should  always  lead 
and  the  weights  follow.  Engine  manufac- 
ti;rers  usually  have  extra  bosses  cast  on 
the  proper  flywheel  arm,  and  sometimes 
drilled  to  facilitate  such  a  change  when 
desired. 


Steatn  per  Horsepower  per  Ho?tr 

What  is  the  rule  to  find  the  steam  con- . 
sumption  per  horsepower  per  hour? 
B.  E.  D. 

The  only  way  to  find  out  how  much 
steam  an  engine  is  using  per  horsepower 
per  hour  is  to  measure  both  the  power 
and  the  steam.  The  power  can  be  meas- 
ured with  a  prony  brake  or  an  indicator, 
and  the  steam  by  measuring  or  weighing 
the  feed  water  if  the  boiler  supplies 
nothing  but  the  engine.  The  amount  of 
steam  can  also  be  found  by  condensing 
and  weighing  it  as  it  leaves  the  engine. 


Starting    Up   a   Condensing 
Engine 

When  starting  up  a  condensing  engine 
with  a  jet  condenser,  should  the  in- 
jection valve  be  opened  before  or  after 
starting  the  engine? 

M.  V.  L. 

The  injection  valve  should  be  opened 
after  the  engine  has  been  warmed  up, 
and  the  engine  should  be  started  im- 
mediately after  the  valve  has  been 
opened.  When  shutting  down,  close  the 
throttle  first,  and  when  the  speed  of 
the  engine  has  been  materially  reduced, 
close  the  injection  valve. 


Thickness  of  Cylinder  Walls 

What  is  the  rule  for  the  thickness  of 
the   cylinder   walls   of  an   engine? 

F.    W.    K. 

Multiply  the  initial  pressure  in  the 
cylinder  by  the  cylinder  diameter,  divide 
the  result  by  4000,  and  add  0.06  to  the 
quotient.  Example:  Initial  pressure  =: 
95  lb.  Cylinder  diameter  =   20  in. 

95  X  20  ,       , 

Y  0.6  =:  1.07s  »»• 

4000       .  ' 

for  the  wall  thickness. 


Three-phase    Motor    on  a    Two- 
phase  Circuit 

Will  a  three-phase  motor  run  on  a 
two-phase  circuit? 

D.  E.  W. 

Yes;  but  not  satisfactorily,  because  the 
rotating  magnetic  field  would  be  unsym- 
metrical  and  one  of  the  phases  would 
be  nonoperative.  The  motor  would  have 
less  than  two-thirds  of  the  capacity  that 
it  would  have  on  a  three-phase  circuit. 
If  delta-wound,  one  of  the  legs  of  the 
winding  would  have  to  be  disconnected 
from  the  others. 


Liquid  Air 
Can  liquid  air  be  frozen? 


J.  S. 


No.  Prof.  Dewar  found  when  the  tem- 
perature of  liquid  air  was  reduced  to 
—  346  deg.  F.  it  became  apparently  solid 
or  frozen.  But  when  the  solid  mass  was 
placed  in  a  strong  magnetic  field,  the 
oxygen  was  drawn  out  toward  the  poles 
of  the  magnet  in  a  liquid  form,  show- 
ing that  nitrogen  may  be  frozen  at  — 346 
deg.  F.  The  temperature  at  which  liquid 
oxygen  freezes  has  not  yet  been  deter- 
mined. 


Compressi?ig  Oxygen 

Can  oxygen  be  compressed  in  an  or- 
dinary air  compressor  to  a  pressure  of 
1500  lb.? 

P.  G. 

An  ordinary  air  compressor  will  not 
do  because  the  oxygen  attacks  the  cast 
iron,  and  noncorrosive  metal  must  be 
used.  Also  oxygen  may  form  a  dangerous 
explosive  mixture  with  lubricants.  Spe- 
cial machines  are  built  which  will  suc- 
cessfully compress  oxygen  to  4000  lb. 
per   square    inch. 
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Uniform    Boiler    Specifications 


Since  its  first  convention  in  1889,  the 
American  Boiler  Manufacturers'  Associa- 
tion has  striven  for  uniform  boiler  speci- 
fications. The  first  move  was  directed 
chiefly  toward  the  material  used,  and  it 
was  largely  through  the  efforts  of  this 
association  that  steel  was  substituted  for 
iron  in  boiler  construction  at  that 
time. 

Later  the  association  directed  its  at- 
tention toward  construction  and  work- 
manship. A  committee  met  at  Atlantic 
City  in  the  summer  of  1898  and  for- 
mulated rules  covering  in  a  practical  and 
general  manner  all  the  important  details 
of  material  and  workmanship  in  boiler 
construction.  These  rules  were  officially 
adopted  at  the  annual  convention  of  the 
association  at  St.  Louis  in  the  fall  of  that 
year. 

Subsequently,  the  association  tried  to 
have  the  use  of  these  rules  made  im- 
perative^  in  a  number  of  states,  but  in 
every  case  legislative  action  proved  futile, 
and  it  was  then  decided  that  more  could 
be  gained  by  instituting  an  educational 
campaign,  with  the  hope  that  legislative 
action  would  follow. 

Two  of  the  states,  Massachusetts  and 
Ohio,  have  already  adopted  laws  along 
the  lines  laid  down,  and  at  the  1909 
session  of  the  American  Boiler  Manufac- 
turers' Association  a  general  indorsement 
of  the  Massachusetts  rules  was  passed, 
subject  to  such  improvements  and  amend- 
ments as  the  association  deemed  nec- 
essary. 

At  the  convention  in  Boston  last  year 
a  request  was  made  of  those  members 
living  in  Massachusetts  to  make  sugges- 
tions for  such  modifications  as  their  ex- 
perience would  seem  to  warrant.  A  com- 
mittee was  appointed  and  after  careful 
consideration  it  made  a  number  of  recom- 
mendations for  changes  in  the  present 
Massachusetts  boiler  rules. 

It  was  recommended  that  part  2,  sec- 
tion 1,  be  changed  so  as  to  make  the 
allowable  pressure,  15  lb.  instead  of  25 
lb.  per  square  inch,  on  a  boiler  con- 
structed wholly  of  cast  iron,  such  boil- 
ers to  be  used  only  for  heating  purposes; 
that  heating  boilers  built  entirely  of 
steel  have  a  pressure  not  e.xceeding  25 
lb.   per  square   inch. 

Paragraph  7,  section  1,  of  the  Massa- 
chusetts rules  states  that  the  lowest  fac- 
tors of  safety  used  for  boilers  the  shells 
or  drums  of  which  are  exposed  to  the 
products  of  combustion  and  the  longi- 
tudinal joints  of  which  are  of  lap-riveted 
construction,  shall  be,  for  boilers  not 
over  10  years  old,  5;  over  10  and  not 
over  15  years  old,  5.5;  over  15  and  not 
over  20  years  old,  5.75;  6  for  boilers 
over  20  years  old;  and  5  for  boilers  the 
longitudinal  joints  of  which  are  of  lap- 
riveted    construction    and    the    shells    or 


Recommendations  by  the 
committee  on  uniform  boiler 
specifications  of  the  American 
Boiler  Manufacturers'  Associa- 
tion, for  changes  in  the  Massa- 
chusetts boiler  laws. 


drums  of  which  are  not  exposed  to  the 
products  of  combustion. 

The  committee  objects  to  this  and 
recommends  that  it  be  changed,  holding 
that  the  factor  of  safety  should  be  based 
upon  the  actual  physical  condition  of  the 
boiler  at  the  time  of  inspection  rather 
than  upon  its  age. 

It  also  disagrees  with  the  general  pro- 
hibition of  cast-iron  seats  for  safety 
valves,  as  stated  in  section  8,  holding  that 
the  universal  satisfactory  experience  on 
the  navigable  waters  of  the  Mississippi 
valley,  with  lever  type  safety  valves 
having  cast-iron  seats  precludes  this  dis- 
crimination. 

Paragraph  9  now  states  that  safety 
valves  hereafter  installed  on  boilers  shall 
not  exceed  5  in.  in  diameter  and  shall  be 
of  the  direct  spring-loaded  type  with  the 
seat  and  bearing  surface  of  the  disk  in- 
clined at  an  angle  of  about  45  deg.  to 
the  center  line  of  the  spindle;  and  de- 
signed with  a  substantial  lifting  device 
so  that  the  disk  can  be  lifted  from  its 
seat  with  the  spindle,  not  less  than  one- 
eighth  the  diameter  of  the  valve,  when 
the  pressure  on  the  boiler  is  75  per  cent, 
of  that  at  which  the  safety  valve  is  set 
to   blow. 

The  committee  disagreed  with  this  on 
the  ground  that  the  experience  of  repu- 
table manufacturers  of  standard  pop 
safety  valves  shows  the  flat  seat  to  be 
equally  safe  and  effective. 

Regarding  paragraph  11,  it  claims  that 
the  maximum  diameter  of  the  fusible 
metal  of  safety  plugs  should  not  exceed 
~'4  in.,  whereas  the  law  now  states  that 
the  least  diameter  of  fusible  metal  shall 
not  be  less  than  Yj  in.,  except  for  work- 
ing pressures  over  175  lb.,  or  when  it  is 
necessary  to  place  a  fusible  plug  in  a 
tube,  in  which  case  the  least  diameter 
of  fusible  metal  shall  not  be  less  than 
■'-^   in. 

Section  6,  paragraphs  1  to  3,  of  the 
present  Massachusetts  rules,  relating  to 
the  hydrostatic  pressure  test,  states  that 
when  a  boiler  is  tested,  the  maximum 
pressure  applied  shall  not  exceed  {]/> 
times  the  maximum  allowable  working 
pressure,  except  that  twice  the  maximum 
allowable  working  pressure  may  be  ap- 
plied on  boilers  permitted  to  carry  not 
over  25  lb.  pressure  per  square  inch  or 


on  pipe  boilers.  Furthermore,  when  mak- 
ing annual  inspections  on  boilers  co.i- 
structed  wholly  of  cast  iron  or  on  pipe 
boilers  a  hydrostatic  pressure  test  of 
not  less  than  15^  times  and  not  more 
than  twice  the  maximum  allowable  work- 
ing pressure  shall  be  applied;  also,  the 
boiler  inspector,  after  applying  the  hydro- 
static pressure  test,  shall  thoroughly  ex- 
amine every  accessible  part  of  the  boiler, 
both  internal  and  external. 

The  committee  recommends  that  this 
be  changed  to  conform  to  the  American 
boiler  specifications,  section  30,  which 
prescribes  that  the  hydrostatic  test  be 
made  on  completed  boilers  built  strictly 
according  to  these  specifications,  is  never 
to  exceed  the  working  pressure  by  more 
than  one-third  of  itself,  and  this  excess 
shall  be  limited  to  100  lb.  per  square 
inch;  the  water  used  for  testing  to  have 
a  temperature  of  at  least  125  deg.  F. 

In  place  of  paragraphs  1  to  3,  section 
1,  part  3,  of  the  Massachusetts  rules, 
covering  the  chemical  and  physical  prop- 
erties of  metal  to  be  used,  it  is  recom- 
mended that  paragraphs  1  to  3  of  the 
Uniform  American  Boiler  Specifications 
be  substituted;  these  are  as  follows: 

1.  CAST  IRON — Should  be  ot  soft,  gray 
texture  and  high  degi-ee  ot  ductility.  To 
be  used  only  for  hand-hole  plates,  crabs, 
yokes,  etc.,  and  manheads.  It  is  a  dan- 
gerous metal  to  be  used  in  mud  drums, 
legs,  necks,  headers,  manhole  rings  or 
any  part  o(  a  boiler  subject  to  tensile 
strains;  its  use  is  prohibited  for  such 
parts. 

2.  STEEL — Homogeneous  steel  made 
by  the  openhearth  or  crucible  processes, 
and  having  the  following  qualities,  is  to 
be  used  in  all  boilers: 

Tensile  strength, 
pounds 
Flange  or  boiler  steel.  .  .55.000    to   65.000 

"When  it  is  stipulated  that  the  plates 
are  to  be  flanged,  the  physical  proper- 
ties shall  be  the  same  as  required  for 
firebox  steel." 

Tensile  strength 
pounds 

Firebox    steel 52,000   to   62,000 

Extra    soft    steel 45,000   to   55,000 

Elongation 
in  S  in., 
per  cent. 

Flange  or  boiler  steel 25 

Firebox   steel    26 

Extra   soft   steel 2S 

Elastic  limit  to  be  not  less  than  one- 
half   of  the   ultimate   tensile   strength. 

Chemical  require- 
ments 
Sulphur.  Phosphorus, 
per  cent.       per  cent. 
Flange  or  boiler  steel.      0.03  0.04 

Firebox   steel    0.03  0.04 

Extra  soft  steel 0.03  0.04 

For  all  plates  the  elastic  limit  to  be  at 
least  one-half  the  ultimate  strength: 
percentage  of  manganese  and  carbon  left 
to  the  judgment  of  the  steel  maker. 

Test  section  to  be  S  in.  long,  planed  or 
milled  edges;  its  cross-sectional  area  not 
less  than  one-half  of  one  square  inch,  nor 
width  less  than  the  thickness  of  the 
plate. 


April    2,    1912 


POWER 


489 


BENDING  TEST — Steel  up  to  %  in. 
thickness  must  stand  bending  double  and 
being  hammered  down  on  itself;  above 
that  thicltness  it  must  bend  round  a 
mandrel  of  diameter  of  IVa  times  the 
thickness  of  plate  down  to  ISO  deg.  All 
without  showing  signs  of  distress. 

Bending  test  piece  to  be  in  length  not 
less  than  16  times  thickness  of  plate,  and 
rough,  shear  edges  milled  or  filed  off. 
Such  pieces  to  be  cut  both  lengthwise 
and  crosswise  of  the  plate. 

All  tests  to  be  made  at  the  steel  mill. 
Three  pulling  tests  and  three  bending 
tests  to  be  made  from  each  heat.  If  one 
fails  the  manufacturer  may  furnish  and 
test  a  fourth  piece,  but  if  two  fail  the 
entire  heat  to  be  rejected. 

Certified  copies  of  tests  to  be  furnished 
each  member  of  the  American  Boiler 
Manufacturers'  Association  from  heats 
from  which  his  plates  are  made. 

3.  RIVETS  to  be  of  good  charcoal  iron, 
or  of  a  soft,  mild  steel,  having  the  same 
physical  and  chemical  properties  as  the 
firebox  plates,  and  must  test  hot  and 
cold  by  driving  down  on  an  anvil  with 
the  head  in  a  die;  by  nicking  and  bend- 
ing, by  bending  back  on  themselves  cold, 
without  developing  cracks  or  flaws. 

For  paragraph  16  of  the  same  section 
of  the  Massachusetts  rules  it  is  recom- 
mended that  the  table  of  allowances  for 
overweight  on  plates  be  omitted  and  the 
following  rule  substituted:  Plates  will  be 
considered  up  to  gage  if  measuring  not 
over  0.01  in.  less  than  the  specified  gage 
The  committee  holds  that  the  paragraphs 
1  to  3  of  section  2,  part  3,  relating  to  the 
material  used  in  the  shell  plates,  heads 
and  rivets,  should  be  annulled  and  that 
the  qualities  ascertained  by  actual  tests 
should  be  conclusive  as  defining  the  ma- 
terial to  be  employed  instead  of  such 
indefinite  designations  as  "flange,"  "fire- 
bo.\,"  or  "extra  soft"  steel,  which  are 
the  terms  at  present  specified. 

Paragraph  7  of  the  same  section  now 
states  that  mud  drums  of  water-tube 
boilers  shall  be  of  wrought  or  cast  steel 
when  the  working  pressure  exceeds  160 
lb.  per  square  inch.  It  is  recommended 
that  this  be  am.ended  by  prohibiting  the 
use  of  cast  iron  for  mud  drums. 

The  committee  recommends  that  sec- 
tion 3,  paragraph  2,  of  the  present  rules 
providing  that  the  stamp  (Massachusetts 
standard!  shall  be  affixed  by  the  in- 
spector, etc.,  should  not  be  construed  to 
compe'  the  manufacturer  to  stop  or  re- 
tard work  in  process  or  prior  to  com- 
pletion on  account  of  the  temporary  ab- 
sence of  the  inspector. 

It  is  further  held  that  paragraph  6, 
section  4,  '-hicn  limits  boilers  of  lap- 
riveted  consi  uction  to  100  lb.  per  square 
inch  and  to  a  diameter  not  exceeding  36 
in,,  is  not  warranted  by  the  experience 
of  reputable  boiler  manufacturers.  Lap- 
riveted  boilers  48  in.  in  diameter  have 
been  and  are  in  successful  use  on  the 
Mississippi   River. 

Also,  it  is  suggested  that  paragraph 
10,  section  4,  which  provides  that  the 
thickness  of  plates  in  a  shell  or  drum 
sha'ii  be  of  the  same  gage,  should  be 
modified    so   that    a    manufacturer    while 


using  plates  of  sufficient  gage  under 
these  rules  may  employ  them  with  other 
plates  of  a  somewhat  thicker  gage  which 
he  happens  to  have  in  stock. 

In  paragraph  16,  which  deals  with 
bumped  heads,  it  was  found  that  there 
has  been  considerable  misunderstanding 
in  regard  to  which  is  a  convex  head  and 
which  is  a  concave  head.  It  is  suggested 
that  these  heads  be  designated  as  "ex- 
ternally convex"  and  "externally  con- 
cave," Furthermore,  it  is  suggested  that 
0.8  be  substituted  for  0,6  as  the  con- 
stant in  the  formula  for  the  minimum 
thickness  of  an  externally  concave  head, 

R  X  F.S.  X  P 
0.6  (T.S.) 

in  which  R  is  one-half  the  radius  to 
which  the  head  is  bumped;  F.S.  is  the 
factor  of  safety;  P  the  working  pressure; 
T.S.  the  tensile  strength  as  stamped  by 
the  manufacturer,  and  /  is  the  thickness 
of  the  head  in  inches. 

To  avoid  misunderstanding  it  is  recom- 
mended that  paragraphs  17  and  18  be 
combined  as  one  so  that  it  may  be  thor- 
oughly understood  that  the  convex  or 
concave  head,  w.hich  has  a  manhole, 
shall  have  an  increased  thickness  of  li 
in.  and  a  turned-in  flange  of  a  depth  not 
less  than  three  times  the  thickness  of 
the  head. 

As  to  paragraph  19  it  is  held  that  the 
word  "flat"  should  be  omitted  so  that  the 
minimum  thickness  of  plates  in  all  stayed 
surfaces  shall  be  A  in. 

The  committee  would  so  amend  para- 
graph 21  that  an  increased  pitch  of  not 
over  1 ;  1  in.  be  allowed  in  the  staybolt 
adjacent  to  the  furnace  door  or  handhole 
opening,  but  in  one  direction  only. 

In  paragraph  23,  relating  to  staybolts, 
it  is  recommended  that  for  small  heating 
boilers  limited  to  25  lb.  and  under,  no 
staybolts  be  required.  Also,  in  paragraph 
25,  to  avoid  misunderstanding,  it  is  sug- 
gested that  the  language  be  so  amended 
that  the  pitch  of  staybolts  shall  be  meas- 
ured on  the  inside  of  the  furnace. 

For  paragraph  32,  it  is  contended  that 
the  stays  specified  on  each  side  of  the 
manhole  in  horizontal  return-tubular  boil- 
ers should  not  be  required  to  pass 
through  the  front  head  because  of  the 
difficulty  in  keeping  these  joints  tight; 
and  that  other  equally  strong  means  of 
staying  may  be   adopted. 

The  committee  believed  that  para- 
graphs 40  and  41  relating  to  cast-iron 
nozzles  and  flanges  should  be  placed  in 
harmony  with  the  present  manufac- 
turers' standard. 

Paragraph  43  states  that  rivet  holes, 
except  for  attaching  stays  or  angle  bars 
to  heads,  shall  he  drilled  full  size  with 
the  plates,  butt  straps  and  heads  bolted 
in  position;  or  they  may  be  punched  not 
to  exceed  J4  in-  'ess  than  full  size  for 
plates  over  A  in.  in  thickness,  and  's 
in.  less  than  full  size  for  plates  not  ex- 
ceeding   T%    in.    in    thickness,    and    then 


drilled  or  reamed  to  full  size  with  the 
plates  and  heads  bolted  in  position.  The 
committee  believes  this  should  be 
amended  so  as  not  to  apply  to  holes  in 
the  fittings. 

It  is  recommended  that  paragraph  45 
be  eliminated,  because  it  cannot  be  com- 
plied with  in  the  case  of  rivets  driven 
by  air  tools  or  by  hand,  which  must  al- 
ways be  employed  where  hydraulic  rivet- 
ers cannot  reach  them ;  and  a  rule  should 
not  discriminate  against  smaller  boiler 
shops  unable  to  use  hydraulic  riveters. 

It  is  suggested  that  paragraph  48  be 
amended  by  omitting  everything  after  the 
word  "chamfered,"  so  that  it  shall  read: 
"The  edges  of  tube  holes  shall  be 
chamfered." 

In  paragraph  49,  the  word  "carefully" 
is  believed  to  be  better  than  "sub- 
stantially"; the  rule  will  then  read:  "A 
fire-tube  boiler  shall  have  the  ends  of  the 
tubes  carefully  beaded." 

It  is  held  that  paragraph  53  should  be 
amended  to  allow  the  use  of  pressed- 
steel  and  wrought-iron  nozzles  in  addi- 
tion to  those  specified. 

The  word  "oval"  is  suggested  instead 
of  "elliptical"  in  designating  the  shape 
of  the  manhole  opening,  paragraph  54. 

Paragraph  59,  to  be  amended  to  per- 
mit the  use  of  cast-iron  manhole  plates 
which  are  universally  used  in  the  boilers 
in  the  Middle  West. 

An  amendment  is  suggested  for  para- 
graphs 60  and  61  so  as  to  make  it  op- 
tional whether  a  manhole  or  a  handhole 
shall  be  used  in  the  front  head  of  hori- 
zontal tubular  boilers. 

The  committee  recommends  that  para- 
graph 62  be  eliminated,  because  it  is  a 
very  difficult  and  precarious  thing  to  keep 
a  handhole  in  good  order  in  the  rear 
head  of  a  horizontal  tubular  boiler  below 
the  tubes. 

The  requirement  of  a  handhole  near 
the  throat  sheet  of  a  horizontal  tubular 
boiler  should  be  eliminated  by  striking 
out  the  words  "also  where  possible  one 
near  the  throat  sheet,"  paragraph  63. 

In  paragraph  65,  that  '4 -in.  be  sub- 
stituted for  the   !-in.  pipe  size. 

Paragraphs  67,  68  and  69,  which 
definitely  prescribe  the  hanging  or  sup- 
port of  large  tubular  boilers,  should  be 
eliminated  and  manufacturers  permitted 
to  follow  their  present  practice  which  has 
been  proved  safe. 

It  is  recommended  that  paragraph  70 
be  struck  out,  and  paragraph  31  of  the 
Uniform  American  Boiler  Specifications 
be   substituted. 

Section  5,  paragraph  3,  should  be 
changed  from  2  in.  to  3  in. 

Paragraph  5  is  sometimes  misunder- 
stood, and  should  be  rewritten  to  make 
it  clear  that  two  valves  are  required  to 
be  placed  on  any  individual  steam  pipe 
leading  from  a  boiler  to  a  steam  main 
or  to  another  boiler,  in  the  interest  of 
the  safety  of  any  man  entering  the  boiler 
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while  the  other  boiler  or  boilers  are  in 
sen'ice. 

The  committee  believes  that  100  lb. 
should  be  substituted  for  135  lb.  in  para- 
graph 18. 

Regarding  paragraph  23,  it  is  suggested 
that  the  words  "except  such  portion  of 
the  piping  as  is  exposed  to  the  gases  of 
combustion"  be  added. 

The  committee  believes  that  paragraph 
31,  relating  to  the  support  of  boilers, 
should  be  placed  under  section  1,  part 
2,  referring  to  cast-iron  boilers. 

That  in  paragraph  3,  of  section  6,  the 
sentences  (a)  and  (b)  be  cut  out,  as 
they  discriminate  against  lap-riveted 
joints  which  are  in  satisfactory  use  in 
thousands  of  boilers  in  the  Middle  West. 
Also  that  sentences  (d)  and  (e)  be 
eliminated,  and  that  the  factor  of  safety 
be  based  on  actual  conditions  of  the 
boilers  instead  of  their  age. 

It  is  further  recommended  that  the 
last  sentence  covering  the  hydrostatic- 
pressure  test  should  be  struck  out  and 
that  paragraph  30  of  the  Uniform  Ameri- 
can Boiler  Specifications  be  substituted. 


Acme  System  of  Controlled 
Combustion 

The  Acme  system  of  controlled  com- 
bustion is  designed  to  maintain  a  highly 
heated  zone  for  the  union  of  the  liberated 
gases  with  a  proper  amount  of  oxygen, 
to  retain  the  gases  of  combustion  in  con- 
tact with  the  heating  surface  of  the  boiler 
the  greatest  possible  time,  and  to  confine 
the  variability  of  load  service  to  a  part 


of  the  boiler  plant.    Details  of  the  system 
are  shown  in  Fig.   1. 

The  plant  consists  of  an  engine-driven 
blower  outfit,  the  speed  of  which  is  con- 
trolled by  the  variation  of  steam  pres- 
sure in  the  boilers,  and  the  fan  delivers 
air  at  any  desired  pressure  to  the  ashpit 
of  the  furnace.  A  means  is  also  adopted 
for  adjusting  the  relative  air  supply  and 
outflow  of  waste  gases  so  as  to  obtain 
a   determined   rate   of  combustion   while 


the  boilers.  Fach  boiler  of  the  con- 
stant group  is  operated  under  such  fixed 
conditions  of  comoustion  as  may  be  best 
suited  to  its  particular  requirement.  The 
remaining  or  fluctuating  portion  of  the 
load  demand  is  supplied  from  a  further 
number  of  boilers  which  are  variably  op- 
erated for  this  purpose.  In  this  manner 
a  major  portion  of  the  total  vaporization 
requirement  of  the  plant  is  supplied  from 
an    appropriate   number  of  boiler  units. 


Fig.  2.    Air  Duct  in  Bridgewall 


maintaining  practically  atmospheric  pres- 
sure in  the  combustion  chamber.  This 
arrangement  also  prevents  the  influx  of 
cold  air  at  the  furnace  doors  during  the 
firing  period,  or  through  cracks  in  the 
setting. 

The  Acme  system  of  controlled  com- 
bustion accomplishes  an  economy  in  the 
operation  of  the  steam  plant  by  supply- 
ing the  greater  portion  of  the  entire  load 
demand  of  the  plant  from  a  number  of 


operated  under  conditions  approaching  as 
closely  as  possible  to  maximum  efficiency. 
The  losses,  therefore,  attendant  upon  the 
regulation  of  combustion  to  meet  fluctua- 
tions in  the  load  are  confined  to  a  com- 
paratively smaller  number  of  variably 
operated  units  and  are  correspondingly 
reduced. 

The  regulation  of  the  boilers  which 
serve  as  the  constant  supply  units  is 
obtained  by   introducing   a   constant   de- 
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Fig.  1.    Acme  System  of  Controlling  Combustion 
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livery  of  forced  air  into  the  ashpit  and 
adjusting  the  stack  dampers  so  that  the 
approximate  atmospheric  furnace  pres- 
sure  is   normally   maintained. 

The  regulation  of  the  variable  supply 
units  is  accomplished  by  varying  the 
amount  of  forced  draft  admitted  to  their 
ashpits,  the  stack  dampers  of  such  vari- 
able units  remainmg  in  a  fixed  posi- 
tion of  adjustment  which  is  suited  to 
their  normal  or  average  requirement.  The 
air  duet  to  the  ashpit  is  shown  in  Fig.  2. 
In  the  event  of  a  change  in  load  exceed- 
ing the  limits  of  range  served  by  the 
variable  units,  a  general  regulation  of 
the  constant  supply  units  to  meat  the 
emergency  is  provided,  the  general  regu- 
lation being  etfected  by  varying  the  force 
of  the  draft  by  retarding  or  accelerating 
the  speed  of  the  blower. 

The  several  boilers  are  supplied  with 
gearing  interconnecting  their  respective 
stark  and  ashpit  dampers  so  that  by  the 
operation  of  a  single  lever,  both  dampers 
may  be  simultaneously  operated.  The 
interconnecting  gearing  is  supplied  with 
an  adjustable  connection  between  the 
dampers  whereby  the  relative  positions 
of  the  two  may  be  shifted  as  desired, 
and  their  simultaneous  operation  effected 
accordingly;  so  that  with  a  normal  or 
predetermined  delivery  of  forced  air,  the 
operation  of  each  unit  will  approach  as 
closely  as  possible  its  maximum  effi- 
ciency, which  condition  may  be  deter- 
mined by  actual  test.  The  rate  of  com- 
bustion in  such  units  will  be  practically 
constant,  and  variations  in  such  operation 
when  produced  by  the  manipulation  of 
the  damper  operating  handle  will  main- 
tain  the  same   furnace   pressure. 

The  range  of  the  control  of  the  vari- 
able units  is  fixed  so  as  to  include  all 
such  normal  fluctuations  of  the  load  as 
occur  during  usual  or  ordinary  condi- 
tions. A  range  of  5  lb.,  with  an  adequate 
number  of  variable  units,  is  ordinarily 
sufficient  to  accommodate  usual  running 
fluctuations,  but  such  range  may  be  ad- 
justed according  to  the  judgment  of  the 
operator.  The  valve  controlling  the  gen- 
eral regulation  is  set  to  respond  only  to 
changes  in  steam  pressure  exceeding  the 
range  served  by  the  variable  units,  and 
v;hen  thus  called  into  operation  regulates 
the  supply  of  forced  draft  to  the  ashpit. 

The  determination  of  the  relative  num- 
bers of  constant  and  variable-supply 
units  for  any  given  steam  plant  will  de- 
pend upon  the  ordmary  conditions  of 
running.  The  constant-supply  units  will 
preferably  be  sufficient  in  number  to 
carry  the  maximum  constant  portion  of 
the  load,  while  the  variable  units  will  be 
sufficient  to  perform  the  balance  within 
reasonable  limits  of  control.  On  oc- 
casions, when  the  capacity  of  the  plant 
is  desired  to  be  materialV  or  permanent- 
ly changed  or  the  range  of  normal  fluctua- 
tions is  increased  or  diminished,  it  will 
be  necessary  to  alter  the  relative  num- 
bers of  constant  and  variable  units. 


A  steam-controlling  valve  is  placed  at 
one  end  of  the  battery  and  operates  a 
shaft  running  to  the  rear  of  the  boil- 
ers, having  an  adjustable  connection  to 
each  of  the  dampers  in  the  uptake.  This 
valve  is  set  to  close  at-  about  5  lb.  above 
the  normal  steam  pressure  and  is  so 
adjusted,  that  a  desired  pressure  in  the 
combustion  chamber  may  be  readily  ob- 
tained. 

A  second  valve  is  placed  on  the  other 
end  of  the  battery  with  a  shaft  travers- 
ing the  first  one  and  means  of  connec- 
tion with  any  of  the  individual  dampers. 
This  valve  is  set  at  normal  steam  pres- 
sure and  regulates  the  draft  on  the  con- 
trol boiler  or  boilers.  A  simple  attach- 
ment is  arranged  so  that  each  damper 
may  be  closed  by  hand  during  the  pro- 
cess of  cleaning,  or  when  putting  a  boiler 
out  of  commission. 

This  system  is  manufactured  by  the 
Acme  Furnace  Equipment  Co.,  39  Cort- 
landt   St.,   New   York   City. 


Ziermore    Pressure    Regulator 

The  improved  Ziermore  pressure  regu- 
lator is  illustrated  herewith.  All  parts  are 
made  of  bronze  with  the  exception  of 
the  diaphragms  which  are  of  silver 
and  german  silver.     The  connecting  flt- 


ZiERMORE  Pressure  Regulator 

tings  are  made  male  and  female  and 
form  a  part  of  the  diaphragm.  Due  to 
this  construction  it  is  possible  to  build 
as  long  a  battery  of  multiple  diaphragms 
as  is  desired  to  suit  the  throw  of  the 
valve,  and  also  to  add  to  or  take  from 
a  diaphragm   from  the  battery. 

The  lower  end  of  the  battery  of  dia- 
phragms is  anchored  to  the  threaded  lug 
of  the  yoke,  but  the  upper  end  is  free 
to  move  with  the  pressure  on  the  in- 
side of  the  diaphragms.  To  the  upper 
end    of    the    diaphragms    is    attached    a 


bronze  plate  to  ser\'e  as  a  spring  sup- 
port, a  shoulder  for  the  diaphragm  and 
an   anchorage   for  the  valve   rod. 

The  valve  rod  passes  through  the  bat- 
tery without  friction.  The  upper  end  of 
the  rod  is  anchored  to  the  movable  end 
and  the  lower  end  of  the  rod  to  the  valve 
disk,  thus  causing  it  to  move  toward  or 
away  from  its  seats  as  the  battery  in- 
flates or  deflates  with  any  change  of 
pressure   within   them. 

The  spring  tension  is  set  against  the 
top  of  the  battery  of  diaphragms  by 
means  of  the  adjusting  screw  and  the 
reduced  pressure  is  thus  produced  and 
controlled. 

The  fluid  passes  through  the  regulator 
as  is  indicated  by  the  arrow.  The  low 
pressure  only  has  access  to  the  battery 
of  diaphragms  and  enters  them  from 
the  low-pressure  side  of  the  regulator, 
through  the  same  port  which  the  valve 
rod  enters. 

Any  change  of  the  low  pressure  will 
cause  the  battery  diaphragms  to  move, 
and  the  valve  disk  must  move  exactly 
the  same  distance. 

The  regulator  may  be  placed  in  service 
in  any  position  without  interfering  with 
its  sensitive  action.  It  is  suitable  for 
controlling  steam,  gas,  air,  water,  oil  and 
many  kinds  of  acids.  Wire-drawing  is 
almost  eliminated,  and  chattering  is  en- 
tirely urkknown,  it  is  claimed.  This  regu- 
lator is  manufactured  by  the  Ziermore 
Regulator  Co.,  Johnsonburg,  Penn. 


Tubes  Blow  Out 

Two  tubes  of  a  boiler  in  the  Fox  Co. 
paper  mill  at  Cincinnati,  Ohio,  blew  out 
on  Mar.  3  and  fatally  scalded  two  men. 
It  is  alleged  by  State  Inspector  Huddles-' 
ton  in  his  testimony  before  the  coroner 
that  the  boilers  in  the  mill  were  not  prop- 
erly cared  for  and  that  proper  safety  pre- 
cautions were  not  provided  for  the  em- 
ployees' safety.  The  boiler  was  said  to 
be  carrying  75  lb.  pressure,  about  one- 
half  the  regular  working  pressure.  A  tube 
blew  out  of  the  same  boiler  on  Feb.  29 
and  caused  some  damage. 


The  Uptodateness  of  Siam 

John  Barrett,  director  of  the  Bureau 
of  American  Republics,  was  once  minis- 
ter to  Bangkok,  Siam,  where  he  had  a 
chance  to  observe  the  Siamese  method  of 
doing  business. 

Shortly  after  the  electric-light  plant 
was  installed,  complaints  were  some- 
times received  from  dissatisfied  consum- 
ers, and  the  manager  sent  out  the  follow- 
ing on  a  post  card : 

Sir — For  the  case  that  your  electric 
light  should  fail,  we  beg  to  send  you 
with  this  a  return  post  card,  which 
please  send  us  at  once  when  you  find 
your  light  out.  The  company  will  then 
be  most  happy  to  send  you  another  post 
card.  Yours  truly.  Manager  Siam  Elec- 
tricity. Limited. 
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As  an  evidence  of  Oriental  belief  in 
Occidental  methods  of  public  utility,  the 
foregoing  letter  is  a  fair  sample.  But, 
taken  literally,  its  offer  to  forward  a 
second  card  to  the  subscriber  leaves  one 
in  the  dark  as  to  the  quality  of  the  light 
service  provided  by  the  Siam  Limited. 


Saves  Money  on  Lights 

It  is  estimated  by  Henry  Berg,  chief 
engineer  of  the  Orange,  N.  J.,  municipal 
lighting  plant,  that  the  city  has  saved 
SIO.OOO  in  the  first  year  of  the  plant's 
operation.  It  would  have  paid  the  Public 
Service  Electric  Co.  at  the  rate  of  $85  a 
lamp,  whereas  it  cost  $60  a  lamp  under 
municipal  operation. 

The  net  cost  of  operation  was  $17,- 
997.12.  The  city  has  369  arc  lamps  and 
156  tungsten  lamps,  an  equivalent  of  408 
arc  lamps.  Thus  the  cost  of  operation 
and  maintenance,  distributed  among  that 
number  of  lamps  would  be  $44.11.  In- 
terest, si.aking  fund,  and  depreciation  ac- 
counts would  bring  the  charge  per  lamp 
up  to  $60. 


Oil  Mill  Superintendents' 
Convention 

On  June  12  to  14,  the  National  Oil 
Mill  Superintendents'  Association  will 
hold  its  annual  convention  at  Memphis, 
Tenn.  There  will  be  a  large  exhibit  of 
trade  supplies,  and  cotton-oil  and  other 
mill  machinery. 

Low  railroad  and  hotel  rates  will  be 
made  for  the  delegates  and  friends  and 
intending  exhibitors  can  obtain  full  in- 
formation by  writing  to  F.  M.  Smith,  of 
the  Oriental  Oil  Co.,   Dallas,  Tex. 

The  Oil  Mill  Machinery  Manufacturers 
and  the  Supplymen's  associations  will 
meet  in  Memphis  at  the  same  time. 


NEW  PUBLICATIONS 

THERMODYNAMICS  OF  THE  STEAM 
TURBINE.  By  C.  H.  Peabody.  Pub- 
lished by  John  Wiley  &  Sons,  New- 
York.  Cloth;  2S2  pages,  9x5%  in. 
Price,  $3,   net. 

The  author's  preface  states  that  this 
is  an  attempt  at  a  systematic  treatment 
of  the  thermodynamics  of  the  steam  tur- 
bine for  students  in  technical  schools. 
The  author's  ability  is  sufficiently  well 
known  to  make  it  easy  to  comprehend  the 
degree  of  success  with  which  the  "at- 
tempt"   has   met. 

Constructive  details  are  considered  sn 
far  as  they  are  necessary  for  a  proper 
understanding  of  the  thermodynamic 
computations  or  as  they  are  related  to 
such  computations.  The  methods  in  gen- 
eral are  those  accepted  by  steam-tur- 
bine designers,  but  certain  methods  have 
been  devised  by  the  author  either  to 
make  them  more  complete  or  to  pro- 
vide more  rapid  and  precise  determin- 
ations  of  conditions   and   proportions. 

A   13-page  introductory   chapter  deals 


briefly  with  definitions,  standards  and 
units  and  is  included  for  the  convenience 
of   reference   and   to   avoid   ambiguity. 

Successive  chapters  deal  with  steam 
nozzles;  jets  and  vanes;  simple  impulse 
turbines;  pressure  compounding;  veloc- 
ity compounding;  pressure  and  velocity 
compounding;  reaction  turbines;  acces- 
sories; effect  of  conditions,  and  marine 
steam  turbines. 


GAS  ENGINES.  By  W.  J.  Marshall  and 
H.  Riall  Sanke.v.  Published  by  D. 
Van  Nostrand  Co.,  New  York.  Cloth; 
2S0  pages,  SVaxS  in.;  127  illustra- 
tions.  Price.   .f2. 

The  avowed  purpose  of  this  work  is  to 
inform  those  who,  "being  either  purchas- 
ers or  users  of  gas  engines,  wish  to  know 
the  principles  underlying  their  design 
and  construction,  the  methods  of  diagnos- 
ing defects  when  they  occur,  and  the 
steps  to  be  taken  to  remedy  such  de- 
fects." This  purpose  is  well  executed  in 
general,  although  some  errors  and  arbi- 
trary statements  have  crept  in  which  are 
more  unfortunate,  in  view  of  the  chosen 
audience,  than  they  would  be  in  a  college 
textbook  or  a  reference  book.  On  page 
2  it  is  stated  that  the  density  of  water 
is  maximum  between  62  and  63  deg.  F. 
On  page  3  and  elsewhere,  absolute  zero 
is  put  at  461  deg.  F.  and  273  deg.  C, 
which  values  are  inconsistent  with  each 
other.  On  page  4,  Boyle's  law  is  incor- 
rectly stated,  the  word  "inversely"  hav- 
ing been  omitted  after  the  word  "varies" 
in  the  fourth  line.  On  page  19  the  re- 
lease temperature  is  put  at  1400  deg.  F., 
which  is  rather  excessive.  On  page  20 
an  engine  showing  30  per  cent,  indicated 
heat  efficiency  is  classed  as  a  "bad  en- 
gine" and  a  "good  engine"  is  accredited 
with  an  efficiency  of  40  per  cent.  We 
should  be  glad  to  see  an  internal-com- 
bustion engine,  outside  the  Diesel  class, 
showing  in  everyday  service  even  the 
"bad"  efficiency  cited.  On  page  24  the 
average  low  heat  value  of  pressure 
(bituminous)  producer  gas  is  put  at  155 
B.t.u.  per  cubic  foot,  that  of  suction  pro- 
ducer gas  (anthracite)  at  146  and  that 
of  suction  producer  coke  gas  at  135 
B.t.u.  On  page  81,  the  primary  wiper- 
cam  levers  are  drawn  upside  down,  as 
regards  the  common  practice.  On  page 
95,  the  deflector  is  of  about  twice  the 
normal  proportions  and  located  in  the 
center  of  the  piston  face,  which  is  never 
true  in  practice. 

Chapters  II  to  VI  of  the  book  are  com- 
mendable, but  the  first  chapter  and  the 
last  seven,  dealing  successively  with  ele- 
mentary principles,  cooling,  ignition,  en- 
gine operation,  installation,  testing,  gov- 
erning and  gas  production,  measure  up 
to  the  most  exacting  requirements,  al- 
ways keeping  in  mind  the  prefatory  state- 
ment as  to  the  selected  scope.  The  vari- 
ous subjects  are  explained  in  simple,  di- 
rect phraseology,  devoid  of  unnecessary 
and  bombastic  word  exercise;  the  expo- 
sitioii   of  principles   is   sound   and   thor- 


oughly intelligible;  the  selection  of  ex- 
amples from  practice  is  judicious,  and 
there  is  a  conspicuous  absence  of  that 
abomination,  padding  from  builders' 
catalogs,  which  characterizes  the  work 
of  so  many  "authors"  who  undertake  to 
present  engineering  practice  on  paper. 
The  book  has  a  field  of  its  own,  lying 
between  that  of  the  very  elementary 
type  written  for  engine  runners  and  that 
of  the  strictly  scientific  college  textbook, 
and  we  heartily  commend  it  to  that  field. 


HANDBOOK  (  jX  Till':  i;.\S  ENGINE.  By 
Herman  Hridei.  Tianslated  from  the 
German  and  edited  by  W.  M.  Hus- 
kisson.  Published  by  McGraw-Hill 
Book  Co.,  New  York.  Cloth;  330 
pp.,  61/2x9  in.;  numerous  illustrations 
and    tables.      Price,    $5. 

This  is  the  first  comprehensive  refer- 
ence book  relating  to  gas  engines  that 
has  appeared  in  English.  (The  reviewer 
does  not  overlook  Diederich's  transla- 
tion of  Giildner's  monumental  work,  but 
regards  that  as  very  much  more  than  a 
reference  book.)  It  is  well  arranged  and 
the  treatment  is  for  the  most  part  com- 
mendable. The  definition  of  the  word 
"cycle"  on  the  first  page  is  childishly 
wrong,  but  as  the  book  is  intended  for 
the  use  of  trained  engineers  that  will 
do  no  harm.  On  page  2,  however,  is  a 
statement  which  the  translator  should 
have  edited  heroically:  "Single-acting 
two-[stroke-]cycle  engines  are  seldom 
used  and  will  not  be  considered  in  this 
book." 

Chapter  I  is  also  weak  in  that  it 
contains  elementary  comparisons  with 
steam-engine  operation  which  are  inap- 
propriate in  a  book  of  this  class.  This 
occurs  also  in  other  parts  of  the  book, 
and  there  are  many  instances  of  dogma- 
tism and  narrow  consideration  through- 
out it.  One  of  the  most  conspicuous  of 
the  latter  kind  is  the  presentation  on 
page  19  of  the  ratio  of  actual  to  maxi- 
mum possible  explosions  per  minute, 
represented  by  the  symbol  6 .  This  ap- 
plies only  to  hit-and-miss  engines  and 
should  not  be  put  forward  as  a  general 
fundamental. 

An  instance  of  dogmatism  is  the  state- 
ment on  page  125  that  trunk  pistons 
without  water  cooling  are  almost  invari- 
ably adopted  for  engines  up  to  120  hp. 
The  inference,  of  course,  is  that  all  en- 
gines of  125  hp.  must  have  water-cooled 
pistons.  There  are  many  engines  in  this 
country  developing  much  more  than  that 
power  with   uncooled   trunk  pis'ons. 

Exhaustive  discussions  of  the  design 
of  flywheels,  crankshafts  and  pistons  are 
given  in  Chapter  VII,  but  the  reviewer 
is  unable  to  find  any  data  that  would 
be  of  service  in  working  out  the  simplest 
flyball  governor,  to  say  nothing  of  the 
Hartung  and  Jahns  types  and  the  still 
more  complex  flywheel  type. 

Chapters  V  and  VI  present  excellent 
discussions,  though  somewhat  verbose 
and  rather  empirical  in  spots,  of  turning 
moments  and  of  the  forces  acting  on  the 
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main  bearings  and  the  reciprocating 
parts.  The  tone  is  much  like  that  of  a 
pompous  and  prolix  college  professor  de- 
livering a  lecture.  This  verbosity  char- 
acterizes almost  the  entire  book  and  mars 
an  otherwise  praiseworthy  effort,  besides 
wasting  much  paper  and  ink.  Flights  of 
scientific  oratory  are  out  of  place  in  an 
engineer's  reference  book. 

Nevertheless,  this  book  contains  a  vast 
amount  of  useful  data  not  to  be  found 
in  any  other  English  publication  (al- 
ways excepting  Guldner),  and  the  au- 
thor may  easily  be  forgiven  his  fond- 
ness  for  circumlocution. 


MACHINE  DllAWlXG  AND  SKETCH- 
ING FC1K  i;k(;innehs.  By  J.  H. 
Robson.  I'ubllshed  by  D.  Van  Nos- 
trand  Co..  New  York.  Size,  3xS  in.; 
191  pp.;  numerous  illustrations  and 
tables.      Price.    $2,    net. 

This  book  is  intended  for  beginners 
and  engineers  desirous  of  taking  up  me- 
chanical drawing  without  the  aid  of  an 
instructor. 

The  book  contains  a  chapter  briefly 
describing  the  materials  used  in  machine 
construction,  another  on  work-shop  prac- 
tice and  appliances,  and  still  another  is 
devoted  to  questions  and  answers  taken 
mostly  from  examination  papers. 

The  author  has  endeavored  to  assist 
the  student  in  acquiring  a  knowledge  of 
machine  details  by  providing  illustrations 
of  various  objects,  many  of  them  be- 
ing fully  dimensioned. 

The  book  is  particularly  valuable  to 
the  engineer  or  student,  with  a  practical 
knowledge  of  mechanics,  who  is  desirous 
of  taking  up  the  study  of  machine  con- 
struction. 


MECHANICAL  WoRLU  YEAR  BOOK 
FOR  1912.  Published  by  Emmott  & 
Co.,  Mancliester,  Eng.  Boards;  2S5 
text  pages,  4x6  in.;  100  illustrations; 
many  tables.      Price,   6d. 

The  twenty-fifth  edition  of  this  little 
annual  contains  new  sections  on  verniers 
and  micrometers,  gaging  cylindrical 
bores,  roller  bearings,  helical  springs  and 
milling-machine  work.  There  are  also 
several  new  tables  and  the  steam-turbine 
section  has  been  expanded.  The  sections 
on  gas  engines,  oil  engines  and  gas  pro- 
ducers are  so  limited  as  to  be  of  little 
or  no  value  for  reference  purposes.  There 
is  not  even  a  table  of  engine  constants, 
and  some  of  the  statements  are  out  of 
date. 


What  Scale   Does  to   Boilers 

The  interesting  and  comprehensive 
compilation  of  data  on  the  care  and  treat- 
ment of  boilers,  published  hv  the  Har- 
rison Safety  Boiler  ^X'orks,  Seventeenth 
and  Clearfield  Sts.,  Philadelphia,  Penn., 
now  appears  in  the  fourth  edition,  with 
uptodate  and  amplified  statistics  and  con- 
siderable new  engineering  matter,  es- 
pecially in  regard  to  recent  theories  in 
connection  with  the  corrosion  of  iron  by 
boiler- feed  water. 


A  new  chart,  credited  to  Dr.  Reut- 
linger,  of  Cologne,  shows  that  boiler 
plates  covered  with  scale  may  rise  to 
temperatures  two  or  three  times  as  great 
as  will  clean  plates  transmitting  heat 
at   the   same   rate. 

The  chapter  on  corrosion,  particularly 
that  section  relating  to  the  role  of  air 
in  corrosion,  in  which  the  latest  results 
of  Profs.  Woodbridge  and  Walker,  of  the 
Massachusetts  Institute  of  Technology; 
Burgess,  of  the  University  of  Wisconsin, 
and  Heyn  and  Bauer,  of  Germany,  are 
quoted,  should  make  interesting  reading 
for  anyone  having  trouble  of  this  kind. 
The  most  valuable  result  brought  out  by 
these  investigations  is  the  fact  that  cor- 
rosion may  be  wholly  or  almost  entire- 
ly prevented  by  heating  the  water  by 
spraying  through  an  open  steam  bath, 
thereby  driving  off  the  air  and  other 
gases.  Copies  of  this  40-page  booklet 
will  be  sent  free  to  those  interested. 


Steam    Tables    for    Condenser 
Work 

The  ordinary  steam  tables  leave  much 
to  be  desired  for  condenser  work.  The 
Wheeler  Condenser  &  Engineering  Co., 
Carteret,  N.  J.,  has  issued,  presumably 
for  gratuitous  distribution,  a  little  hand- 
book of  more  extended  steam  tables  for 
pressures  below  that  of  the  atmosphere; 
also  including  a  discussion  of  the  use 
of  the  mercury  column,  and  constants 
for  the  correction  of  its  indications.  The 
tables  were  especially  calculated  for  this 
book  by  Prof.  Marks,  and  are  based  upon 
the  more  comprehensive  tables  of  Marks 
and   Davis. 

There  are  three  separate  tables,  the 
first  giving  the  properties  of  steam  for 
each  tenth  of  an  inch  of  vacuum  from 
29.8  in.  to  24  in.  and  above  this  by  even 
inches  to  atmospheric  pressure,  the  vac- 
uum being  referred  to  a  30-in.  barometer. 
The  second  table  gives  the  properties  for 
each  degree  of  temperature  between  32 
and  212  deg.,  the  corresponding  pres- 
sures being  expressed  in  pounds  per 
square  inch,  inches  of  mercury  (32  deg.) 
and  inches  of  vacuum.  The  third  table 
goes  by  even  pounds  from  a  gage  pres- 
sure of  zero  to  200. 

It  was  time  for  somebody  to  do  this, 
and  it  is  appropriately  done  by  a  con- 
denser company. 


Exhaust  Steam   Engineering 

"Cochrane  Heaters,  their  Use  in  Steam 
Power  Plants  for  Heating  and  Purifying 
Water  for  Boiler  Feed  and  Other  Pur- 
poses," is  the  title  of  a  144-page  publica- 
tion issued  by  the  Harrison  Safety  Boiler 
Works,  of  Philadelphia.  The  topics  in- 
clude the  choice  of  a  system  for  heat- 
ing boiler- feed  water;  relative  economics 
of  electric  and  direct-driven  auxiliaries 
vs.  steam-driven  auxiliaries  where  the 
exhaust  from  the  latter  is  used  for  heat- 


ing the  boiler-feed  water;  action  of 
spraying  the  water  through  a  steam  bath 
in  driving  off  air  and  gases  and  thereby 
preventing  corrosion  as  well  as  bringing 
about  the  precipitation  of  carbonates  from 
the  water;  comparison  of  the  thermal 
efficiencies  of  direct-acting  pumps,  throt- 
tling plain  slide-valve  engines,  auto- 
matic engines,  compound  engines  and 
steam  turbines;  effect  upon  fuel  economy 
of  heating  boiler-feed  water;  steaming 
capacity  of  boilers;  apparatus  for  utiliz- 
ing exhaust  steam,  including  feed-water 
heaters,  oil  separators,  traps,  tanks  and 
automatic  cold-water  regulators;  influence 
of  scale  upon  boiler-repair  bills;  heat- 
ing of  feed  water  in  condensing  plants; 
utilization  of  exhaust  steam  for  heating 
and  drying  work,  and  for  the  operation 
of  low-pressure  turbines;  operation  of 
open  feed- water  heaters  in  multiple; 
pumping  of  hot  water;  limitations  of  in- 
jectors; a  comparison  of  the  efficiencies 
and  other  characteristics  of  open  feed- 
water  heaters;  analysis  of  the  design  of 
the  several  parts  of  an  open  feed-water 
heater;  analysis  of  the  fundamental  facts 
of  water  softening  as  it  affects  central 
stations,  manufacturing  plants,  etc.;  the 
n;etering  of  boiler-feed  water.  Besides 
the  catalog  naturally  describes  the  sev- 
eral appliances  manufactured  by  the 
company  for  use  in  connection  with  the 
above  mentioned  branches  of  engineer- 
ing. 

Copies  of  this  publication  will  be  sent 
free  to  owners,  engineers  and  operators 
of  steam  plants  and  others  having  direct 
interest  in  the  subjects  treated. 


"Mechanical  Stresses  in  Transmission 
Lines,"  by  A.  Guell,  has  just  been  issued 
as  Bulletin  No.  54  of  the  engineering 
experiment  station  of  the  University  of 
Illinois.  Of  the  stresses  to  which  lines 
of  wire  for  the  transmission  of  electric 
current  are  subjected,  this  bulletin  dis- 
cusses the  following:  (I)  dead  weight; 
(2)  wind  pressure;  (3)  change  of  tem- 
perature. Approximate  and  exact  for- 
mulas are  derived  for  use  in  the  calcula- 
tion of  such  stresses.  An  example  given 
shows  that  for  very  long  spans  and 
great  sags  the  parabola  method  of  cal- 
culation, commonly  used  by  engineers, 
IS  inadequate.  Evidence  is  presented  to 
show  the  superior  advantage  of  the 
catenary  method,  and  also  that  this  meth- 
od is  sufficiently  simple  and  accurate  to 
serve  the  purpose  of  practice.  Copies  of 
this  bulletin  may  be  obtained  gratis  upon 
application  to  W.  F.  M.  Goss,  director  of 
the  engineering  experiment  station,  Uni- 
versity of  Illinois,  Urbana,  111. 
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POWER 


Vol.   35,   No.    14 


Moments  with  the  Ad.  Editor 


Here's  an  interesting  letter  from  a  Power 
subscriber  in  Brownsville,  Texas — interest- 
ing because  it  points  a  moral  both  to  adver- 
tiser and  reader  of  advertising. 

It  shows  the  advertiser  that  the  reader 
nowadays  wants  not  only  to  be  assured  that 
a  device  is  good,  but  also  "why  it  will  pay 
him  to  use  it." 

It  shows  the  reader  that  reading  alone 
isn't  sufficient  to  get  the  utmost  value  out 
of  the  selling  section — 

That  when  an  advertiser  has  shown 
the  way  to  secure  greater  economy  the  thing 
to  do  is  to  act — to  investigate. 

1.  The  ad.  of  the  General  Electric  Co.  gives 
me  the  strongest  impulse  to  investigate  their  product 
because,  in  the  first  place,  it  attracts  my  attention 
by  a  picture  which  makes  a  distinct  impression  upon 
my  mind,  while  the  reading  matter  conveys  to  me, 
in  a  brief  manner,  the  fact  that  there  is  an  instrument 
which  will  give  correctly  the  amount  of  work  each 
boiler  is  doing,  a  vital  point  in  every  steam  plant. 

Further,  it  mentions  how,  by  having  this  informa- 
tion, many  losses  may  be  prevented  and  the  general 
efficiency  of  the  boiler  improved. 

In  the  second  place  it  assures  me  that  this  instru- 
ment is  not  complicated  or  costly,  as  I  might  other- 
wise suppose  was  the  case  with  an  instrument  of  this 
kind. 

Lastly,  it  requests  me  to  write  for  a  bulletin, 
describing  the  instrument  more  fully. 

2.  The  steam  trap  ad.  of  the  Geo.  M.  Newhall 
Co.  seems  to  me  to  have  the  biggest  educational  value 
because  it  gives,  both  by  illustration  and  description, 
a  clear  idea  of  the  construction  of  this  device  and 
calls  special  attention  to  six  of  its  strong  points,  and 
explains  why  these  points  are  strong  ones. 

It  also  has  a  further  educative  value  by  telling 
where  a  person  can  secure,  free  of  charge,  a  booklet 
fully  describing  this  trap  and  steam  traps  in  general. 

3.  The  ad.  of  the  General  Electric  Co.  appeals 
to  me  as  being  the  best  all  round  ad.  for  the  following 
reasons — first,  it  has  a  distinct,  life-like  pictiu-e  to 
attract  a  person's  attention.  Second,  it  sets  forth 
a  fact  in  the  first  paragraph  which  holds  the  interest 
of  the  reader  and  compels  him  to  read  further,   for 


every  first-class  engineer  is  interested  in  the  amotmt 
of  work  each  particular  boiler  in  his  plant  is  doing. 

Third,  the  ad.  is  printed  in  large  clear  type,  is 
to  the  point,  and  is  so  arranged  that  the  reader  reads 
it  through  in  a  straightforward  way,  and  has  no 
inclination  to  pass  it  by,  until  he  has  read  it  all. 

Fourth,  it  gives  just  enough  information  to 
interest  the  engineer  to  the  extent  that  he  wants  to 
know  more  of  this  particular  instrument,  and  hence 
is  ready  to  accept  the  invitation  to  send  for  a  bulletin. 

4.  I  have  answered  the  ad.  of  the  General  Elec- 
tric Co. 

Another  letter  which  furnishes  food  for 
thought  for  both  advertiser  and  reader  is 
this  one  from  a  subscriber  in  Fort  Morgan, 

Ala.: 

1.  The  Lytton  trap  "ad."  They  mention  the 
fact  that  their  trap  is  installed  in  the  Delray  station 
in  Detroit,  under  the  severest  of  conditions,  and  is 
giving  satisfaction.  This  simple  statement  is  more 
convincing  than  a  half  dozen  long  drawn  out  reasons 
why  their  trap  is  superior  to  others.  In  reading 
descriptions  of  modem  plants  I  always  notice  the  kind 
of  apjiaratus  installed,  as  there  always  is  a  reason. 

2.  Smooth-On  "ad."  Each  week  since  I  have 
been  reading  Power  I  notice  where  some  engineer 
has  been  helped  over  a  hard  place  by  using  Smooth- 
On.  When  the  water-jacket  on  om-  gas  engine  cracked 
during  the  recent  cold  spell,  it  was  perfectly  natural 
for  me  to  say,  "Smooth-On  will  fix  it." 

3.  Ambest  lubricated  metallic  packing  "ad." 
The  picture  has  a  distinct  educational  value;  it  shows 
the  construction  and  character  of  the  packing ;  it  shows 
how  easy  it  is  to  pack  a  rod,  and  the  method  of  packing. 
The  arguments  are  logical  and  easily  understood.  The 
offer  of  a  free  testing  sample  should  bring  the  adver- 
tiser big  results. 

4.  I  answered  the  Lytton  and  Rochester  "ads." 

It  is  true  that  it  will  only  pay  that 
manufacturer  to  advertise  whose  goods  will 
help  you  improve  conditions  in  your  plant, 
will  help  you  secure  economical  results — 

But  remember  that  this  selling  section 
will  help  you  best  only  if  you  take  advan- 
tage of  the  investigation  invitations  which 
the  advertisers  extend  to  you. 
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Some  interesting  experiences  have  been 
published  in  PowER  from  time  to  time  as  to 
the  use  of  sand  in  hot  bearings,  and  there  was 
a  wide  diversity  of  opinion  as  to  its  value 
when  so  used.  Its  efficacy  seems  to  depend 
upon  where  and  how  it  is  used,  and  the  differ- 
ence of  opinion  is  still  wide  and  unsettled. 

The   little   toddler  while  at  play   in  the 
backyard   sandpile    soon   learns   that  energy, 
grit  and  perseverance  are  needed  for  it  to  dig 
its  way  up  to  the  top 
of  the  heap. 

And  so  it  is  with 
the  operating  engineer. 
He  rnust  have  a  heap 
of  mental  "sand"  be- 
fore he  is  equipped,  for 
instance,  to  assume 
charge  of  a  badly  run- 
down plant  where  the 
stockholders'  only  pol- 
icy is  apparently  to 
squeeze  every  possible 
dollar  out  of  the  prop- 
erty, and  to  refuse  to  put  aside  anything  for 
its  repairs  and  maintenance. 

There  are  certain  individuals  who  think 
that  it  requires  "sand"  to  burglarize  a  man's 
home  in  the  dead  of  night;  to  take  a  "dare" 
or  needlesslv  risk  their  lives;  or,  knowing  that 
the  boiler  plates  are  badlv  pitted  or  are  other- 
wise dangerously  defective,  will  continue  to 
operate  the  boiler.  Running  risks  when  there 
is  nothing  to  be  gained  merely  indicates  rash- 
ness and  recklessness. 


The  "sand"  that  counts  is  possessed  by 
the  engineer  who  perseveres  under  almost 
overwhelming  obstacles  and  wins  out;  he  has 
the  required  grit,  and  backs  it  up  by  hard 
work.  He  does  not  recognize  luck,  nor 
chance;  he  gets  busy  and  sticks  to  the  job — 
and  this  does  not  mean  coming  on  dutv  at 
9  a.m.  and  knocking  off  at  4  p.m. 

Another  test  lor  "sand,"  from  which 
some  engineers  shrink,  is  that  of  permitting 
central-station  men  to 
run  a  test  of  the  steam 
apparatus.  The  man- 
agement takes  the 
ground  that  if  the  cen- 
tral-station men  can 
show  up  anvthing 
about  the  plant  that  is 
unknown  to  the  man- 
agement, it  is  high  time 
to  bring  it  to  light. 

Have     you,     Mr. 
Isolated     Plant    Engi- 
neer,  got   the    "sand" 
to  put  your  station  to  the  test,  or  is  it  pos- 
sible that  the  showing  would  endanger  your 
position? 

It  this  is  the  case,  you  need  "sand,  "  not 
for  hot  bearings,  but  for  stiffening  up  your 
backbone,  for  successfully  coping  with  your 
engineering  problems,  for  creating  courage 
to  tell  the  management  just  how  much  need- 
less waste  is  going  on  in  the  plant,  and  how 
it  can  best  be  stopped. 
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Pumping  Plant  at  Sloss  Iron  Mines 


To  provide  a  modern  electric  generat- 
ing plant  solely  for  the  purpose  or 
keeping  a  mine  free  from  water  is  un- 
usual; but  this  was  done  by  the  Sloss- 
Sheffield  Steel  &  Iron  Co.,  Birmingham, 
Ala.,  at  what  are  known  as  the  "Sloss" 
workings  on  Red  Mountain  in  Jefferson 
County. 

Heavy  Intermittent  Inflows  of  Water 

Included  in  these  workings  are  two 
slopes  of  about  23-deg.  pitch.  The  lower, 
designated  as  No.  1,  is  2400  ft.  south- 
west of  No.  2.  Both  lie  directly  across 
from  Bessemer,  Ala.,  about  U-<  miles 
distant.  In  common  with  other  slopes 
on  Red  Mountain  much  trouble  was 
caused  by  heavy  inflows  of  water,  that 
usually  broke  in  from  the  overlying  strata 
through  fractures  in  the  hanging  wall, 
rhese  occasional  floodings  were  originally 
of  relatively  short  duration,  and  little 
iifficulty  was  e.xperienced  during  most  of 
the  year  in  keeping  the  workings  dry. 

In  1909-10  the  condition  of  No.  1  mine 
was  greatly  impaired  by  heavy  falls  of 
top  rock,  which  opened  up  numerous 
channels  of  water  and  forced  a  shut- 
down of  the  mine.  Additional  pumps  and 
the  necessary  pipe  lines  were  installed, 
but  the  flow  of  water  was  so  steady  and 
of  such  great  volume  that  the  direct- 
acting  steam  and  air  pumps  proved  in- 
adequate. Consequently,  F.  W.  Haus- 
mann,  mechanical  engineer  of  the  com- 
pany, in  conjunction  with  M.  J.  Lide, 
consulting  engineer,  prepared  the  plans 
for  a  complete  electrically  driven  pump- 
ing plant. 

The  Power  Equipment 
The  pumping  plant  comprises  a  power 
house,  in  which  is  installed  a  steam-tur- 


By  C.  A.  Tupper 


A  750-kw.  turbine  plant  sup- 
plying electrical  energy  to  an 
underground  pumping  station 
equipped  with  four-stage  centrif- 
ugal induction-motor-driven 
pumps  installed  solely  for  the 
purpose  of  keeping  mine  free 
from  water. 


bine  generator  unit  of  750  kw.  capacity, 
and  an  underground  pumping  station 
equipped  with  two  10-in.  four-stage  cen- 
trifugal pumps,  each  direct-connected  to 


a  450-hp.  three-phase  60-cycIe  squirrel- 
cage  induction  motor.  The  turbine,  which 
operates  at  3600  r.p.m.,  is  supplied 
through  a  6-in.  feeder  with  steam  at 
125-hp.  gage  pressure  from  a  battery  of 
water-tube  boilers.  In  its  various  de- 
tails standard  practice  is  followed.  Three- 
phase,  60-cycle  currents  are  delivered  by 
the  generator  at  2300  volts.  Excitation 
for  the  alternator  is  supplied  by  an  en- 
gine-driven dynamo  of  15  kw.  at  starting 
and  by  a  motor-driven  set  of  the  same 
size  while  running. 

The  turbine  is  operated  condensing, 
and  the  arrangements  for  this  are  some- 
what unusual.  All  of  the  water  pump- 
ed from  the  mine  is  discharged  into  a 
large  circular  concrete  reservoir,  with 
suitable  gates  for  excess  flow,  situated 
on  the  side  of  the  mountain  above  the 
power   house.      From    this   reservoir   in- 


FiG.  2.   Vertical  Section  through 
Plant 


Fig.  1.   Turbine  Generating  Unit  in   Power  Plant 


jection  water  at  60°  F.  is  drawn  to  a 
36-in.  Tomlinson  barometric  condenser, 
which  maintains  a  vacuum  of  approxi- 
mately 28  in.  referred  to  a  30-in.  barom- 
eter. The  piping  and  other  arrange- 
ments at  the  power  house,  with  provision 
for  atmospheric  exhaust  when  desirable, 
are  shown  in  the  sectional  view  of  the 
station.  Fig.  2. 

From  the  switchboard  .the  alternating 
current  generated  is  carried  to  the  mine 
opening  by  means  of  a  three-phase  over- 
head line  and  thence  through  a  three- 
conductor  lead-covered  steel-armored 
cable  to  the  pump  motors. 

Starting  the  Motors 
For  convenience  in  operation,  the  en- 
gineers' plans    provided   for  starting  the 
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motors  and  stopping  them  directly  from 
the  power  house.  To  this  end  induction- 
motor  panels  were  embodied  in  the 
power-house  switchboard,  from  which,  by 
means  of  suitable  gearing,  are  manipu- 
lated auto-starters  situated  in  the  base- 
ment. In  addition,  at  each  motor  is 
provided  an  emergency  oil  switch,  so 
that,  in  the  event  of  an  accident,  the 
operator  in  the  mine  is  not  dependent 
upon  the  power-plant  engineer  to  enable 
him  to  shut  down.  There  is,  however, 
direct  telephone  connection.  In  starting, 
a  pump  motor  can  be  brought  up  to  full 
speed  quickly,  with  the  other  motor  either 
running  or  shut  down,  and  the  momentary 
fluctuation  in  voltage  is  slight. 

The  underground  pumping  station  and 
a  permanent  sump  of  1,500,000  gal.  or 
more  are  situated  about  1600  ft.  from  the 
slope  mouth.  At  this  point  the  pumps 
'  have  to  operate  against  a  total  vertical 
head,  including  suction,  of  655  ft.  The 
rated  capacity  of  each  pump  at  1130 
r.p.m.  is  1800  gal.  per  minute. 

Electrically,  there  was  some  difficulty 
at  the  start.  As  is  customary  in  systems 
containing  a  combination  of  overhead  and 
underground  circuits,  high  potentials  oc- 
curred, due  to  resonance  effects,  which  on 
several  occasions  produced  pin-hole 
punctures  in  the  insulation  of  the  motor 
windings.  This  difficulty,  however,  was 
remedied  by  grounding  the  neufral  point 
of  the  generator  and  installing  aluminum- 
cell,   electrolytic-type    lightning-arresters. 

For  the  illustrations  an,  data  here  pre- 
sented, the  author  is  indebted  to  Jesse 
Adkins,  Birmingham  manager  of  Allis- 
Chalraers  Co.,  which  built  the  power  and 
pumping  machinery,  and  to  F.  W.  Haus- 
mann,  engineer  of  the  Sloss  Sheffield 
Steel  &  Iron  Co. 


Answers  to  Study  Questions 

1.  A  horsepower  is  equal  to  0.746  of 
a  kilowatt.  One  pound  of  steam  per 
kilowatt  would  be  0.746  of  a  pound  per 
horsepower  if  the  unit  were  of  100  per 
cent,  efficiency.  But  if  the  unit  had  an 
efficiency  of  only  90  per  cent.,  one  horse- 
power would   produce  only 

0.746  X  0.90  =  0.6714  kw. 
One  pound  per  kilowatt  would  therefore 
mean  0.6714  lb.  pei  horsepower  used 
in  producing  it  under  these  conditions 
and  16.5  lb.  per  kilowatt-hour  would 
mean 

0.6714   X    16.5  =    11.0781  lb.  per  hp.-hr. 
Proof:     11.0781  lb.  of  steam  produce 
746   X   0.90   =   671.4  watts 


1 1.0781 


:  0,0165   lb. 


671.4 

of   steam    produce    !    watt   and 

0.0165    X    1000   =    16.5  lb.  . 
of  steam   produce    1000  watts  or  a  kilo- 
watt. 


=  Water  rate  per  horsepower; 
=  Water  rate  per  kilowatt; 


The  formula  is 

H('.  ~  Kw. 
where 
\\_ 
Hp. 

_ir 

Kiu. 

E  =  Efficiency   of  the   unit. 

2.  To  produce  a  pound  of  dry  satu- 
rated steam  at  135  lb.  pressure  from 
water  at  32  deg.  requires  1191.6  B.t.u. 
(values  are  from  the  Marks-Davis  steam 
tables). 

To  heat  a  pound  of  water  from  32  to 
160  deg.  requires  127.86  B.t.u.  To  make 
the  pound  of  steam  from  feed  water  of 
160   deg.    requires   therefore 

1191.6  —  127.86  =   1063.74  B.t.u. 

To  evaporate  a  pound  of  water  "from 
and  at  212  deg.,"  that  is,  to  evaporate 
at  atmospheric  pressure  a  pound  of  water 
already  at  the  boiling  point  at  that  pres- 
sure, requires  970.4  B.t.u.  Under  these 
conditions,  therefore,  there  would  be 
e\aporated  by  the  same  amount  of  heat 

1063.74  , 

—  =  1 .0062 

970.4 

times    as   much    water   as    from    feed    of 
160  into  steam  of   135  lb.  pressure. 

If,  then,  one  pound  of  coal  evaporates 
8.5  lb.  of  water  under  the  stated  condi- 
tions, it  would  evaporate 

8.5    X    1.C962   =    9.3177 
from  and  at  212  deg. 

The  formula  is 

E,   =  Ea  "~'' 

970.4 
where 

Ee  =  Equivalent     evaporation     from 

and  at  212  deg.; 
Ea  =  Actual  evaporation  under  given 

condition; 
H  z=  Total    heat    of    dry    saturated 

steam  nf  given  pressure; 
h  =  Heat   of  liquid   at   given   feed- 
water   temperature. 

3.  The  product  of  each  weight  and 
its  distance  from  the  fulcrum  or  point 
over  which  the  lever  turns  must  be  the 
same.     ■ 


The  given  weight,  100  lb.,  is  9  ft.  from 
the  fulcrum.  The  product  of  the  weight 
and   distance  is 

100  X  9  =  900 
The    missing    weight    multiplied    by    3 
must  equal  900,  then 

900  -^  3  =  300 
is  the   missing  weight. 


Proof: 

100 

X 

9 

=  900 

300 

X 

3 

=  900. 

The  formulas 

are 

a 

w  = 

Wd 
D 

w 

d  = 

wD 
W 

where 

W  =  Greater  weight; 
w  =  Smaller  weight; 
D  =  Greater   distance; 
d  =  Lesser  distance. 
It    makes    no    difference    whether    the 
distances    are    inches,    feet    or   miles,   so 
long  as  they  are  both  taken  in  the  same 
units. 

4.  One  pound  of  force  will  accelerate 
the  velocity  of  one  pound  of  matter  at 
the  rate  of  32.16  ft.  per  second. 

For  each  pound  of  matter  falling  a 
pound  of  force  is  nulling  downward. 

Starting  from  rest,  the  velocity  at  the 
end  of  one  second  will  be  32.16  ft.  per 
second;  at  the  end  of  2  sec,  64.32,  etc. 
.At  the  commencem.ent  of  the  first  sec- 
ond the  velocity  is  zero;  at  the  end,  32.16 
ft.  per  second.  Since  the  acceleration 
is  nniform  the  average  velocity  for  the 
secona    ■.>/:.:    ^e 

32.16  -^  2   =    i6.08  ft.  per  sec. 
At  the  end  of  4  sec.  its  velocity  would 
be 

4    X    32.16    =    128.64 
and  its  average  velocity 

128.64   ^   2   =   64.32  //.  per  sec. 
Falling  4  sec.  at  this  average  velocity,  it 
would  drop  through 

4    X    64.32   =   257.28  //. 
The  acceleration  32.16  ft.  per  second  be- 
ing that  due  to  gravity  is  called  g.  Call- 
ing the  time  in  seconds  /  and  the  distance 
d,  the  formula  is 

d  =  'l^ 

It  would  take  100  lb.  per  square  inch 
difference  in  pressure  between  the  con- 
tents of  the  boiler  and  the  atmosphere 
to  blow  the  valve  wherever  the  boiler 
were.  As  the  gage  measures  this  dif- 
ference of  pressure,  it  would  indicate 
the  same  pressure  when  the  valve  lifted 
whether  the  boiler  were  at  sea  level  or 
on  a  mountain. 


The  N.  E.  L.  A.  Bulletin  is  asked  if 
any  member  has  been  successful  in  se- 
curing power  in  laundries.  If  more  power 
is  sold  to  the  average  laundry,  speaking 
foi  ourselves,  the  editorial  force  of  this 
paper  will  have  to  seek  refuge  in  overalls 
and  jumper.  Our  newest  negligee  has 
shown  a  dangerous  difference  of  potential 
between  the  primary  and  secondary  "ter- 
minals," its  dynamic  force  is  well  nigh 
spent,  and  it  has  the  appearance  of  hav- 
ing been  "shocked"  beyond  resuscita- 
tion. 
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Adjustment  of  Electric  Lighting  Rate 


In  estimating  the  costs  of  construc- 
tion, operating  expenses,  depreciation, 
valuation,  etc.,  of  power  plants  and  all 
factors  to  be  considered  in  the  establish- 
ment of  equitable  rates  of  services,  the 
reports  of  the  Wisconsin  Railroad  Com- 
mission have  been  almost  universally 
adopted  in  principle  by  other  state  com- 
missions, municipal  public-utility  boards 
and  engineers  as  an  accurate  basis  for 
decisions.  Also,  a  recent  address  by 
Prof.  Cory,  of  the  University  of  Cali- 
fornia, upon  the  adjustment  of  rates, 
before  the  League  of  California  Munici- 
palities at  Santa  Barbara,  offers  new  and 
instructive  data.  Before  taking  up  Prof. 
Cory's  paper,  extracts  will  be  given  from 
the  reports  of  the  Wisconsin  Railway 
Commission. 

Wisconsin  Railroad  Commission — Valu- 
ation OF  Plants 

Taxes,  depreciation  and  interest  on  the 
investment  are  expenses  which  a  public 
utility  must  meet;  they  should  be  borne 
by  the  consumer;  otherwise  the  burden 
of  cost  does  not  fall  where  it  belongs. 
Again,  these  so  called  "fixed  expenses" 
depend  directly  upon  the  investment  rep- 
resented in  the  plant.  To  make  each  de- 
partment bear  its  proper  burden  of  ex- 
pense, it  is  necessary  to  determine  upon 
a  fair  valuation  not  only  of  the  total 
property    but   of   each    department. 

In  estimating  the  costs  for  municipal 
as  well  as  for  privately  owned  plants,  it 
seems  necessary  to  consider  the  operat- 
ing expenses,  depreciation,  taxes  and  in- 
terest on  the  investment.  The  two  former 
are  always  present  and  must  be  met,  no 
matter  by  whom  the  plants  are  operated. 
Taxes  and  interest  charges  may,  in  a 
sense,  be  dispensed  with  for  municipal 
plants;  on  the  other  hand,  both  are  evi- 
dent in  some  form  in  all  industrial  activ- 
ities. If  such  items  as  fixed  charges  are 
not  considered  by  municipal  plants  in 
fixing  rates  for  private  consumers,  it 
would  seem  that  these  consumers  would 
be  favored  as  against  the  tax  payers. 
There  does  not,  on  the  whole,  appear  to 
be  any  equitable  ground  upon  which  such 
charges  can  be  entirely  eliminated  in  any 
industry  or  in  any  connection  with  the 
services  of  any  public  utility. 

Operating  Expenses 

Operating  expenses  may  be  divided  in- 
to two  classes:  constant  and  variable 
expenses.  Constant  expenses  are  not 
often  materially  affected  by  the  amount 
of  business  done,  while  variable  expenses 
are  affected  by  the  amount  of  business 
done.  From  the  point  of  view  of  rate 
making,  since  constant  expenses  depend 
upon  the  capacity,  they  should  be  dis- 
tributed among  the  consumers,  and  since 


Extracts  from  the  reports  of 
the  Wisconsin  Railway  Commis- 
sion regarding  the  influence  of 
various  fixed  charges  upon  the 
rates  and  a  paper  by  Prof.  Cory 
showing  the  influence  of  the  load 
factor  upon  the  total  cost. 


variable  expenses  depend  on  the  output, 
they  should  be  distributed  according  to 
the  output.  Under  this  apportionment, 
constant  expenses  assume  the  nature  of 
a  service  charge  and  may  either  be  di- 
rectly applied  as  a  service  charge  in  the 
rates  or  may  be  used  as  the  basis  upon 
which  to  determine  the  minimum  charge. 

The  electric-lighting  business  is  such 
that  a  large  proportion  of  the  operating 
expenses  are  not  directly  proportional  to 
the  output.  Since  it  is  impossible  to 
store  electrical  energy  economically,  the 
plant  must  be  so  designed  and  main- 
tained as  to  be  able  to  meet  the  maxi- 
mum demand.  Whether  the  consumer 
uses  much  or  little  current  is  of  small 
consequence  in  determining  the  capacity 
of  the  plant.  He  has  in  his  residence, 
store  or  office  a  certain  number  of  lamps, 
and  if  he  desires  to  burn  all  of  ihem  at 
one  time,  the  plant  must  be  able  to  sup- 
ply  him   with   sufficient  .current. 

Variable  expenses,  including  such 
items  as  fuel,  oil,  waste  and  certain  re- 
pairs and  labor,  are  directly  proportional 
to  the  power  sold;  they  increase  as  the 
output  increases  and  decrease  as  it  be- 
comes less.  There  are,  however,  certain 
items  which  can  be  called  neither  all 
capacity  expense  nor  all  output  expense, 
but  must  be  divided  between  the  two 
groups. 

Distribution  expenses  are  but  slightly 
affected  by  output  and  are,  therefore, 
largely  capacity  expenses;  general  ex- 
penses are  entirely  capacity  costs,  not 
influenced  by  output.  Depreciation  and 
interest  on  the  investinent  are  overhead 
expenses,  following  the  general  practice, 
and  are  apportioned  between  output  and 
capacity  on  the  basis  of  the  total  ex- 
penses. Direct  expenses  include  the  gen- 
eration, distribution  and  consumption 
charges. 

The  practice  of  charging  operating  ex- 
penses to  the  construction  account  may 
have  serious  consequences.  It  may  lead, 
first  of  all,  to  erroneous  conclusions  as 
to  the  financial  condition  of  a  plant  and 
the  sufficiency  of  the  revenues  derived 
from  operation.  If  expenditures  are 
wrongly  charged  to  construction,  operat- 
ing expenses  will  appear  correspondingly 
less,  and  the  margin  between  revenues 
and  expenses  proportionately  wider;  and 


the     showing     of     net     profit     augments 
fictitiously   to   an   equal    extent. 

Depreciation 

Depreciation  is  that  loss  or  shrinkage 
of  value  which  inevitably  occurs  from 
time  to  time  in  the  equipment  of  the 
plant;  it  may  be  due  to  wear  and  tear, 
to  age,  to  the  march  of  modern  invention 
or  to  inadequacy.  The  establishment  of 
a  depreciation  fund,  in  short,  is  intended 
to  keep  the  original  investment  intact. 
Bearing  this  in  mind,  depreciation  might 
reasonably  be  defined  as  the  amount 
which  makes  up  the  difference  between 
the  value  of  the  plant  at  any  period  after 
construction,  although  kept  in  good  run- 
ning condition  by  ordinary  repairs,  and 
the  original  cost  value  of  the  plant. 

Rate   Establishment 

The  rates  for  electric  energy  should 
be  based  upon  the  cost  of  service,  under 
which  each  particular  consumer  con- 
tributes to  the  revenues  of  the  company 
in  proportion  to  the  cost  to  the  plant  of 
such  service.  The  cost,  in  turn,  depends 
upon  the  hours  of  daily  operation  and 
the  rates  must  be  based  on  the  customer's 
daily  use  of  this  connected  load.  The 
actual  rate  in  cents  is  dependent  upon 
the  facts  in  each  case. 

Every  consumer  calls  into  use  a  cer- 
tain investment,  regardless  of  the  amount 
of  his  consumption.  Even  should  he  con- 
sume nothing,  he  would  still  have  to  be 
carried  on  the  books  and  a  certain 
amount  of  equipment  would  have  to  be 
held  in  readiness  to  serve  him.  Such 
fixed  expenses  properly  constitute  a 
definite  consumer  charge.  In  order  that 
every  consumer  shall  pay  his  share  of 
the  expenses,  the  expenses  of  the  plant 
must  be  apportioned  between  the  capa- 
city and  output  costs,  to  determine  what 
part  of  each  class  of  expense  should  be 
charged  against  the  consumer. 

Prof.  Cory's  Paper 

To  apply  the  methods  of  obtaining  ap- 
proximately the  cost  of  service  to  each 
consumer,  along  the  lines  indicated  in 
the  foregoing,  the  segregated  costs,  deal- 
ing separately  with  the  fixed  and  vari- 
able expenses  as  affected  by  the  load  fac- 
tor as  well  as  the  amount  of  electric 
energy  used  by  each  customer,  have  been 
worked  out  for  two  typical  electrical 
lighting  systems  on  the  Pacific  coast. 
These  will  be  denoted  as  systems  I  and 
2,  the  former  having  its  power  gen- 
erated with  steam,  and  the  latter  receiv- 
ing its  power  at  a  substation  outside  of 
the  city  limits,  stepping  down  from  fiO,- 
000  volts  to  the  voltage  of  commercial 
distribution. 
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Load  Factor 

Probably  no  point  is  of  such  serious 
consequence  in  connection  with  the  op- 
eration of  a  municipal  lighting  system  as 
the  load  factor,  as  most  of  the  consump- 
tion is  residence  lighting,  the  period  of 
use  being  usually  not  more  than  an  aver- 
age of  two  hours  nightly  out  of  the  24- 
hour  day.  Again,  there  is  a  w'de  differ- 
ence between  the  maximum  demand  and 
the  average  load  for  the  year,  caused 
by  the  difference  in  the  seasons. 

As  an  illustration.  Fig.  1  shows  the 
load  curve  of  system  No.  2  on  June  30, 
1910,  giving  a  maximum  load  of  1619 
kw.  at  9  p.m.,  and  lasting  but  a  brief  in- 
terval.    The    average    load     for    24    hr. 


owned  lighting  systems,  is  the  usual 
rapid  growth  of  such  systems;  the  in- 
creased investment  demanded  each  year 
being  met  ordinarily  by  a  new  bond  issue. 

In  the  case  of  system  No.  2,  the  ad- 
ditions varied  from  a  minimum  of  S35,- 
000  to  a  maximum  of  5120,000  per  year; 
the  total  investment  increasing  in  seven 
years  from  $155,000  to  $565,000,  ap- 
proximately 3K'  times  the  original  out- 
lay. 

If  there  be  a  surplus  under  favorable 
conditions,  it  may  be  used  for  short  per- 
iods to  do  needed  construction  work  and 

2400 
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PowE!?  Hours,  Load  Curve 

Fig.   1.   Peak  Load,  Summer  Months 

was  471.8  kw.,  making  a  load  factor  of 
29.1  per  cent,  for  the  day.  Fig.  2  is 
the  load  curve  of  the  same  system  six 
months  later,  on  Dec.  31,  1910.  The 
actual  peak  was  2363  kw.,  or  almost  50 
per  cent,  greater  than  on  June  30.  The 
load  above  1200  kw.  lasted  for  5'<  hr. ; 
the  average  load  for  the  24  hr.  was  920.7 
kw.,  an  increase  of  nearly  100  per  cent, 
over  that  in  June;  and  the  load  factor  for 
the  day  was  38.9  per  cent. 

An  annual  load  factor  for  such  electric- 
lighting  service  of  from  20  to  30  per  cent, 
is  not  uncommon,  while,  in  comparison, 
extensive  transmission  systems,  often 
including  a  number  of  hydro-electric  as 
well  as  steam-driven  central  stations, 
sometimes  have  a  load  factor  of  be- 
tween 70  and  75  per  cent.  This,  of 
course,  is  due  to  the  extensive  applica- 
tion of  electric  energy  for  power  in  the 
operation  of  transportation  systems,  in- 
dustrial plants,  mines,  etc. 

Plant  Investments 

Another  point  in  connection  with  the 
construction  and  operation  of  municipally 
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18,850  B.t.u.  per  pound  and  weighing  336 

lb.   per   barrel.      The    kilowatt-hours   per 

barrel    of    oil    from    such    source,    for    a 

15,000-kw.    condensing    plant,    operating 

24  hr.  per  day,  are: 

Kilowatt-hours 

per  Barrel 

of  Oil 


IE    J    4    6    8    10   IE   2   4    6    8    10   12 

k      A.M. ->K RM. H 

PowELR  Hours,  Load  Curve. 

Fig.  2.  Peak  Load,  Winter  Months 


later,  the  cost  of  such  work  may  be  met 
by  a  bond  issue,  reimbursing  the  sur- 
plus fund  of  the  electric-lighting  system. 
Also,  in  such  cases  it  may  be  proper  To 
expend  for  new  construction,  funds  which 
properly  must  be  set  aside  each  year  to 
cover  depreciation,  provided  such  ac- 
counts are  always  properly  credited  on 
the  books  of  the  system  and  the  .imounts 
replaced  at  such  times  as  a  new  bond 
issue   renders  available  such    funds. 

Fuel  Cost 

Figures  by  C.  R.  Weymouth  have  been 
used  in  determining  the  fuel  cost  at  the 
switchboard  of  the  steam  plant  per  kilo- 
watt-hour at  various  load  factors.  These 
are  for  condensing,  direct-connected 
steam-driven  units  based  on  plants  in- 
stalled at  Pacific  coast  railway-terminal 
points.     The   oil    is   assumed   as   having 
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Per  Cent. 
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The  cost  of  fuel  with  oil  at  70c.  and 
also  at  $1  per  barrel  per  kilowatt-hour, 
as  affected  by  the  load  factor,  is  shown 
in  Fig.  3.  This  indicates  plainly  the 
increased  cost  of  fuel  resulting  from  a 
low   average   daily   load. 

Plant  Statistics 

The  figures  given  for  the  two  par- 
ticular  electric-lighting   systems   selected 
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Fig.  3.  Variation  of  Fuel  Cost  with 
Load  Factor 

are  only  relative,  and  do  not  indicate  ab- 
solutely the  average  costs  per  kilowatt- 
hour,  especially  as  delivered  to  consum- 
ers' meters,  in  other  plants  operating  un- 
der entirely  different  conditions. 

System  No.   1 

The  relation  between  the  investment 
per  kilowatt  in  the  generating  stations, 
distributing  system  and  electrical  meters, 
based  on  the  peak  and  the  average  load, 
is  shown  in  Table  2,  which  clearly  indi- 
cates the  disadvantage  of  a  low  load  fac- 
tor. 

In  Table  3  the  average  rate  of  de- 
preciation upon  the  generating  station  is 
taken  at  5  per  cent.,  so  determined  by 
considering  separately  the  estimated  life 
of  the  different  parts  of  the  station,  in- 
clusive of  buildings,  foundations  and  the 
steam  and  electrical  machinery.  The 
total  generating  cost  per  kilowatt-hour 
at  the  plant  is  less  than  one-half  as 
much  at  100  per  cent,  load  factor  as  at 
35  per  cent,  load   factor,  the  actual   fig- 
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Character   of   gener- 
ating station 


Cost  of  fuel  per  bar- 
rel  

Installed  capacity, 
kilowatts 

Peak  load  for  year, 
kilowatts 

.•Vverage  load  for 
year,  kilowatts .    . 

Load  factor  for  one 
year,  per  cent. ... 

Efficiency  of  distri-' 
bution  system! 
from  switchboardj 
to  consumers' 
meters,  per  cent. . 

.\ggregite  length  of 
distribution  sys- 
tem, miles ..... . . 

Average  cost,  distri- 
bution system  per 
mile 

Number  of  custo- 
mers   

Number  of  custo- 
mers per  mile  of 
distribution  sys- 
tem   

Number  of  pole 
transformers 

.Aggregate  capacity 
of  transformers, 
kilowatts 

Average  capacity 
per  transformer, 
kilowatts 

Total  valuation  of 
system 

K  i'lowa  t  t-hours 
steam  plant 
snitchboard  per 
year . 

Kilowatt-hour;,  sub- 
station switch- 
board per  year . . . 

Kilowatt -hours  de- 
livered to  custo- 
mers' meters  per 
veir 

.\verage  generating 
cost  per  kilowatt- 
hour,  steam  plant 
switchboard,  cents 

Average  generator 
cost  per  kilowatt- 
hour  deUvered  to 
customers'  meters, 
cents 

Cost    per    kilowatt- 
hour       substation 
sn-itchboard; 
100     per     cent, 
load      factor, 

cents 

20  per  cent,  load 
factor,  cents . 

Cost    at    substation 
switchboard      per 
kilowatt-hour    de- 
livered   to    custo- 
mers' meters: 
30      per      cent, 
load      factor, 
cents 

.\verage  total  cost 
per  kilowatt-hour 
delivered  to  cu-^to 
luers'  meters,centi 


-System  No. 


From  water  and 
steam  power, 
trans  imssion 
system 


SI   00, 
1,750 
1 ,200 
415 


S3. 430 
3,057 


552 

424 

2,179 

4.167 

4 

10 

5560,000 

S.577,000 

3,635,500 

6.570.000 

2,363,000 

1.600.000 

overhead.  100 
undergroimd. 


S3.050 
7,250 


Invest- 
ment 

IXVESTMEXT   PER 
KiLOW.MT 

Portion  of 

.System 

In- 
Stalled 
Cap- 
acity 

Peak 
Load 

.\verage 
Load 

Generating 
station. . . 

Distribution 
Ejrstem . .  . 

Electric 
meters .  ,  . 

3253,000 
257,000 
50.000 

S144.44 
146  90 
28  55 

S210.65 
214  17 
41  63 

S609.50 
619  00 
120.50 

Total        . 

S560.000 

S319.89 

S466 .  45 

S1349.00 

ures  being  0.9c.  per  kilowatt-hour,  with 
the  best  character  of  load  and  1.91c.  per 
kilowatt-hour,  with  the  average  load 
slightly  above  one-third  the  peak  load. 


TABLE   3.      .STATION   CHAP.GE.S 


Per 

KlLOWATT- 

HOUR 

lOO'^c. 

70% 

35  f^, 

Yearly 

Load 

Load 

Load 

Item 

Total 

Factor 

Factor 

Factor 

Interest,  5  per 

cent 

S12,650 

0.12 

0.17 

0.34 

Taxes,  1 . 6  per 

4,050 

0.04 

0.06 

0.11 

Depreciation,   5 

per  cent. ...... 

12,650 

0.12 

0.17 

0.34 

Fuel 

0.51 

0.56 

0.79 

Operation  and 

maintenance . . . 

12,000 

0.11 

0.16 

0  33 

Total     generat- 

ing   cost    per 
kilowatt -hour 

at  plant  .cents 

0  90 

1    12 

1   91 

Total     generat- 

ing   cost    per 
kilowatt -hour 

deUvered      to 

custo  mers' 

meters,  cents. 

1  38 

1.73 

2  94 

The  annual  depreciation  for  the  dis- 
tribution system,  as  given  in  Table  4,  has 
been  taken  at  8',2  per  cent.  It  w-ill  be 
noted  that  the  total  distribution  cost  per 
kilowatt-hour  delivered  to  cusloiners' 
meters  is  nearly  three  times  as  great 
at  35  per  cent,  load  factor  as  at  the  maxi- 
mum load  factor. 


TABLE  4.      DISTRIBUTION  CHARGES 


Per 

KiLOW 

ATT- 

Hour 

100% 

70% 

35% 

Load 

Load 

Load 

Item 

.\mount 

Factor 

Factor 

Factor 

Interest,  5  per 

cent 

S12.850 

0. 12 

0-17 

0.35 

Taxes,  1.6  per 

cent 

4,120 

0.04 

0.06 

Oil 

Depreciation,   8.5 

per  cent 

21,850 

0.21 

0.30 

0.59 

Operation  and 

maintenance. .  . 

23,000 

0.22 

0.31 

0.62 

Total     distribu- 

tion cost    per 

kilowatt -hour 

at  plant, cents 

0.59 

0,84 

1  67 

Total     distribu- 

tion  cost    per 

kilowatl-hour 

delivered    t  o 

cus  t  omers' 

meters,  cents. 



0  91 

1   29 

2.57 

In  Tables  5  and  6  the  total  average 
cost  per  kilowatt-hour  delivered  to  con- 
sumers' meters  at  100  per  cent.,  70  per 
cent,  and  35  per  cent,  load  factor  are 
2.57c.,  3.4c.  and  6.32c.  respectively,  based 
upon  the  summations  of  the  tables  and 
including  the  total  metering  cost  per 
kilowatt-hour  delivered  to  customers' 
meters.  These  three  comparative  costs 
indicate  why  the  consumer  of  electric 
energy,  even  though  such  consumption 
is  reasonably  small  in  magnitude,  is 
justly  entitled  to  a  decidedly  low  rate 
if   the   electric   energy   used   by   him    is 


utilized  at  a  high  daily  average  load; 
in  other  words,  if  his  demand  for  ser- 
vice is  such  that  the  load  factor  is  high. 
In  this  instance,  if  the  load  factor  is 
uniform  throughout  the  24  hr.,  his  rate 
may  be  properly  2.57c.  per  kilowatt-hour, 
increasing  to  3.4c.  if  the  average  load  is 
70  per  cent,  of  the  maximum,  and  to 
6.32c.   if  it   is  but  35  per  cent. 


ANNUAL  METERING.   BILLING 
AND  COLLECTING 


.\raount 

Per 

KiLOW 

HoL-R 

\TT- 

Item 

100% 
Load 
Factor 

70% 
Load 
Factor 

35% 
Ix)ad 
Factor 

Interest.      5     per 

$2,500 

800 

4,000 

12,000 

0.02 
0.01 
0.04 
0   11 

0.03 
0.01 
0.05 
0.16 

0.07 
0.02 
O.U 
0.33 

Taxes,     1 . 6     per 
cent 

Depreciation,       8 
per  cent 

Operation  and 
maintenance. . . 

Total    metering 
cost  per  kilo- 
watt-hour   at 
plant 

Total  metering 
cost  per  kilo- 
watt-hour de- 
livered to  cus- 
tomers'     me- 
ters   

0   IS 
0.28 

0.2.1 
0.38 

0  53 
O.SI 

TABLE     6.     TOTAL     COST     OF     ELECTRIC 
SERVICE  PER  KILOWATT-HOUR  TO 
CUSTO.MERS'   METERS  AT  DIF- 
FERENT  LOAD  FACTORS 


Per  KlLOWATT-HOt-Tl  TO 

Customer  at 

Item 

100% 
Load 
Factor 

70% 
Load 
Factor 

35% 
Load 
Factor 

Generation,  cents  .  . 
Distribution,  cents. 
Metering,  cents. .  .  . 

1.3S 
0.91 
0.28 

1.73 
1.29 
0.38 

2.94 
2.57 
0.81 

Total  cost   (aver- 
age) ,  cents    ... 

2  57 

3  40 

6  32 

System  No.  2 

The  total  investment  in  system  No. 
2  and  the  investment  per  kilowatt-hour 
peak  and  average  yearly  load  is  shown 
in  Tables  7  and  8.  From  these  figures 
it  will  be  noted  that  the  total  investment 
per  kilowatt  for  the  average  load  in  this 
system  is  only  a  little  more  than  one- 
half  the  corresponding  investment  in  sys- 
tem No.  1,  due  to  the  fact  that  no  in- 
vestment is  required  for  the  generating 
station  in  system  No.  2. 

TABLE   7,     TOTAL  I.NVESTMENT 

Substation: 

Real  estate 822,000 

Buildings 33,500 

Apparatus 87,500      8143,000 

Distribution: 

Overhead 274,500 

Underground 44.000        318,500 

Meters  I15„500 

Totals S577.000 
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TABLE  S.     INVESTMENT  IN  SUBSTATION, 
DISTRIBUTION  SYSTEM   AND  ELEC- 
TRICAL METERS  PER   KILOWATT- 
HOUR   PEAK   AND   AVERAGE 
YEARLY  LOAD 


IXVEHTMENT     Pf;U 

Kilowatt 

Total 
Investment 

Peak 

Load, 

2600 

Kilowatts 

Average 

Load, 

750 

Kilowatts 

Substation  . 
Distribution. 
Meters 

S143,000 
31S,.iOO 
115,riOO 

SS7 . 20 
127.50 
46.20 

$190.60 
424  70 
153.90 

TotaL 

S577.OO0 

.$230 .  90 

S769 , 20 

sents  an  average  monthly  cost  to  the 
customer  of  $1.70;  the  corresponding 
distribution  cost,  $1.15,  and  the  cost  of 
tnetering,  etc.,  49c.,  amounting  to  a  total 
average  monthly  cost  per  customer  of 
$3.34.  Comparing  Table -6  with  Table 
11,  which  gives  the  total  cost  of  electric 
service  per  kilowatt-hour  to  the  custom- 
ers' meters,  it  will  be  noticed  that  the 
average  monthly  cost  per  customer  is 
less  in  system  No.  2  than  in  system  No. 
1,  because  of  the  greater  number  of 
meter  connections. 


Table  9  shows  the  distribution  cost  per 
kilowatt-hour  delivered  to  customers' 
meters  at  100  per  cent,  load  factor. 

In  Table  10  are  given  the  annual  meter- 
ing, billing  and  collecting  costs  per  kilo- 


Condenser    Head    Broken 
by  the  Gasket 

By  W.  G.  Freer 

A  few  years  ago  it  became  necessary 
to    remove   the   head    from   a   condenser 


TABLE  9.      ANNUAL  DISTRIBUTION  CHARGES  AND  COST  PER  KILOWATT-HOUR  ON 
SWITCHBOARD  AND  AT  CUSTOMERS'  METERS  FOR  DIFFERENT  LOAD  FACTORS 


.\mount 

Per 
Cent. 

100  .Miles  of  Di.strihution  Systi^m 

Item 

Yearly 
Charge 

100% 

70% 

30% 

Interest  

$461,000 
461,000 

33,500 
87,500 
274,500 
44,000 

5 
16 

3 

5 

8i 
4 

$23.0.'iO 
7,376 

1,005 

4.375 

23.333 

1,760 

0.11c. 
0.03c. 

0.15c. 
0.05c. 

0.3.5c. 

Depreciation: 

Buildings 

Electrical  apparatus.  .  , 
Distribution,  overhead 
Distiibutiou,  underground 

Operation  and  maintenance 

Total  distribution  cost  per  kilowatt-hour 

.S439,500 

6.94 

830,473 
40,000 

0.14c. 
0.18c. 

0.46c. 

0.66c. 

0  20c. 
0.26c. 

0.66c. 

0,94c. 

0  46c. 
0.61c. 

Total  distribution  cost  per  Idlowatt-hour 
delivered  to  customers'  meters        .    . 

2,19c. 

TABLE   10.      ANNUAL  METERING,  BILLING  AND  COLLECTING,  ETC..  CHARGES 


Amount 

Per 
Cent. 

Yearly 
Charge 

Cost  per  Kilowatt-hour 

Item 

100% 

70% 

30% 

Interest  

Taxes 

Depreciation 

Operation  and  maintenance 

8115,500 
115,500 
115,500 

1.5 

85,775 
1,850 
9,240 

26,000 

0.03c. 
0.01c. 
0.04c, 
0. 12c. 

0.04c. 
O.Olc. 
0.06c. 
0.17c. 

0.09c. 
0.03c. 
0.14c. 
0.40c. 

Total  metering  cost  per  kilowatt-hour 

0.20c. 
0.28c. 

0.2Sc. 
0.40c. 

0.66c. 
0.94c. 

Total  metering  cost  per  kilowatt-hour 
delivered  to  customers'  meters  ... 



TABLE     11.     TOTAL    COST    OF    ELECTRIC 
SERVICE   PER  KILOWATT-HOUR  TO 
CU.STOMERS'   METERS  AT  DIFFER- 
ENT  LOAD  FACTORS 


Per  Kilowatt-hour  to 
Customer  at 

Item 

100% 
Load 
Factor 

70% 
Load 
Factor 

30% 
Load 

Factor 

Cost    of    power    at 

substation 

Distribution 

Metering 

1.07c. 
0 .  66c. 
0 .  26c. 

1 .  50c. 
0.94c. 
0.40c. 

3.21c. 
2.19c. 
0 .  94c. 

Total 

1 .  99c. 

2 .  84c. 

6.34c. 

watt-hour  on  the  substation  switchboard 
and  at  the  consumers'  meters  for  dif- 
ferent load  factors. 

In  system  No.  2  the  cost  of  electrical 
energy  from  the  transmission  lines  repre- 


in  a  large  central  station,  for  the  pur- 
pose of  cleaning  the  tubes.  The  con- 
denser was  in  two  sections,  each  prob- 
ably 50  in.  inside  diameter,  with  flanges 
at  the  end  about  1  in.  on  the  radius.  The 
head  was  about  1  in.  thick,  of  cast  iron, 
and  dished  considerably  to  stiffen  it.  The 
dishing  sprang  from  the  inner  edge  of 
the  flange,  and  was  sharp  and  clearly 
defined,  the  flat  border  being  of  the  same 
width  as  the  flange  on  the  cylinder. 

On  removing  the  head  the  gasket  stuck 
and  was  broken,  making  it  unfit  for 
further  use.  When  the  head  was  about 
to  be  replaced  it  was  found  that  there 
was  not  sufficient  sheet  packing  to  make 
a  gasket,  and,  as  a  substitute,  a  soft 
piece  of  rubber  gas  tubing  was  laid  on 
the  flange  iust  inside  of  the  bolts,  and 
the  ends   lapped,  making  what   is  com- 


monly called  an  inside  joint.  The  head 
was  bolted  on  and  the  pump  started,  to 
test  the  job,  which  appeared  to  be  all 
right,  and  the  engine  was  reported  ready 
for  service. 

This  being  a  night  watch  job,  the  en- 
gine was  not  ordered  on  the  line  until 
the  next  afternoon,  when,  as  the  station 
load  increased,  it  was  brought  up  to 
speed  and  the  load  thrown  on  as  usual. 

Shortly  after  this  the  engineer  on 
watch  made  a  tour  around  the  plant,  and 
upon  reaching  the  condenser  he  saw 
water  flowing  down  over  the  outside  of 
the  head.  Upon  closer  examination  he 
discovered  that  it  was  coming  from  a 
crack  which  extended  for  some  18  or 
20  in.  along  the  inner  circle  of  the  flange. 
He  immediately  stopped  the  circulating 
pump  and  opened  the  exhaust  to  the  at- 
mosphere, as  the  engine  was  capable  of 
carrying  the  load  when  running  noncon- 
densing. 

The  fracture  was  reported  and  an  in- 
vestigation held  to  determine  the  cause 
and  place  the  blame.  The  evidence  all 
tended  to  prove  that  due  care  had 
been  exercised  in  screwing  the  bolts 
gradually  and  equally  all  around,  and 
as  the  head  was  generally  thought  to 
be  tight,  it  was  about  to  be  declared  an 
unavoidable  accident,  due  to  poor  de- 
sign, when  one  of  the  engineers  sug- 
gested that  the  gasket  had  been  the 
cause  of  the  trouble.  He  was  directed 
to  explain,  and,  as  he  had  been  in  charge 
of  the  job  and  was  the  man  to  bear 
the  blame  for  any  mistake,  considerable 
interest  was  manifested  in  what  he  had 
to  say. 

He  pointed  out  that  the  narrow  gasket 
in  its  position  close  to  the  bolts,  placed 
the  head  in  the  class  with  a  beam  sup- 
ported at  the  ends  and  uniformly  loaded. 
The  old  gasket  had  been  of  sheet  pack- 
ing which  was  almost  entirely  of  can- 
vas, and  hard,  coveriifg  the  full  width 
of  the  flange.  He  claimed  that  the  head 
on  this  seating  was  in  the  class  with  a 
beam  rigidly  fixed  at  both  ends,  a  much 
stronger   construction. 

This  line  of  reasoning  was  followed 
by  the  chief  stating  that  he  had  noticed 
that  the  head  appeared  to  spring  slightly 
more  to  the  pulsations  of  the  pump  than 
usual,  when  the  job  was  tested,  but  that 
he  had  become  so  accustomed  to  see- 
ing the  head  breathing  that  he  had  passed 
it  as  imaginary  and  had  not  given  it 
the  careful  consideration  that  it  would 
have  received  had  it  been  a  new  condi- 
tion. 

The  investigation  ended  here  and  noth- 
ing happened  to  the  men  at  fault,  but 
the  problem  was  discussed  by  the  engi- 
neers and  foremen  and  all  came  to  the 
conclusion  that  the  gasket  was  the  cause. 
Inside  joints  are  all  right,  but  one  should 
be  sure  the  head  is  strong  enough.  If 
there  is  any  doubt  of  this,  a  full  flange 
joint  should  be  used;  it  is  stronger. 
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The    Kienast    Steam    Turbine 


This  is  one  of  those  turbines,  adapted 
especially  to  smaller  capacities,  in  which 
ti\e  steam  is  made  to  act  a  number  of 
times  successively  upon  the  same  wheel 
by  being  passed  across  it  axially  through 
the  blading  and  returned  by  reversing 
passages  to  act  again  upon  the  blading 
from  the  opposite  side.  The  pe- 
culiarity of  the  Kienast  system  is 
that  the  blading  is  divided  radially 
into  a  number  of  chambers,  usu- 
ally three,  by  fins  inserted  into  the  con- 
cave inner  faces  of  the  blades,  as  shown 
in  Fig.  1.  The  turbine  is  of  the  partial- 
admission  type,  the  outlet  of  the  admis- 


Description  and  results  of  tests 
on  the  Kienast  steam  turbine. 
In  this  type  the  blading  on  the 
wheel  is  so  arranged  as  to  pro- 
vide three  concentric  passages 
for  the  steam;  that  is,  the  steam 
passes  axially  through  the  blad- 
ing and  by  means  of  reversing 
passages  is  returned  and  made 
to  act  upon  the  same  wheel 
three  times. 

The  machine  is  adapted  es- 
pecially to  ihe  smaller  capacities. 


1     ^ 
1 


l0«0^^ 


Fig.  1.   Method  of  Attaching  Blades. 

sion  nozzles  being  shown  at  a  in  Fig.  2. 
In  this  nozzle,  shown  also  at  a  in  Fig.  4, 
the  steam  is  expanded  from  the  initial 
to  the  back  pressure,  and  with  the  veloc- 
ity thus  acquired  impinges  upon  the 
wheel,  which  absorbs  some  of  its  energy 
and  discharges  it  at  a  reduced  velocity 
into  the  port  b.  Fig.  3.  shown  diagram- 
matically  at  b.  Fig.  4.     The  width  of  this 


into  this  increased  volume  as  the  steam 
has.  been  already  expanded  to  the 
counterpressure;  but  the  increased  cross- 
section  permits  the  passage  of  the  same 
volume  of  steam  at  the  diminished  veloc- 
ity. The  reversing  passage  connecting 
the  ports  d  and  e  deepens  progressively 
until  at  its  exit  e,  section  CC,  Fig.  4,  it 
spans  all  three  divisions.  By  its  final 
impact  the  velocity  of  the  jet  is  reduced 
so  that  the  residual  energy  which  it 
contains  is  unimportant  and  it  is  dis- 
charged at  /  into  the  case  and  escapes 
through  the  exhaust  passage  g,  Fig.  2. 

Fig.  5  is  a  horizontal  and  Fig.  6  a  ver- 
tical section  through  one  of  the  earlier 
turbines  of  50  hp.  capacity.  The  wheel 
W  was  at  that  time  made  by  clamping 
the  blades  between  chrome-steel  disks 
riveted  together  as  shown,  but  the  blades 
in  the  later  construction  have  T-slots  at 
their  lower  extremities  and  are  strung 
upon  a  disk  having  a  corresponding  T- 
rail  upon  its  periphery  a;-;  shown  in  Fig. 
1.     The  turbine  shown  has  two  sets  of 


Figs.  2  and  3.   Showing  Steam  Passages  in  Casing 


nozzle  is  sufficient  to  span  only  the  first 
or  outer  division  of  the  blade,  as  shown 
in  the  section  A  A,  Fig.  4,  but  the  re- 
versing passage,  of  which  b  is  the  en- 
trance, increases  in  depth  as  it  progresses 
until  at  its  exit,  c.  Figs.  3  and  4,  it  spans 
two  of  the  divisions,  as  shown  in  the  sec- 
tion BB.  Fig.  4.     There  is  no  expansion 


nozzles,  NN,  Fig.  5.  There  is,  however, 
no  general  high-pressure  steam  chamber 
attached  to  or  forming  a  part  of  the  case. 
Steam  is  admitted  through  the  throttle 
valve  H  and  the  governor  to  the  chamber 
J  connecting  with  the  nozzle  N,  and  is 
taken  from  this  chamber  by  means  of 
the  pipe  K  passing  under  the  turbine  to 


the  nozzle  chest  L  supplying  the  other 
nozzle.  For  light  loads  this  nozzle  may 
be  shut  off  by  means  of  the  valve  M. 
The  absence  of  any  large  chamber  under 
high  pressure  and  temperature  avoids 
distortion  of  the  case  due  to  unequal  ex- 
pansion, the  steam  not  being  admitted 
beyond  the  small  valve  chests  until  after 
it  has  been  expanded  to  the  terminal 
pressure  and  temperature.  In  addition  to 
the  main   governor,  best  seen  in   Fig.  7, 


Indicating  the  Path  of  the 
Steam 

there  is  the  usual  safety  stop  S,  Figs. 
5  and  6. 

The  blades  and  shaft  are  made  of  hard 
chrome-nickel  steel,  that  for  the  blades 
being  extruded  in  the  desired  crescent- 
shaped  section,  cut  into  lengths  and 
slotted  for  the  partitions.  The  nozzles 
are  pressed  into  shape  out  of  sheet  steel, 
while  the  reversing  passages  are  made  in 
two  parts  out  of  pressed  delta  metal. 
The  clearance  axially,  that  is,  between 
the  nozzles  and  the  blades,  is  4  mm. 
(about  0.16  in.). 

This  system  is  best  adapted  for  the 
high-pressure  ranges  of  the  expansion. 
The  impracticability  of  making  the  re- 
versing passages  above  a  given  size 
places  an  early  limit  upon  the  capacity 
which  they  can  take  care  of  when  the 
volume  of  steam  is  increased  by  expan- 
sion to  the  low  absolute  pressures  used 
with  condensing  turbines.  For  the  lower- 
pressure  stages  it  is  necessary,  therefore, 
to  use  additional  wheels,  but  even  in 
these  the  partitions  in  the  blading  are  re- 
tained as  tending  to  prevent  the  forma- 
tion of  secondary  currents  and  to  reduce 
windage.  Fig.  8  shows  a  portion  of  one 
of  the  larger  wheels  of  late  construction. 

In  the  spring  of  1910,  a  35-hp.  turbine 
of  this  type  built  by  Beige  &  Kuenzli.  at 
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RESULTS    OF    STEAII    CONSUMPTION    TESTS 


M- 

Satur- 

Final 

Effec- 

Steam Re- 

.. 

oq 

° 

Internal 

Temper- 

ated 

Final 

Temper- 

tive 

Weight 

Stutfing- 

Worli- 

quired   b,v 
Engine  of 

■§« 

a^ 

|l 

Con- 

ature, 

Steam 

Super- 

Pres- 

ature, 

Turn- 

of 

box 

mg 

Steam 

fl'" 

.— 

Lb.  per 
Sq.fn. 

Degrees 

Temper- 

heat, 

sure, 

Degrees 

ing  Mo- 

Steam, 

Leakage, 

Steam, 

.  per 

100% 

^r. 

Fahren- 

ature, 

Deg. 

Lb.    per 
Sq.ni. 

Fahren- 

ment, 

Pounds 

Efficiency 

-i^ 

Z 

Jlr 

Abs. 

heit 

Deg.  F. 

F. 

heit 

Ft. -Lb. 

R.p.m. 

B.hp 

Hr. 

per  Hour 

Hr, 

hr. 

per    B.hp. 

o^ 

1 

■■■70   .'!' 

2S    tt 

256.46 

247.28 

9.18 

14.57 

208.4 

0 

2887 

0 

244 , 64 

31.71 

244,64 

0 

60 

480.2 

357 , 62 

122.58 

14.67 

309.38 

59.31 

2933 

33.20 

1190.16 

5,06 

1190,16 

34.86 

i3.19 

0.378 

liO 

3 

i:!7:.  L"i 

11.7   :i7 

505 . 4 

367.16 

118.24 

14.64 

325.40 

72.33 

2835 

39.12 

1325.70 

1325,70 

32.95 

12.49 

0.379 

60 

4 

ii:i  I  7/i 

7.5    ';! 

311.36 

307 . 58 

3.78 

14.79 

210.2 

15.47 

3063 

9.13 

634 .  75 

67.60 

3I> 

S 

'.13.5.  hi 

121 .U3 

341.6 

341.6 

0 

14.79 

210.2 

34.71 

3061.5120.38 

935.81 

44.65 

30 

fi 

1229. til 

169 . 53 

369.32 

367 . 88 

1.44 

14.79 

210.56 

54.82 

2994 

31.31 

1229.61 

38.21 

45 

217,31 

33.42 

342.5 

256,28 

86.22 

14.64 

293.0 

0 

3057.2 

0 

240.23 

217.31 

0 

30 

8 

622 . 40 

83.91 

396.14 

314.96 

81.18 

14.64 

361.22 

20.10 

3057.2 

11.80 

573.04 

49.36 

573.04 

47.28 

17.41 

0.368 

30 

9 

866.17 

126.30 

482.9 

344.84 

138.0 

14.64 

320.0 

37.97 

3047.2 

22.13 

840.82 

25.34 

840 ,  82 

36.95 

14.23 

0.3S5 

30 

10 

1159.30 

166.83 

493.34 

366.62 

126.72 

14.64 

311.36 

57.86 

30H.4 

33.27 

1109.71 

49 .  59 

1109,71 

32.43 

12.67 

0.391 

40 

11 

1132.85 

167.68 

528.44 

366 .  98 

161.46 

14.64 

346.28 

57.50 

3072.3 

33.72 

1090.98 

41  .87 

1090,98 

31. .52 

12.36 

0.392 

40 

12 

1106.40 

167.54 

441.32 

366 ,  89 

74.52 

14.64 

388.4 

69.43 

1997 . 1 

26,42 

1102.0 

4.40 

1102 

40.60 

12.49 

0.308 

30 

IS 

1086.57 

164 .  70 

442.22 

365  54 

76.68 

14.64 

374.0 

58.94 

2744 

30. 86 

1075.55 

11.02 

107,5   5,5 

3,!    91 

12.49 

0.369 

4.'> 

14 

1115.22 

167.54 

442 . 76 

366 .  89 

76.0 

14.64 

367.16 

58.58 

3000 

33 ,  55 

1093.18 

22.04 

Id'):;    IS 

::i    ii'i 

12.39 

0.391 

15 

15 

167.83 

501.44 

367 , 07 

134.46 

14.64 

318.56 

56.92 

3150 

34 .  26 

1110.81 

III"   .M 

:;1    ,._' 

12.60 

0.40 

.•> 

Ifi 

167.83 

605.04 

367.07 

138.0 

14.64 

56.05 

3260 

34.92 

1108.61 



1  1 1 1>,   1.1 

,;n  ,sti 

12.54 

0.406 

5 

17 

1112.13 

167.54 

443 .  48 

366 , 89 

76.68 

14.64 

369.14 

55.69 

3330 

35.46 

1086.57 

.     25.56 

lu,ilj    J. 

J'.i ,  .S2 

12.32 

0.413 

10 

IS 

1105.30 

167.12 

502 . 16 

366.71 

135.54 

27.91 

400.28 

40.36 

3018.4 

23.29 

1105.30 

0 

1105,30 

46.12 

16.28 

0.3.53 

25 

19 

1099.79 

169.11 

503   78 

368.06 

135.72 

40.49 

410.0 

27.48 

2988.6 

15.75 

1113.02 

0 

1099.79 

67 .  93 

19.69 

0.290 

30 

20 

1094.50 

167.54 

515,30 

366.89 

148.50 

14.61 

500.0 

94,17 

0 

0 

1094.50 

0 

1094.50 

0 

90 

Taucha,  near  Leipzig,  was  tested  by  Prof. 
Jesse  in  the  mechanical  laboratory  of  the 
Royal  Technical   College  of  Charlotten- 


Horizon+al     Section     ^\  ^ 


Fig.  8.    Portion  of  Wheel 


burg,  at  Berlin,  the  results  of  and  deduc- 
tions from  which  are  compiled  in  the  ac- 


Longitudinal      Section 

Cross   Section 
Figs.  5,  6  and  7.    Showing  Sectional  Views  of  the  Kienast  Turbine 
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companying  table.  In  the  first  three 
tests  the  turbine  was  equipped  with  a 
nozzle  having  a  cross-section  of  105  mm^ 
(0.16  sq.in.).  The  weighed  condensate 
amounted  to  more  than  would  be 
discharged  through  a  nozzle  of  this  size 
and  it  was  concluded  that  water  from 
the  stuffing-boxes  had  entered  the  tur- 
bine and  mingled  with  it.  The  weights 
given  in  the  table  are,  therefore,  the  com- 
puted   weights    and    not    those    obtained 


from  the  scales.  The  rest  of  the  tests 
were  made  with  a  nozzle  having  a  mini- 
mum cross-section  of  87.5  mm'",  (about 
0.136  sq.in.). 

Test  20  was  made  with  the  turbine 
standing  still  and  the  water  turned  off 
from  the  bearings  to  verify  the  correct- 
ness of  the  calculation  for  nozzle  dis- 
charge. The  quantities  of  condensate 
differed  from  the  calculated  values  less 
than   1   per  cent,  on  an  average.  On  test 


7,  however,  the  quantity  of  steam  ob- 
tained by  calculation  was  greater  than 
that  obtained  by  measurement.  The  tur- 
bine had  been  running  with  full  load  and 
it  is  suggested  that  the  steam  took  up 
heat  from  the  metal  at  a  greater  tem- 
perature than  that  observed. 

American  patents  have  just  been  se- 
cured and  are  in  the  hands  of  G.  A. 
Crayen  &  Co.,  81  New  St.,  New  York 
City,   for  disposal. 


Balanced   Draft  Furnace   Regulation 


If  you  were  to  go  into  a  boiler  room 
and  hear  the  term  "balanced  draft"  used, 
would  you  know  what  was  meant,  what 
it  accomplished,  and  why  one  would  think 
of  installing  the  necessary  apparatus  for 
maintaining  it? 

Under  natural  conditions,  the  draft  in 
a  chimney  is  maintained  by  the  differ- 
ence in  temperature  between  the  gases 
of  combustion  on  the  interior  of  the  chim- 
ney and  the  temperature  of  the  air  on 
the  exterior.  As  the  hot  gases  pass  to 
the  stack,  air  is  drawn  into  the  partial 
vacuum  thus  formed  in  the  furnace,  and 
in  passing  through  the  fuel  produces 
combustion.  Why,  then,  should  artificial 
means  be  used  to  produce  similar  re- 
sults? 


By  Warren  O.  Rogers 


A  system  for  maintaining  at- 
mospheric pressure  in  a  boiler 
furnace. 

The  air  delivered  to  the  furnace 
is  automatically  controlled,  also 
the  gases  escaping  to  the  atmos- 
phere, the  former  by  the  pressure 
built  up  in  the  furnace. 


The  ideal  furnace  condition  is  that  of 
supplying  just  the  amount  of  air  neces- 
sary for  complete  combustion  of  the  fuel, 
but   natural   draft   will   not  produce   this 

This  Connection 

SdtoHydrc 

Cylinder 


condition,  and  that  is  why  artificial  means 
are  employed. 

Balanced  draft  is  a  method  of  op- 
erating a  furnace  by  which  the  exhaust 
gases  from  and  the  supply  of  air  to  the 
furnace  are  so  automatically  controlled 
as  to  bear  a  fixed  relation  to  each  other, 
so  that  a  substantially  uniform  pressur: 
is  maintained  in  the  furnace  for  varying 
rates  of  combustion. 

Improper  combustion  is  responsible  for 
much  of  the  avoidable  losses  of  heat 
units  in  the  furnace.  If  enough  air 
is  not  supplied,  a  high-grade  fuel  must 
be  burned,  the  fires  must  be  cleaned  fre- 
quently in  order  to  reduce  the  resistance 
to  the  air  in  passing  up  through  the 
grates  and  fuel,  a  low  fate  of  combus- 


^^ 


Figs.  1  and  2.    Arrangement  of  Balanced   Draft   System   and   Details  of  Gas  Damper  Regulator 
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tion  will  take  place  and  losses  of  heat 
due  to  the  fomiation  of  carbon-monoxide 
gas  will  occur. 

If  the  draft  is  too  strong,  more  air 
than  is  needed  is  supplied,  and  the  ex- 
cess air  reduces  the  temperature  of  the 
furnace. 

It  is  to  overcome  these  two  extremes 
of   air   supplied    to    a    furnace    that    bal- 


In  Fig.  1  is  shown  a  typical  application 
of  the  balanced-draft  system  of  furnace 
regulation  on  a  horizontal,  water-tube 
boiler,  as  manufactured  and  installed  by 
the  Engineer  Co.,  50  Church  St.,  New- 
York  City.  By  this  system  of  regulation 
sn  individualism  of  the  boiler  unit  is 
obtained.  Each  boiler  is  operated  with 
respect  to  the  particular  condition  exist- 


3A.M    10A.M.   IIAM.   12AM      IPM.     Z?.n     3PM.    4PM 


blower  to  furnish  air  to  the  boiler  fur- 
nace; a  special  type  of  steam  damper 
regulator  connected  to  and  operating  the 
Rue  damper  of  each  boiler,  and  a  special 
type  of  balanced-draft  gas  damper  con- 
troller connected  to  and  operating  the 
blast  gate   in   the   ashpit. 

The    engine    operating    the    blower    is 
regulated  by  a  ball  governor,  the  blower 
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Fic.  3.   Comparison  of  Flue  Gases  with  Natural 
AND  Balanced   Draft 


Fig.  4.    Comparison  of  Flue  Gas  Temperatures  with 
Natural  and  Balanced  Draft  at  Base  of  Stack 


anced  draft  is  used,  for  the  fundamental 
principle  of  balanced-draft  control  is  that 
of  maintaining  in  the  furnace  chamber, 
at  the  furnace  door,  a  pressure  which 
will  equal  that  of  the  atmosphere.  This 
results  in  a  substantially  higher  COj,  a 
higher  and  more  even  temperature  in  the 
furnace  and  lower  flue-gas  temperatures. 
Another  feature  other  than  the  ad- 
vantage   obtained    in   economy    and   effi- 


Fic.  5.    Showing  the  Balanced  Con- 
dition of  the   Furnace 

ciency  is  the  reduction  in  the  cost  of 
upkeep  of  the  boilers  and  boiler  set- 
ting. This  is  because  cold  air  drawn 
into  the  furnace  during  the  time  of  fir- 
ing is  eliminated,  thereby  preventing  the 
constant  expansion  and  contraction  due 
to  cold  air  being  taken  into  the  furnace 
when  firing  under  ordinary  conditions; 
thus  permitting  of  much  longer  life  to 
both  the  boiler  and  the  settings.  In  case 
the  chimney  of  a  plant  is  insufficient, 
the  balanced-draft  condition  increases  its 
capacity;  in  some  cases  it  is  claimed  to 
be  as  high  as  50  per  cent. 


ing  in  each  unit,  and  each  is  made  to 
do  its  pro  rata  share  of  the  total  output 
of  the  plant.  The  air  supplied  to  each 
boiler  is  maintained  with  respect  to  the 
thickness  of  the  fuel  bed,  so  that  the 
boiler  furnace  with  a  thin  fire  does  not 
get  an  excess  of  air  over  the  adjoining 
furnaces  which  may  have  thick  fires. 


running  at  approximately  constant  speed. 
The  blower  delivers  air  to  the  main  air 
duct  at  a  constant  pressure  and  volume. 

Gas   Damper 

The  gas  damper,  a  sectional  view  of 
which  is  shown  in  Fig.  2,  is  a  simpls 
piece  of  mechanism   and   is  operated   by 
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started  to  Work  and  Burn  down  Fire  -for  Cleamnq 
at  One  PM.  Dumped  Fire  at  l.25PM.finished  at 
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Fic.  6.    Pressure  and  Temperature  Charts  Obtained  with  Balanced  Draft 


This  control  also  compensates  exceed- 
ingly well  for  blow-holes  in  the  fuel  bed, 
which  are  common  occurrences  in  some 
furnaces,  by  cutting  down  the  air  supply 
when  such  conditions  exist  and  prevent- 
ing the  loss  in  furnace  efficiency  which 
would  otherwise  result. 

Apparatus   Used 
The    apparatus    necessary    to    produce 
balanced  draft  is  a  positive  pressure  type 


the  air  pressure  in  the  furnace.  It  con- 
sists of  an  outer  casing,  in  which  an 
inverted  pan  is  placed,  attached  to 
a  counter-weight  lever,  and  by  means 
of  a  link  and  lever  operates  the  valve 
controlling  the  water  supply  to  the  hy- 
draulic cylinder,  the  plunger  of  which 
operates  the  blast  gate.  The  water  in 
the  body  of  the  gas  damper  is  kept  at  a 
constant  level  by  the  addition  of  a  small 
amount  which  flows  into  it  from  the  water 
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alve.  The  excess  water  goes  to  waste 
hrough  the  overflow  pipe.  Connection 
s  made  to  the  boiler  furnace  by  means 
if  the  central  connection,  which  extends 
ip  into  the  inverted  p:in  a  suitable  dis- 
ance  above  the  water  level. 

Operation  of  System 

As  the  steam  pressure  reaches  a  pre- 
ietermined  pressure,  the  damper  regu- 
ator  closes  the  damper  in  the  smoke  flue, 
vhich  increases  the  air  pressure  in 
he    furnace,    and    the    floating    pan    in 


Temperature  and  CO:  Charts 
In  Fig.  3  is  shown  a  chart  which  gives 
a  comparison  of  the  flue  gases  with 
natural  and  balanced  draft,  the  chart 
line  representing  the  percentage  of  COj 
in  the  flue  gases. 

The  chart  shown  in  Fig.  4  is  a  com- 
parison of  the  temperature  of  the  flue 
gases  at  the  base  of  the  stack  with 
natural  and  balanced  draft,  the  former 
averaging  559  deg.  F.,  the  latter  450 
deg.  F.  As  a  test  of  the  actual  furnace 
conditions  a  handkerchief  was  suspended 


Exploding    Tank  Wrecks 
Building 

The  accompanying  illustrations  were 
taken  of  the  wrecked  building  of  the 
Hine  Bros.  Soap  Works,  4023  South 
Ashland  Ave.,  Chicago,  111.,  which  was 
the  result  of  the  explos'on  of  a  rendering 
tank  early  Wednesday  luorning,  Feb.  28. 

This  tank  was  used  for  rendering 
grease  from  garbage,  which  was  treated 
under  steam  to  recover  the  soap  grease. 
Two  men  were  slightly  injured. 


Fig.  1.    Ruins  of  Building  after  Tank  Exploded 


he  gas  damper  is  lifted.  This  action 
:uts  off  the  water  supply  to  the  hy- 
Iraulic  plunger  operating  the  blast  gate, 
md  the  weight  on  the  plunger  rod 
orces  the  plunger  down  and  pulls 
ip  on  the  lever  of  the  blast  gate, 
vhich  closes  the  air  inlet  of  the  air  duct. 
Phis  shuts  off  the  supply  of  air  to  the 
'urnace  coming  from  the  fafi. . 

As  the  steam  pressure  drops,  a  reverse 
iction  takes  place.  The  damper  regu- 
ator  opens  the  flue  damper,  which  de- 
:reases  the  air  pressure  in  the  fu^rnace, 
ind  the  floating  diaphragm  in  the  gas 
iamper  lowers,  causing  the  water  valve 
0  open.  The  water  pressure  then  forces 
he  piston  of  the  hydraulic  cylinder  up 
'.nd  the  weight  on  the  arm  of  the  blast 
?ate  opens  the  gate  and  admits  the  air 
Tom  the  air  duct  into  the  furnace.  As 
hese  operations  are  taking  place  con- 
inuously,  the  steam  is  thus  maintained 
u  a  constant  pressure.  All  of  the  vari- 
ous controllers  are  always  in  such  rela- 
ion  to  one  another  that  any  predeter- 
nined  atmospheric  pressure  may  be 
Tiaintained  for  all  rates  of  combustion  at 
:he  furnace  door. 


at  the  furnace  door,  with  the  boiler  being 
worked  far  in  excess  of  its  rated  capa- 
city, without  there  being  any  deflection 
of  the  handkerchief  in  either  direction. 
This  is  illustrated  in  Fig.  5  and  shows 
that  there  is  no  draft,  as  generally  un- 
derstood, or  current  of  air  passing  into 
or  out  of  the  furnace  through  the  fur- 
nace door.  It  is  a  practical  illustration 
of  a  balanced-draft  condition  for  a  boiler 
furnace;  the  view  was  taken  in  the  boiler 
room  of  a  large  steam  plant. 

The  charts  shown  in  Fig.  6  were  taken 
at  the  Singer  Building  power  plant.  New 
York  City,  and  show  the  temperature 
of  the  flue  gases  at  the  damper,  with  an 
average  of  475  deg.  F.  The  CO..  curve 
shows  an  average  of  12.9  per  cent.  The 
steam  record,  with  one  or  two  exceptions, 
was  practically  straigiiv,  the  average  pres- 
sure being  148  lb.  per  square  inch.  The 
ashpit  pressure  curve  shows  0.7  in.,  and 
the  draft  over  the  fire  averages  0.017  in. 
The  damper  leaked  when  closed,  which 
accounts  for  the  irregularity  at  the  points 
indicated  by  the  arrows.  The  average 
electrical  load  in  amperes  was  821  and 
the  load  was  carried  by  340  hp.  in  boiler 
capacity. 


The  tank  was  72  in.  by  14  ft.  and  was 
made  of  vs-in.  steel.  The  contents  were 
digested  under  a  steam  pressure  of  50 
lb.  ^er  square  inch.  Fig.  1  shows  a  view 
of  the  wrecked  building,  and  one  of  the 
lemaining  rendering   tanks. 

From  information  received  from  a 
Western  correspondent,  it  is  learned  that 
last  June  another  tank  in  this  plant  had 
been  condemned  by  the  Chicago  city 
boiler-inspection  department,  and  that  the 
exploded  tank  was  reported  in  bad  shape 
and  good  only  for  about  three  months 
of  service.  A  new  tank  was  on  the 
ground  ready  to  replace  the  one  which 
had  been  condemned. 

After  the  explosion  the  safety  valve 
of  the  tank  was  found  and  under  test  it 
blew  at  51  lb.,  indicating  that  excess 
pressure  was  not  the  cause  of  the  ex- 
plosion; deterioration  of  the  plates  is  the 
true  explanation.  The  life  of  one  of 
these  tanks  is  said  to  he  not  more  than 
four  years,  owing  probably  to  the  acidic 
properties   of  the   contents. 

A  close  examination  of  the  tank  in 
Fig.  1  shows  that  the  middle  sheet  was 
riveted  on  the  inside  of  the  two  outside 
end  sheets.     This  is  faulty  construction. 
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as  in  this  kind  of  work  the  acids  which 
form  from  the  garbage  get  in  between  the 
outer  and  inner  sheets  above  the  riveted 
joints.  Had  the  middle  sheet  been  riveted 
to  the  outside  of  the  two  end  plates  this 
action  would  have  been  retarded,  as  the 
acids  and  moisture  would  have  collected 


the  valve  part  B,  but  simply  bears  on  it 
when  the  valve  has  been  closed  or  part- 
ly closed  by  hand.  At  other  times,  the 
spindle  is  cjear  of  the  part  B  and  steam 


or  reverses  its  direction   the  valve  closes 
of  its  own  weight. 

Communicating  with  the  space  between 
the  diaphragms  by  means  of  the  pipe  H, 


Fig.   2.    Top   Sheet  of   Tank   Showing 
Rupture  below  the  Riveted  Joint 

on  the  upper  plate  and  dropped  off  with- 
out lodging  in  the  joint. 

In  Fig.  2  is  shown  the  top  section  of 
the  tank,  also  the  corroded  condition  of 
the  second  sheet,  which  gave  way  just 
below  the  riveted  jojnt.  A  comparison 
of  the  outer  and  inner  sheets  can  be 
made  at  the  right-hand  side  of  the  il- 
lustration. 


Golden-Anderson  Automatic 
Valv.es 

The  value  of  an  operable  safety  device 
in  an  emergency  need  hardly  be  dwelt 
upon.  Many  a  serious  boiler  explosion 
might  have  been  avoided  by  a  nonreturn 
valve,  and  many  an  engine  runaway 
might  have  been  stopped  before  a  de- 
structive speed  was  reached  had  an  emer- 
gency stop  valve  been  a  part  of  the 
equipment.  The  purchase  of  sitch  auto- 
matic safety  appliances  is  superior  to 
the  buying  of  accident  insurance,  as  the 
former  means  money  spent  in  preventing 
accidents  and  not  in  wagering  that  they 
will  happen. 

The  valve  illustrated  in  Fig.  1  is  the 
Golden  cushion  triple-acting  nonreturn 
valve.  Besides  acting  as  an  automatic 
nonreturn  valve,  it  also  acts  as  an  auto- 
matic safety  stop.  In  addition  to  this, 
the  valve  may  be  operated  by  hand,  by 
electricity  from  remote  points  and  by 
steam.  Inserted  in  a  pipe  connecting  the 
boiler  and  header,  it  will  automatically 
close  in  case  the  pressure  in  the  boiler 
drops  suddenly,  because  of  a  ruptured 
tube,  etc.  On  the  other  hand,  the  valve 
will  also  close  automatically  if  a  sud- 
den drop  in  pressure  occurs  on  the  de- 
livery side  of  the  valve. 

As  shown  in  Fig.  1,  the  valve  is  in  the 
closed  position,  having  been  closed  by 
hand.     The  spindle  A  is  not  attached  to 


Fic.  1.    Golden  Cushion  Triple-acting  Non-return  Valve 


from  the  inlet  side  of  the  valve  is  free 
to  raise  the  ball  C  from  its  seat  and  fill 
the  space  above  the  diaphragm  D,  and 
also  the  space  between  D  and  E,  through 


Exhaust- 


Fig.  2.   Pilot  Valve 

the  port  F.  The  diaphragm  D  is  integral 
and  moves  with  the  main  valve  part  B, 
while  E  is  held  in  a  fixed  position  by 
cap  screws  as  shown.  As  the  pressure 
on  both  sides  of  the  diaphragm  D  is  the 
same,  the  pressure  of  the  steam  acting 
on  the  under  side  of  Y  opens  the  valve 
and  keeps  it  open  as  long  as  there  is  any 
flow  of  steam.  The  instant  the  flow  ceases 


is  the  pilot  valve  shown  in  Fig.  2.  The 
space  above  the  pilot-valve  diaphragm 
communicates  with  some  point  in  the 
pipe  system  on  the  discharge  side  of  the 
main  valve,  by  means  of  the  pipe  /. 
If  the  pressure  in  the  pipe  /  drops  for 
any  reason,  the  spring  raises  the  rod  /, 
and  opens  the  pilot  valve  K. 

As  the  area  of  the  opening  in  the 
pilot  valve  and  pipe  H  is  considerably 
larger  than  the  area  in  the  port  F,  Fig. 
1,  in  the  diaphragm  D,  the  opening  of 
the  pilot  valve  reduces  the  pressure  in 
the  space  between  the  diaphragms  D 
and  E,  and  the  full  inlet  pressure  acting 
against  the  upper  surface  of  D  closes 
the  valve  and  keeps  it  closed  because 
the  total  effective  pressure  on  D  is 
greater  than  that  on  the  under  side  of  V. 
Thus,  as  long  as  the  pilot  valve  remains 
open  the  main  valve  must  remain  closed. 
By  adjusting  the  spring  on  the  pilot  valve, 
the  main  valve  can  be  made  to  close  when 
the  drop  in  pressure  exceeds  any  pre- 
determined amount. 

If  desired,  another  pilot  valve  L,  Fig. 
3,  is  connected  to  the  pipe  H,  as  at  M, 
this  second  pilot  valve  being  controlled 
by  a  solenoid.  Then  the  main  valve  may 
be  closed  electrically  from  as  many 
points  as  desired. 

Throttle    Valve    and    Automatic    En- 
gine Stop 

The  valve  shown  in  Fig.  4  is  especially 
designed  as  a  throttle  and  automatic  en- 
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ine  stop  valve,  the  principle  of  opera- 
ion  being  the  same  as  that  of  the  valve 
ust  described.  The  spring  A^  holds  the 
alve  part  O  up  off  the  seat  during  nor- 


ward   on    T   becomes    greater   than    that 
acting  up,  and  the  valve  is  closed. 

Electrically  or  hand-operated  pilot 
valves  connected  at  U  control  the  pres- 
sure in  the  chamber  S,  and  hence  the  po- 
sition  of  the   main  valve,  making  it  an 


of  Fig.  4  are  for  the  purpose  of  allow- 
ing a  small  quantity  of  steam  to  go 
through  when  the  valve  is  closed  to  keep 
the  engine  cylinder  warm.  This  arrange- 
ment does  away  with  the  necessity  of  an 
external  bypass. 


Fig.  3.    Arrangement  of  Pilot  Valves  and  Piping 

nal  conditions.  Steam  is  admitted  through     engine  stop  which  may  be  operated  from 

he   passage   P   to   the   chamber   Q   and     as  many  points  as  desired. 

hrough   the   port   R   to   the   chamber  S.         When  the  arrangement  shown  in  Fig. 


Fig.  4.   Throttle  Valve  and  Automatic  Engine  Stop 

Thus  the  pressure  above  and  below  the  5   is   attached   to   the   engine,   the  valve 

head  T  is  the  same.  becomes  an  automatic  stop  operated  by 

If  the  pressure  in  S  is  suddenly  re-  any   overspeeding   of   the   engine. 
duced,   the   total   pressure   acting  down-         The  small  ports  V  in  the  main  valve 


•-Dr/aust 

Fig.  5.    Pilot  Valve  Operated  by 

Centrifugal  Device  on  Engine 

Shaft 

These  valves  and  a  full  line  of  stand- 
ard and  special  cocks  and  valves  are 
manufactured  by  the  Golden-Anderson 
Valve   Specialty    Co.,    Pittsburg,   Penn. 


Cotton  versus  Manila  Rope 

By  Henry  D.  Jackson 

It  is  quite  evident  from  reading  a  re- 
cent article  on  transmitting  power  by 
rope  drive  that  the  writer  refers  to 
manila  rope,  as  he  states  that  manila 
rope  is  mechanically  far  better  suited  for 
driving  purposes  than  cotton. 

While  it  can  be  stated  that  a  cotton 
rope  2  in.  in  diameter  will  transmit  ap- 
proximately 90  hp.  when  operating  at  a 
speed  of  7000  ft.  per  minute,  it  should 
be  noted  that  such  speeds  are  uncommon 
in  this  countn'  and  are  impossible  with 
manila  rope.  With  this  rope  the  speed  is 
limited  between  4000  and  5000  ft.  be- 
cause of  the  material  effect  which  cen- 
trifugal force  has  upon  the  driving  power 
and  very  high  speeds  have  a  decided 
wearing  effect  upon  this  type  of  rope. 

The  same  general  rule  as  to  strain  for 
manila  rope  holds  equally  true  for  cot- 
ton; that  is,  the  maximum  strain  is  200 
times  the  square  of  the  diameter  of  the 
rope.  With  manila  rope,  however,  the 
centrifugal  force  must  be  deducted  in 
order  to  get  the  exact  driving  power,  and 
when  the  rope  velocity  exceeds  5000  ft. 
per  minute  the  driving  power  rapidly 
diminishes,  owing  to  the  effect  of  cen- 
trifugal force. 

With  cotton  rope,  this  condition  does 
not  exist  to  any  sucn  extent.  If  prop- 
erly made,  cotton  rope  may  wedge  into 
the  groove  in  the  driving  wheel  because 
the  cotton  fibers  are  soft  and  do  not 
cut  one  another,  and  this  wedging  per- 
mits a  far  higher  speed  before  the  ef- 
fect of  centrifugal  force  becomes  seri- 
ous. 

With  manila  rope,  this  wedging  action 
cannot  take  place.  Although  the  manila 
fiber  has  great  tensile  strength,  trans- 
versely it  is  small,  and  the  fibers  are 
tough  and  hard  and  will,  if  compressed, 
seriously  injure  one  another.  For  this 
reason  the  grooves  must  be  so  designed 
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as  to  avoid  any  material  wedging  and 
as  this  wedging  cannot  be  used,  centri- 
fugal force  will  naturally  affect  the  rope 
to   a   considerable   extent. 

The  pulley  diameters  which  can  be 
used  with  manila  rope  range  from  36  to 
50  times  the  diameter  of  the  rope.  With 
a  smaller  pulley,  particularly  at  the 
higher  speeds,  the  bending  action  of  the 
rope  around  the  pulley  seriously  injures 
the  fibers.  With  cotton  rope,  however, 
the  pulley  diameters  may  be  reduced  to 
30  times  that  of  the  rope  without  any 
difficulty,  and  under  certain  conditions 
to  even  less. 

Rolling  is  particularly  recommended 
for  manila  rope  as  this  tends  to  increase 
its  life  by  maintaining  it  in  its  original 
cylindrical  form  and  preventing  it  from 
assuming  a  wedge  shape,  which  will 
ruin  it  in  a  short  time.  Rolling  is  to  be 
deprecated  on  cotton  rope,  however,  but 
the  wedge  shape  is  desired  because  it  in- 
creases the  tendency  of  a  rope  to  wedge 
into  place,  thus  increasing  the  driving 
capacity. 

The  number  of  strands  used  with 
manila  rope  varies  from  three  to  six,  de- 
pending upon  the  size  of  the  rope  and 
the  condition  of  the  drive.  The  four- 
and  six-strand  ropes  are  more  expensive 
in  first  cost  and  also  in  working,  but 
owing  to  the  fact  that  the  ropes  do  not 
meet  in  the  center,  a  core  is  required 
which  takes  up  room  and  actually  docs 
nothing  in  the  driving;  it  is  also  a  nui- 
sance when   splicing  becomes  necessary. 

For  cotton  rope  three  strands  are  suffi- 
cient; the  rope  is  then  easier  to  make 
and  easier  to  splice,  both  of  which  items 
are  of  considerable  importance. 

There  seems  to  be  a  lack  of  interest 
in  this  country  regarding  cotton  rope. 
Rope  manufacturers  here  claim  that 
manila  rope  is  superior  to  cotton,  and 
judging  from  cotton  ropes  that  have  been 
put  on  the  market,  this  is  true;  this,  how- 
ever, may  be  due  solely  to  lack  of  ex- 
perience  in   the    making   of   cotton   rope. 

It  is  hard  to  believe  that  cotton  rope 
is  not  equal  to  manila,  particularly  when 
one  knows  that  the  former  is  the  only 
satisfactory  medium  of  transmitting 
power  to  the  spinning-mule  motions,  not 
only  in  this  country  but  abroad.  Leather 
belting,  manila  rope,  etc.,  have  failed; 
cotton  rope  has  been  a  success  from  the 
start.  The  average  life  of  manila  rope, 
according  to  the  manufacturers,  is  from 
6  to  12  years,  but  many  rope  drives 
cut  out  in  a  much  shorter  time. 

Another  claim  is  that  manila  rope  will 
transmit  more  power  at  the  same  speed. 
That  may  be  true  of  the  cotton  rope  man- 
ufactured in  this  country,  but  the  experi- 
ence of  the  English,  French  and  German 
manufacturers  proves  the  contrary.  Many 
drives  abroad  have  been  running  from 
16  to  20  years  without  failure,  and  there 
are  well  authenticated  instances  of  drives 
that  have  been  running  from  23  to  30 
years,  and  are  still  running;  these,  how- 


ever, are  all  of  the  English  or  single- 
warp    system. 

As  for  the  transmitting  power  of  cot- 
ton rope,  the  writer  will  cite  two  in- 
stances where  this  rope  replaced  the 
manila  rope.  In  the  first  case,  six  2-in. 
cotton  ropes  replaced  eight  2-in.  manila 
ropes,  and  did  equal  work  and  proved 
far  more  satisfactory  than  the  original 
drives.  In  another,  eight  l'4-in.  ropes 
replaced  10  of  manila,  with  a  correspond- 
ing improvement  in  life  and  driving. 

So  long  as  it  is  impossible  to  get  a 
satisfactory  cotton  rope  in  this  country, 
users  should  not  hesitate  to  install  a 
manila  rope  drive  in  many  places  in 
preference  to  belts  or  electrical  motor; 
all  kinds  of  drives  have  their  places,  and 
the  rope  is  among  the  best. 


An  Engine  Room  Experience 
By  Alonzo  G.  Collins 

Many  years  ago  I  was  in  charge  of  an 
old-fashioned  slide-valve  engine  which 
furnished  the  power  for  a  wood-worki"g 
establishment.  Machinery  had  been  added 
from  time  to  time,  and  the  engine  had 
been  speeded  up  to  110  revolutions  per 
minute  to  handle  the  increased  load 
until  it  kept  Hans,  the  fireman,  busy 
keeping  up  steam  in  the  two  boilers  with 
the  fuel  used,  which  was  the  shavings 
and  offal  from  the  factory. 

The  engine  was  not  built  for  any  such 
speed;  in  fact,  when  I  took  charge,  it 
was  running  at  about  70  revolutions 
per  minute  and  with  the  increased 
speed  it  had  to  be  watched  very 
closely  to  prevent  going  to  pieces  under 
the  strain.  The  part  giving  the  most 
trouble  was  the  piston,  which  was  fitted 
with  what  was  then  considered  the  last 
word  in  piston  packing,  namely,  two  cast- 
iron  rings,  one  inside  the  other,  split 
on  diametrically  opposite  sides.  These 
were  set  out  by  half-elliptical  springs, 
adjusted  by  setscrews,  which  in  turn 
were  secured  by  locknuts.  It  was  good 
packing  for  the  slow-moving  pistons  or- 
dinarily used  at  that  time,  but  at  the 
speed  at  which  our  engine  was  running, 
the  setscrews  frequently  jarred  loose, 
or  the  rings  wore  down,  so  as  to  require 
adjusting  every   week. 

We  were  in  the  habit  of  shutting  down 
at  three  o'clock  on  Saturday  afternoons, 
and  advantage  was  always  taken  of  this 
opportunity,  while  the  cylinder  was  hot, 
to  do  the  adjusting,  centering  the  piston 
carefully  to  the  bore  of  the  cylinder  and 
setting  the  locknuts  securely;  and  as  that 
part  of  the  engine  room  was  rather  dark, 
I  always  had  Hans  hold  a  lamp  and  as- 
sist in  other  ways  as  might  be  needed. 
Things  went  on  this  way  for  about  a 
year,  and  as  this  was  our  regular  Satur- 
day afternoon  job.  it  would  be  inferred 
that  Hans  would  have  learned  something 
in  that  time. 

'One  day  the  management  got  the  idea 
that  my  job  was  too  easy,  and  they  made 


the  proposition  that  I  do  the  firing  as 
well  as  look  after  the  engine.  Upon  de- 
murring I  was  told  that  Hans  was  willing 
to  attend  to  both,  and  that  my  time  would 
be  up  the   following  Saturday  afternoon. 

Accordingly,  the  following  Saturday 
afternoon,  instead  of  making  the  usual 
adjustments  on  the  piston,  I  got  into  my 
street  clothes,  received  my  money  and 
left   for  home. 

It  happened  that  times  were  hard,  and 
beyond  an  occasional  job  tinkering 
around  an  old  engine,  or  a  few  days  in 
a  machine  shop,  I  had  nothing  to  do. 
Upon  meeting  my  old  boss  on  the  street 
one  day,  he  inquired  if  I  was  doing  any- 
thing and,  receiving  a  negative  answer, 
said  that  he  was  going  to  put  in  a  small 
engine  to  run  the  machinery  in  the  shed 
down  by  the  river,  and  take  out  the  old 
wire-rope  transmission,  and  I  might  have 
the  job  of  installing  it  at  the  same  wages 
I  had  been  getting  as  engineer. 

I  agreed  to  this,  and  the  next  morn- 
ing went  to  work.  As  my  duties  took  me 
to  the  old  engine  room  frequently,  I  had 
plenty  of  opportunity  to  see  how  the  en- 
gineer-fireman was  getting  along,  and 
from  the  racket  the  engine  was  making,  I 
concluded  he  was  not  doing  very  well. 

This  went  on  until  about  1 1  o'clock 
one  Saturday  forenoon,  the  foreman 
came  to  me  and  said,  "The  boss  wants 
you  to  go  up  to  the  engine  room  and  see 
what  is  the  matter  with  that  engine;  this 
is  the  third  time  this  morning  we  have 
shut  down  for  want  of  steam,  and  he 
thinks  there  is  something  wrong."  Upon 
my  arrival  at  the  engine  room,  Hans  put 
on  his  coat  and  left,  and  a  couple  of 
young  men  from  the  factory  were  put  to 
firing.  We  managed  to  hold  through  the 
forenoon;  but  I  told  the  manager  that  he 
might  as  well  send  the  hands  home  for 
the  rest  of  the  day,  as  it  would  take  all 
the  rest  of  the  day  to  get  the  engine  in 
order.  This  was  done,  but  instead  of 
getting  things  fixed  for  a  start  Monday 
morning,  they  had  to  get  a  new  piston, 
and  did  not  get  started  until  the  latter 
end  of  the  week. 

The  six  springs,  six  setscrews  and  the 
twelve  locknuts  were  all  in  a  heap  in  the 
bottom  of  the  piston,  where  they  had 
rattled  around  until  the  hexagon  nuts 
had  lost  all  semblance  of  shape  and 
were  just  plain  rings.  A  hole  had  been 
worn  through  the  piston  head  and  also 
through  the  follower,  but  fortunately  It 
was  not  large  enough  to  let  the  setscrews 
through,  which  was  all  that  prevented  a 
broken  cylinder  head  or  worse. 

Hans  was  called  in  when  I  had  the 
junk  laid  out  on  the  floor,  and  was  asked 
why  he  had  let  things  get  in  such 
shape;  his  answer  was  as  follows:  "Why, 
I  couldn't  see  in  there,"  and  he  had  been 
"seeing  in  there"  every  Saturday  for 
about  a  year,  and  still  had  no  idea  why 
it  was  done.  The  result  was  that  when 
they  started  the  repaired  engine  again,  I 
was  the  one  who  opened  the  throttle. 
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Gas   Power   Department 

Worth-while  gas-engine  and  producer  information  treated  in  a  way  that  can  be  of  practical  use 


'he  Oil  Power  Yacht  "Mairi" 

The  accompanying  engravings  illustrate 
e  salient  features  of  the  power  plant  of 
1  oil-driven  yacht  recently  built  by  the 
idely  known  Beardmore  shipyard  at 
almuir,  Scotland,  for  the  Marquis  of 
raham,  who,  by  the  way,  is  president  of 
e  British  Institution  of  Marine  Engi- 
;ers. 
A   perspective    view    of   the   engine    is 


heavy  oils,  such  as  Texas  or  Solar.  As 
a  consequence,  a  heated  combustion 
chamber  G,  Fig.  4,  is  provided  to  effect 
the  starting  of  the  engine.  This  combus- 
tion chamber  is  heated  with  a  blow-tamp, 
a  process  occupying  about  5  minutes.  But, 
as  in  all  medium-pressure  oil  engines, 
the  heat  of  the  explosion  and  compres- 
sion when  the  engine  is  well  under  way 
is  sufficient  to  keep  the  combustion  cham- 
ber hot  enough  to  make  the  engine  self- 


mitted  to  the  cylinder  when  the  piston 
uncovers  the  port  /,  shown  in  the  left- 
hand  side  of  the  cylinder  in  Fig.  4. 

In  the  engine  here  illustrated,  there 
are  four  working  cylinders  9  in.  in  diam- 
eter and  the  stroke  is  13  in.;  the  two- 
stage  compressor  (Fig.  5)  is  driven  by 
a  fifth  crank  placed  forward — ^to  the 
right  in  Figs.  1  and  2,  in  which  the  small 
pumping  set  and  thrust-block  are  shown 
on    the    left.      The    compressor    crank    is 


Fig.  1.   Medium-pressure  Reversing  Oil  Engine  of  the  Yacht  "Mairi'- 


/en  in  Fig.  1  and  an  elevation  and  de- 
1   drawings  are  reproduced  in   Figs.   2 

5.  The  location  of  the  engine  in  the 
ip    is   shown   in    Fig.   3.     The   engine 

the  nearest  approach  to  the  Diesel 
36  that  has  yet  been  attempted  without 
sorting  to  high  compression  within  the 
linder.  The  compression  is  limited  to 
0  lb.  per  square  inch,  and  the  explo- 
)n  pressure  is  never  greater  than  300 

per  square  inch  with  the  lighter  oils, 
ch  as  kerosene,  and  is  generally  in 
s  neighborhood  of  200  lb.  when  using 


igniting.  This  is  practically  the  only  dif- 
ference from  the  ordinary  Diesel  system 
of  working. 

Since  the  maximum  pressure  in  the 
cylinder  is  so  low,  it  is  found  sufficient 
to  use  air  at  a  pressure  of  400  to  450 
lb.  per  square  inch  to  inject  the  fuel, 
which  is  done  in  exactly  the  same  way 
as  in  the  Diesel  engine.  The  engine 
works  on  the  two-stroke  cycle,  the  charge 
of  air  being  drawn  into  the  crank  case 
by  the  up-stroke  of  the  piston  and  com- 
pressed  on   the   down-stroke.     It  is  ad- 


so  placed  that  the  primary  balance  of 
the  engine  is  correct,  and  this  was  proved 
by  the  absence  of  vibration  when  the 
engine  was  speeded  up  to  400  r.p.m.; 
the  designed  speed  is  350  r.p.m. 

Reversing  Mechanism 

The  starting  and  reversing  gear  and 
the  oil  and  air  controls  are  all  grouped 
on  the  forward  end  of  the  engine,  so 
that  everything  necessary  for  working 
the  engine  is  at  the  engineer's  hand.  The 
maneuvering  of  the  engine  is   done  by 
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means  of  one  handwheel  with  a  pointer 
moving  over  a  dial  (E  in  Fig.  2).  In  the 
middle  position  the  engine  is  stopped;  to 
go  ahead  or  astern  the  wheel  is  simply 
moved   to   the   right   or  to  the   left. 

There  are  four  fuel  pumps,  one  to 
each  working  cylinder,  driven  by  two 
eccentrics,  and  the  discharge  from  these 
is  regulated  by  the  handwheel  acting  on 
the  suction  valves,  so  that  any  speed 
from  0  to  full  ahead  and  from  0  to  full 
astern  may  be  obtained  by  the  same 
movement  that  admits  the  fuel  injection 
air  to  the  inlet  valves  and  the  starting 
air. to  the  working  cylinders.  Each  fuel- 
A 


a-F  H 


before  starting,  so  that  on  the  first  revo- 
lution of  the  engine  the  oil  is  sure  to  be 
injected  into  the  cylinder,  and  thereby 
the  minimum  amount  of  starting  air  is 
required.  The  fuel  oil  is  also  under  the 
control  of  the  governor,  which  can  cut 
off  the  supply,  no  matter  what  the  posi- 
tion of  the  handwheel  may  be. 


operating  the  v&Ive,  are  two  rollers 
mounted  eccentrically  on  a  spindle,  as 
shown  in  Figs.  2  and  4.  The  spindle 
is  connected  to  a  layshaft  A  (Figs.  2  and 
4)  running  along  the  engine,  and  this 
layshaft  is  rocked  by  a  small  air  cylin- 
der B,  Fig.  2,  so  that  either  one  or  the 
other  roller   is  dropped   into   gear.     Th'S 


k B-3f >k- S-34- 

FiG.  2.  End  and  Side  Views  of  "Mairi"  Engine 


oil  pump  is  also  Fitted  with  a  separate 
adjustment,  so  that  any  one  cylinder  can 
be  given  more  oil  independently  of  the 
handwheel  control.  The  pump  plungers 
have  a  device  for  hand  pumping  in  order 
to  force  the  fuel  oil  up  to  the  inlet  valve 


Two  cams  have  been  adopted  for  re- 
versing the  injection  valve,  on  account  of 
the  greater  flexibility  obtained  in  manu- 
facture; and  these  are  operated  by  the 
camshaft  H,  Figs.  2  and  4.  Above  the 
cams,  and  on  the  end  of  the  push   rod 


cylinder  is  shown  between  the  two  aft 
working  cylinders.  The  arrangement  of 
levers  between  the  camshaft  and  lay- 
shaft  is  shown  in   Figs.  2  and  4. 

The  air-starting  gear  consists  of  a  ro- 
tating plate  with  one  hole  in  it,  and  this 


Berthand         /     fvlding  Berth         Catin, 
Drawers  Under 
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Fig.  3.   Showing  Arrangement  of  Power  Plant  in  the  Yacht 
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passes  over  a  faceplate  containing  four 
apertures,  one  for  each  cylinder,  equally 
spaced.  The  rotating  plate  is  driven 
irom  the  camshaft  by  means  of  spiral 
gears  and  is  consequently  at  right  angles 
to  the  camshaft.  To  reverse,  it  is  only 
necessary  to  turn  the  rotating  plate 
through  a  certain  angle,  and  this  is  done 
by  sliding  one  of  the  spiral  gears  by 
means  of  another  air  cylinder.  This  gear 
is  located  between  the  two  center  cylin- 
ders, at  C  in  Fig.  2.  The  air  cylinder  is 
located  just  above  the  camshafts,  and 
slides  the  gearwheel  on  the  camshaft 
by  means  of  a  simple  lever  arrange- 
ment D. 

The  air  cylinders  for  reversing  the  in- 
jection valve  and  air-starting  arrange- 
ment are  fitted  with  pistons  having  piston 
rods  of  such  diameter  that  the  area  on 
the  back  of  the  piston  is  twice  the  area 


latter  three  cams  have  double  raised 
portions  on  them,  so  that  they  open  the 
valves  no  matter  in  which  direction  the 
handwheel  may  be  turned.  The  cam  for 
opening  the  starting  air  valve  is  mounted 
on  a  spindle  which  passes  through  the 
center  of  the  handwheel,  and  a  knob  is 
fitted  to  the  spindle.  If  this  knob  is 
pushed  in,  the  cam  is  moved  along  with 
it  against  a  spring,  and  the  starting  air 
is  shut  off. 

The  method  of  operating  the  gear  is 
as  follows:  The  handwheel  is  moved 
over,  thus  dropping  the  oil  pumps  into 
gear  and  turning  on  the  injection  and 
starting  air.  As  soon  as  the  engine  is 
under  way,  the  knob  is  pressed  in,  cut- 
ting off  the  starting  air;  it  is  held  in  by 
means  of  a  little  plunger  operated  by  a 
spring.  To  stop,  the  handwheel  is 
brought    back   to   the   center,   and    when 


Section  through  Cylinder 


on  the  front.  The  lesser  area  is  perma- 
nently connected  to  the  air-storage  tanks, 
so  that  the  pressure  pushes  these  pistons 
hard  back  in  the  cylinders.  The  gear 
is  then  in  the  ahead  position.  When 
pressure  is  admitted  to  the  large  area, 
it  overcomes  the  constant  pressure  on 
the  small  area  and  the  gear  is  pushed 
into  the  astern  position.  To  bring  the 
gear  back  into  the  ahead  position,  it  is 
only  necessary  to  open  the  large  area 
to  exhaust,  when  the  constant  pressure 
on  the  small  area  instantly  asserts  itself. 
These  operations  are  accomplished  by 
the  handwheel  E  opening  and  closing  two 
small  air  valves  by  means  nf  cams  keyed 
on  the  spindle.  Two  other  cams  are 
similarly  used  for  controlling  the  start- 
ing and  injection  air,  and  a  special  one 
is  used  for  acting  on  the  suction  of  the 
fuel  pumps,  so  as  to  give  all  the  grada- 
tions   from    stop    to    full    speed.      These 


Fig.  5.   Compressor 


in  this  position  the  air-starting  cam 
springs  back  into  gear,  so  that  it  is  then 
able  to  admit  starting  air  no  matter  in 
which  direction  the  handwheel  be  turned. 
The  rod  F  is  pulled  up  by  means  of  the 
handwheel  E,  in  order  to  shut  off  the  oil. 
It  is  pushed  back  by  a  spring  when  the 
handwheel  is  returned  to  its  original  po- 
sition. 

At  the  after  end  of  the  engine,  close  to 
the  thrust  block,  a  small  pumping  set  is 
arranged.  This  consists  of  a  circulating 
and  bilge  pump  and  a  small  air  com- 
pressor for  keeping  up  the  supply  for 
maneuvering  and  whistle  blowing.  There 
is  also  provision  for  taking  air  from  the 
main  engine  compressor  for  charging  up 
the  reservoirs.  The  engine  is  equipped 
with  a  very  complete  system  of  forced 
sight-feed  lubrication,  and  the  quantity 
to  any  pin  bearing  or  cylinder  is  under 
individual    control;    an    arrangement    for 


flooding  all  the  parts  before  starting  up 
is  also  provided. 

The  engine  has  been  designed  especial- 
ly with  a  view  to  continuous  running, 
and  all  the  parts  are  made  easily  ac- 
cessible. To  take  off  the  cylinder  cover 
it  is  only  necessary  to  undo  two  small 
pipes  and  the  stud  nuts,  and  it  can  then 
be  lifted  away.  The  main  bearings  and 
crankpin  bushes  can  also  be  removed  in 
a  few  minutes,  and  all  adjustments  can 
be  made  while  the  engine  is  running. 

Two  large  air  tanks  are  installed  for 
providing  maneuvering  air,  and  contain 
sufficient  air  for  about  40  starts.  In  en- 
tering and  leaving  the  dock  at  Liverpool 
recently,  as  many  as  30  stops  and  starts 
were  necessary,  and  these  severe  condi- 
tions were  easily  met,  the  engine  never 
once  refusing  to  reverse.  It  was  also 
noticed  that  the  engine  was  slightly 
quicker  than  the  Diesel  engine  in  start- 
ing, and  that  a  drop  of  about  5  lb.  in 
one  air  tank  was  sufficient  to  give  a  start. 

The  fuel-oil  consumption  is  56  pints  of 
crude  Texas  oil  of  0.875  specific  gravity 
per  hour,  about  the  same  as  in  Diesel 
engines  of  the  same  power  (130  hp.). 
The  indicator  diagram.  Fig.  6,  shows  the 
low   maximum   pressure   obtained. 

An  auxiliary  oil  engine  of  7  hp.  is  car- 
ried, and  can  be  coupled  direct  to  the 
dynamo,  air  compressor,  and  fire  and 
bilge  pump.  The  dynamo  provides  cur- 
rent for  working  the  windlass,  as  well 
as  for  the  electric-light  installation  and 
electric  radiators.  Circulating  and  bilge 
pumps  are  also  driven  off  the  shaft. 

The  motor  yacht  here  illustrated, 
named  "Mairi,"  is  the  largest  full- 
powered    crude-oil    motor    yacht    s 


Fig.  6.    A  Typical  Diagram 

constructed  in  Great  Britain.  The  hull  is 
80  ft.  long  between  perpendiculars,  85 
ft.  over  all,  13  ft.  6  in.  beam,  and  8  ft. 
1  in.  molded  depth  amidships.  The 
"Mairi"  has  been  designed  for  making 
extended  cruises,  and  is  quite  capable 
of  going  to  Norway  or  the  Mediterranean 
without  involving  undue  endurance  on 
the  part  of  her  crew. 

On  trial  the  yacht  obtained  a  speed  of 
10.3  knots  as  a  mean  of  six  consecutive 
runs  on  the  measured  mile,  and  accom- 
plished a  very  satisfactory  24-hour  non- 
stop run  at  full  speed  in  the  Firth  of 
Clyde,  the  engines  developing  130  brake 
horsepower  when  running  at  normal 
speed.  At  this  speed  the  fuel-oil  tanks 
have  sufficient  capacity  to  give  a  radius 
of  1000  sea  miles. 

We  are  indebted  for  the  foregoing  par- 
ticulars and  the  accompanying  illustra- 
tions to  Engineering,  of  London. 
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Electrical     Department 

Conducted  to  be  of  service  to  the  men  in  charge  of  electrical  equipment  in  the  power  house 


Catechism  of  Electricity 

The   Open    Flame-arc   Lamp 

1233.  Are  there  any  other  types  of 
carbon   arc  lamp? 

Yes;  there  are  two  other  types,  close- 
ly related  to  each  other  and  both  known 
as  "flame-arc"  lamps. 

1234.  What  is  the  difference  between 
them? 


Fig.  408.  Open  Flame-arc  Lamp 

One  is  of  the  open  type  and  the  other 
inclosed;  this  apparently  small  differ- 
ence, however,  causes  a  great  difference 
in  the  arrangement  of  the  carbons  and 
the  design  of  the  mechanism  which 
"feeds"  the  carbons  as  they  are  con- 
sumed. In  the  open  type  both  carbons 
project  downward,  with  their  active  ends 
close  together  and  their  mount  ends  sep- 
arated, and  both  are  fed  downward.  The 
carbons  of  the  inclosed  type  are  arranged 
end  to  end,  exactly  as  in  the  ordinary 
arc  lamp. 

1235.  Illustrate  and  describe  an  open 
flame-arc    lamp. 

Figs.   408,   409   and   410  show  interior 


views  taken  at  different  points  around 
such  a  lamp.  Upon  close  inspection  of 
Fig.  408  it  will  be  evident  that  the  car- 
bons A  and  C  both  extend  downward  at 
opposite  angles  with  the  vertical  center 
line  of  the  lamp,  the  lower  ends  nearly 
touching  at  E  when  the  lamp  is  "dead." 
The  arc  is  found  between  the  facing 
portions  of  the  carbon  tips  and  to  pre- 
vent it  from  creeping  up  the  sides  of 
the  carbon  rods  a  magnetic  field  is  pro- 
vided by  magnet  poles  located  at  M  and 
A^,    Fig.    409. 

1236.  How  do  the  magnet  poles  pre- 
vent the  arc  from  creeping  up  the  car- 
bons ? 

The  field  produced  between  the  poles 
"blows"  the  electric  arc  downward  by 
magnetic  repulsion.  This  causes  the  arc 
to  curve  downward  ;ind  expand  into  a 
sort  of  flame,  as  represented  in  Fig. 
411.  It  is  from  this  that  the  lamp  gets 
its    name. 

1237.  What  is  the  function  of  the  part 
shown  at  D,  Fig.  410? 

This  is  a  chamber  of  highly  refractory 
material    which    surrounds    the    ends    of 


^ 

t 

kI 

jHH 

1 

i 

r^^r^""- 

1  '.-.i- 

Fig.  409.  Side  View  of  Fig.  408 

the  carbons  and  shields  them  from 
"washing"  of  the  air  currents  within  the 
globe.  This  part  of  the  lamp  is  called  the 
"economizer"  and  is  necessary  on  ac- 
count of  the  rapidity  with  which  the 
carbons  are  consumed. 


1238.  What  is  the  type  of  feeding 
mechanism  used? 

It  is  of  the  differential  solenoid  type 
and  is  shunt  starting;  that  is,  when  there 
is  no  current  through  the  lamp  the  car- 
bons are  apart.  When  the  current  is 
switched  on,  the  shunt  coils  F  and  G, 
Fig.  410,  are   first  actuated,   pulling  the 


Fig.  410.   Opposite  View  from   Fig.  408 

carbons  into  contact  and  thereby  estab- 
lishing a  circuit  through  the  series  coils 
H  and  L  and  the  carbons.  The  series 
windings  then  pull  the  carbons  upward, 
separating  the  ends  and  forming  an  arc, 
which  is  thereafter  differentially  regu- 
lated by  the  shunt  and  series  coils  as 
described  in  the  previous  section  of  the 
Catechism. 

As  the  carbons  burn  shorter  they  are 
fed  downward  by  means  of  the  central 
spiral  rod  /  down  which  travels  a  cross- 
arm  that  carries  'he  carbon  hnlders  P 
and  Q.  The  rod  /  is  nickeled  to  insure 
smooth  traveling  for  the  crossarm  and 
extends  up  into  the  casting  S  where  a 
speed-reducing  escapement  is  located. 

1239.  What  are  the  objects  at  T,  which 
resemble  strings  of  beads? 

These  are  the  leads  connecting  the  car- 
bon holders  to  the  circuit;  they  are  in- 
sulated by  glass  beads  which  are 
threaded   on   them. 

1240.  What  is  the  purpose  of  the  coils 
O  and  V,  Fig.  408? 
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They  are  voltage-reducing  and  steady- 
ing resistances  used  in  series  witli  the 
lamp  when  one  lamp  is  connected  to  a 
liO-volt  direct-current  circuit.  By  using 
a  reactance  in  place  of  the  resistance, 
the  lamp  can  be  operated  singly  on  110- 
volt  alternating-current  circuits. 

1241.  What  kind  of  carbons  are  used 
in   this   lamp  ? 

Cored  carbons  containing  metallic  salts 


Fic.   411.   A   "Flame"   Arc 

and  a  metallic  strip  running  throughout 
the  length. 

1242.  Hon'  long  will  the  carbons 
burn  ? 

One  set  will  burn  about  17  hours  with 
a  current  of  12  amperes. 

1243.  What  advantages  have  the 
flame-arc  lamp  over  the  ordinary  arc 
lamp  ? 

It  is  much  more  efficient  and  the  light 
is  much  more  powerful  than  can  be  ob- 
tained  from  the  ordinar\'  carbons. 


An    Opportunity    for   a    Real 
Central  Station  Man 

By  E.  M.  Graham 

While  trying  to  work  up  interest  in  a 
lighting  plant  for  a  small  town  I  was 
frequently  met  with  questions  and  un- 
complimentary comments  relating  to  a 
plant  in  a  neighboring  town;  it  did  not 
pay;  the  service  was  worse  than  none 
at  all,  and  so  on.  Not  having  been  to  the 
town  mentioned  I  was  unable  to  discuss 
the  plant  intelligently,  but  a  little  later 
an  opportunity  was  offered  to  go  over 
there  and  investigate,  which  I  gladly  ac- 
cepted. 

The  town  was  small,  the  population  be- 
ing less  than  1000  people,  but  they  were 
trying  to  make  the  plant  pay  a  manager 
$100  a  month,  a  bookkeeper  .S25  a  month 
and  two  engineers  S65  a  month  each. 
The  plant  was  located  on  a  stream  about 
a  mile  from  the  railroad  and  used  water- 
power  eight  months  of  the  year,  but  it 
so  happened  that  the  four  months  when 
steam  had  to  be  used  were  the  months 
when  the  lighting  load  was  the  heaviest. 
Power  was  being  furnished  for  a  flour 
mill  about  half  a  mile  distant  and  the 
engine  was  intended  to  run  the  mill  and 
light  the  town  at  the  same  time,  but 
it  would  not  do  it.     It  was  rated  at  100 


hp.  and  was  of  the  high-speed  flat-valve 
type.  The  engineer  in  charge  said  the 
engine  would  not  run  right  with  the 
steam  pressure  above  80  lb.  When  the 
lighting  load  came  on  it  was  necessary 
to  shut  the  mill  down,  although  the 
lights  did  r.ot  require  over  40  hp.  at  the 
peak  and  about  15  hp.  for  two-thirds 
of   the    night. 

Thirty-two  candlepower  carbon-fila- 
ment lamps  are  used  on  the  streets  and 
permitted  to  burn  continuously.  A  sys- 
tem of  flat  rates  is  in  use  which  would 
require  a  person  lighting  a  seven-room 
house  to  pay  about  $4.50  per  month  re- 
gardless of  the  current  consumed,  with 
the  natural  result  that  many  people  re- 
fuse to  use  the  service. 

There  is  no  means  of  weighing  the 
coal,  hence  it  is  impossible  to  tell  what 
proportion  of  the  fuel  should  be  charged 
to  running  the  mill.  The  engineer  thought 
that  the  engine  valve  leaked  but  had 
never  had  an  indicator  on  the  engine  to 
detennine  its  condition. 

The  owners  denied  losing  money  on 
the  lighting  business;  if  they  are  not 
losing  money  they  certainly  could  make 
a  handsome  profit  if  they  would  install 
an  engine  of  a  size  to  handle  the  light- 
ing load  economically,  provide  means 
for  shutting  off  the  street  lamps  when 
not  needed,  adopt  r?tes  that  would  at- 
tract business  rather  than  drive  it  away 
and  cut  down  the  expenditure  for  salaries 
to  a  point  appropriate  to  the  size  of  the 
plant.  If  the  manager  so  manages  things 
that  he  has  no  time  to  keep  the  books 
a  dirferent  management  would  seem  to 
be  advisable. 


LETTERS 

Peculiar  Cause  of  Racing 

Some  time  ago  I  had  occasion  to  clear 
up  what  proved  to  be  a  comparatively 
simple  trouble  case,  but  it  was  extremely 
puzzling  at  the  time  because  of  the  man- 
ner in  which  it  made  itself  manifest.  The 
apparatus  involved  was  a  5-hp.  220-volt 
shunt-wound  interpole  motor,  installed 
with  a  Cutler-Hammer  drum-type  con- 
troller which  varied  resistances  in  both 
the  armature  and  the  field  circuit.  The 
resistors  were  contained  in  a  separate 
case. 

After  this  equipment  had  been  installed 
and  connected  up  it  was  found  that  the 
motor  speeded  up  far  beyond  the  maxi- 
mum rated  speed  of  1600  r.p.m.  and 
sparked  violently  with  the  controller  set 
so  as  to  put  about  half  of  the  external 
resistance  in  the  field  circuit.  My  first 
conclusion  was  that  the  man  who  made 
the  connections  between  the  controller 
and  the  resistor  case  had  got  some  of  the 
leads  between  the  several  controller  con- 
tact buttons  and  the  various  field  resistor 
taps  confused.  On  second  thought,  how- 
ever, I  realized  that  this  would  only 
cause  the  motor  to  attain  its  maximum 
rated   speed,   assuming   that   the   middle 


contact  button  was  connected  to  the  last 
field  resistor  tap.  The  indications  pointed 
to  a  complete  loss  of  field  excitation. 

In  order  to  eliminate  all  questions  of 
fault  in  the  controller,  I  disconnected  the 
two  field  terminals  of  the  motor  and  con- 
nected them  to  a  small  water  rheostat. 
On  starting  up  the  motor  it  operated  pre- 
cisely as  before,  running  away  after 
reaching  a  certain  speed.  On  applying  a 
piece  of  iron  to  the  undersides  of  the 
pole  tips,  my  theory  as  to  a  complete  loss 
of  field  was  verified.  Upon  removing  the 
journal  bracket  at  the  pulley  end  of  the 
motor  to  look  for  what  I  thought  was  an 
intermittent  loose  connection  between  two 
of  the  field-magnet  coils,  it  was  found  that 
in  rotating  the  end  bracket  for  inverted 
hanging  of  the  motor,  the  man  doing  the 
work  had  managed  to  squeeze  one  of  the 
field  leads  between  a  coil  and  a  part  of 
the  end  bracket,  causing  a  partial  ground, 
the  resistance  of  which,  when  the  vibra- 
tion and  stresses  on  the  bracket  reached 
a  certain  value  (depending  on  the  speed), 
became    low    enough    to    shunt    out    the 
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higher  resistance  of  the  field  w'inding, 
but  not  sufficiently  low  to  cause  a  dead 
short-circuit  of  the  motor.  The  motor 
was  supplied  from  a  two-wire  circuit  one 
side  of  which  was  grounded  by  a  fault 
on  an  underground  cable  connected  to 
the  same  line  and  the  field  winding  was 
shunted  out  by  two  grounds,  as  shown 
by  the  accompanying  diagram. 

After  insulating  the  break  in  the  field 
lead,  reassembling  and  connecting  up,  the 
motor  operated  all  right. 

Charles   E.  Mead. 

Jermyn,  Penn. 


Rewinding  Induction   Motors 

Following  the  advice  in  R.  H.  Fenk- 
hausen's  article  in  th^  Jan.  30  issue  on 
"Rewinding  an  Induction  Motor  Stator," 
as  to  the  use  of  oiled  linen  or  cambric 
in  the  slots  next  to  the  coils,  would  be 
likely  to  cause  an  amateur  winder  a 
great  deal  of  trouble. 

I  would  suggest  that  a  thinner  amount 
of  first  insulation  be  put  on  the  coils 
in  order  that  the  correct  thickness  of 
leatheroid  or  fish  paper  can  be  used  for 
the  cell  proper.  If  the  voltage  would 
permit,  it  would  probably  be  better  to 
use  two  thicknesses  of  thin  leatheroid  witli 
the  oiled  linen  between,  rather  than  put 
the  line  next  to  the  coil. 

L.  Earle  Browne. 

Roundup,  Mont. 
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Siphoning   and    Boiling   Over 

By   Walter   C.   Edge 

When  a  steam  boiler  is  worked  too 
liard,  it  will  foam,  and  sometimes  con- 
siderable water  will  go  over  with  the 
steam.  It  is  just  so  with  the  generator 
of  an  absorption  system.  If  it  is  pushed 
too  hard  it  will  boil  over,  and  consider- 
able moisture  will  go  over  with  the  gas 
into  the  condenser.  This  eventually 
reaches  the  cooler  or  cooling  coils,  where 
it  stays  until  taken  out  by  purging.  This 
rarely  ever  happens  with  a  horizontal 
generator  or  still,  but  it  is  not  uncom- 
mon with  the  vertical  type. 

In  the  writer's  opinion  boiling  over 
occurs  in  the  majority  of  cases  when 
the  condenser  is  empty,  all  of  the  an- 
hydrous ammonia  having  been  sent 
throughout  the  system.  This  gives  the 
cooling  water  in  the  condenser  very  lit- 
tle to  do,  and  the  velocity  of  the  incom- 
ing gas  is  greatly  increased,  thus  exert- 
ing the  same  pulling  or  siphoning  effect 
on  the  generator  as  a  heavy  overload 
would  on  a  steam  boiler. 

If  the  machine  is  worked  hard,  it  is 
advisable  to  carry  more  anhydrous  am- 
monia in  the  system  than  is  the  usual 
custom  so  as  to  be  able  to  hold  con- 
siderable liquid  ammonia  in  the  con- 
denser at  these  times.  Of  course,  a  little 
moisture  will  go  over  with  the  gas  at  all 
times,  bCt  this  should  go  no  further  than 
the  rectifying  tank.  The  water  in  the 
tank  should  be  kept  at  110  to  120  deg., 
and  if  kept  at  this  temperature  the  mois- 
ture will  be  trapped  and  sent  back  to 
the  analyzer.  Should  the  water  become 
too  hot,  the  moisture  will  go  through  with 
the  gas  and  lie  in  the  cooler  or  cooling 
coils  until  taken  out  by  purging.  Again, 
should  the  water  be  too  cold,  the  rectifier 
will  trap  not  only  the  moisture  but  con- 
siderable gas;  and  in  a  short  time  the 
aqua  solution  will  become  so  strong  that 
it  will  not  do  its  work  properly.  This 
can  be  explained  iViore  clearly  by  describ- 
ing the  actual  operntion  as  follows: 

The  weak  liquor  leaves  the  generator 
very  hot,  its  strength  being  about  18 
per  cent.  It  is  cooled  considerably  by 
passing  through  the  exchanger,  and  in 
seme  cases  in  the  weak-liquor  cooler. 
Arriving  at  the  absorber,  it  is  sprayed 
from  the  top  and  absorbs  about  10  per 
cent,  of  gas,  making  its  strength  28  per 
cent.  It  falls  to  the  bottom  of  the  ab- 
sorber and  is  pumped  back  through  the 
exchanger,  equalizing  temperatures  with 
the  outgoing  weak  liquor.    After  passing 


through  the  exchanger,  it  goes  to  the 
analyzer,  where  it  falls  over  hot  plates, 
as  in  an  open  heater,  to  the  generator 
or  still  below.  When  it  reaches  the 
analyzer  it  is  very  hot,  and  gives  off  very 
nearly  all  the  gas  it  has  absorbed,  com- 
ing back  to  a  strength  of  18  per  cent, 
when  it  reaches  the  generator. 

If  the  rectifying  lank  is  too  cold  and 
sends  back  much  of  the  gas  just  liberated, 
it  is  easy  to  see  that  the  strength  of  the 
weak  liquor  in  the  generator  is  going  to 
rise,  and  for  every  I  per  cent,  of  strength 


The  Cooler  of  an  Absorption  Plant 

added  to  the  weak  liquor  in  the  generator, 
1  per  cent,  less  gas  will  be  absorbed 
from  the  cooler  or  cooling  coils  when  it 
reaches  the  absorber.  This  will  show 
on  the  gages,  the  pressure  going  up  on 
the  generator  absorbei  and  cooler.  It 
is  at  this  time  that  the  machine  will 
siphon,  or,  in  other  words,  weak  liquor 
will  go  over  to  the  cooler  if  care  is  not 
exercised.  If  the  expansion  valve  is  shut 
off  the  pressure  in  the  cooler  will  be 
greatly  reduced  and  it  is  liable  to  siphon 
from  the  absorber.  The  writer  knows 
of  one  particular  case  where  this  difficulty 
was  overcome  by  putting  a  check  valve 
between  the  cooler  and  the  absorber.  It 
can  be  prevented,  however,  by  keeping 
plenty  of  cooling  water  on  the  absorber, 
pnd  not  shutting  the  expansion  valve  en- 
tirely. 

Another  valve  of  great  importance  is 
the  one  in  the  steam  line  to  the  heating 


coil  in  the  generator.  The  setting  of 
this  valve  should  be  studied  carefully 
as  it  is  important  to  know  the  proper 
pressure  to  carry  on  the  steam  coil  for 
best  results.  If  the  pressure  is  too  low 
the  weak  liquor  becomes  strong,  giving 
the  same  trouble  just  gone  over.  If 
the  pressure  is  too  high,  the  head  pres- 
sure on  the  generator  becomes  excessive, 
and  there  is  a  great  chance  of  its  boil- 
ing over. 

It  is,  of  course,  best  to  keep  the  cooler 
as  free  from  moisture  as  possible,  and 
the  only  way  to  get  it  out  is  to  purge  the 
cooler.  This  may  be  done  in  three  ways: 
The  usual  one  is  to  close  the  gas  valve  A 
in  the  illustration  and  open  the  purge 
valve  B.  This  way  of  purging  necessi- 
tates stopping  the  cooling  process.  A 
method  possibly  new  to  some  engineers 
is  to  have  both  of  these  valves  open  at 
the  same  time,  allowing  the  cooler  to  do 
work  while  being  pinged.  The  disad- 
vantage in  this  method  is  that  it  takes 
a  long  while  to  do  it,  and  meanwhile  very 
little  useful  work  is  done.  If  it  is  nec- 
essary to  purge  the  machine  in  a  hurry, 
the  small  valve  C  connecting  the  con- 
denser to  the  cooler  may  be  opened,  thus 
putting  the  condenser  pressure  on  the 
cooler  and  forcing  out  the  moisture.  It 
is  not  advisable  to  purge  in  this  way  as 
it  throws  the  cooler  back  too  much. 

It  is  a  good  thing  to  open  the  weak- 
liquor  valve  a  little  more  than  usual 
when  purging  the  cooler,  so  as  to  send 
enough  weak  liquor  over  to  absorb  all 
the  gas,  as  trouble  is  sometimes  caused 
by  the  ammonia  purr.p  becoming  gas- 
bound.  It  is  a  very  good  idea  to  have  a 
valve  on  both  the  suction  and  discharge 
line  to  the  pump.  Should  the  pump  get 
gas-bound  it  can  be  relieved  by  opening 
one  of  these  valves  and  discharging  the 
gas  into  a  bucket  of  water. 


LETTERS 

Piston    Rod    Packing 

Several  years  ago  I  had  the  same 
trouble  with  ammonia  pump  piston-rod 
packing  as  described  by  H.  G.  Gibson  in 
the  Feb.  20  issue.  The  rods  had  been 
badly  scored  by  a  former  engineer,  who 
used  hard  hemp  packing  and  allowed  it 
to  get  dry  and  burnt.  I  tried  several 
remedies,  but  the  one  giving  the  best  re- 
sults was  to  use  alternately  a  ring  of 
soft  flax  and  a  ring  of  composition  pack- 
ing. The  combination  kept  the  rods  tight 
and    well    lubricated.      After   putting    in 
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new  rods,  I  tried  a  wedge  ammonia  pack- 
ing, but  obtained  the  best  results  by 
iising  a  header  ring  of  the  composition 
packing  at  each  end  of  the  gland  with  the 
wedge  packing  in  the  center. 

L.  M.  Johnson. 
Glenfield,    Penn. 


I  took  charge  of  an  absorption  plant 
and  soon  had  trouble  with  the  piston- 
rod  packing.  It  had  become  misplaced 
and  what  liquor  passed  the  spool  was 
forced  out.  After  cleaning  the  stuffing- 
box  I  inserted  rings  of  packing:  a  solid 
one  first,  then  diagonally  split  rings  and 
a  solid  one  again  next  to  the  spool.  This 
was  repeated  on  the  outer  end  of  the 
spool,  making  four  solid  rings  and  all 
of  the  rest  split  rings.  A  little  graphite 
on  the  rod  will  prevent  any  trouble. 

My  machine  runs  24  hr.  a  day,  four 
months  in  the  year.  I  have  been  here 
for  three  years  and  have  only  packed  the 
pump  three  times.  The  present  packing 
has  been  in  for  over  a  year  and  is  stil! 
all  right.  The  pump  is  a  7  and  ZVz  by 
10-in.  I  do  not  draw  the  packing  up 
too  tight  to  begin  with,  and  after  one 
day's  run  I  loosen  it  up  a  little. 

Ardan    Mitchell. 

Brooklyn,  N.  Y. 


Diagrams  for  Criticism 

Here  are  three  indicator  diagrams, 
taken  from  the  ice  machine  in  our  plant, 
on  which  I  would  like  readers  of  Power 
to  comment.  The  engine,  14x14  in.,  has 
a  Meyer  cutoff  and  1  was  told  by  the 
makers'  representative  that  the  most  eco- 


That  night  he  examined  all  the  valves 
and  found  the  discharge  valve  held  from 
its  seat  by  rust  and  other  foreign  mat- 
ter from  the  pipe  lines. 

The  compressor  had  been  working  on 
one  end  only  and  after  cleaning  the  valve 
and  valve  seat  the  knock  ceased  and 
the  compressor  worked  to  its  full  capa- 
city. 

Delbert  J.  Means. 

Indiana,   Penn. 


Troubles  in  Refrigerating 
Plant 

On  a  50-ton  ice  machine  the  crankpin 
suddenly  became  hot,  although  the  oil 
cup  was  feeding  regularly.  The  engineer 
in  charge  was  not  a  believer  in  sand  for 
hot  boxes  before  he  knew  the  cause  of 
the  heating.  Another  machine  was  started 
and  the  machine  giving  trouble  was 
stopped  so  that  the  head  of  the  ammonia 
compressor  could  be  removed.  ■  When  the 
head  had  been  taken  off,  it  was  found 
that  one  of  the  discharge  valves  in  the 
casting  had  been  forced  wide  open  on 
account  of  a  broken  spring. 

On  another  occasion  I  had  just  spoken 
to  the  fireman  and  everything  in  the 
boiler  room  seemed  to  be  in  good  order. 
When  1  went  back  to  the  engine  room  I 
noticed  that  the  engine  and  pumps  ran 
slower  and  that  my  steam  gage  showed 
only  60  lb.,  while  the  fireman's  gage,  at 
which  I  had  just  looked,  showed  105  lb. 
This  was  a  mystery  to  me  and  I  notified 
the  chief,  who  at  once  gave  the  fireman 
orders  to  bank  the  fires  and  close  the 
stop  valve  on  each  of  the  two  boilers 
that  were  running. 

Above  the  stop  valve  on  the  boiler 
there  was  another  valve  in  the  main 
steam  line.  Upon  taking  the  bonnet  off 
this  valve  it  was  found  that  the 
stem  on  the  disk  had  broken  off  and 
had  fallen  on  its  seat,  partly  shutting  off 
the  steam  supply  to  the  engine  room 
and  thus  causing  the  drop  in  steam  pres- 
sure. 

William  S.  Keil. 
Philadelphia,  Penn. 


Diagrams  to  be  Criticized 

nomical  point  was  where  I  took  the  first 
diagram.  I  would  like  to  hear  from  readers 
as  to  adjustment  for  equal  load  on  both 
ends  of  the  cylinder  and  as  to  whether 
diagram  No.  1  or  No.  2  shows  the  most 
economical  running  conditions. 

G.  L.  Lyons. 
New  York  City. 


Alarm  for  Cold  Storage  Room 

The  falling  temperature  of  a  cold- 
storage  room  might  at  some  time  result 
in  a  large  loss  to  the  company,  so  I  have 
rigged  up  the  alarm  shown  in  the  accom- 
panying sketch.     It  is  made  as  follows: 

Take  a  glass  tube  7  or  8  in.  long  and 
J-s  in.  in  diameter,  close  the  bottom  end 
with  sealing  wax  and  through  it  insert 
the  bare  end  of  a  No.  18  magnet  wire. 
Fill  the  tube  about  three-fourths  full  of 
mercury  and  on  top  of  the  mercury  put 
a  float  of  wax  in  which  the  bare  end  of 
a  magnet  wire  is  inserted  and  bent  as 
shown  in  the  sketch. 

The  tube  of  mercury  is  fastened  to  a 
base  with  clips  of  metal.  At  the  upper 
end  of  this  base  an  adjustable  lever  is 
attached  and  the  electrical  connections 
are    made    as    shown    in    the    diagram. 


What   a  Knock  Revealed 

While  in  conversation  with  the  man- 
ager of  a  meat  market,  he  told  me  that 
an  ice  machine  which  he  had  installed 
a  short  time  before  was  giving  very  poor 
satisfaction.  The  company  installing  it 
had  upon  his  request  sent  two  men  out 
to  the  plant  at  different  times.  The  first 
advised  him  to  put  more  ammonia  in 
the  system.  When  the  next  man  came 
he  took  out  about  the  same  amount  as 
had  been  put  in.  Before  leaving  he  ad- 
vised the  manager  to  replace  his  com- 
pressor with  a  new  one,  it  being  second- 
hand. 

The  first  thing  I  observed  was  a  pe- 
culiar knock  or  pound  which  was  notice- 
able on  only  one  stroke  of  the  piston. 
Next,  the  discharge  pipe  from  one  end 
of  the  cylinder  was  nearly  cold  while 
the  other  was  quite  hot.  I  said  I  be- 
lieved that  the  discharge  valve  was  stuck. 


Diagram  of  Alarm 

Should  the  temperature  in  the  cold  rooms 
fall  during  the  day  or  night  the  mercury 
will  contract  and  the  float  in  descending 
will  close  the  circuit  so  that  the  bell  will 
ring  and  warn  the  engineer.  The  adjust- 
able lever  allows  setting  the  alarm  for 
various  temperatures. 

Martin  McGerry. 
Holley,   N.  Y. 
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Cotton  Rope  Drive 

It  has  been  said,  and  may  be  true, 
that  the  reason  why  cotton  rope  has  not 
been  a  success  in  this  country  as  a  trans- 
mission material  is  that  American  manu- 
facturers and  engineers,  though  progres- 
sive and  willing  to  try  new  things,  are 
not  sufficiently  analytical  and  thorough 
in  their  trials.  They  will  install  a  drive, 
and  if  it  is  a  success,  well  and  good;  if 
it  is  unsatisfactory,  it  is  discarded  with- 
out attempting  to  discover  why  and  to 
eliminate  the  cause.  Abroad,  manufac- 
turers and  engineers  are  progressive  in 
a  far  different  way.  If  a  thing  fails 
there,  a  careful,  systematic  study  is  made 
as  to  why  it  failed  and  the  cause  of  fail- 
ure is  removed  if  possible.  Sometimes  a 
few  minor  changes  will  result  in  a  drive 
which  was  formerly  a  failure  becoming 
a  decided  success. 

Not  many  years  ago  an  American  en- 
gineer installed  a  rope  drive  in  a  large 
plant.  He  had  no  experience  whatever 
in  the  designing  of  this  type  of  drive, 
and  he  laid  out  the  grooves  in  the  pul- 
leys in  accordance  with  his  ideas.  The 
drive  lasted  but  a  short  time,  and  the 
whole  output  was  consequently  scrapped 
without  hesitation  and  belts  at  once  re- 
placed the  ropes.  The  entire  trouble  was 
due  to  the  faulty  design  of  the  grooves. 

This  same  experiment  was  tried  much 
earlier  abroad  and  the  results  were  sim- 
ilar, but  the  rope  drive  was  not  thrown 
out.  The  engineers  experimented  with 
different  forms  of  groove  and  shortly 
discovered  the  right  shape  for  the  con- 
ditions; after  this  was  found  the  rest 
was  easy.  The  drive  was  far  superior  to 
the  belt  and  it  has  remained  in  service 
ever  since. 

It  is  to  be  noted  that  unless  the  grooves 
are  properly  shaped  and  adapted  to  the 
material  of  which  the  ropes  are  made, 
no  rope  drive  will  be  a  success  and  none 
should  be  installed  without  first  care- 
fully considering  the  character  of  the 
material  employed  and  the  conditions 
under  which  the  drive  is  to  be  used. 
Correctly    designed    and    constructed,    a 


rope  drive  is  a  very  satisfactory  method 
of  transmitting  power — in  many  instances 
it  is  superior  to  belt  or  electric  drive — 
and  is  at  the  present  time  one  of  the 
best  methods  of  operating  shafting  which 
is  a  considerable  distance  from  the  driv- 
ing  engine. 


Control  of  American  Water. 
Power 

The  report  of  Commissioner  of  Cor- 
porations Smith,  on  the  development  and 
control  of  water-power  in  the  United 
States,  is  of  interest  to  the  public,  but  it 
particularly  claims  the  attention  of  engi- 
neers. 

With  the  development  of  high-tension 
electric  transmission,  hydro-electric  prac- 
tice has  grown  steadily  and  rapidly.  Be- 
cause of  this  there  has  come  into  ex- 
istence what  would  soon  become  a  com- 
plete monopoly  of  this  important  field. 
The  report  states  that  ten  large  groups  of 
industrial  interests  own  and  control  60 
per  cent,  of  the  total  developed  water- 
power  in  the  country  as  well  as  many  un- 
developed power  sites.  As  the  maximum 
available  waterpower,  according  to  the 
United  States  Geological  Survey,  is  be- 
tween sixty-six  and  sixty-seven  million 
horsepower,  the  question  of  ownership  is 
one  of  grave  concern,  and  the  com- 
missioner warns  against  the  tendency  to 
monopolistic  control  of  such  an  immense 
industrial  asset  and  recommends  the  en- 
couragement of  more  extensive  water- 
power  development  by  an  equitable  leas- 
ing system.  This  is  in  accord  with  the 
recommendations  of  Pinchot,  Newell, 
Garfield  and  others  active  in  the  con- 
servation program  of  the  Roosevelt  ad- 
ministration. 

That  the  federal  government  should  re- 
tain the  control  of  the  fourteen  million 
horsepower  of  water  power  now  owned 
by  it  is  not  only  progressive  conserva- 
tism but  good  business  management  as 
well,  and  the  people  should  receive  the 
benefits  to  be  derived  from  its  use,  al- 
lowing  a    fair   profit   to   the    enterprising 
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individual  or  corporation  which  develops 
it. 

The  total  stationary-engine  power  in 
use  in  this  country  is  approximately 
thirty  tnillion  horsepower,  and  the  total 
developed  water  power  is  ab.iut  six  mil- 
lion horsepower.  The  additional  water- 
power  now  susceptible  of  economical  de- 
velopment is  estimated  at  nineteen  mil- 
lion ho  sepower.  It  is  further  estimated 
that  tht  water-power  now  in  use  effects  a 
savirg  o^'  thirty -three  million  tons  of  coal 
a  year;  when  all  the  available  water 
power  If  asvtloped,  one  hundred  and  fifty 
iriiilion  tens  t  year  can  be  saved.  The 
obvicu?  M,ipor:ance  of  this  will  be  more 
forcioJy  realized  when  it  is  recalled  that 
coal  can  be  used  but  once,  while  water 
power  !S  inexhaustible. 
"  From  th3  capitalist's  viewpoint,  the  econ- 
omy of  operation  of  the  hydro-electric 
plant  fs  the  stronrast  stimulus  to  its  de- 
velopment. Where  the  market  area  to  be 
served  is  great  and  the  individual  power 
sites  are  small  and  distant  one  from  the 
other,  the  method  of  tying-in  several 
pUnts  on  a  single  system  of  transmission 
lines  seems  to  be  a  profitable  one.  Dur- 
ing low  loads  a  few  of  the  plants  could 
furnish  service  while  those  idle  were  ac- 
cumulating "pondage"  for  reserve  pur- 
poses. 

It  is  this  facility  of  combination  that  has 
led  to  monopolistic  control  of  water- 
power.  The  present  concentration  of  con- 
trol in  the  hands  of  a  few  large  financial 
interests  interrelated  by  directorates  and 
banks  makes  inevitable  the  passing  of  a 
great  public  asset  into  the  realm  of  pri- 
vate control  unless  restrictive  and  protec- 
tive legislation  is  the  immediate  outcome 
of  the  Commissioner's  report. 


Boiler  Explosions 

In  his  address  before  the  American 
Boiler  Manufacturers  Association,  at  its 
recent  New  Orleans  convention,  S.  F. 
Jeter  said  broadly  that  "there  is  one  ex- 
planation for  all  boiler  explosions;  name- 
ly, the  boiler  or  some  part  of  it  is  too 
weak  to  withstand  the  stress  brought  up- 
on it.  There  are  many  causes  contribut- 
ing to  such  weakness,  and  a  definite 
cause  can  usually  be  given  for  most  ex- 
plosions." 

Despite  this  assertion  from  one  who  is 
in  a  position  to  know,  explosions  con- 
tinue to  be  frequent  and  fatal.  Mr.  Jeter 
assigns    faulty    design    and   carelessness 


of  operation  as  the  chief  causes.  It 
would  seem  that  both  ct  uses  were  avoid- 
able; surely  the  latter  is,  and  there  is 
no  logical  reason  why  the  former  should 
not  be.  It  is  true,  the  manufacturer  has 
little  to  say  about  the  operation  of  the 
boiler  after  its  acceptance  by  the  pur- 
chaser, but  the  responsibility  does  not 
end  there;  the  owner  and  engineer  are 
responsible  to  the  community  for  its  safe 
operation,  and  neither  inadequate  laws 
nor  lax  enforcement  of  the  few  good 
ones  applying  to  this  work  should  be 
tolerated. 

Those  whi  specialize  on  boiler  explo- 
sions seem  to  be  agreed  that  their  causes 
are  avoidable.  If  this  is  so,  what  action 
will  follow  the  recent  carnival  of  death- 
dealing  explosions?  To  say  that  they 
were  avoidable  is  equivalent  to  charging 
gross  homicidal  negligence  in  the  light 
of  expert  opinion.  The  public  and  those 
engaged  in  engineering  practice  there- 
fore are  privileged  to  demand  the  enact- 
ment and  enforcement  of  protective  legal 
measures  to  determine  the  competency 
of  the  operating  force  to  perform  their 
work,  and  a  through  examination  of  the 
engineers  and  firemen  will  indicate  their 
fitness  to  safely  operate  the  equipm.ent. 

The  doctrine  of  the  "fellow  servant" 
and  "assumed  risk"  in  its  relation  to 
boiler  explosions  will  not  long  be  ac- 
cepted by  people  of  intelligence  if  ignor- 
ance and  negligence  are  the  cause  of  so 
many  explosions. 

That  poor  feed  water  is  frequently  the 
initial  source  of  such  trouble  is  gen- 
erally recognized,  and  its  analysis  and 
corrective  treatment  before  its  use,  or  per- 
haps its  frequent  removal  from  the  boiler, 
should  be  made  compulsory  by  law.  To 
depend  upon  individual  "common  sense" 
is  poor  policy,  as  the  sense  of  duty  is 
often  obscured  by  the  present  high-ten- 
sion  industrial   conditions. 

It  is  gratifying  to  know  that  the  Ameri- 
can Boiler  Manufacturers  Association — 
to  whom  belongs  credit  for  the  existence 
of  the  Massachusetts  and  Ohio  rules — 
is  making  an  effort  the  chief  object  of 
which  is  to  minimize  explosions  by  the 
adoption  of  uniform  boiler  specifications. 

Its  committee  on  boiler  specifications 
has  indorsed  the  Massachusetts  rules 
and  recommends  the  amendment  of  sev- 
eral paragraphs,  substituting  improve- 
ments. Among  others,  it  is  recommended 
that  the  allowable  pressure  on  an  all 
cast-iron  boiler  be  reduced  from  twenty- 


five  to  fifteen  pounds  per  square  inch. 
The  committee  objects  to  basing  the  fac- 
tor of  safety  on  the  age  of  the  boiler, 
contending  that  it  should  be  determined 
by  its  physical  condition.  This  conten- 
tion should  receive  the  approval  of  all 
acquainted  with  everyday  boiler  practice. 

Many  other  equally  important  amend- 
ments are  proposed  which  it  is  to  be 
hoped  will  be  adopted.  The  provoking 
feature  of  it  all  is  the  indifferent  at- 
titude displayed  by  those  who  should  aid 
the  association  in  its  commendable  work. 

American  progress  seems  to  be  so  rapid 
that  little  attention  is  paid  to  the  evils 
incurred  by  it.  Would  it  not  be  better 
to  proceed  more  slowly  and  correct  the 
evils  that  really  impede  progress  than 
to  seek  consolation  in  the  barbaric  plea 
that  such  fatalities  are  inevitable  accom- 
paniments of  an  advanced  civilization? 


"And  the  coroner  laid  the  blame  on 
the  dead  engineer."  For  most  accidents 
this  expression  seems  to  permanently  fix 
the  blame  and  the  incident  is  closed. 
There  are  times  when  this  verdict  is  a 
true  one,  but  are  there  not  others  where 
an  investigation  of  actual  conditions  by 
some  interested  engineer  would  free  his 
dead  brother  from  the  stigma  of  gross 
carelessness  and  criminal  neglect?  It 
is  a  long  time  since  the  daily  press  has 
given  utterance  to  any  defensive  theory 
from  a  practical  operating  engineer. 
Why  ? 


"We  occasionally  get  together  in  our 
power  plant  and  discuss  features  of  prac- 
tical operation,"  writes  a  chief  engineer. 
This  is  a  most  efficient  way  to  get  that 
"teamwork"  which  is  so  necessary  to 
successful  operation.  The  men  better 
understand  their  chief,  and  sometimes 
even  the  chief  learns  something. 


Pittsburg  has  a  plan  to  abate  its  smoki- 
ness  by  utilizing  the  100,000  hp.  which 
can  be  developed  by  its  near-by  rivers 
and  streams.  If  this  can  be  accom- 
plished, the  city  will  be  entitled  to  spell 
abatement  with  a  capital  A. 


A  power  superintendent  advocates 
placing  the  chief  engineer's  office  in  the 
boiler  room.  He  believes  the  engineer 
should  be  "the  man  on  the  spot"  if  he 
would  prevent  a  high  heat  loss  and  un- 
economical  com.bustion. 


April  9,   1912 


POWER 


510. 


Boiler  Explosion  at  Greentown,  Penn. 


Shortly  before  7  o'clock  on  the  morn- 
ing of  Friday,  Mar.  7,  the  boiler  in  the 
T.  H.  Gilpin  Stick  Factory,  of  Green- 
town,  Penn.,  exploded,  killing  four  men 
and  injuring  one  other,  besides  demolish- 
ing the  house  in  which  it  stood. 

The  main  factory  building  is  a  two- 
story  frame  structure,  approximately  80 
xl50  ft.,  with  the  engine  and  boiler  rooms 
in  a  wing  at  one  side,  as  indicated  in 
Fig.  1.  The  boiler  was  of  the  return- 
tubular  type,  and  the  failure  occurred  in 
the  front  tube-sheet,  thus  driving  the 
boiler  through  the  back  of  the  building 
up  along  the  bank  of  the  millrace  to  a 
point  about  100  ft.  from  its  original  po- 
sition, where  it  struck  a  tree  at  a  point 


Afa//7  Factory 
80 'x  ISO' 


By  Carl  H.  Beach 


Due  to  corrosion  of  the  stays, 
an  old  single-riveted  lap-seam 
boiler  exploded,  killing  four  and 
seriously  injuring  a  fifth  man. 
The  building  was  demolished 
and  the  boiler  hurled  into  a  creek 
two  hundred  feet  distant. 


at  the  surface  of  the  ground  where  the 
tree  also  broke  off,  it  was  some  18  or  20 
in.  in  diameter.     Fig.  4  shows  the  tree 


Pov/er-  ■ 


Fig.  1.  Showing  Path  of  Boiler 


about  8  or  9  ft.  above  the  ground.  The 
tree  doubled  up  like  a  jackknife  and  was 
carried  bodily  with  the  boiler  a  distance 


in  the  position  in  which  it  was  left  by 
the  boiler,  the  stump  from  which  the 
tree  was  removed  being  shown  in  ihi 
lower  right-hand  corner. 

The  resistance  of  the  tree,  however, 
was  sufficient  to  deflect  the  boiler  to  the 
right  through  a  dense  thicket  of  young 
trees,  some  of  which  were  as  much  as 
2   or  3   in.   in   diameter,   finalry   landing 


Figs.  2,  3  and  4.  Showing  Remains  of  BoiLtR  and  the  Tree  Which  Was 
Uprooted  by  It. 


of  some  30  ft.  or  more.  At  the  point 
where  the  boiler  apparently  struck,  the 
tree   was   about    14   in.   in   diameter,   and 


in  Pau  Pack  Creek  in  the  position  shown 
in  Fig.  2.  The  impact  of  the  tree  also 
apparently  caused  the  boiler  to  turn  end 


for  end,  so  that  the  end  in  which  the 
failure  occurred  and  which  origir.-.ily 
faced  the  engine  room  was  found  lu  be 
pointing  upstream,  or  in  exactly  the  op- 
posite direction. 

The  four  men  killed  were  sitting  in 
front  of  the  boiler,  and  when  the  failure 
occurred  they  were  blown  bodily  through 
■the  roof  of  the  boiler  house.  Three  of 
them  were  so  completely  dismembered 
that  a  search  of  some  two  hours  or  more 
was  required  before  sufficient  remains 
were  obtained  to  identify  them.  The 
fourth  man  was  mortally  injured  and  died 
shortly  after. 

A  boiler  explosion  seems  incomplete 
unless  someone  miraculously  escapes, 
and  this  accident  was  not  an  exception. 
There  was  an  entryway  between  the 
boiler  room  and  the  engine  room,  the 
walls  of  which  were  of  light  boards,  and, 
although  the  impact  of  the  explosion  en- 
tirely demolished  the  walls  on  two  sides 
of  this  room,  the  fireman  who  was  in 
the  room  was  only  slightly  injured.  The 
failure  of  the  tube-sheet  also  blew  the 
fire  from  under  the  boiler  onto  a  large 
pile  of  shavings  and  scrap;  yet  the  shav- 
ings were  not  ignited,  seeming  to  indi- 
cate that  a  large  quantity  of  water  must 
have  promptly  extinguished  the  fire. 

It  is  understood  that  the  boiler  had 
been  purchased  about  28  years  ago  and 
was  at  that  time  second-hand.  It  had 
single-riveted  lap  joints  on  both  the  girth 
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Fig.  5.  Indicating  Where  Shell  Tore 

and  longitudinal  seams,  and  the  rear  head 
was  supported  in  the  manner  shown  in 
Fig.  5.  The  failure  occurred  not  through 
the  riveted  joint,  but  through  the  solid 
plate  at  a,  the  appearance  of  the  fracture 
being  more  that  of  a  piece  of  wood  that 
'is  pulled  apart  than  Of  a  piece  of  metal; 
in  other  words,  the  fracture  appeared 
very  much  splintered,  and  in  some  cases 
even  honeycombed.  About  two-thirds  of 
the  tube-sheet  was  carried  away. 

The  portion  of  the  tube-sheet  above 
the  line  of  tubes  was  stayed  by  wrought- 
iron  diagonal  stays,  and  all  of  these  broke 
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near  the  shell,  the  body  of  the  stays  be- 
ing carried  away  with  the  tube-sheet, 
rhe  top  row  of  tubes  was  also  carried 
iway  with  *he  tube-sheet,  having  pulled 
3ut  of  the  front  head. 

The  shell  was  '4  or  tfe  in.  thick,  the 
nbe-sheet  being  about  ■'«  in.  There  were 
iO  tubes  4  in.  in  diameter.  In  no  place 
ivas  it  possible  to  ascertain  the  diam- 
eter of  the  rivets,  owing  to  the  amount 
3f  corrosion.  No  trace  of  the  safety 
^alve  was  found  and  there  appears  to  be 
some  contradiction  as  to  the  exact  steam  ' 


pressure  carried  at  the  time  of  the  ex- 
plosion, although  it  is  believed  to  have 
been  about  80  lb.  per  square  inch. 

The  inside  of  the  boiler  was  clean,  but 
the  portion  of  the  break  that  was  ex- 
posed most  directly  to  the  fire  was  inac- 
cessible, as  it  lay  in  the  water  and  could 
not  be  reached  easily. 

The  failure  was  undoubtedly  due  to 
the  stub  ends  of  the  stays  being  badly 
corroded.  The  stays  on  the  front  head 
were  also  in  bad  condition,  although  they 
had  not  broken. 


San  Antonio  Locomotive  Boil- 
er Explosion 

Passenger  engine  No.  704,  of  the 
Southern  Pacific  R.R.,  exploded  while 
standing  in  the  yard  at  the  railroad  stop 
at  San  Antonio,  Tex.,  at  9:30  Monday 
morning.  Mar.  18.  Twenty-eight  em- 
ployees were  killed  and  more  than  40 
persons  were  injured.  Part  of  the  round- 
house collapsed,  several  small  buildings 
were  demolished,  and  the  engines  in  the 
roundhouse  were  badly  damaged.     It  is 


Fic.  1.  Ail  th.-^t  Was  Left  of  the  Locomotim;  Boiler  .^fter  the    Explosion 


Fig.  2.  View  of  Locomotive  Driving  Truck   and   Boiler   Re.mains 
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estimated  that  the  monetary  loss  will 
reach  the  sum  of  $200,000. 

The  probable  cause  of  the  explosion 
was  excessive  steam  pressure.  This  be- 
lief is  substantiated  by  the  testimony  of 
employees  who  stated  at  the  Interstate 
Commerce  Commission  investigation  that 
a  workman  had  screwed  down  the  safety 
valve  just  previous  to  the  explosion  and 
that  the  oil  burners  had  been  extinguished 
and  then  relighted  shortly  before  the  ac- 
cident. All  theories  regarding  dynamite 
and  other  explosive  forces,  which  were 
at  first  given  some  credence,  have  been 
dropped  by  the   investigating   board. 

In  Fig.  1  are  shown  the  wrecked  engine 
and  roundhouse.  All  that  is  left  of  the 
boiler  shell  is  the  crumpled  and  torn 
sheets,  shown  beyond  the  tube.  The  only 
part  of  the  boiler  which  remains  is  the 
extension  front,  shown  in  the  foreground, 
and  the  mass  of  tubes,  some  of  which  are 
still  intact  in  the  front  tubesheet. 

Fig.  2  shows  the  engine  frame  after 
the  wreckage  had  been  cleared  away 
.from  around  it,  and  gives  a  view  of  the 
boiler  ready  for  the  government  inspector. 
The  rear  driving  wheel  was  blown  clear 
of  the  shafting,  but  was  prevented  from 
further  flight  by  the  side-rod  connection. 


A  closer  view  of  the  wrecked  boiler, 
with   the   running   gear  of  the   engine   in 


the    center   and    the   roundhouse   at    the 
right,  is  shown  in  Fig.  3.     The  force  of 


Fig.  3.  Near  View  of  Boiler,  Showing  the  Torn  Boiler  Plates 


Fig.  4.  Views  Showing  Various  Parts  of  the  Wrecked  Locomotive 
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;  explosion  tore  the  steel  boiler  plates 
o  shreds,  which  from  the  condition  of 
;  riveted  joints  which  are  uninjured, 
iicates  that  the  internal  pressure  must' 
ve  been  excessive. 

The  group  of  photographs  shown  in 
;.  4  illustrate  several  parts  of  the  ex- 
)ded  locomotive.  A  near  view  of  the 
n  boiler  sheet  and  a  portion  of  the 
;box  are  shown;  the  position  of  the 
iving  truck,  one  wheel  of  which  is 
II  upon  the  rail*  gives  an  accurate  idea 
to  the  extent  of  the  damage  to  the  lo- 
notive.  It  would  appear  from  the  two 
nainiag  photographs  that  the  explo- 
n  was  more  severe  at  the  firebox  end 
the  boiler,  as  the  front  end  was  car- 
d  only  a  short  distance,  while  the 
;box  end  was  thrown  almost  at  right 
gles  to  the  original  position  of  the  en- 
le.  That  the  boiler  tubes  and  front 
:ension  were  not  thrown  a  greater  dis- 
ice    is    doubtless    due    to    the    giving 


Boiler  Explosion  at  Salis- 
bury,  Md. 
By  F.  a.  Grier,  Jr. 

A  very  disastrous  boiler  explosion  oc- 
curred on  Mar.  26,  at  2  p.m.,  seven  miles 
northwest  of  Salisbury,  Md.,  killing  six 
persons  and  injuring  three  others.  The 
boiler  was  a  return-tubular  with  exten- 
sion front;  the  kind  commonly  used  in. 
country  sawmills,  such  as  the  one  in 
which  it  was  used  at  the  time  of  the  ex- 
plosion. The  mill  was  owned  and  op- 
erated by  Hermus  Heam,  who  was  killed; 
10  men  were  working  in  the  mill. 

The  boiler  was  44  in.  in  diameter  and 
14  ft.  long,  with  46  three-inch  tubes;  the 
shell  was  originally  sb  in.  thick,  the  heads 
3,4  in.  thick.  The  boiler  was  purchased 
second-hand  five  years  ago  and  had 
probably  never  been  tested  since  it  was 
first   built,   as    few   of   the   country   saw- 


The  Remains  of  Builek  Minus  Both  Heads 


'ay  of  the  boiler  shell  in  its  entirety 
practically  the  same  moment. 
The  photographs  indicate  that  the 
itial  rupture  occurred  in  the  firebox 
d  was  probably  due  to  the  failure  of 
E  staybolts  which  were  in  many  in- 
jnces  broken  in  two  in  the  center.  This 
doubtless  the  most  disastrous  locomo- 
'e  explosion  that  has  ever  occurred. 


Mational  Gas  Engine  Show 

The  National  Gas  Engine  Association 
11  hold  its  first  national  show  at  Mil- 
aukee,  Wis.,  on  June  17  to  22,  in  the 
Liditorium,  where  100  exhibition  spaces 
tve  been  laid  out.  The  convention  of 
e  association  will  bt  held  at  the  same 


mill  owners  ever  go  to  that  trouble,  and 
there  is  no  law  compelling  boiler  in- 
spection in  Maryland  outside  of  the  city 
of  Baltimore. 

The  safety  valve  was  of  the  old  style 
ball-and-lever  type  and  in  addition  to  the 
regular  safety  weight  there  was  a  cast- 
iron  cogwheel  or  rack  pinion  wired  to 
the  lever.  The  boiler  had  been  standing 
idle  all  winter  until  a  few  days  before 
the  explosion,  which  occurred  just  as  the 
engineer  opened  the  throttle  valve  of  the 
engine.  The  force  of  the  explosion  landed 
the  shell  80  yd.  away,  tearing  both  heads 
out  and  landing  them  20  yd.  beyond  the 
shell.  Only  nine  of  the  tubes  remained 
with  the  heads;  the  others  were  blown 
in  all  directions,  some  of  them  as  far 
away  as  200  yd. 


The  Diesel  Engine 

In  a  paper  read  before  the  British  In- 
stitution of  Mechanical  Engineers  on 
Mar.  15,  Dr.  Rudolph  Diesel  reviewed 
the  history  of  his  now  famous  engine  and 
pointed  out  some  industrial  advantages 
obtainable  by  its  use,  especially  in  Great 
Britain.  Foremost  amongst  these,  natural- 
ly, he  placed  the  conservation  of  the 
country's  coal  supply  which  would  re- 
sult from  displacing  steam  engines  with 
Diesel  engines  using  tar  oils  as  fuel.  He 
also  suggested  the  possibility  of  using 
vegetable  oils  for  engine  fuel  and  cited 
a  test  made  with  peanut  oil  a  few  months 
ago,  in  which  the  consumption  was  0.53 
lb.  per  brake  horsepower-hour;  the  heat 
value  of  the  oil  was  15,500  B.t.u.  per 
pound  and  it  contained  11.8  per  cent, 
of   hydrogen. 

In  referring  to  the  advantages  of  the 
oil  engine  for  service  in  the  colonies. 
Dr.  Diesel  expressed  the  opinion  that 
Great  Britain  should  emulate  the  pro- 
gressive example  set  in  the  Congo,  where" 
a  pipe  line  250  miles  long  is  under  con- 
struction for  the  transfer  of  crude 
petroleum. 

In  an  appendix  Dr.  Diesel  presented 
a  general  list  of  oils  suitable  for  con- 
sumption in  his  engines.  Those  which 
can  be  always  utilized  are  mineral  oils 
free  from  benzine;  lignite-tar  oils,  and 
fat  oils  from  vegetable  or  animal  sources, 
such  as  castor  oil,  fish  oil,  peanut  oil, 
etc.  With  the  aid  of  special  apparatus, 
it  is  practicable  also  to  use  pit  coal-tar 
oil  and  tar  from  vertical  water-gas  and 
oil-gas  ovens.  Tars  from  horizontal  and 
inclined  retorts  cannot  be  used  in  the 
Diesel  engine  as  yet. 

In  another  appendix  the  author  gave 
a  condensed  summary  of  the  vessels  thus 
far  equipped  with  Diesel  engines.  This 
list  includes  20  oil  tank  vessels,  one 
of  15,000  tons;  37  tugs,  of  which  22  are 
Russian;  8  sailing  vessels;  about  40 
merchant  vessels,  one  of  which  is  of  9000 
tons  displacement;  14  fishing  boats; 
about  lis  submarines,  ranging  up  to  5000 
hp.;  about  25  gunboats;  20  small  naval 
boats,  and  16  miscellaneous  boats,  most- 
ly yachts. 


The 


'Florida"   Is  the  Fastest 
Battleship. 

In  its  test  on  Mar.  23  in  a  rough  sea 
and  brisk  wind  off  the  Maine  co^st,  the 
government-built  battleship  "Florida,"  by 
attaining  a  speed  of  22.54  knots,  set  a 
world's  record.  The  British  dreadnaught 
"Vanguard"  heretofore  held  this  record 
with  a  speed  of  22.50  knots.  The  "Florida" 
was  built  at  the  New  York  Navy  Yard 
under  the  supervision  of  Naval  Con- 
structor William  J.  Baxter.  Her  normal 
displacement  is  21,825  tons,  and  she  is 
manned  by  about  900  officers  and  men. 
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Explosion  of  a  Beam    Engine 
Flywheel 

By  John  S.  Leese 

The  flywheel  of  a  beam  engine  in  a 
mill  at  Lancashire,  Eng.,  burst  some 
months  ago  under  the  following  circum- 
stances: The  engine,  which  was  bought 
and  installed  in  1845,  was  a  double-act- 
ing condensing  compound  throttle-gov- 
erned unit  of  about  200  hp.  and  ran  at 
40  r.p.m.  In  the  course  of  its  life  the 
engine  had  naturally  been  improved  .and 
strengthened  as  the  load  increased,  and 
the  flywheel  was  strengthened  in  1880 
by  the  addition  of  a  loose  boss  fixed  onto 
the  flywheel  spokes  in  the  manner  show'n 
in  the  accompanying  illustration,  which 
is  an  old  tracing  made  at  the  time  of  the 
alteration. 

Between  this  extra  boss  and  the  rim 
of  the  wheel  were  placed  eight  2'j-in. 
diameter  radial  stays,  tensioned  and  fast- 
ened by  nuts.  These  were  placed  mid- 
way between  the  eight  arms  of  the  wheel. 


broken,  the  beam  was  fractured  and 
many  other  and  minor  parts  were  dam- 
aged. This  accident  was  attributed  to 
the  fact  that  the  crankpin  was  hollow; 
it  had  been  taken  from  a  larger  engine 
and  turned  down  to  4.}4  in.,  and  the  pin 
being  hollow,  it  was  too  little  to  hold. 

In  July,  1910,  the  cast-iron  connecting- 
rod  was  found  to  be  fractured,  although 
at  the  time  of  the  smash  in  1909  it  had 
been  very  carefully  examined  and  no 
trace  of  a  fracture  was  found.  It  was 
replaced  by  a  steel  rod  which  was  on 
the  engine  at  the  time  of  the  accident 
about  to  be  described. 

The  equilibrium  (or  governor)  valve 
was  connected  flange  to  flange  with  the 
engine  hand-throttle  valve,  the  governor 
valve  being  on  the  engine  side.  After 
the  noonday  stop,  the  engineer  cracked 
the  throttle  open  to  warm  up  and  ran 
the  engine  slowly  for  the  afternoon  load, 
there  being  no  load  on  the  line  shafting 
at  the  time.  The  split-pin  securing  the 
connecting  pin  between  the  disk  and  the 
hand  throttle-valve  spindle  came  out, 
having  worked  loose,  and  the  connecting 
pin,  which  must  also  have  been  a  slack 
fit,  dropped  out  of  place  and  blew  along 
through  the  flanged  coupling  into  the 
equilibrium  valve  where  it  lodged  be- 
tween the  valve  and  its  seat,  the  throt- 


Eleva+ion 

Views  Shovx'ing  Construction  of   Flywheel 


which  was  built  up  of  eight  segments  and 
had  the  following  dimensions:  diam- 
eter, 14  ft.  6  in.;  rim  section,  10x7' j  in.; 
arms,  10  in.  diameter.  To  the  flywheel 
was  bolted  a  gearwheel  with  208  teeth 
of  2.77  in.  pitch,  which  meshed  with  a 
wheel  with  74  cogs  for  driving  the  line 
shafting  in  one  of  the  weaving  sheds. 
The  other  leading  dimensions  of  the  en- 
gine at  the  time  of  the  smash  were  as 
follows:  high-pressure  cylinder,  IQ'qxSO 
in.;  low-pressure  cylinder,  26Ji3x60  in.; 
diameter  of  high-pressure  piston  rod,  35-^ 
in.;  low-pressure  piston  rod,  334  in.; 
nickel-steel  crankpin,  5  in.  The  engine 
was  supplied  with  steam  by  either  or 
both  of  two  Galloway  boilers,  working 
at  105  lb.  per  square  inch  pressure. 

In  January,  1909,  the  crankpin  broke, 
and  caused  considerable  damage.  The 
high-    and    low-pressure    cylinders    were 


tie  valve  being  disconnected  from  its 
spindle  and  dropping  wide  open. 

The  result  was  to  allow  a  full  head 
and  pressure  of  steam  through  the  wide 
open  and  disabled  throttle  and  governor 
valves  into  the  engine,  which  was  without 
load.  Therefore,  before  the  engineer 
could  get  over  the  distance  to  the  boiler 
stop  valve,  the  engine  had  attained  a 
speed  that  the  patchy  flywheel  could  not 
hold  out  against  and  it  let  go,  doing  con- 
siderable damage  to  the  adjoining  weav- 
ing shed,  partially  wrecking  the  engine 
room,  smashing  two  looms  and  making 
a  total  wreck  of  the  engine.  Luckily,  no 
one  was  injured  and  the  presence  of  an- 
other engine  saved  the  mill  from  total 
stoppage. 

The  writer  is  inclined  to  the  opinion 
that  the  spokes  would  be  the  first  to 
let  go.     It  would  appear  to  be  extremely 


difficult  to  tension  the  eight  strengthen- 
ing stays  previously  mentioned  to  take 
an  adequate  share  of  the  load  and,  if  this 
theory  is  correct,  they  would  be  quite 
unable  to  handle  the  load  suddenly 
thrown  upon  them  by  the  failure,  in  the 
first  instance,  of  one  or  more  of  the 
spokes. 


London    International    Smoke 
Abatement  Exhibition 

From  Mar.  23  to  Apr.  4,  this  exhibition 
was  held  in  the  Royal  Agricultural  Hall, 
Islington,  London.  The  last  international 
exhibition  of  this  character  was  held  in 
London  in  1881;  and  considerable  pro- 
gress has  been  made  in  the  methods  and 
apparatus  for  securing  the  smokeless 
combustion  of  fuel  that  have  been  worked 
out  and  applied  practically  in  the  30 
years  that  have  elapsed.  It  was,  of 
course,  unfortunate  that  the  preparations 
for  the  1912  exhibition  should  have  been 
overshadowed  by  the  disastrous  coal 
miners'  strike,  and  it  may  seem  some- 
what ironical  to  hold  a  smoke-abatement 
exhibition  in  London  when  the  chief  prob- 
lem confronting  English  manufacturers 
was  "how  to  get  coal  to  burn"  rather 
than  "how  to  burn  it  without  producing 
smoke." 

The  participation  of  foreign  manufac- 
turers and  inventors  in  the  exhibition  was 
not  so  great  as  was  expected,  many  man- 
ufacturers stating  that  a  fortnight's  ex- 
hibition was  too  short  for  them  to  recoup 
themselves  for  the  necessary  expendi- 
ture. The  strike  also  prevented  some  of 
the  English  exhibitors  from  sending  their 
exhibits,  owing  to  the  curtailment  of  the 
railway  service  for  goods.  In  spite  of 
these  difficulties  an  interesting  show  of 
smoke-abatement  apparatus  and  appli- 
ances was  obtained. 

Conferences  were  held  under  the 
presidency  of  Sir  William  Ramsay,  Sir 
William  Richmond  and  Lord  Justice 
Moulton,  and  a  large  number  of  interest- 
ing papers  were  presented.  In  a  later 
issue  a  resume  of  the  papers  and  dis- 
cussions will  be  printed. 


Special    Meeting  of    Mechan- 
ical   Engineers 

On  Tuesday  evening,  Apr.  9,  the 
American  Society  of  Mechanical  Engi- 
neers in  New  York  City  will  hold  a  spe- 
cial meeting  in  honor  of  the  Commission 
of  the  German  Museum  of  Masterpieces 
of  Natural  Sciences  and  Technical  Arts 
which  is  visiting  this  country  to  inspect 
industrial  establishments,  museums, 
libraries,  etc.  Dr.  Oscar  von  Miller,  mem- 
ber of  the  House  of  Lords  of  Bavaria 
and  president  of  the  Verein  Deutscher 
ingenieure,  who  heads  the  commission, 
will  deliver  a  lecture  on  its  work  with 
special  views  showing  the  interesting  fea- 
tures of  the  Bavarian  Technical  Museum' 
which  has  no  counterpart   in   the   world. 
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Readers  with  Something  to  Say 

A  letter  good  enough  to  print  will  be  paid  for.     Ideas,  not  mere  words,  wanted 


Centering     Device     for 
Cylinders 

The  figures  shown  herewith  illustrate 
a  convenient  device  for  centering  cylin- 
ders which  has  been  used  by  several 
engineers  with  very  satisfactory  results. 

Referring  to  the  illustration,  A  is  a 
short  piece  of  1-in.  wrought-iron  pipe, 
one  end  of  which  is  faced  off.  The  other 
end  is  threaded  as  shown;  B  is  a  carrier 


just  about  run.  I  used  a  pointing 
trowel  and,  placing  a  small  amount  on 
it,  threw  the  mixture  against  the  heads  in 
spots.  When  this  dried  I  went  over  it 
again  in  the  same  way  until  the  head  was 
well  covered.  Several  thin  coats  were 
applied,  letting  each  one  dry  well,  until 
I  had  the  covering  the  thickness  re- 
quired.  . 

When  applying  the  last  coat  I  troweled 
it   down   and   then,   taking   a    whitewash 


Details  of   Centering   Device 


for  the  centering  cord  or  wire.  Fo'ir 
holes  are  tapped  in  the  piece  A  at  right 
angles,  as  shown  in  the  end  view  D.  By 
means  of  the  thumb-screws  C,  which  fit 
in  the  groove  in  B,  adjustment  of  the 
cord  is  made. 

On  the  cylinder  head  is  a  piece  of 
wrought  iron,  offset  as  shown.  E,  F,  G 
and  H  are  holes  tapped  for  1-in.  pipe 
to  receive  the  piece  A  and  provide  for 
its  use  with  different  diameters  of  cyl- 
inders. The  slot  /  is  for  bolting  on  by 
the  cylinder-head  studs  and  to  provide 
smaller  adjustments  than  those  given  by 
the  tapped  holes.  Final  adjustment  is 
made  by  the  thumb-screws  C. 

The  offset  holder  is  bolted  at  one  side 
only  and  provides  convenient  access  to 
the  cylirider. 

Carl  L.  Svensen. 

Tufts    College,    Mass. 


brush,  wetting  it  and  rubbing  it  over  the 
last  coat,  and  following  it  up  with  the 
trowel,  I  got  a  fine  finish,  almost  as 
smooth  as  glass. 

Harry   E.   Koffel. 
Doylestown,  Penn. 


Packing  and  Gasket  Cutters 

Nearly  every  engineer  has  tools  of  his 
own  invention,  which,  although  not  suit- 
able for  the  market,  are  often  very  handy 
to  the  man  on  the  job. 

I  have  a  number  of  small  belts,  3  and 


Asbestos  Drum  Covering 

In  our  plant  we  have  a  200-hp.  boiler, 
the  drum  heads  of  which  stick  out  past 
the  brickwork.  1  tried  several  ways  of 
coating  the  heads  with  asbestos,  such  as 
mixing  it  to  the  consistency  of  putty 
by  adding  water  and  applying  this  by 
molding  it  into  small  balls  the  size  of  a 
marble  and  tossing  them  against  the 
liead,  but  they  would  not  stick. 

Then  I  tried  painting  the  head  with 
shellac  and  applying  the  asbestos  dry, 
tut  this  did  not  work.  I  did  not  have  a 
supply  of  litharge.  Next  I  mixed  the 
asbestos   with    water    so   that   it    would 


Fig.  1.  Belt  Hook 

4  in.  wide,  which  run  very  tight  on  the 
pulleys.  In  the  case  of  these  belts  com- 
ing off,  I  use  a  hook  to  pull  the  belt  up  on 
the  pulley.  It  is  made  of  54-in.  pipe,  as 
shown  in  Fig.  1,  and  can  be  easily  pulled 
out  of  the  hand  in  case  it  catches  in  the 
pulley. 

Another  useful  tool  is  made  of  short 
pieces  of  brass  tubing,  a  number  of  dif- 


ferent diameters.  In  cutting  belt  holes 
in  gaskets,  markers,  etc.,  these  pieces  of 
tubing  are  handy.  I  use  a  piece  of  wood 
and  a  hammer  when  cutting,  as  shown 
in  Fig.  2,  as  the  wood  protects  the  tube- 
edge.  1  have  an  old  file  connected  to  a 
hard-wood  board,  as  in  Fig.  3,  for  cut- 
ting spiral  packing  to  short  lengths.  The 
file  edge,  which  comes  against  the  board, 
is  ground  down  to  a  razor  edge.  It  can 
be  used  in  cutting  small  belts. 


Fig. 4 
Gasket  and  Packing  Cutters 


For  cutting  large  gaskets,  I  took  an 
old  jackknife  blade  and  chiseled  a  hole 
's  in.  in  diameter  and  2  in.  from  the  end, 
sharpened  the  back  and  front  edges  and 
attached  the  blade  by  means  of  a  short 
screw  to  a  piece  of  hard  wood  1  in. 
square  and  2  ft.  long.  In  a  piece  of  soft 
iron  ^  in.  wide  and  yi  in.  thick,  two 
holes  were  drilled,  one  yi  in.  from  the 
end  and  the  other  2  in.  from  the  same 
end.  I  then  bent  the  iron  to  fit  the  piece 
of  wood  and  threaded  the  holes.  A  bolt 
sharpened  on  the  end  fills  the  lower 
hole,  and  a  thumbscrew  fills  the  upper 
hole.    The  tool  is  shown  in  Fig.  4. 

To  cut  any  diameter  of  washer,  move 
the  slide  containing  the  pivot  to  the  point 
desired  and  move  the  knife  in  a  circle. 
A.  D.  Palmer. 

Roxbury,  Mass. 
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Boilers  Transfer  Water 

The  accompanying  diagram  shows  the 
steam  connection  of  two  boilers.  If 
both  are  filled  nearly  to  the  point  where 
the  high-water  alarm  whistle  will  blow, 
and  the  water  from  both  boilers  is  then 
shut  off.  after  10  or  15  min.  No.  1  will 
begin  to  blow  with-  high  water  and  the 
water  will   gradually   go   down   in   No.   2 


6' Pipe  30' Long  to 
350  Horsepower  Engine 


that  it  was  properly  installed.  The  other 
three  reducing  valves  were  giving  splen- 
did satisfaction  in  their  respective 
branches,  so  I  decided  next  week-end  to 
take  one  of  the  good  valves  down  and 
check  it  with  the  faulty  valve,  but  found 
everything  identical  in  construction.  I 
then  noticed  that  the  opening  in  the 
valve  appeared  to  be  in  reverse  position 
to   the   good   one,   and   so    without   doing 


?" Pipe  180' Ig.-h 
10  Horsepower 
Engine  -^ 


hand.  The  new  flange  was  marked  while 
in  position  and  the  elbow  taken  to  a 
local  machine  shop  to  be  drilled. 

As  a  guide  for  the  drill  a  flat  piece 
of  iron  about  1  in.  thick  was  used  and 
drilled  through  with  a  lil-in.  drill.  This 
hole  was  placed  directly  over  the  marks 
on  the  flange  and  clamped  in  place.  Then 
another  hole  was  drilled  through  the 
guide  and  flange,  care  being  exercised  to 
keep  the  flange,  which  was  I's  in.  thick, 
level.  This  method  of  drilling  the  holes 
proved  very  effective,  especially  where 
the  holes  were  drifted  less  than  the  diam- 


PipiNG  OF  THE  Boilers 


boiler.  There  is  no  connection  between 
the  boilers  with  the  exception  of  the  6- 
in.  steam  header. 

I  say  the  pressure  of  one  boiler  holds 
the  steam  back  in  the  other  boiler,  but 
the  other  engineer  says  it  is  because  No. 
1  boiler  is  the  best  steam  maker.  They 
are  both  connected  to  the  same  stack. 

I  would  like  to  hear  from  engineers 
who  have  had  similar  conditions  and 
have   found   out   the  cause. 

W.    E.   Warner. 

Springfield,  Mass. 


anything  more  I  put  it  back  in  a  reverse 
position  to  the  arrows  showing  on  the 
valve  body.  It  now  works  properly  along 
with  the  others. 

P.   Brockie. 
Montreal,  Can. 


Arrow  Pointed  Wrong  Way 

Some  time  ago,  when  enlarging  a 
pov.'er  plant  and  using  the  loop  system  of 
high-pressure  steam  distribution,  it  was 
necessary  to  use  reducing  valves  at  four 
points  to  supply  the  various  boiler-  and 
engine-room  auxiliaries,  and  for  factory 
purposes. 

The  reducing  valves  were  ordered  and 
put  in  place  with  a  stop  valve  connected 
to  the  reducing  valve  and  between  it 
and  the  boilers.  On  three  of  the  lines  the 
valves  regulated  to  a  nicety,  reducing 
from  175  to  80  lb.  gage;  but  the  fourth 
valve  would  not  give  satisfaction,  hav- 
ing a  tendency  to  stick  wherever  it  was 
put. 

Thinking  that  it  was  sticking  in  the 
sleeves  somewhere  inside,  I  had  it  taken 
down  and  eased  off;  on  putting  it  back 
I  was  disappointed  in  finding  no  im- 
provement. I  then  removed  the  asbestos 
covering,  thinking  that  it  may  have  been 
put    in    wrong,    but    the    arrows    showed 


Wrong    Holes    in   Flange 

At  a  I'actory  power  plant  an  unaccount- 
able incident  occurred  which  caused  the 
loss  of  half  a  day's  production  of  about 
1000  looms. 

A  crack  developed  in  a  10-in.  cast- 
iron  elbow  in  the  main  steam  pipe  and 
an  order  was  made  out  for  one  long- 
radius,  cast-iron  elbow  with  the  flanges 
drilled  for  twelve  i^-in.  bolts,  the  holes 
to  be  drilled  on  the  seam.  This  meant 
that  the  starting  point  for  drilling  must 
be  at  the  joint,  where  the  pattern  came 
togeth,=!r  in  the  mold. 

In  .Tnticipation  of  the  arrival  of  the 
new  elbow,  staging,  chain  blocks,  rope 
slings  and  some  new  flange  bolts  were 
gotten  ready  so  as  to  do  a  quick,  thor- 
ough job.  The  elbow  came  by  express  and 
at  shuiting-down  time  the  boiler  stop 
valves  were  shut,  the  drip  valves  were 
opened  and  the  cracked  elbow  was  soon 
on   the   floor. 

When  the  new  elbow  was  hoisted  into 
place  it  was  found  that  one  of  the  Ranges 
was  drilled  from  a  10-hole  template.  If 
the  requisite  tools  had  been  on  the 
premises  the  adjoining  pipe  flange  would 
have  been  used  as  a  template  and  a  1;';- 
in.  drill  run  through  the  holt  holes  and 
through  the  flange  of  the  new  elbow  by 


Flange   after  Drilling 

eter  of  the  drill,  and  there  was  very 
little  chipping  and  filing  to  be  done. 

The  sketch  shows  the  elbow  and  flange 
A  after  it  was  redriUed,  also  the  guide  B 
clamped  in  position  to  guide  the  drill  C. 
J.  W.  Parker. 

Clinton,  Mass. 


Traps  Did  Not  Work 

I  am  employed  at  a  mill  that  has  been 
"grinding"  54  years  and  have  found 
many  traps  of  bygone  days  which  had 
to  be  repaired  and  changed.     These  were 


Weighted  Bucket 

of  the  bucket  type  and  would  not  work  on 
the  90-lb.  duty,  being  made  for  less. 

The  changes  consist  of  m^aking  the 
valve  seat  with  a  much  smaller  bore 
and  adding  a  cast-iron  weight  under  the 
bucket,  as  shown  in  the  illustration. 

We  had  quite  a  few  overhauled  and 
they  worked  well,  but  there  was  one 
trap    which   woi'ld    not   shut   after   open- 
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ig.  I  looked  it  o'ver  and  found  that  the 
ucket  had  a  -j-^-in.  drop  when  full.  I 
educed  the  drop  to  '/g  in.  and  then  sub- 
tituted  a  Vc-in.  gasket  in  place  of  the 
s-in.  sheet  packing  at  the  joint  of  the 
tern  and  bucket,  thus  lessening  the 
mount  of  water  left  standing  in  the 
ucket  after  the  trap  discharges.  The 
-ap  worked  well  after  these  changes. 

These  same  bucket  traps  gave  some 
rouble  by  getting  air-bound  and  not 
pening.  A  way  out  of  the  difficulty,  and 
ne  well  worth  while,  is  shown  in  the 
ketch.  Drill  and  tap  a  hole  in  the 
over  for  a  's-in.  iron  pipe.  Then  in- 
ert a  Vs-in.  extra-heavy  close  nipple  and 
crew  a  %-\n.  valve  on  the  nipple,  and 
:t  the"  valve  remain  open  all  the  time, 
jst  enough  to  "sizzle."  A  lot  of  kicks 
nd  troubles  will  then  vanish  as  the  traps 
'ill  never  get  air-bound  again. 

Frank  Martin. 

College  Point,  N.  Y. 


Does   Not  Fear  Central 
Station 

If  one-half  the  time  wasted  in  berating 
tie  central,  station,  and  moaning  over 
)w  wages  were  spent  in  improving  plant 
onditions,  there  would  be  no  kick  com- 
ig  to  either  the  engineer  or  the  em- 
loyer.  Those  who  buy  engine-room 
quipment  generally  buy  on  a  guarantee 
f  efficiency,  and  have  a  right  to  expect 
egula.'  statements  from  the  engineer,  as 


Considering  heating  as  an  expense,  the 
annual  saving  over  central-station  power 
amounts  to  $4059.50,  or  a  rate  of  interest 
of  24/0  per  cent,  per  annum  on  the 
investment.  I  am  not  losing  any  sleep 
on  account  of  the  central  station  or 
wages.  My  daily  cost  and  coal-analysis 
card  are  shown  herewith. 

D.    L.    DUNLAP. 
Detroii,  Mich. 


Template  Set  Wrong 

An  incident  was  once  brought  to  my 
attention  that  was  a  good  example  of 
the  penny-wise,  pound-foolish  methods  of 
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Template  was  Removed 


some  managers  in  employing  incompetent 

men  to  do  the  work  of  a  skilled  engineer. 

A    company    had    been    organized    to 

build  an  industrial  plant  and  the  machin- 


fully  marked,  knocked  down  and  crated 
and  also  a  blueprint  showing  clearly  the 
proper  way  to  assemble  it. 

The  local  genius  arranged  the  tem- 
plate as  shown  at  B,  and  at  last  ac- 
counts it  was  over  the  foundation  hole, 
with  Ihe  foundation  bolts  in  place  and 
everything   ready   for  the  concrete  work. 

As  the  four  end  bolts  are  to  hold  down 
a  Corliss  steam  cylinder,  and  as  they  are 
16  in.  too  high,  besides  being  on  the 
wrong  side,  there  will  doubtless  be  an 
interesting  time  when  the  machine  is 
placed   over  the    foundation. 

J.   T.   Williams. 

Brownsville,   Tex. 


Thermometers  on  Condensers 

Did  any  reader  ever  stop  to  think  how 
many  lens  of  coal  could  be  saved  in  his 
plant  by  the  investment  of  a  few  dollars 
in  thermometers?  During  the  wimer, 
when  the  circulating  water  has  a  tem- 
perature of  from  32  to  40  deg.  F.,  it  is 
an  easy  matter  to  lower  the  temperature 
of  a  condenser  below  that  necessary  to 
produce  the  required  vacuum.  Placing  a 
thermom.eter  on  the  discharge  pipe  of 
each  condenser  and  regulating  the  cir- 
culating water  according  to  its  reading 
will  result  in  raising  the  temperature  of 
the  hotwell  a  matter  of  3  per  cent. 

Assume  a  daily  output  of  500,000  kw.- 
hr.  at,  say,  a  water  rate  of  16  lb.  per 
kilowatt-hour,    and   see   what    a   33-deg. 
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0   whether   they    are    getting    what   they 
ave  paid  for. 

I  am  operating  an  ordinary  high-speed, 
lant.  My  wage  account  for  the  night 
nd  the  day  fireman  and  self  averages  $3 
ler  day  more  than  the  cost  of  fuel  for 
he  24  hours.  The  average  cost  for  power 
as  been  $0.0164  per  kilowatt-hour  from 
uly,  1911,  to  January,  1912;  this  charge 
ncludes  the  cost  of  fuel,  water,  waste, 
lil,  wages  and  interest,  depreciation,  in- 
urance  and  taxes.  The  last  four  items 
imount  to  $4.22  per  day.  The  average 
oad  is  1400  kilowatt-hours  per  day — 60 
ler  cent,   power   factor. 


ery  had  been  ordered  from  a  concern 
which  proposed  to  furnish  a  competent 
erecting  engineer,  the  purchasing  com- 
pany 10  pay  him  $7  a  day  and  expenses. 

The  wise  manager  thought  that  this 
was  a  superfluous  luxury  as  he  had  a 
local  genius,  who  had  never  had  any  ex- 
perience with  the  machinery  to  be  in- 
stalled. In  the  equipment  was  a  ma- 
chine requiring  quite  a  substantial  foun- 
dation, with  the  foundation  bolts  arranged 
as  shown  at  A,  in  which  the  four  end 
bolts  v/ere  to  be  8  in.  lower  than  the 
others. 

The    makers    furnished    the    template, 


rise  amounts  to  in  tons  of  coal  burned 
per  day.  These  thermometers  will  also 
save  on  the  amount  of  circulating  water 
pumped  and  show  whether  a  low  vacuum 
is  caused  by  high  temperature  or  air 
leaks. 

I  have  found  that  there  is  no  use  hav- 
ing a  discharge  temperature  lower  than 
85  deg.  F.  on  reciprocating  work.  Of 
course,  the  thermometers  are  useless  un- 
less looked  at  frequently.  One  might 
even  go  further  and  suggest  recording 
instruments. 

E.  H.  Lane. 

Kansas   City,   Mo. 
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Questions  Before  the  House 

Comment,  criticism,  suggestions  and  debate  upon  various  articles, 
letters   and  editorials    which  have  appeared  in  previous  issues 


Transmitting   Capacity  of 
Pulleys 

Recently  I  criticized  a  paper  on  the 
relative  power  transmitting  capacity  of 
cast-iron,  paper,  wood  and  cork-insert 
pulleys,  read  by  Prof.  Sawdon,  of  Cor- 
nell University,  before  the  National  As- 
sociation   of   Cotton    Manufacturers. 

In  replying,  Prof.  Sawdon  fails  to  ex- 
plain why  his  tests  show  totally  different 
results    from  .  those    obtained    by    Prof. 
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Fig.  1. 


Slip  Curves  for  Paper  Pulleys 
WITH  Cork  Inserts 


Charles  M.  Allen,  of  the  Worcester  Poly- 
technic Institute,  and  George  H.  Perkins, 
of  the  Lowell  Textile  School,  but,  in 
taking  exception  to  my  criticism,  calls 
attention  to  a  few  matters  of  minor  im- 
portance, to  which  I  reply  as  follows: 

1.  I  did  not  include  in  the  report  of 
tests  made  at  the  Worcester  Polytechnic 
Institute  the  tests  of  the  vulcanized  fiber 
pulley  as  I  considered  the  results  ob- 
tained of  no  value  to  anyone. 

2.  Although  Prof.  Sawdon  writes  that 
in  my  reply  I  cited  but  one  set  of  tests: 
namely,  those  made  at  the  Lowell  Textile 
School,  a  reference  to  the  paper,  herein 
quoted,  will  show  his  error. 

"As  the  results  described  therein  do 
not  fully  accord  with  those  obtained  in 
similar  tests  made  at  the  Worcester  Poly- 
technic Institute,  at  the  Lowell  Textile 
School  and  with  other  pulleys  in  use 
under  factory  conditions,  careful  consid- 
eration and  discussion  seem  desirable  in 
order  that  we  may  consider  the  reasons 
for  the  differences  referred  to  and  es- 
tablish the  facts  in  the  matter." 

3,     Replying    to    his    statement    that. 


"The  losses  between  the  belt  and  the  pul- 
ley in  a  practical  transmission  rarely  ex- 
ceed about  2  per  cent,  and  are  often 
less,"  I  refer  again  to  his  original  paper 
in  which  is  stated:  "Many  kinds  of  ser- 
vice demand  at  times  overload  capacities 
as  much  as  50  per  cent,  of  the  normal 
load,"  and  I  would  like  to  know  if  these 
overloaded  drives  come  within  the  class 
referred  to  in  which  the  slip  does  not 
exceed  2  per  cent. 

4.  While  it  is  true  that  F.  W.  Taylor 
recommended  a  belt  tension  of  200  to 
225  lb.  for  use  on  plain  cast-iron  pul- 
leys upon  upright  machine-tool  drives, 
neither  he  nor  any  other  engineer  will 
object  to  a  lower  belt  tension  when  prac- 
ticable and,  as  bearing  on  this,  it  may  be 
of  interest  to  note  that  Prof.  Sawdon's 
tests  were  started  at  a  belt  tension  of 
37  H   lb. 

Equipping  pulleys  for  such  a  test  with 
but   one-half  the   required   cork   area   is 
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Fig.  2.   Slip  Cijrves  for  Wood  Pulleys 
WITH  Cork  Inserts 

bad  enough,  but  to  allow  the  corks  to 
project  Vu  and  V13  in.  respectively,  which 
projection  tends  to  prevent  the  belt  from 
making  contact  with  the  remainder  of 
the  surface  of  the  pulley  and  thus  re- 
duces the  actual  area  of  pulley  surface 
in  contact  with  the  belt,  is  still  more 
disastrous  to  correct  conclusions. 

Furthermore,  it  was  stated  that:  "un- 
fortunately in  the  paper  and  in  the 
corked-pulley  tests  the  capacity  of  the 
machine  did  not  permit  of  a  high  load 
being  carried  to  determine  the  maximum 
values  of  the  coefficient  of  friction  and 
the  corresponding  slip,"  whereas  upon 
examining  the  full  report  on  file  with  the 


association  it  is  found  from  the  datf 
sheets  and  diagrams  that  no  reference 
's  made  to  the  behavior  of  plain  papei 
pulleys  at  a  slip  exceeding  2.8  per  cent., 
but  the  cork-insert  paper  pulleys  are  car- 
ried to  loads  of  nearly  double  and  al 
slips  that  reached  nearly  7  per  cent. — a 
somewhat  surprising  circumstance  in  the 
light  of  the  foregoing  quotation  as  tc 
the  limit  of  the  capacity  of  the  ma- 
chine. I  should  like  to  know  why  Prof. 
Sawdon  omitted  to  carry  the  paper-pul- 
ley tests  beyond  the  low  point  at  which 
these  tests  were  apparently  stopped  and 
yet  carried  the  cork-insert  pulleys  to  the 
high  point. 

To  make  this  point  clear  I  submit  a 
set  of  comparative  curves  (Fig.  1)  taken 
from  separate  sheets  of  the  unpublished 
portion  of  the  original  report,  which 
speaks  for  itself. 

Again,  the  cork-insert  pulleys  tested 
were  not  only  equipped  with  but  aboul 
one-half  the  required  area  of  cork,  bul 
the  cork  was  used  under  but  19  per  cent, 
compression  instead  of  33' j  to  50  pei 
cent,  as  has  been  found  desirable  and 
is  common  practice. 

I  also  submit  another  diagram  (Fig.  2) 
from  his  unpublished  curves  of  cork- 
insert  wooden  pulleys  at  belt  tensions  ol 
371  _;  and  187' J  lb.  respectively.  This 
diagram  shows  that  a  pulley  with  a  beii 
tension  of  37i_.  lb.  will  lose  in  efficiency 
to  a  point  of  14  per  cent,  slip  with  s 
load  of  60  lb.  and  then  gain  in  efficiency 
under  an  increasing  load  until  the  slip 
is  but  8.75  per  cent,  with  a  load  of  18C 
lb.,  at  which  point  the  pulley  with  e 
belt  tension  of  but  37':.  lb.  will  equal  ir 
efficiency  a  pulley  operating  under  a  bell 
tension  of  187' i  lb.— a  result  that  seems 
as  improbable  as  it  is  different  fron 
those  obtained  by  others. 

Lawrence  Whitcqmb, 
Treasurer,  The  Cork  Insert  Co. 

Boston,   Mass. 


Oil   Pump  and   Lubricator 
Filler 

Mr.  McGerry's  letter  in  the  Jan.  2' 
issue  described  an  oil  pump  and  lubr' 
cator  filler.  I  have  used  a  similar  de- 
vice for  years,  but  I  always  connect  the 
oil  pipe  to  the  plug  at  the  top  of  the 
gage-glass,  as  shown  in  the  accompany- 
ing figure,  drilling  and  tapping  the  plug 
for  a  '4 -in.  pipe,  thus  leaving  the  fill- 
ing plug  and  hole  in  condition  to  be  used 
at    any    time,    should    the    pump    fail    tc 
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,'ork,  or  anything  else  go  wrong.  An- 
ther advaiitage  of  this  arrangement  is 
hat  it  does  not  mar  the  threads  or  seat 
f  the  filling  hole,  and  the  lubricator  can 
e  filled  by  hand  in  the  usual  way. 

Mr.  McGerry  advises  drawing  out  the 
I'ater  in  the  lubricator  body  and  the 
ondenser  through  the  drain-cock.  This 
5  poor  practice.  The  condenser  should 
lOt  be  emptied  or  allowed  to  get  hot. 
■urther,  it  is  not  necessary  to  drain  the 
lody  through  the  drain-cock.  Simply 
lose  the  oil  sight-feed  valve  and  leave 
he  water-feed  valve  open.  Then,  forc- 
ng  the  oil  into  the  body  of  the  lubri- 
ator  will  force  the  water  out  and  up 
hrough  the  condenser  and  condenser 
lipe,  into  the  steam  pipe,  both  being  kept 
old  with  the  cold  water  in  the  body. 
!^losing  the  oil  valve  at  the  pump  will 
hen  leave  the  lubricator  ready  to  work 
It  once. 


\rrange.ment  and  Piping  of  Oil  Pump 

1   have  a  hand-lever  oil  pump,  similar 

0  that  shown  in  the  figure,  attached  to 

1  5-gal.. reservoir  supplying  cylinder  oil  to 
Four  lubricators,  of  from  1  pt.  to  Vi  gal. 
n  capacity,  and  located  variously  from 
30  to  60  ft.  from  the  pump,  all  fed 
hrough  a   '4 -in.  pipe,  with  a  valve  close 

0  each  lubricator.  The  oiler  opens  the 
.'alve  leading  to  the  lubricator  he  wishes 
:o  fill,  and  gives  the  oil  pump  the  re- 
juired  number  of  strokes*  He  then 
shuts  the  filling  valve  in  the  oil-supply 
?ipe,  and  the  lubricator  is  made  ready 
for  service  again  simply  by  opening  the 
oil-feed  valve  in  the  sight-feed  glass, 
A'hich,  of  course,  was  closed  before  the 
Dump  was  used. 

The   'S-gal.  lubricator  sometimes  gets 
tiot,  generally  through  carelessness,  and 

1  find  that  the  quickest  way  in  which  to 
:ool  it  is  to  close  the  sight- feed  valve 
and  force  cold  cylinder  oil  through  it; 
the  hot  oil  goes  out  through  the  con- 
denser and  condenser  pipe  into  the  steam 
pipe  and  thus  it  is  not  altogether  wasted. 

W.  E.  Stickney. 
Prince  Albert,  Sask. 


Step  Bearing  Pressure 
Regulator 

Mr.  Payne,  in  the  Feb.  20  issue,  details 
a  very  ingenious  automatic  pump  con- 
trol for  a  hydraulic  pressure  system.  The 
apparatus  looks  to  be  very  flexible  in 
that  it  would  be  capable  of  controlling 
the  pumps  in  remote  locations  with  rela- 
tion to  the  accumulator.  The  design  of 
pump  control  herewith  submitted  is  not 
\Collar 
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this  manner,  I  do  not  think  tlrat  there 
will  be  any  difficulty  encountered  in  op- 
erating both   injectors  at  the  same  time. 

W.     L.     DURAND. 

Brooklyn,  N.  Y. 


I  do  not  think  the  injectors  will  work; 
at  least,  they  will  not  supply  both  boil- 
ers. The  injectors  are  fitted  with  l'4-in. 
steam  and  water  pipes;  therefore,  only 
enough   steam   pressure   will   be  had   to 


Arrangement  of  Automatic  Pump   Control 


new;  it  has  been  in  successful  operation 
in  a  cottonseed  oil  mill  for  several 
years. 

By  the  use  of  the  lever  with  the  short 
projection,  a  reducing  motion  is  secured 
whereby  the  ported  valve  in  the  steam 
line  is  controlled.  This  valve  acts  as  an 
auxiliary  to  the  throttle,  which  latter  is 
set  by  hand  to  admit  the  required  steam 
to  run  the  pump  at  the  desired  speed. 

The  operation  is  simple  and  posi- 
tive. As  the  accumulator  rises  the  ported 
valve  is  closed  through  the  medium  of 
the  chain  and  lever.  In  case  of  acci- 
dent to  the  closing-off  device,  the  ac- 
cumulator rises  to  the  collar  on  the 
safety-valve  rod  and  the  pump  discharges 
direct   to   the    supply   tank. 

F.     C.     HOLLV. 

Memphis,  Tenn. 


work  one  injector,  and  there  will  be  only 
enough  water  for  one. 

If  Mr.  Brouse  will  tap  the  city  main 
with  a  2-in.  pipe  and  then  reduce  at 
the  connections  of  the  injectors  to  1'4 
in.  and  if  he  will  tap  the  boiler  with  a 
2-in.  steam-supply  pipe,  and  connect  the 
discharge  of  the  two  injectors  with  a  Y 
instead  of  a  tee,  it  might  be  possible 
for  them  both  to  work  at  the  same  time, 
although  under  some  difficulty. 

I  would  advise  that  Mr.  Brouse  install 
the  injectors  separate  from  each  other 
and  also  from  the  pump. 

G.   H.    Robertson. 

Datura,  Tex. 


Will  the  Injector  Work? 

In  reply  to  Mr.  Brouse's  inquiry  on 
page  340  of  the  Mar.  5  issue,  I  would 
say  that  while  there  is  no  doubt  that 
two  injectors  can  be  made  to  feed  at 
the  same  time,  the  layout  of  piping 
shown  would  hardly  commend  itself  as 
being  the  best  method  for  installing  in- 
jectors in  parallel.  If  the  cut  accompany- 
ing his  letter  is  referred  to,  it  will  be 
seen  that  the  two  streams  of  water  from 
the  injectors  will  meet  "head-on,"  so  to 
speak,  and  then  make  a  90-deg.  turn  into 
the  pipe  leading  to  the  boilers. 

A  much  better  arrangement  would  be 
to  bring  the  line  from  one  injector  into 
the  feed  line  with  a  90-deg.  elbow,  and 
the  line  from  the  other  injector  into 
the  feed  line  at  a  different  point  with  a 
Y-fitting.      If   the   piping   is   installed   in 


In  the  issue  of  Mar.  5,  J.  L.  Brouse 
asks,  will  the  injector  work? 

I  see  no  reason  why  it  will  not,  as  the 
piping  is  proportioned  about  right.  A 
much  better  layout,  however,  would  be 
to  do  away  with  the  fee  between  the  in- 
jectors on  the  discharge  and  replace  it 
with  a  long-sweep,  double-branch  elbow. 
This  would  lead  the  discharge  from  each 
injector  in  a  more  direct  path  to  the 
boilers  instead  of  allowing  the  injectors 
to  butt  against  each  other. 

George  H.  Handley. 

Newburgh.  N.  Y. 


Most  assuredly  the  injector  will  work. 
He  can  work  both  injectors  at  the  same 
time,  he  can  work  either  one  at  the 
same  time  as  the  boiler-feed  pump  is 
working,  or,  if  he  cares  to  do  so,  he 
can  work  both  injectors  and  the  pump  at 
the  same  time. 

In  the  plant  where  I  am  employed 
there  is  almost  identically  the  same  pip- 
ing  and  pump   connections,   and   I   have 
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tried  them  repeatedly  and  find  it  possible 
to  work  them  in  any  combination  or  all 
together. 

H.    L.    Burns. 
Caruthersville,  Mo. 


I  do  not  think  that  the  two^  injectors 
can  be  made  to  operate  together;  that 
is,  if  the  second  one  is  started  it  will 
break  the  stream  from  the  first.  I  also 
think  that  the  I'i-in.  pipe  for  the  suction 
is  not  large  enough  for  the  two  injectors. 
1  believe  that  if  the  injectors  were  pro- 
vided with  separate  suction  pipes  there 
will  be  no  trouble. 

William  H.  Kuchenbrod. 

Louisville,   Ky. 


My  theory  is  that  the  injectors  will 
work,  but  they  will  not  give  the  proper 
efficiency.  My  plan  would  be  to  put  a 
Y  next  to  the  2-in.  elbow  and  have  sep- 
arate pipes  to  each  injector,  forming  a 
gradual  bend  from  the  Y  to  the  injector, 
and  have  the  check  valve  not  closer 
than  2  ft.  to  the  injector.  I  have  seen 
lots  of  injector  troubles  caused  by  not 
being  connected  properly  and  find  that 
it  is  best  to  eliminate  all  elbows  as  far 
as   possible. 

William  T.   Hurd. 

Bellefontaine,   Ohio. 


Answering  J.  L.  Brouse  I  say  that  the 
two  injectors  will  work  on  the  same  line 
at  one  time,  providing  steam  line  A  be 
of  l}4-in.  pipe  to  the  tee  B. 

It  seems  to  me  that  a  better  arrange- 


Arrangement  of  Piping  and  Injectors 


ment  would  be  to  have  two  suction  pipes 
from  the  injectors  ^nanning  to  a  tank,  and 
the  city  mains  empty  into  this  tank  with 
a  float  valve  to  regulate  the  amount  of 
water  admitted  to  it. 

F.  P.  Smith. 
Roswell,  Ind. 


was  undoubtedly  caused  by  lost  motion 
in  the  indicator  piston  or  spring.  If  he 
had  examined  it  closely  he  would  prob- 
ably have  found  some  part  not  screwed 
up   tight. 

The  pressure  of  the  steam  during  ex- 
pansion is  balanced  by  the  pressure  of 
the  indicator  spring  under  compression. 
As  soon  as  the  atmospheric  line  is  passed 
this  changes,  the  pressure  of  the  at- 
mosphere on  top  of  the  piston  becomes 
greater  than  the  steam  pressure  in  the 
cylinder,  and  the  difference  in  pressure 
is  balanced  by  the  spring  now  placed 
under    tension. 

At  this  point  any  lost  motion  is  bound 
to  show  itself  and  in  this  case  it  did  on 
both    diagrams,    illustrating    what    a    lit- 
tle lost  motion  in  an  indicator  will  do. 
John  Bailey. 

Milwaukee,  Wis. 


See  the  Hump 

The   hump    in    Phil    Lighte's   indicator 
diagrams,    shown   in    the    Mar.   5   issue, 


Fuel  Economy  and  CO2 
Recorders 

The  exceptions  taken  by  Charles  M. 
Rogers  in  the  issue  of  Feb.  20,  to  my  ob- 
jections to  the  intermittent  type  of  car- 
bon-dioxide recorder  in  the  issue  of  Jan. 
23  are  interesting,  but  Mr.  Rogers  has 
failed  to  give  any  reason  why  an  in- 
telligent fireman  equipped  with  a  dollar 
watch  cannot  conduct  the  few  simple  ex- 
periments necessary  to  establish  the  time 
elements  of  the  interval  during  which 
gas  is  not  being  drawn  into  the  ap- 
paratus. 

The  visibility  of  a  single  moving  part 
of  the  recorder,  even  if  it  is  only  the 
chart  and  pen,  establishes  a  base  from 
which  it  is  readily  possible  to  work  back 
through  the  entire  sequence  of  opera- 
tions and  establish  their  time  elements 
upon  a  basis  which  will  enable  the  fire- 
man operating  any  one  or  more  of  the 
boilers  or  furnaces  connected  with  the 
apparatus  to  dodge  the  record.  A  vari- 
able time  interval  might  increase  the  dif- 
ficulty of  establishing  the  time  elements 
of  the  operations,  but  it  would  not  make 
it  impossible.  Taking  the  samples  in  ro- 
tation from  a  number  of  furnaces  in- 
creases the  time  interval  between  the 
samples  from  the  individual  furnace  and 
gives  the  fireman  a  much  better  oppor- 
tunity to   obtain   high   record. 

The  possibility  of  dodging  the  record 
of  the  intermittent  type  of  apparatus  de- 
pends, not  upon  the  shortness  of  the  in- 
terval during  which  gas  is  not  being 
taken  into  the  apparatus,  nor  upon  the 
variation  in  the  length  of  this  time,  but 
upon  the  willingness  of  the  fireman  to 
ferret  out  the  weak  point  by  the  expendi- 
ture of  a  little  time,  trouble  and  thought. 

One  and  a  half  or  two  minutes  is  a 
very  considerable  length  of  time  to  pass 
between  the  end  of  one  sample  and  the 
starting  to  take  the  next  sample.  Mr. 
Rogers  can  readily  convince  himself  of 
the   length   of  this   interval   by  timing  it. 


Pearl  divers  go  down  in  30  ft.  of  water, 
gather  a  load  of  shells  and  return  to  the 
surface  in  less  than  two  minutes. 

It  makes  no  difference  whether  the  gas 
is  bubbled  up  through  the  solution  or 
not;  a  fresh  solution  will  take  up  the  gas 
quicker  than  a  nearly  saturated  one. 
Hence  the  time  during  which  the  gas  is 
in  contact  with  the  solution  depends  upon 
the  slowest  acting  solution. 

The  slowest  solution  should  determine 
the  length  of  time  the  gas  is  in  contact 
with  its  surface  or  the  length  of  time  it 
takes  to  bubble  the  gas  up  through  it.  Any 
recorder  which  neglects  the  difference 
between  fresh  and  partially  saturated  so- 
lutions will  give  an  incorrect  record. 

A.  D.  Williams. 

Cleveland,  Ohio. 


Why  American    Workers 
Excel 

In  the  issue  for  Feb.  20  an  article  with 
the  above  title  has  a  few  statements 
which  are  worthy  of  a  little  considera- 
tion. 

It  is  quite  possible  that  the  men  in 
the  Providence  shop  were  studying 
geometry  while  the  lathe  was  taking  a 
cut,  but  they  must  have  had  a  different 
kind  of  foreman  to  deal  with  than  I  ever 
had,  or  they  would  have  got  the  book 
taken  away;  I  had  to  do  my  figuring  on 
the  quiet.  Nearly  all  of  the  young  men 
who  worked  in  the  same  shop  with  me 
across  the  water  attended  evening  classes 
and  were  studying  some  subject  con- 
nected with  their  work. 

I  have  worked  with  young  men  over 
here  whose  only  thought  seemed  to  be 
knocking  off  time,  so  that  they  could  get 
out  on  the  corner  with  the  boys. 

As  to  cricket  and  football,  a  young 
man's  efficiency  is  not  likely  to  be  im- 
paired by  taking  an  interest  in  healthy 
athletics.  For  that  matter,  our  young 
men  crowd  to  baseball  games;  is  there 
any  other  subject  talked  of  during  the 
baseball  season  and  does  it  do  any 
harm? 

If  horse  racing  is  as  deeply  rooted  in 
the  minds  of  young  men  as  the  article 
states,  they  must  have  changed  consider- 
ably within  the  last  few  years;  racing 
was  a  subject  little  talked  of  when  I 
served  my  apprenticeship. 

In  view  of  all  these  deficiencies  some 
will  wonder  how  such  companies  as  Har- 
land  &  Wolff,  Fairfield  Shipbuilding  Co., 
Palmers  Shipbuilding  Co.,  or  any  of  the 
other  large  shops  continue  to  do  busi- 
ness. The  men  in  responsible  positions 
in  those  places  certainly  are  paid  more 
than  30  shillings  (about  $7.50)  per  week, 
and  as  far  as  I  ever  knew,  there  are  few 
£5  (S24.33)  a  week  jobs  going  begging, 
in  spite  of  the  fact  that  the  men  are 
smoking  instead  of  studying  algebra. 
J.  Y.  Gillespie. 

Westchester,  N.  Y. 
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Cost    of     Power   in   New- 
England  Mills 

Concerning  Franklin  Van  Winkle's 
criticism  in  a  recent  issue  of  drawing 
comparisons  between  the  cost  of  indi- 
cated horsepower  and  the  cost  of  electric 
horsepower  delivered  on  the  switchboard, 
his  point  is,  as  I  understand  it,  that  the 
comparative  cost  of  power  should  be 
based  on  the  amount  of  power  delivered 
to  the  machines.  This  comparison  can 
very  readily  be  made,  as  follows: 

First,  assume  that  the  electric  company 
charges  S30  per  kilowatt,  or  S22.50  per 
electrical  horsepower  per  year,  for  cur- 
rent measured  at  the  switchboard  in  the 
mill.  Further  assume  that  the  machinery 
is  driven  by  electric  motors  arranged 
for  group  drive;  that  is,  each  motor 
drives  several  machines  so  that  the  ca- 
pacity of  the  individual  motors  might 
be  SO,  100  or  150  hp.  With  this  arrange- 
ment a  portion  of  the  shafting  will 
naturally  be  eliminated  below  what  would 
be  required  with  engine-belt  drive. 

At  full  load,  the  efficiency  of  these 
motors  would  not  be  better  than  88  per 
cent.,  so  that  there  is  a  loss  to  begin 
with  of  12  per  cent.,  for  which  the  pur- 
chaser must  pay.  Let  the  energy  loss 
between  the  switchboard  and  the  motors 
in  the  wiring  be  3  per  cent,  and  the  fric- 
tion loss  in  shafting  15  per  cent.  These 
total  up  30  per  cent.,  which  is  a  con- 
servative and  fair  figure  as  actually 
found  in  practice.  This  means  that  the 
purchaser  or  consuraer  must  pay  the 
electric  company  for  some  43  per  cent, 
more  energy  than  is  actually  delivered 
to  the  machines. 

In  the  case  of  the  engine-belt  drive,  the 
friction  loss  in  the  Fitchburg  Yarn  Co. 
plant  has  been  measured  and  found  to  be 
418  hp.,  or  24  per  cent,  of  the  total  full 
load.  This  figure  was  ascertained  by 
stopping  all  of  the  machines  and  running 
only  the  shafting  and  belts  on  idle  pul- 
leys. Deducting  this  friction  load,  which, 
it  may  be  noticed,  includes  losses  within 
the  engine  as  well  as  jack,  from  the  total 
indicated  horsepower  at  average  full  load 
leaves  1326  hp.  as  the  actual  amount 
required  at  the  machines.  Now,  as  the 
losses  with  the  electric  drive  are  30  per 
cent.,  this  means  that  in  order  to  de- 
liver 1326  hp.  to  the  machines  the  con- 
sumer would  have  to  pay  for  1894  hp. 
at  the  switchboard,  which  at  $22.50  per 
horsepower  would  make  a  yearly  rental 
of  542,615. 

As  indicated,  1326  hp.  at  the  machines 
means  1744  i.hp.  in  the  case  of  belted 
drive  and  multiplying  1744  hp.  by  $16.68, 
the  yearly  cost  per  indicated  horsepower, 
makes  a  total  yearly  cost  for  power  with 
belted  drive  of  $29,090,  or  S13,525  less 
than  the  cost  for  electrical  power  at 
S22.50  per  horsepower  delivered  at  the 
switchboard  in  the  mill. 

Furthermore,    if    the    consumer    were 


buying  his  power,  his  heating  item  would 
be  e.xtra,  as  the  58c.  cost  was  for  coal 
only  and  contained  no  part  of  the  op- 
erating and  fixed  charges.  Making  such 
steam  for  heating  and  for  special  manu- 
facturing requirements  in  a  special  plant 
in  conjunction  with  buying  power  from 
outside  would  add  fully  a  dollar  more 
per  horsepower,  or  S1744,  making  the 
ultimate  gain  derived  by  the  independent 
plant  $15,269  yearly. 

There  should  be  a  further  charge 
against  the  electric  drive  for  interest  and 
depreciation  on  the  heavier  investment 
required  for  the  motors,  the  switchboard 
and  the  wiring  installation,  which  would 
be  much  greater  than  the  saving  due  to 
the  omission  of  the  head  shafts  and 
some  few  line  shafts  with  the  belted 
drive. 

The  best  data  I  have  along  this  line 
relate  to  a  large  New  Bedford  mill  which 
has  both  the  mechanical  transmission 
and  the  electrical  drive,  and  where  it 
was  found  that  for  the  former  it  took 
1  i.hp.  to  drive  4.5  looms,  while  for  the 
electric  drive  the  same  power  was  con- 
sumed to  drive  3.4  looms.  The  ma- 
chines to  both  were  identical  as  was  also 
the  class  of  goods  made. 

H.  G.  Brinckerhoff. 

Boston,  Mass. 


Central    Station  vs.   Isolated 
Plant 

I  have  taken  much  interest  in  the  dis- 
cussion of  the  above  topic.  I  am  one  of 
the  "terrible,  heartless  and  unprincipled" 
central-station  solicitors,  whose  hand,  ac- 
cording to  some  people,  is  raised  against 
every    isolated-plant   engineer. 

While  1  am  at  all  times  anxious  to 
secure  any  additional  power  business  for 
my  company,  I  always  try  to  show  the 
conditions  as  they  exist,  and  as  they 
are  most  likely  to  be  when  buying  power 
from  my  company. 

There  are  a  great  many  cases  where 
it  is  a  waste  of  time  and  energy  for 
the  central-station  solicitor  to  figure  on 
replacing  private  plants;  in  others,  it  is 
just  the  reverse.  I  recently  had  two 
cases  which  illustrate  the  uselessness  of 
trying  to  win  over  an  isolated  plant.  In 
the  first  case  the  plant  owner  has,  and 
is  making,  money.  He  says  that  he 
takes  a  pride  in  having  one  of  the  finest 
plants  in  the  country  for  its  size,  and 
that,  although  it  might  cost  him  $50,000 
more  per  year  to  produce  than  to  buy 
current,  he  would  still  run  his  own  plant. 

The  other  case  is  that  of  a  large  man- 
ufacturer who  has  factories  in  several 
cities  and  has  recently  established  a 
large  branch  factory  in  Minneapolis. 
Some  time  ago  his  central-station  service 
was  unsatisfactory,  and  now  he  brands 
the  whole  fraternity  of  central-station 
solicitors  as  unreliable. 


He  has  a  very  good  plant;  in  fact,  his 
power  equipment  is  in  duplicate.  There 
are  two  engines,  either  of  which  can 
easily  carry  the  load.  His  chief  engi- 
neer expresses  the  belief  that  central- 
station  service  would  be  more  satisfac- 
tory and  cheaper  than  their  plant,  but 
to  no  avail.  This  factory  closes  at  5 
p.m.  and  keeps  a  night  engineer  on  the 
job  running  an  engine  until  12  p.m.  to 
light  a  sign  requiring  2  per  cent,  of  the 
rated  output  of  one  generator  rather  than 
buy  service  from  the  company.  This 
is  an  instance  where  prejudice  runs  away 
with  judgment. 

Recently  I  replaced  a  plant  where  it 
would  have  caused  me  genuine  regret  if 
the  engineer  had  lost  his  position.  I 
told  the  owner  of  the  factory  what  a 
wide-awake  engineer  I  thought  he  had, 
and  asked  what  was  to  be  done  with 
him,  when  the  new  power  should  go  in. 
He  said  he  realized  he  had  a  good  man 
and  expected  to  have  him  look  after 
the  electrical  equipment,  shafting  and 
machines  and  the  steam  heating  used  in 
the  process  of  manufacture  and  in  heat- 
ing the  building.  This  engineer  will  have 
a  more  pleasant  job,  with  fully  as  good 
pay,  shorter  hours  and  very  little,  if 
any,  Sunday  work. 

This  man  was  "on  the  job"  all  of 
the  time.  While  I  was  making  an  indi- 
cator test  of  the  engine  for  power  taken 
by  various  sections  of  the  factory,  he 
was  an  interested  spectator  and  under- 
stood the  meaning  of  the  diagrams.  He 
knew  the  approximate  power  taken  by 
friction,  that  taken  by  various  machines, 
the  revolutions  per  minute  of  the  en- 
gine, shafting,  etc.  The  only  reason  the 
central  station  could  secure  the  busi- 
ness was  that  the  conditions  of  operation 
are  such  that  it  can  sell  them  power 
cheaper  than  they  can  produce  it. 

This  plant  and  its  engineer  are  in 
marked  contrast  with  some  I  have  known. 
V.  S.  Ball. 

Minneapolis,   Minn. 


Impeller    Turbine     Pump    or 
Air  Lift,  Which? 

I  would  like  to  have  Power  readers 
discuss  the  relative  merits  of  the  im- 
peller or  deep-well  centrifugal  turbine 
pump  and  the  modern  air-lift  for  pump- 
ing water.  Until  a  year  ago  we  pumped 
by  direct  suction,  but  the  water  got  so 
low  that  we  had  to  adopt  other  means 
for  lifting  the  water,  so  we  installed  one 
of  the  above  systems. 

The  system  has  given  good  results, 
but  there  are  those  who  think  the  other 
system  would  have  been  better.  I  would 
especially  like  to  hear  from  those  en- 
gineers who  have  abandoned  one  system 
for  the  other. 

B.    K.    GOOD.MAN. 

Reading,  Mich. 
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Inquiries  of  General  Interest 

Questions  are  not  answered  unless  accompanied  by  the  name  and 
address  of  the  inquirer.     This  page  is  for  you  when  stuck — use  it 


lain'mg  Up  afi    E?igine 

When  lining  up  an  engine,  should  the 
line  be  centered  from  the  counter  bore 
or  piston  bore? 

S.   F.   K. 

Use  the  counter  bore,  particularly 
when  lining  up  an  old  engine;  the  pis- 
ton bore  may  ce  out  of  round. 


Discharge  Velocity 

If  a  centrifugal  pump  with  an  8-in. 
discharge  delivers  1100  gal.  per  minute, 
what  is  the  discharge  velocity  in  feet 
per  second  ? 

S.  M.  M. 

The  rule  for  finding  the  velocity  of 
the  water  in  feet  per  second  is:  Multiply 
the  discharge  in  gallons  per  minute  by 
231  and  divide  the  product  by  720  times 
the  area  of  the  discharge  orifice  in 
square  inches.  Applying  the  rule  to  your 
question: 

1  elocuy  =  ^-T^x  — 76  =  7  /^  P^r  sec. 

Relieving  the  Pressure  of  the 
Exhaust 

What  provision  should  be  made  to  re- 
lieve the  back  pressure  on  the  exhaust 
of  a  condensing  engine  if  the  vacuum 
should  fail? 

C.   M.   H. 

An  automatic  relief  valve  should  be 
introduced  in  the  exhaust  line,  with  the 
valve  so  loaded  that  it  will  open  when 
the   pressure   rises  to   a   certain   point. 


Water  a7id  Superheated  Steam 

Can  water  exist  in  an  atmosphere  of 
superheated  steam? 

F.   B.   A. 

Yes,  just  as  ice  can  exist  in  the  at- 
mosphere of  a  hot  summer  day.  Both 
the  ice  will  melt  and  the  water  evap- 
orate if  they  are  given  sufficient  time. 


Checking  a   Thermometer 

How  can  the  accuracy  of  a  thermom- 
eter be  checked? 

J.  McG. 

If  the  point  of  immersion  of  the  bulb 
is  marked,  place  it  up  to  the  mark  in 
melting  ice  and  the  point  to  which  the 
mercury  falls  should  be  32  deg.  if  a 
Fahrenheit  scale  or  zero  if  a  Centigrade 
scale.  Then  place  it  in  boiling  water 
at   atmospheric   pressure,   up   to   the   im- 


mersion mark.  The  mercury  should  rise 
to  the  212  deg.  mark  if  Fahrenheit  or  to 
100  deg.  if  Centigrade. 


be   due  to   a   combination  of  any  Oi   the 
foregoing  causes. 


Cement  for  Steam  and  Water 
Pipes 

What  is  a  good  cement  for  steam  and 
water  pipes? 

P.  G. 

Try  a  mixture  of  2  lb.  of  paris  white, 
5  lb.  of  litharge,  Y^  lb.  of  yellow  ochre 
and  '4  oz.  of  hemp  cut  up  small.  Mix 
well  with  linseed  oil  to  the  consistency 
of  putty  and  use  at  once.  The  materials 
can  be  mixed  dry,  and  enough  for  im- 
mediate use  can  be  made  up  with  linseed 
oil.     This  cement  will  set  under  water. 


Heating   Surface   of  a    Feed 
Water  Heater 

How  much  surface  is  required  in  a 
closed  feed-water  heater  to  heat  600 
cu.ft.  of  water  per  hour  from  40  to  204 
deg.  F.,  the  temperature  of  the  exhaust 
steam   being  212  deg.? 

J.    P.    K. 

To  find  the  square  feet  of  heating  sur- 
face, divide  the  weight  of  water  passing 
through  the  heater  per  hour  by  the  B.t.u. 
transmitted  to  the  feed  water  per  square 
foot  of  heating  surface  per  degree  dif- 
ference in  temperature  between  the  steam 
and  the  water,  and  multiply  the  result 
by  the  hyperbolic  logarithm  of  the  dif- 
ference between  the  steam  temperature 
and  the  initial  temperature  of  the  water 
divided  by  the  difference  between  the 
temperature  of  the  steam  and  the  final 
temperature  of  the  water.  A  good  aver- 
age heat  transmission  for  counterfiow 
heaters  with  plain  brass  or  copper  tubes 
is  250  B.t.u.  per  square  foot  per  hour 
per  degree  difference.  Substituting  fig- 
ures, the  rule  would  be  expressed  thus: 


600  X  62.5 
250 


log. 


40  _  37.500 
212  —  200    250 


X 


2-65705  =  398-56  sq.jt. 

of  heating  surface. 


Burnt  Spots  on  the  Commutator 

What  causes  burnt  spots  on  a  com- 
mutator using  carbon  brushes? 

A.   G. 

The  most  common  causes  are  loose 
leads  in  the  commutator  lugs,  high  mica 
between  bars,  poor  connection  between 
the  brush  and  the  stud,  and  improper 
setting  of  the  brushes.     The  trouble  may 


Air  Required  for  Engines  Using 
Natuj-al  Gas 

What  mixture  of  air  and  gas  will  give 
the  best  results  in  a  gas  engine  using 
natural  gas? 

W.  A.  B. 
The  relative  volume  of  gas  and  air  in 
the  mixture  depends  upon  the  composi- 
tion of  the  gas.  The  number  of  cubic 
feet  of  air  can  be  approximated  by  multi- 
plying the  proportion  of  methane  in  the 
gas  by  10,  that  of  ethylene  by  15,  and 
that  of  hydrogen  by  2'j  and  adding  the 
results.  For  example,  if  the  gas  con- 
tained 90  per  cent,  of  methane,  4  per 
cent,  of  ethylene  and  1  per  cent,  of 
hydrogen,  the  following  results  will  be 
obtained : 

0.9     X     10  z=  9 

0.04   X     15   =  0.6 

0.01    X    2.5  =   0.025 
and   their  sum,  9.625,   will   be   the  cubic 
feet  of  air  required  ordinarily  per  cubic 
foot  of  gas. 


Synchronizing  Lamps 

When  synchronizing  with   lamps,   is  it 
better  to  have  the  lamps  bright  or  dark 
when  the  machine  is  in  synchronism? 
M.   H.  J. 

It  is  safer  to  synchronize  with  the 
lamps  bright,  because  a  broken  filament 
will  not  mislead  one  into  throwing  the 
machines  together  at  the  wrong  time. 


Synchronizing  GeJierators 

Which  is  preferable,  synchronizing 
with  lamps  or  by  means  of  a  synchro- 
scope? 

J.  H.  M. 

The  synchroscope  or  any  synchronism 
indicator  is  preferable. 


Choke    Coil  between    a    Rotary 
Converter  and  a   Transfonner 

Can  a  choke  coil  be  used  between  a 
rotary  converter  and  its  transformers  so 
as  to  protect  the  machine  in  case  it  is 
thrown  in  when  not  in  absolute  synchron- 
ism? 

W.  K. 

Such  a  precaution  could  be  used  and 
might  be  advantageous,  but  there  should 
not  be  any  necessity  for  it  with  modem 
apparatus    for  synchronizing. 
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New   York    State    to    Develop 
and  Distribute  Its  Power 

By  a  vote  of  27  to  22,  the  Bayne  water- 
power  measure  was  passed  by  the  New 
York  Senate  on  Mar.  27.  The  Bayne 
Lill  provides  that  the  state  itself  shall 
develop  all  water  powers,  generate  elec- 
tric power  and  transmit  and  sell  it  to 
the  municipalities  and  factories  of  New 
York  State. 

The  State  Conservation  Commission- 
ers prepared  the  measure  about  two 
months  ago,  and  it  was  necessary,  in 
order  to  pass  it  before  the  closing  of 
the  session,  to  advance  it  out  of  its  order 
and   under  suspension   of  the   rules. 

The  Bayne  bill  met  with  considerable 
opposition,  during  which  Senator  Ferris 
offered  a  substitute  bill.  It  was  claimed 
by  the  opponents  of  the  first-named  bill 
that  if  the  state  develop  its  water  powers 
and  the  electricity  were  distributed 
through  private  corporations,  a  large 
revenue  would  accrue  to  the  state.  Under 
the  Bayne  measure,  declared  Senator 
Ferris,  the  state-controlled  water  powers 
would  develop  only  220,000  hp. ;  that  the 
Etate  would  be  compelled  to  buy  private 
water  powers  and  establish  steam  plants 
to  be  able  to  furnish  1,500,000  hp.,  which 
is  the  amount  used  in  the  state. 

Senator  Bayne's  explanation  of  the 
provisions  of  his  bill  is  that  it  proposes 
to  give  the  people  the  sole  benefit  from 
the  development  of  the  water  powers  of 
the  state  and  the  consequent  generation 
of  electricity  instead  of  turning  the 
state's  resources  over  to  private  corpora- 
tions. Under  this  bill  the  state  will  de- 
velop and  distribute  electric  power  made 
possible  by  the  construction  of  water- 
storage  dams  directly  to  municipalities 
and  factories  without  permitting  private 
corporations  to  act  as  middlemen. 


Allis-Chalmers  Co.  Re- 
organized 

A  new  corporation  will  be  formed  of 
the  Allis-Chalmers  Co.,  according  to  the 
new  reorganization  plan,  with  a  capital 
stock  of  $42,500,000;  the  stock  will  con- 
sist of  326,000,000  common  and  S16.- 
500,000  seven  per  cent,  accumulative  pre- 
ferred. 

The  present  security  holders  will  re- 
ceive new  stock  in  exchange  on  the  fol- 
lowing basis:  for  each  Si  000  five  percent, 
bond  a  total  value  of  S1375,  of  which 
SIOOO  new  preferred,  .S350  new  common 
and  S25  coupon  Jan.  1  in  cash;  for  each 
SlOO  par  preferred  stock  upon  payment 
of  ,S20  in  cash  a  total  value  of  SI  10,  of 
which  S20  will  be  new  preferred  and  S90 
new  common;  for  each  SlOO  par  value 
of  common  stock,  a  total  i-alve  of  S15, 
of  which  SIO  will  be  in  ^e^v  preferred 
stock  for  SIO  assessment  and  S35  in  new 
common  stock. 


A  voting  trust  of  new  preferred  and 
common  stock  is  to  be  created  for  five 
years  with  five  voting  trustees,  to  be  ap- 
pointed by  the  following  reorganization 
committee:  James  M.  Wallace,  chairman; 
C.  W.  Cox,  A.  J.  Hemphill,  R.  W.  Leigh, 
J.  H.  McClement,  W.  E.  Roosevelt  and 
F.  Vogel,  Jr.  It  is  planned  also  to  ob- 
tain a  friendly  receiver,  but  he  has  not 
been  named  up  to  the  time  of  going  to 
press. 


A   "Carnival"   of  Boiler 
Explosions 

The  alarming  frequency  of  boiler  ex- 
plosions is  evidenced  in  the  following 
press  reports  between  Mar.  23  and  26: 
On  Mar.  23,  five  men  were  scalded  and 
the  boiler  house  at  the  Turner  Coal  Co.'s 
mine,  near  Evans  City,  Penn.,  was  de- 
stroyed when  one  of  the  boilers  ex- 
ploded. The  men  were  employees  and 
were  about  to  enter  when  the  explosion 
took  place.  An  investigation  is  under 
way,  but  the  cause  has  not  yet  been  de- 
termined. 

A  boiler  used  on  the  Melarky  farm, 
near  Marwood,  Penn.,  owned  by  Denny 
&  Cypher,  contractors,  on  Mar.  25,  ex- 
ploded under  a  full  head  of  steam.  The 
crown-sheet  was  blown  out,  the  grate 
bars  were  thrown  in  every  direction  and 
the  fire  was  scattered  over  the  belt  house. 
No  one  was  hurt  and  the  rig  and  belt 
house   escaped   destruction. 

On  the  same  day.  at  Holcomb,  Ala., 
five  men  were  killed  and  three  were 
seriously  injured  by  the  bursting  of  a 
boiler  in  the  sawmill  of  Stewart  &  Har- 
din. The  boiler  room  was  completely 
wrecked. 

The  boiler  of  an  engine  running  a  cir- 
cular saw  on  the  H.  H.  Peterson  farm, 
near  Whiting,  Iowa,  exploded  on  Mar. 
26,  killing  one  man  and  injuring  four 
others. 

Six  men  were  killed  in  the  foregoing 
accidents  and  12  men  were  injured.  Else- 
where in  this  issue  are  recorded  far 
more  serious  accidents  and  casualties,  in 
which  a  locomotive  boiler  explosion  at 
San  Antonio,  Tex.,  on  Mar.  18,  caused 
the  death  of  28  employees  and  injured 
over  40  others;  at  Salisbury,  Md.,  6  men 
were  killed  and  3  injured  on  Mar.  26; 
at  Greentown,  Penn.,  4  were  killed  and 
I  injured. 


OBITUARY 

It  is  with  the  deepest  regret  that  we 
announce  the  death  of  Louis  L.  Rice, 
manager  of  The  National  Engineer.  Mr. 
Rice  was  bom  in  1867  near  Oxford, 
Chester  County,  Penn.,  where  he  received 
his  primary  education.  From  there  he 
went  to  Philadelphia  and  finished  his 
schooling  and  engaged  in  the  printing 
huci"=oc  for  some  time,  until  in  1897  he 
started  under  the  auspices  of  the  Ameri- 


can Order,  the  Practical  Engineer.  Mr. 
Rice  continued  to  operate  this  publica- 
tion until  1908,  when,  on  account  of  ill 
health,  he  sold  it  to  its  present  owners. 
After  a  couple  of  years  of  rest,  Mr.  Rice 
identified  himself  with  The  National  En- 
gineer as  its  general  manager  and  con- 
tinued in  such  position  until  his  death. 
Mar.  18,  1912.  Mr.  Rice  leaves  a  widow 
and  three  daughters  to  mourn  his  loss, 
and  the  many  testimonials  of  esteem 
from  those  who  knew  him  in  a  business 
way,  are  the  strongest  evidences  of  high 
character  and   integrity. 


SOCIETY   NOTES 

The  J.  C.  Jurgensen  Branch  of  the 
Institute  of  Operating  Engineers  held  its 
regular  monthly  meeting  on  Thursday, 
Mar.  28,  at  the  institute  headquarters,  in 
the  Engineering  Societies  Building,  West 
Thirty-ninth  St.,  New  York.  Over  75 
members  and  friends  were  present.  A. 
R.  Maujer,  member  of  the  institute,  gave 
a  talk  entitled  "Ways  and  Means;  How 
to  Make  Boiler-testing  Apparatus  and 
How  to  Use  It."  He  showed  how  by 
the  use  of  a  little  ingenuity  and  the  ex- 
penditure of  a  small  amount  of  effort 
and  money  an  equipment  for  making 
reasonably  accurate  proximate  coal  an- 
alyses can  be  secured ;  that  the  heat  value 
may  be  estimated  from  the  proximate 
analysis  in  several  simple  ways  and 
how  the  amount  of  air  theoretically  re- 
quired by  the  coal  may  be  ascertained. 
He  also  showed  the  principle  upon  which 
flue-gas  apparatus  is  cons.tructed,  how  it 
is  manipulated  and  how  the  efficiency 
of  combustion   is  calculated. 


PERSONAL 

Charles  M.  Rogers,  formerly  combus- 
tion engineer  for  the  Detroit  United  Rail- 
way, Detroit,  Mich.,  has  accepted  the 
position  of  superintendent  of  generation 
for  the  Empire  District  Electric  Co.,  of 
Joplin,  Mo. 

Frank  D.  Chase,  an  associate  member 
of  the  American  Society  of  Civil  Engi- 
neers, and  architect  of  the  Western  Elec- 
tric Co.,  has  opened  offices  in  the  People's 
Gas  Building,  Chicago,  for  the  practice 
of  architecture  an,d  industrial  engineer- 
ing, making  a  specialty  of  manufacturing 
plants  and  mercantile  buildings. 

Dr.  Rudolf  Diesel,  inventor  of  the  en- 
gine bearing  his  name,  is  visiting  New 
York  and'other  cities  in  the  United  States. 
The  purpose  of  Dr.  Diesel's  trip  is  to  in- 
vestigate the  progress  being  made  here 
with  oil  fuel.  He  may  address  several 
of  the  scientific  bodies  while  here.  The 
doctor  says  that  America,  as  the  land 
of  oil  par  excellence,  is  destined  to  lead 
the  world  in  the  development  of  oil-fed 
motive  power. 
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TO  know  when  to  close  your  month, 
and  keep  it  closed,  is  an  art.  It  may 
be  born  in  a  man;  it  may  be  cultivated. 

The  man  who  cannot  control  his  speech — 
just  allows  it  to  constantly  dribble — is  a 
Blabber.  His  former  friends  shun  him,  he 
is  a  disturbing  element,  and  he  ruins  his 
chances  for  advancement. 

A  certain  chief  engineer  on  taking  charge 
of  a  large  plant  was  told  by  the  superintendent : 

"I  want  you  to  run  this  plant  as  you  think 
best.  I  look  to  you  for  results  only,  and  if 
your  present  force  is,  in  your  opinion,  either 
negligent  or  incompetent,  fire  any  one  of 
them,  or  all  of  them.  I  am  interested  solely 
in  the  plant's  operating  efficiency,  and  it's 
up  to  you  to  deliver  the  goods ! " 

Soon  the  chief  noticed  that  when  the  old 
man  made  his  daily  rounds  the  assistant  engi- 
neer would  hold  him  up  and  appear  to  be 
criticising  and  complaining. 

The  superintendent  was  a  busy  man  and, 
quickly  tiring  of  the  assistant's  complaints, 
told  the  chief  that  if  "the  valves  are  not 
set  properly,  if  you  are  evaporating  only 
seven  pounds  of  water  per  pound  of  coal 
instead  of  nine,  had- 
n't you  better  cpiit? 
It'supto  you, chief." 

The  chief  indig- 
nantly denied  that 
these  conditions  ex- 
isted and  asked  the 
old  man  who  was 
his  source  of  infor- 
mation. 


"There  he  is,"  said  he,  pointing  to  the 
assistant,  "fight  it  out!" 

Mr.  Blabbing  Assistant  was  instantly  dis- 
charged. ' '  There 's  no  room  for  both  of  us  in  this 
plant,"  said  the  chief ;  "  you  wash  up  and  quit ! " 

Being  a  wise  chief,  he  called  the  force 
together  that  night  and  told  them  what  he 
had  done,  and  why  he  did  it. 

"  When  a  man  has  any  information  to  impart, 
he  must  come  to  me;  I  am  running  this  plant. 
When  there  is  a  suggestion  to  offer,  a  criti- 
cism to  make,  tell  me.  I  want  your  respect 
and  your  confidence,  I  want  everything  to  run 
smoothly,  but  I  am  your  representative  in 
the  business  office;  you  keep  out.     That's  all." 

The  Blabber  always  gets  found  out ;  it 's  bound 
to  come  and  misfortime  naturally  follows. 
Fight  shy  of  him.  He  cannot  keep  anything 
to  himself,  and  therefore  cannot  be  trusted. 

When  you  enter  the  plant  to  work  for 
the  boss,  whether  it  be  morning,  noon  or 
night,  forget  your  outside  affairs;  when  you 
leav'c  it  don't  discuss  your  chief  and  his 
method  of  running  the  plant;  be  loyal. 

No  man  can  tame  his  own  tongue  but 
himself ;  each  man 
is  its  sole  guardian. 
A  shut  mouth  de- 
notes firmness  and 
determination;  an 
open  one  gives  the 
impression  of  weak- 
ness, .  and  is  often 
"operated"  by  a  fool 
or  a  knave. 
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White   River   Power  Development 


The  Pacific  Coast  Power  Co.  supplies 
light  and  power  to  Tacoma,  Seattle  and 
neighboring  towns  as  well  as  to  the  in- 
terurban  railroad  connecting  these  towns. 
The  system  formerly  comprised  two 
hydro-electric  plants,  the  Puyallup  sta- 
tion of  14,000  kw.  capacity,  located  on 
the  Puyallup  River,  and  the  Snoqualmie 
station  of  18,000  kw.  capacity,  on  the 
Snoqualmie  River;  these  being  supple- 
mented by  several  steam  plants  located 
in  the  cities. 

These  two  hydro-electric  plants,  how- 
ever, have  practically  no  storage  capa- 
city and  due  to  the  irregular  flow  of  the 
Puyallup  and  the  Snoqualmie  rivers  it 
was  difficult  to  handle  the  ever-increasing 
load.  An  idea  of  the  increased  demand 
may  be  gained  from  the  fact  that  the 
population  of  Seattle  and  Tacoma,  to- 
gether with  their  suburban  towns,  in- 
creased from   118,000  in   1900  to  435,000 


Part  of  the  system  supplying 
light  and  power  to  Seattle  and 
Tacoma. 

The  special  features  of  the  de- 
velopment are  the  unusually 
large  storage  capacity  and  the 
hydraulic  turbines  which  are  the 
largest  of  their  kind.  They  are 
of  the  inward-flow  reaction  type 
and  are  capable  of  delivering 
20,400  h.p.  at  a  head  of  480  ft. 


tie    into    the   system    at   its   geographical 
center. 

The  White  River  rises  in  glaciers  on 
the  north  and  east  slopes  of  Mt.  Rainier 
and  drains  an  area  of  about  400  square 
miles.  The  present  development  is  about 
10  miles  east  of  Tacoma  and   25  miles 
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spillway  its  entire  length.  Concrete  wing 
walls  flank  the  dam  on  both  sides  and 
are  placed  so  as  to  prevent  the  stream 
from   changing   its  course. 

The  intake  is  of  concrete  with  the 
opening  parallel  to  the  flow  of  the  stream 
and  a  heavy  boom  protects  it  against 
floating  debris.  It  is  provided  with  grooves 
for  stop  logs  and  has  mechanically'  op- 
erated gates  driven  by  a  gasoline  en- 
gine. 

From  the  intake  a  timber  flume,  28  ft. 
wide  and  8  ft.  deep,  with  a  slope  of  7 
ft.  to  the  mile,  conducts  the  water  one 
mile  to  the  first  of  a  chain  of  lakes  or 
settling  basins.  The  water  passes  through 
these  at  a  low  velocity  and  deposits  prac- 
tically all  the  silt  before  reaching  the 
outlet.  Sluice  gates  are  provided  so 
that  the  basins  may  be  drained  and  the 
silt  sluiced  out. 

An  unlined  canal  about  7000  ft.  long 
conducts  the  water  from  the  last  basin 
across  the  flat  top  of  the  plateau.  It 
then  flows  into  a  timber-lined  canal,  hav- 
ing a  drop  of  111  ft.  in  2  miles,  from 
which  it  enters  a  natural  valley.  Part 
of  this  drop  may  be  used  in  the  fu- 
ture for  the  installation  of  a  secondary 
plant. 

The  water  flows  a  considerable  dis- 
tance  through   this   natural   valley,   then 
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Fig.  1.   Relief  Map  of  White  Rivek  Developaient 


in    1910,   and   probably   now   reaches   the 
half-million  mark. 

To  meet  this  demand  and  to  provide  a 
large  reserve  capacity,  the  White  River 
development  was  planned.  This  serves 
also  as  a  balance  wheel  for  the  entire 
system,  the  other  two  hydro-electric 
plants  being  run  at  full  capacity  all  the 
time  while  the  governing  is  done  by  the 
White  River  plant.  Moreover,  the  latter 
is  so  situated  that  its  transmission  lines 


southeast  of  Seattle,  the  diversion  dam 
being  built  at  a  point  near  the  big  via- 
duct of  the  Northern  Pacific  R.R.,  north 
of  Bulkley. 

Because  of  much  drift  being  carried 
by  the  river  at  flood  stages,  the  diver- 
sion dam  has  been  specially  constructed, 
being  broad  and  low  and  designed  so 
as  to  permit  the  passage  of  drift  with- 
out injury.  The  dam  is  of  concrete  with 
rock-filled  cribs,  352  ft.  long,  and  has  a 


through  a  wide  cut  having  a  slope  of 
5  ft.  to  the  mile,  finally  emptying  into 
Lake    Tapp's    reservoir. 

This  reservoir,  or  natural  storage  basin, 
formerly  included  Kirkley,  Church  and 
Crawford  lakes,  together  with  numerous 
small  ravines.  These  were  inclosed  by 
a  number  of  embankments  and  the  level 
of  the  lakes  was  raised  35  ft.,  thus  mak- 
ing a  large  reservoir  covering  an  area 
of  6  square  miles  and  providing  a  stor- 
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age  capacity  of  2,250,000,000  cu.ft.  of 
water. 

The  outlet  from  this  reservoir  is  at  the 
northern  end.  Here  a  timber-lined  canal, 
45  ft.  wide  and  varying  in  depth  to  90 
ft.,  conducts  the  water  a  distance  of  2500 
ft.  to  the  forebay  at  the  entrance  to  the 
tunnel  which  extends  through  the  west- 
ern ridge  plateau.  This  tunnel  is  12  ft. 
in  diameter,  2850  ft.  long  and  concrete 
lined.  '  The  entrance  portal  is  of  con- 
crete and  has  a  bell-shaped  mouth  de- 
signed to  reduce  the  entrance  head  to 
a  minimum.  Air  shafts  in  the  gate  house, 
behind  the  gate  leading  to  the  tunnel, 
tend  to  prevent  the  production  of  a  vac- 
uum  when  the  gate  is  closed. 

The  western  end  of  the  tunnel  ter- 
minates in  a  circular  forebay,  located 
250   ft.  back   from  the  brow  of  the  hill. 


75  ft.  high,  containing  2000  cu.ft.  of  air 
under  190  lb.  pressure  maintained  by 
the  static  head.  This  air  cushions  the 
water  column  for  each  unit  independent- 
ly and  permits  governing  without  waste 
of  water.  The  surge  tanks  are  equipped 
with  pivoted  ball  floats  and  valves,  al- 
lowing the  free  passage  in  and  out  of 
the  tanks  but  preventing  the  escape  of 
air  into  the  pipe  lines.  These  tanks 
may  be  seen  in  Fig.  2,  both  at  the  brow 
of  the  hill  and  just  back  of  the  power 
house. 

Main  Turbines 

Particular  interest  centers  around  the 
turbines  since  these  are  the  largest  high- 
head  reaction  turbines  in  existence.  They 
were  built  by  the  AUis-Chalmers  Co. 
and  are  each  designed  to  develop   18,000 


steel  speed  ring  is  provided.  The  two 
inner  flanges  of  this  ring  carry  the  speed- 
gate  covers  which  are  bolted  to  the 
quarter  turns  and  are  bored  out  to  re- 
ceive the  bearings  for  the  pivoted  guide 
vanes. 

In  order  to  avoid  all  obstructions  to 
the  free  passage  of  the  water  at  a  high 
velocity  and  to  provide  accessibility,  all 
sliding  elements  are  placed  outside  the 
casing,  employing  what  is  termed  the 
"outside-gate  rigging."  The  guides  are 
of  steel  with  the  pivots  forged  in  one 
piece  and  project  on  either  side  through 
bronze  bushed  bearing  and  packing  boxes 
to  the  outside  of  the  speed-gate  covers. 
The  pivots  on  the  side  of  the  casing  op- 
posite the  generator  carry  the  levers 
which  are  connected  to  the  central  shift- 
ing ring  by   individual   bronze  links  and 
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Power  House,  Showing  Tailrace  in   Foreground  and  Surge   Tanks   in   Background 


and  from  here  pipe  lines  convey  the 
water  to  each  turbine  in  the  power  house. 
The  length  of  these  pipe  lines  is  2000 
ft.,  following  the  contour  of  the  hillside, 
and  the  diameter  varies  from  8  ft.  at  the 
upper  end  to  6,'j  ft.  at  the  lower.  The 
thickness  of  the  pipes  varies  from  's  to 
i.';  in.  and  the  circumferential  seams  are 
double-riveted  with  triple-riveted  double- 
butt  straps  on  the  longitudinal  seams. 

Extensive  provision  has  been  made 
against  heavy  surges  or  water-hammer 
in  the  pipes.  For  this  purpose  an  open 
standpipe  6  ft.  in  diameter  and  85  ft. 
high  is  placed  at  the  upper  end  of  each 
pipe  line  where  it  passes  over  the  brow 
of  the  hill.  The  tops  of  these  are  25 
ft.  above  the  high-water  mark.  Further- 
more, at  the  lower  end  of  each  pipe  line, 
outside  of  the  power  house,  are  placed 
two  air  chambers  7   ft.  in  diameter  and 


b.hp.  at  an  effective  head  of  440  ft.  and 
360  r.p.m.,  but  are  also  capable  of  de- 
livering 20,400  b.hp.  at  a  maximum  head 
of  480  ft.  They  are  designed  to  with- 
stand the  runaway  speed  at  this  head 
without  undue  strains  upon  any  of  the 
parts. 

Two  machines  are  at  present  installed 
and  space  is  provided  in  the  same  build- 
ing for  two  more.  They  are  of  the  high- 
pressure  Francis  type  with  horizontal 
shafts.  Water  is  admitted  to  the  spiral 
casing  from  below  and  upon  entering  the 
runner  is  divided  into  two  lines  of  flow 
and  is  discharged  from  the  wheel  by  two 
quarter  turns  to  separate  draft  tubes. 

The  spiral  casing  is  made  in  two  halves 
rigidly  bolted  together  and  is  of  cast 
steel  tested  to  withstand  a  pressure  of 
385  lb.  per  square  inch.  To  reduce  the 
strain  upon  the  casing  an  annealed  cast- 


stationary  steel  pins.  The  guide  vanes 
are  operated  from  the  shifting  ring,  which 
has  two  substantial  lugs  carrying  the 
pins  of  the  governor  connecting-rods. 
These  rods  are  operated  from  bell-cranks 
rigidly  interconnected  and  directly 
coupled  to  the  main  regulating  lever  and 
regulating    piston. 

If  any  foreign  matter  should  locate 
between  two  guide  vanes  and  thus  pre- 
vent their  closing,  the  governor  ordinarily 
would  concentrate  its  full  energy  upon 
the  stems,  levers  and  links  of  these 
vanes  and  would  tend  to  deform  them. 
This  would  call  for  dimensions  of  stems 
which  would  seriously  interfere  with  the 
proper  design  of  the  guide-vane  bodies 
and  unnecessarily  increase  the  friction 
of  the  whole  gate  rigging.  The  guide- 
vane  stems  and  levers  are,  therefore, 
proportioned  to  resist  only  the  pressure 
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and  strain  resulting  from  the  water  pres- 
sure. To  prevent  the  governor  from  impos- 
ing destructive  strains  upon  the  connect- 
ing  links   between   the   shifting-ring   and 


be  emptied  without  interfering  with  the 
other  unit.  However,  to  provide  for  shut- 
ting off  the  water  supply  quickly  in  case 
of  accident  an  84-in.  butterfly  valve  has 


3.  Outlet  Side  of  Turbine,  Showing  Pressure  Regulators 


guide-vane  levers,  the  links  are  made  of 
such  a  cross-section  as  to  break  at  a 
predetermined  stress.  The  guide  vanes 
are  so  designed  that  they  have  a  ten- 
dency to  close  to  an  opening  at  which 
the  turbine  will  operate  without  load  at 
about  normal  speed.  A  breakage  of  two 
links  can,  therefore,  not  materially  af- 
fect the  speed  of  the  turbine  and  the 
two  links  may,  therefore,  be  exchanged 
without  necessitating  a  shutdown  of  the 
unit. 

The  turbine  shaft  is  of  solid  openhearth 
forged  steel  and  rests  in  ball-and-socket 
ring-oiling  bearings.  The  driving  end  in 
the  bearing  has  a  diameter  of  16  in.,  in- 
creasing to  32':_.  in.  at  the  center  flange 
to  which  the  runner  is  bolted.  The  op- 
posite bearing  serves  as  a  thrust  and 
steady  bearing,  three  substantial  thrust 
collars  being  forged  with  the  shaft  in 
one  piece.  The  greater  part  of  the  thrust, 
however,  is  balanced  by  employing  the 
double-discharge  design. 

Hand-operated  Friction  Brake 

The  turbine  shaft  carries  the  friction 
brake  pulley  and  the  brake  yoke  is 
mounted  upon  an  extension  of  the  bed- 
plate. This  brake  is  designed  to  bring 
all  the  revolving  elements,  at  closed  tur- 
bine gates  with  the  casing  under  full 
pressure,  to  a  stop  from  full  speed  in  5 
min.  and  the  friction  surface  and  pres- 
sure are  such  that  under  these  conditions 
all  the  heat  produced  is  safely  carried 
off  to  prevent  excessive  heating. 

Butterfly  Valves 

Since  each  main  turbine  has  its  in- 
dependent pipe  line  it  was  not  necessary 
to  provide  for  a  gate  valve,  because  the 
feeder   pipe    belonging    to    one    unit    can 


been  provided  in  each  case  between  the 
supply  pipe  and  the  turbine.  The  im- 
mense size  of  this  high-pressure  butter- 
fly  valve  is  best  comprehended   by   con-     opening   of   the   turbine,   when    regulated 


casing  and  balancing  the  butterfly  valve, 
and  a  drain  valve  is  located  at  the  low- 
est point  of  the  inlet  pipe  by  means  of 
which  the  whole  unit  can  be  completely 
drained. 

Governors 

The  governor  for  each  turbine  is  of 
the  oil-pressure  type  working  in  con- 
junction with  the  regulating  cylinder 
shown  in  the  illustration,  the  operating 
oil  being  furnished  by  a  central  oil-pres- 
sure system.  The  governor  stand  car- 
ries the  speed  control  or  flyballs,  the 
floating  lever,  regulating  valve,  compen- 
sating relay  dashpot  and  synchronizing 
attachment  or  switchboard  control,  and 
the  motion  is  transmitted  on  top  of  the 
housing  to  the  floating  lever.  The  regu- 
lating valve  is  double  acting  and  hy- 
draulically  balanced  so  that  practically 
no  energy  is  required  to  raise  or  lower 
the  valve  stem  connected  to  the  floating 
lever.  A  speed  variation  of  'j  of  1  per 
cent,  is  sufficient  to  cause  a  motion  of 
the  gates.  The  regulating  valve  is  re- 
turned into  its  "dead-beat"  position  by 
means  of  the  floating  lever  operated  from 
the  compensating  relay  dashpot.  The 
dashpot  receives  its  motion  from  the  re- 
lay  connection   of  the   regulating  piston. 

In    order    to    limit    the    maximum    gate 


Fig.  4.  Inlet  Side  of  Turbine,  Showing  Butterfly  Valve 


sidering  that  a  total  load  of  over  2,000,- 
000  lb.  rests  upon  it  under  the  test  pres- 
sure of  385  lb.  per  square  inch.  A  by- 
pass   is   provided    for   filling   the   turbine 


automatically,  a  load-limiting  device  is 
provided  so  that  the  governor  is  pre- 
vented from  opening  the  turbine  gates 
beyond    a    desired    amount.      To    enable 
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inspection  or  repairs  to  any  part  of  the 
governor  without  shutting  down  the  whole 
unit  an  independent  hand-regulating  de- 
vice  is   provided.     This   is   placed   above 
the  regulating  cylinder  and  so  connected 
with   the   extended   regulating   lever  that 
it  can  he  conveniently  thrown  in  or  out 
of  operation. 
Pressure   Regulators   and  Bursting 
Plates 
In  order  to  protect  the  pipe  line  against 
serious  pressure   rises  and  to  assist  the 
governor  in  obtaining  close  speed   regu- 
lation, pressure  regulators  are  provided; 


torn  of  the  spiral  casing,  one  branch  lead- 
ing to  the  governor-operated  pressure 
regulator,  the  other  to  the  pressure-op- 
erated regulator  and  the  neck  of  the  Y- 
pipe  connects  to  a  hand-operated  gate 
valve  which  at  its  lower  end  carries  the 
bursting  plate  and  its  discharge  pipe. 
The  discharge  pipe  from  the  bursting 
plate  empties  independently  into  the  tail- 
race  pit. 

The  principle  and  arrangement  of  these 
two  pressure  regulators  is  shown  in  Figs. 
3  and  8.  The  governor-actuated  de- 
vice consists  of  a  shaft  carrying 
a  lever  operated  directly  and  posi- 
tively from  the  connecting  mechan- 
ism between  the  governor  and  shift- 
ing ring  and  this  in  turn  operates  a 
forked  lever  attached  to  an  oil  dashpot 
supported  on  two  pivots.  The  dashpot 
contains  a  piston  the  rod  of  which  car- 
ries the  outer  end  of  a  floating  lever. 
The  opposite  end  of  this  lever  receives 
its  motion  directly  from  the  piston  and 
consequently  from  the  disk  valve,  while 
the  middle  part  operates  the  forked  stem 
of  the  regulating  valve.  The  oil  dash- 
pot  has  a  bypass  which  is  adjustable 
from  the  outside.  If  the  gates  of  the 
turbine  are  closed  slowly  by  the  gov- 
ernor, the  dashpot  cylinder  is  lifted  slow- 
ly and  the  oil  is  merely  carried  on  top 
of  the  dashpot  piston  through  the  by- 
pass opening.     The   floating  lever  is  not 


sure  is  created  below  the  dashpot  piston, 
thus  raising  the  floating  lever  and  caus- 
ing a  lift  of  the  regulating-valve  piston. 
The  pressure  is  reduced  below  the  pis- 
ton and  the  valve  opens;  at  the  same 
time,  however,  the  opposite  end  of  the 
floating  lever  is  lowered  simultaneously 
with  the  opening  of  the  disk  valve  and 
the  regulating-valve  piston  is  brought 
back  toward  its  closed  position,  holding 
the  disk  valve  in  a  balanced  position. 
Due  to  the  bypassing  of  the  oil  in  the 
dashpot,  the  piston  is  allowed  to  move 
slowly  in  a  downward  direction,  thus 
closing  the  regulating  valve  entirely  and 
causing  a  corresponding  closing  of  the 
pressure  regulator.  The  closing  time  is, 
therefore,  determined  by  the  amount  of 
oil   bypassed    in   the   dashpot. 

The  governor-operated  pressure  regu- 
lator controls  the  pressure  in  accordance 
with  the  gate  motions  of  the  turbine  to 
which  it  is  connected.  Any  disturbance 
in  the  pipe-line  pressure  caused  inde- 
pendently of  the  gate  motion  of  the  tur- 
bine is  not  controlled  by  this  device  and 
such  disturbances  must  be  taken  care  of 
by  the  independent  pressure  or  mano- 
metrically  operated   regulator. 

This  device  consists  of  a  piston  held 
strictly  under  the  existing  pipe-line  pres- 
sure and  balanced  by  a  strong  steel 
spring,  the  compression  of  which  can 
be  adjusted  by  a  screw  and  handwheel. 
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Figs.  5,  6  and  7.    Plan  View,  End  and   Side  Elevations  of  Turbine,  Showing  Governing  Devices 


these  are  both  governor  and  pressure 
operated.  Furthermore,  to  protect  the 
pipe  line  in  case  of  failure  of  either  of 
these  devices,  a  bursting  plate  is  pro- 
vided. 
A  Y-connection  is  attached  to  the  bot- 


operated,  and  consequently  the  pressure 
regulator  is  not  opened. 

If,  however,  the  gate  motion  of 
the  turbine  is  quick,  due  to  a 
sudden  reduction  of  load,  the  oil  is  not 
bypassed  quickly  enough,  an  over-pres- 


This  piston  operates  a  lever  which  at 
its  outer  end  carries  the  stem  of  the 
regulating  valve.  Any  pressure  rise  will 
cause  a  compression  of  the  spring,  im- 
parting an  upward  motion  of  the  piston 
and  the  regulating-valve  piston. 
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To  prevent  the  sand  from  interfering 
with  the  sensitiveness  of  the  manometric 
device,  the  water  pressure  is  not  direct- 
ly admitted  to  the  cylinder  but  is  car- 
ried into  a  pressure  tank  completely 
filled  with  oil  so  that  this  oil  under 
pressure  transmits  any  fluctuation  to  the 
manometric  piston  and  spring  and,  due 
to  its  lubricating  qualities,  keeps  it  in 
perfect  condition   and   sensitiveness. 

Exciter  Turbines 

Each  of  the  two  exciter  turbines  is  de- 
signed to  develop  500  b.hp.  at  420  ft. 
effective  head  when  running  at  a  nor- 
mal speed  of  400  r.p.m.  and  to  safely 
withstand  a  runaway  speed  of  800  r.p.m. 
The  wheels  are  of  the  impulse  type  with 
hand-adjustable  needle-valve  regulation 
and  governor-operated  deflecting  hoods. 

The  deflecting  hood  consists  of  a  forked 
lever  hinged  below  the  nozzle  and  carry- 
ing a  removable  knife-edged  blade.  This 
blade  cuts  into  the  jet  from  underneath 
in  such  a  manner  that  the  entrance  edge 
is  parallel  to  the  axis  of  the  jet,  so  that 
the  upper,  undeflected  portion  of  the  jet 
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Fig  8.    Pressure   Regulator 

impinges  upon  the  buckets  practically 
undisturbed,  while  the  lower  portion  of 
the  jet  is  deflected  into  the  bottom  of  the 
wheel  pit  where  it  strikes  a  removable 
steel  plate  lining.  The  shaft  of  the  de- 
flecting hood  projects  through  the  wheel 
housing  above  the  power-house  floor,  so 
that  it  can  be  directly  connected  to  the 
regulating  shaft  of  the  governor. 

The  governor  is  of  the  self-contained 
Allis-Chalmers  oil  type,  and  is  not  con- 
nected to  the  centra!  oil-pressure  sys- 
tem but  furnishes  its  own  oil  pressure 
for  regulation.  This  enables  independent 
operation  of  the  exciter  units  so  that  the 
field  can  be  held  on  the  generators  ir- 
respective of  the  conditions  of  the  gov- 
ernors of  the  main  unit. 

Oil  Pressure  System 

For  supplying  oil  under  pressure  three 
rotary  gear  pumps  are  at  present  in- 
stalled, each  of  a  normal  capacity  of  90 


gal.  per  minute  against  a  pressure  of 
400  lb.  per  square  inch.  Two  are  di- 
rectly coupled  to  a  65-hp.  induction 
motor,  and  the  third  is  coupled  to  such 
a  motor  on  one  end  and  to  an  independent 
small  impulse  wheel  of  corresponding 
power  on  the  other  side.  The  pumps 
are  of  the  double-stage  type,  the  low- 
pressure  stage  picking  up  the  oil  from 
the  receiver  tank  and  discharging  it  at 
about  200  lb.  pressure  directly  into  the 
suction  side  of  the  high-pressure  stage, 
which  raises  the  pressure  from  200  to  400 
lb.  per  square  inch  and  discharges  into 
the  pressure   main. 

Two  independent  receiver  tanks  of 
steel  plate  are  provided  which  are  partly 
set  into  the  basement  floor,  so  that  all  oil 
can  discharge  into  them  by  gravity.  Pro- 
vision is  made  for  liberal  contact  of  the 
oil  with  air;  the  oil  returning  from  the 
governors  or  safety  valves  discharges 
over  a  screen  whereby  it  frees  itself  of 
air  and  all  impurities  as  well  as  heat. 
The  two  receivers  are  interconnected  by 
a  pipe  with  proper  valves  so  that  the 
oil  can  be  transferred  from  one  tank  to 
the  other  or  the  levels  kept  uniform. 

A  concrete  pier  between  the  two  re- 
ceivers carries  the  two  main  pressure 
tanks,  which  are  of  riveted  steel  plate 
and    tested   to   600   lb.    per   square    inch 


Two  auxiliary  pressure  tanks  are  con- 
nected to  the  ends  of  the  supply  pipe  in 
order  to  prevent  a  serious  drop  of  pres- 
sure due  to  the  acceleration  of  the  oil 
in  the  long  supply  pipe  between  the 
pressure  tanks  and  the  governor.  The 
two  main  and  the  two  auxiliary  pres- 
sure tanks  are  interconnected  by  an  air 
pipe  and  to  a  motor-driven  air  com- 
pressor located  in  the  basement.  By 
means  of  this  piping  the  air  levels  can 
be  equalized  between  the  various  tanks 
or   new  air  quickly   supplied. 

Electrical    Equipment 

The  main  generators  are  6600-volt, 
three-phase  machines,  coupled  direct  to 
the  turbines  and  rated  at  10,000  kw. 
each.  These  were  furnished  by  the  Gen- 
eral Electric  Co.  and  under  test  shov.ed 
an  efficiency  of  96.8  per  cent.  The  ex- 
citers are  each  of  225  kw.  capacity, 
furnishing  direct  current  at  240  volts  and 
are  direct-connected  to  the  impulse 
wheels.     Provision  has  been  made  in  ex- 


Fig.  9.    Section  through  Power  House 


and  have  a  capacity  of  about  250  gal. 
each.  A  safety  valve  of  the  spring  type 
is  attached  to  each  pressure  tank  and 
may  be  set  to  any  desired  pressure  be- 
tween 300  and  400  lb.  per  square  inch; 
it  discharges  all  excess  oil  directly  into 
the  receiver. 

One  main  pressure  pipe  and  one  main 
return  pipe  carry  the  oil  from  the  pres- 
sure tanks  to  the  main  governors  and 
from  there  back  to  the  receiver  tanks. 
These  pipes  are  of  4'/-  In.  inside  diam- 
eter and  are  made  of  seamless  tubing 
annealed  and  bent  with  radii  of  at  least 
12  In.  so  that  the  flow  of  oil  is  not  sub- 
ject to  abiupt  changes  In  direction. 


tending  their  base  plates  for  driving 
them  by  induction  motors  if  this  should 
be  desired   at  any  time. 

Water-cooled,  oil-insulated  transform- 
ers each  of  3333  kw.  capacity,  step  up 
the  voltage  from  6600  to  55,000.  Three 
auxiliary  transformers  of  200  kw.  each 
step  down  the  voltage  to  ^300  for  io,;al 
power  and  lighting,  la  addition  there 
are  six  75-kw.  transformers  which  step 
down  to  220  and  110  volts.  The  usual 
form  of  high-tension  switching  apparatus 
and  remote  control  is  employed. 

The  engineering  and  construction  work 
was  carried  on  u^der  the  supervision  of 
Stone  &  Webster,  of  Boston. 
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Kerchove  and  Uniflow  Steam  Engines' 


In  1893,  Dr.  Schroter,  professor  in  the 
University  of  Munich,  made  a  report! 
on  investigations  of  a  Kerchove  com- 
pound engine,  the  surprisingly  favorable 
results  of  which  astonished  the  whole 
technical  world.  These  tests  were  made 
on  a  single-crank  compound  condensing 
engine  of  217  i.hp.  at  the  works  of  the 
Societe  Anonyme  van  den  Kerchove  in 
Ghent  with  different  loads  and  degrees 
of  superheat. 

The  steam-consumption  figures  deter- 
mined from  a  test  on  a  Kerchove  engine 
in  1902  with  constant  load  and  different 
degrees  of  superheat  are  shown  in  Fig. 
1.  The  middle  curve  shows  the  steam 
consumption  Di  in  pounds  per  indicated 
horsepower  per  hour  with  increasing 
superheat.  The  bottom  curve  D„  gives 
the  steam  consumption  of  a  "no-loss"  en- 
gine, corresponding  to  complete  adiabatic 
expansion  of  the  steam  from  initial  con- 
ditions before  entrance  into  either  the 
cylinder  .r  the  jacket  to  its  terminal 
condition  at  exhaust.     The  top  curve  was 


Dr.  Doederlein,  of  the  Saechsi- 
sche  Maschinenfabrik, builders  of 
the  Kerchove  engine,  makes  some 
comparisons  between  this  type 
and  the  Stumpf  uniflow  engine, 
which  show  up  the  former  to  ad- 
vantage. 


*Tianslated  and  abstracted  by  William 
F  Monaghan  from  a  contribution  by  Dr. 
Ing'.  Doederlein  to  Zeitschrift  des  Ver- 
eines  deutscher  Ingenieure  ot  Oct.  7,  1911. 

sumption,  then  the  unusual  course  of  the 
curve  of  steam  consumption  in  Fig.  2  is 
especially  prominent.  Compared  to  such 
curves  from  other  steam  engines  which 
with  decreasing  loads  rise  rather  rapidly, 
that  of  the  Kerchove  engine  drops  with 
loads  decreasing  from  normal  to  about 
half.  The  steam-consumption  curve  for 
the  Kerchove  engine  runs  almost  parallel 
to  that  of  the  ideal  engine,  the  falling 
off  of  the  latter  curve  being  incident  to 


consumption  figures  of  the  Schroter  tests 
were  not  only  equaled  by  the  present- 
day  Kerchove  engines  in  practical,  con- 
tinued operation  but,  in  many  cases,  were 
lowered. 

Recently  there  appeared  on  the  mar- 
ket the  so  called  "uniflow"  engine  which 
under  the  Stumpf  design  is  being  turned 
out  by  first-class  engine  works  and,  at 
least  in  economy,  is  found  in  favorable 
competition  with  the  compound  engine. 
It  is  therefore  interesting  to  compare 
the  economies  of  the  uniflow  and  the 
Kerchove  compound  engines.  Here  again, 
however,  only  such  engines  should  be 
sel-ected  for  testing  as  have  a  close  agree- 
ment of  exhaust  pressures  and  depart 
not  too  widely  from  those  of  the  Ker- 
chove engines. 

Although  the  steam-consumption  fig- 
ures of  the  compared  uniflow  engines 
vary  but  slightly  from  those  of  the  Ker- 
chove engines,  the  comparison  having 
been  obscured  by  the  different  conditions 
of    operation,    such    as    very    high    pres- 
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obtained  from  the  ratio  corresponding 
with  the  reciprocal  value  of  the  indi- 
cated   efficiency.      For    present    use    this 

ratio    y^    has  been  designated   as  "loss 

factor."  The  introduction  of  this  new 
expression  would  prevent  any  further 
confounding  with  the  ambiguous  nota- 
tion of  the  reciprocal  value,  variously 
designated  as  thermodynamic  efficiency, 
indicated  efficiency,  efficiency  ratio 
(Guteverhaltnis),  or  cylinder  efficiency 
(Giitegrad),  which  are  referred  to 
the  pressure  of  the  exhaust  outside  of 
the  release  valve. 

If  for  a  given  design  of  engine  the 
loss-factor  curve  is  known,  the  steam 
consumption  for  any  desired  operative 
condition  is  easily  determined,  in  that  D„ 
is  calculated  with  the  help  of  the  Mollier 
diagram  and  the  result  multiplied  by  the 
appropriate  loss- factor. 

If  the  series  of  tests  represented  by 
Fig.  1  is  noteworthy  in  its  low  steam  con- 


improvement  of  the  vacuum  through  the 
lesser  demand  on  the  condenser.  On  the 
other  hand,  the  loss-factor  curve  plain- 
ly shows  that  the  internal  losses  of  the 
engine  decreases  to  nearly  70  per  cent, 
of  the  normal  load;  thereafter  slowly 
increasing. 

For  these  qualities,  so  valuable  for 
the  operating  conditions  of  varying  load 
and  continued  underload,  the  Kerchove 
engine  is  indebted  to  its  generally  effi- 
cient design,  but  mainly  to  the  piston 
valve  which  renders  possible  the  opening 
and  closing  of  the  steam  passages,  even 
at  short  cutoffs,  at  the  highest  speed, 
preventing  thereby  throttling  of  the  in- 
flowing steam.  Such  a  high  degree  of 
economy  with  a  reciprocating  steam  en- 
gine had  not  before  been  attained  nor 
considered  possible;  hence  the  Schroter 
investigations  were  at  the  time  regarded 
as  inapplicable  laboratory  tests,  and  their 
reliability  was  strongly  doubted.  However, 
the  numerous  tests  made  on  the  Kerchove 
engines  turned  out  by  the  Sachsische 
Maschinenfabrik   proved   that   the  steam- 


sures  and  superheat  and  excellent  vac- 
uum, nevertheless  on  comparing  their 
loss  factors  the  distinctive  economies  of 
uniflow  and  Kerchove  engines  become 
plainly  evident. 

In  wise  recognition  of  the  thermal  ad- 
vantages of  the  Kerchove  engine,  such  as 
inclusion  of  the  valves  within  the  cylinder 
heads  with  its  resultant  minimum  clear- 
ances and  surfaces  and  the  ample  jacket- 
ing of  the  heads  with  live  steam,  the  uni- 
flow engine  adopted  them,  and  therefore 
must  not  be  compared  with  a  compound 
engine  of  ordinary  design  solely  on  a 
basis  of  its  unidirection  of  steam  flow. 

In  technical  circles  the  conviction  is 
constantly  gaining  ground  that  the  re- 
sults from  the  uniflow  engine  are  due  tO' 
this  design  and  not  to  the  doubtful 
thermal  advantages  of  the  uniflow  direc- 
tion of  the  steam.  The  chief  advantage 
ascribed  to  it  is  the  more  favorable  cyl- 
inder temperature  at  the  end  of  the 
stroke.  This,  however,  on  closer  ex- 
amination of  the  quality  of  the  steam, 
seems    very   unlikely    inasmuch    as   in   a 
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condensing  engine  the  steam  at  the  end 
of  the  expansion  is  fairly  wet,  so  that 
at  the  jacketed  head  there  should  be,  at 
most,  a  drying  but  no  material  superheat- 
ing. 

Proportional  to  its  pressure  and 
throughout  the  cylinder  the  steam  has, 
then,  a  temperature  of  vaporization  of 
from  122  to  140  deg.  F.,  so  that  also  in 
the  uniflow  engine  the  heated  wall  sur- 
faces are  in  contact  with  cooled  steam. 
Of  course,  in  the  uniflow  engine  the  cyl- 
inder head  is  less  exposed  to  the  out- 


measure  of  such  adjustment,  the  dura- 
tion of  the  exhaust  being  also  a  factor; 
and  this  in  the  uniflow  engine  extends 
over,  at  most,  10  per  cent,  of  the  stroke, 
while  from  80  to  90  per  cent,  is  pro- 
vided in  the  reverse-flow  engine. 

From  all  tests  made  so  far,  the  unusu- 
ally low  vacuums  necessary  with  the  uni- 
flow engine  for  minimizing  the  com- 
pression have  reduced  the  steam  con- 
sumption but  relatively  little;  for  with  an 
economical  cutoff  expansion  cannot  be 
sufficiently  utilized  in  a  reciprocating  en- 


existence  through  the  discontinuance  of 
the  exhaust  valve  and  its  clearance;  an 
advantage  inversely,  of  course,  as  the 
tightness  of  the  exhaust  valve  and  the 
degree  of  superheat  of  the  incoming 
steam.  The  unusual  cylinder  and  piston 
lengths  of  the  uniflow  engine  are  a  dis- 
advantage in  comparison  with  the  re- 
verse-flow engine,  for  the  temperature 
differences  between  the  middle  and  both 
ends  of  the  cylinder  are  conducive  to 
unequal  expansion  and  its  resultant  op- 
erating difficulties. 


Section  A-B 


Section  C'D 


Longitudinal    Section 


Fic.  3.    Kerchove  Engine  with  Piston  Valves  for  Inlet  and  Exhaust 


flowing  steam;  in  place  of  which,  how- 
ever, even  if  for  lesser  time,  are  the 
unheated  piston  surfaces,  the  cooling  of 
which  can  work  still  greater  thermal  dis- 
advantage than  can  that  of  the  head  sur- 
faces. Hence  in  the  uniflow  engine  as 
compared  with  the  "reverse  flow"*  en- 
gine the  cylinder  heads  and  pistons  have 
merely  exchanged  places,  and  in  view 
of  this  the  uniflow  engine  has  no  recog- 
nizable advantage. 


gine,  a  condition  in  no  way  changed  by 
the  uniflow  design. 

Although  from  observations  of  Stumpf 
the  uniflow  almost  entirely  prevents  cyl- 
inder condensation,  he  has  of  late  added 
jacketing  and  claims  to  have  thereby  ob- 
tained material  improvements.  This  seems 
a  counterproof  against  the  stated  thermal 
advantages  of  the  uniflow  design. 

In  engines  with  a  good  vacuum  and 
tight    valves    the    compression    remains 


Fig.  4.    Kerchove  and  Stumpf  Engine  Cylinders  with  Their  Respective 
Indicator  Diagrams 


A  further  preference  ascribed  to  the 
uniflow  engine  is  the  relatively  large 
cross-section  of  the  outlet  ports,  result- 
ing in  a  better  adjustment  of  pressure 
between  the  cylinder  and  the  condenser. 
Cross-section    alone,   however,    is   not   a 


*The  term  "reverse  flow"  is  used  to 
designate  tlie  steam  path  in  the  cylinder 
of  an  ordinary  reciprocating  engine  in 
contrast  to  that  designated  iSy  the  term 
"uniflow." 


within  allowable  limits;  under  favorable 
conditions,  however,  it  easily  exceeds  the 
initial  pressure,  and  with  free  exhaust 
the  clearances  must  be  materially  in- 
creased so  that  the  uniflow  engine  with 
atmospheric  exhaust  operates  with  less 
economy  than  a  single-cylinder  reverse- 
flow  engine. 

Accordingly,   the   only   undoubted    ad- 
vantage of  the  uniflow  engine  came  into 


In  order  to  utilize  the  advantages  of 
the  uniflow  engine  and  avoid  its  disad- 
vantages, the  Siichsische  Maschinenfabrik 
applied  in  1909  for  a  patent  on  a  new 
engine  design,  shown  in  Fig.  3.  This 
shortened  uniflow  engine  has  the  exhaust 
port  not  at  the  end  of  the  stroke  but 
approximately  at  the  middle,  in  conse- 
quence of  which  a  release  valve  is  ob- 
viously required  to  close  the  port  during 
expansion.  Fig.  4  plainly  shows  the  dif- 
ferent cylinder  and  piston  lengths  of  both 
designs;  and,  as  is  evident  from  the  dia- 
grams, the  temperature  and  pressure  of 
the  expanding  steam  are  already  so  low 
at  release  that  there  is  neither  a  notice- 
able pressure  drop  nor  condensation  loss 
resulting  from  the  increase  of  detrimental 
volume  due  to  the  use  of  the  valve.  For 
high  speeds  the  engine  is  built  with  a 
shaft  governor  and  positive  valve-gear 
and  piston  valves  are  used;  those  for 
admission  being  located  horizontally  in 
the  bottoms  of  the  cylinder  heads  which 
are  jacketed  by  the  inflowing  steam.  The 
Sachsische  Maschinenfabrik  has  had  such 
a  uniflow  engine  in  operation  on  its 
testing  floor  for  some  time,  and  the  prin- 
cipal results  determined  from  duty  tests 
are  as   follows: 

Initial  steam  pressure,  pounds  per 

square    inch     152 

Steam  temperature  at  the  throttle, 

deg.   P 49S 

Bacli     pressure     in     the     cylinder. 

pounds  per  square  inch  absolute       2 
Heat  consumption,  B.t.u.  per  lb.  of 

steam    269.15 

Steam     consumption,     pounds     per 

i.hp.-hour     11.48 

Heat  consumption   for  592  deg.   F., 

B.t.u.   per  pound 335.47 

Steam     consumption,     I'eferred     to 

572   deg.   F 10.93 

The  value  of  the  loss-factor  shows 
nearly  the  same  economy  for  this  short- 
ened uniHow  engine  as  for  the  Stumpf 
design. 
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An  important  consideration  peculiar  to 
this  engine  is  the  three-part  design  of 
the  steam  cylinder  made  up  of  the  cyl- 
inder proper  and  the  two  valve-contain- 
ing cylinder  heads.  Fig.  5  shows  such 
a  cylinder  with  a  steam  jacket  for  which 
the  live  steam  enters  at  its  bottom  mid- 
length  and  flows  into  and  out  of  the 
heads.  Particularly  noteworthy  is  the 
absence  of  all  attachments  and  ribs  in 
the  cylinder  proper,  avoiding  harmful 
stresses  under  high  temperatures.  Fig.  6 
shows  an  inner  view  of  a  head.     In  Fig.  7 


of  both  latches  there  is  an  automatic 
and  almost  perfect  equalization  of  the 
cutoff  at  all  loads  for  both  ends  of  the 
cylinder;  and  through  a  suitable  arrange- 
ment of  the  path  of  the  roller  there  is, 
further,  a  very  favorable  apportionment 
of  the  cutoff  throughout  the  whole  travel 
of   the  governor. 

The  low-pressure  cylinder  is  usually 
built  with  a  positive  gear,  but  if  steam 
is  to  be  taken  from  a  receiver  it  is  pro- 
vided with  a  releasing  gear  like  that  of 
the   high-pressure   cylinder.     A  pressure 


trated  in  Fig.  8  the  cylinder  heads  can 
be  moved  back.  The  cylinder  rests  on  a 
cast-iron  frame  having  planed  slots  which 
accurately  guide  the  heads  in  their  with- 
drawal. This  can  be  accomplished,  even 
with  the  heaviest  engines,  by  one  man 
with  the  aid  of  the  pinion  and  ratchet 
bar  attached  to  the  head  supporting  lugs. 


Fic.  5.   Steam  Jacketed  Cylinder 


Fig.  6.   Interior  View  of  Cyl- 
inder Head 


Fig.  7.    Valves  and  Piston 


will  be  noted  the  close  proximity  of  the 
valves  to  the  piston,  also  the  small  clear- 
ances, the  axial  inflow  of  the  steam  and 
the  ample  jacketing  of  the  cylinder  heads 
by  the  entering  live  steam. 

A  second  and  equally  important  means 
for  the  attainment  of  high  economy,  par- 
ticularly with  underloading  and  with  con- 
tinued operation,  is  the  piston  valve  as 
a  cutoff  and  regulating  device. 


regulator  is  placed  on  the  control  shaft 
of  the  high-pressure  cylinder  while  a 
centrifugal  governor  determines  the  cut- 
off for  the  low-pressure  cylinder.  The 
pressure  regulator  is  set  below  the  pres- 
sure in  the  receiver  and  lengthens  or 
shortens  the  cutoff  in  the  high-pressure 
cylinder  as  the  demand  on  the  receiver 
is  respectively  increased  or  diminished. 
The    competitive    introduction    of    the 


The  unity  of  that  part  of  the  valve-gear- 
ing integral  with  the  head  is  not  dis- 
turbed, as  all  that  is  necessary  is  the 
removal  of  two  bolts  to  free  it  from  the 
eccentric  located  on  the  control  shaft 
running   alongside  of  the   cylinder. 


Fic.  8.   Method  of  Ri,\\o\i,\.,  Cylinder  Heads 


Lunkenheimer  Cast  Stc  1 
Valves 

Superheat  and  high  steam  p  ecsures 
have  created  a  demand  for  valves  of 
great  strength  and  durability,  and  antici- 
pating the  requirements  the  Lunken- 
heimer  Co.,  Cincinnati,  Ohio,  has  de- 
signed a  complete  line  of  globe,  angle, 
cross,  gate,  check,  nonreturn  boiler  stop 
valves,  etc.,  made  of  cast  steel  for  such 
use. 

With  the  exception  of  the  largest  sizes, 
these  valves  are  made  of  crucible  steel 
and.  are  annealed  to  relieve  internal 
stresses.  It  is  claimed  that  these  valves 
contain  less  than  0.05  per  cent,  of  either 
phosphorus  or 'sulphur.  Their  tensile 
strength  is  about  80,000  lb.  per  square 
inch,  with  a  safe  elastic  limit  and  ex- 
cellent elongation. 

For  various  pressures  and  degrees  of 
superheat  and  to  meet  the  requirements 
of  engineers  who  differ  as  to  the  ma- 
terial used,  these  valves  are  made  in  two 
combinations  of  material  as  regards  the 
trimmings. 


The  high-pressure  cylinder  is  fitted 
with  a  releasing  gear  actuated  by  a  single 
eccentric  for  admission  and  release. 
Through  the  different  lengths  of  the 
roller  levers  which  regulate  the  cutoff 
and   the   correspondingly   different  bends 


Kerchove  engine  in  Germany  was  op- 
posed mainly  by  the  pretended  difficulty 
of  access  to  the  interior  of  the  cylinder. 
Experience,  however,  has  very  much 
lessened  this  objection,  especially  as  by 
means   of  the   simple   contrivance   illus- 


The  March  issue  of  The  Engineers' 
List  contains  a  record  of  26  buildings 
in  New  York  City  which  have  abandoned 
Edison  service  and  are  now  operating 
private  plants,  having  found  the  latter 
more   economical. 
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Tom  Hunter,  Hoisting  Engineer 


To  the  man  who  is  unaccustomed  to 
the  methods  employed  in  coal  mining 
there  is  much  of  interest  and  instruc- 
tion. Consequently  I  was  anxious  to 
see  more  of  the  mines,  but  it  was  several 
days  before  Hunter  and  myself  again 
visited  them,  although  we  met  at  dinner 
each  night. 

A  perusal  of  the  daily  papers  shows 
that  coal  mining  is  a  far  from  safe  oc- 
cupation, for  scarcely  a  day  passes  but 
that  some  poor  fellow  meets  with  an 
accident,  and  doubtless  many  more  oc- 
cur, an  account  of  which  is  never  pub- 
lished. 

One  evening  a  news  item  related  how 
a  headman  at  a  nearby  colliery  had  fallen 
900  ft.  to  the  bottom  of  a  shaft.  I  read 
the  item  to  Hunter,  who  replied: 

"That  fall  never  hurt  the  man,  for  he 
had  lost  consciousness  before  he  struck 
the  bottom.  He  didn't  suffer  half  as 
much  as  I  once  did  while  hoisting  a  cage 
carrying  miners  and  could  not  get  the 
throttle  valve  shut. 

A   Piece   of   Gasket 

"Most  throttle  valves  are  arranged 
midway  between  the  two  cylinders,  either 
on  the  overhead  pipe,  or  in  a  pit  between 
the  engines.  Ordinary  rubber  gaskets 
are  used  in  making  up  the  joints,  and 
the  plant  I  was  running  at  that  time  was 
no  exception  to  the   rule. 

"The  engine  had  been  working  all 
right  during  the  day,  and  there  was  no 
sign  of  trouble  until  the  cage  and  the 
men  were  nearing  the  top.  When  I 
closed  the  throttle  I  found  to  my  horror 
that  I  could  not  shut  the  steam  off  from 
the  engine. 

"There  was  but  one  thing  to  do — con- 
trol the  engine  by  means  of  the  reverse 
lever.  The  engine  was  reversed,  and 
as  soon  as  it  came  to  a  stop  the  cage 
began  to  descend,  and  before  it  reached 
the  bottom  of  the  shaft  it  was  again  re- 
versed. The  men  were  thus  hoisted  up 
and  down  until  help  was  obtained  and 
the  steam  shut  off  from  the  engine  by 
means  of  a  separate  valve  in  the  steam 
line.  When  the  valve  «was  examined  a 
piece  of  sheet  packing  was  found  be- 
tween the  valve  disk  and  the  seat  which 
allowed  enough  steam  to  pass  through 
to  run  the  engines  at  a  fair  speed." 

"Where  did  the  piece  of  rubber  gasket 
come  from?"  I  inquired  with  interest. 

"I  never  found  out,"  said  Hunter,  "but 
I  suppose  it  was  from  some  loose  end 
that  had  never  been  cut  off  when  the 
gasket  was  put  in." 

I  smoked  a  while  in  silence,  wondering 
why  Hunter  had  not  stopped  the  engine 
instead  of  lowering  and  hoisting  the  cage 
until  the  steam  supply  was  cut  off.  I 
finally  put  it  to  him. 


By  Warren  O.  Rogers 


The  engineer  has  a  thrilling 
experience  when  a  piece  of  gas- 
ket prevents  closing  the  throttle 
while  men  are  being  hoisted  in 
the  cage. 

A  loose  pin  put  the  reversing 
gear  out  of  operation  on  another 
occasion. 

Ignorance  in  adjusting  the 
steam  valve  pressure  plate  caused 
a  serious  accident  and  loss  of  life. 


Open  Eccentric  Rods 

"I  couldn't  stop,"  he  answered,  "be- 
cause the  eccentric  rods  on  that  par- 
ticular engine  were  arranged  open;  that 
is,  with  the  link  and  reversing  gear  in 
mid-position,  the  eccentric  rods  were  not 
crossed  and  consequently  the  valve  on 
one  cylinder  was  open  or  had  lead.  Had 
the  piston  rods  been  arranged  to  cross 
when  the  link  was  in  mid-position,  there 
would  not  have  been  lead  on  the  cyl- 
inder and  the  engine  would  have  stopped 
without  any  trouble." 


hoisting  the  men  slowly,  as  was  my  cus- 
tom, and  if  the  cage  had  been  coming  up 
at  the  rate  of  speed  with  which  coal  is 
hoisted  those  men  would  have  required 
a  parachute  with  which  to  make  a  land- 
ing. 

"You  have  noticed  that  the  link  motion 
is  actuated  by  an  auxiliary  cylinder,  the 
link  being  lifted  by  an  arm  which  is  con- 
nected to  a  short  lever  by  a  pin  passing 
through    both. 

"For  some  reason — probably  careless- 
ness as  much  as  anything  else — I  neg- 
lected to  examine  my  engines  that  morn- 
ing and,  of  course,  that  was  the  time 
something  had  to  happen.  Accidents  come 
as  quickly  with  hoisting  engines  as  with 
any  other  kind  of  machinery.  In  this 
instance  the  engines  had  been  operating 
all  right  during  the  day,  and  it  was  not 
until  the  men  started  to  come  up  that 
anything  went  wrong.  Four  loads  of 
men  had  been  hoisted,  and  the  fifth  was 
on  the  way  when  I  began  to  ease  up  on 
the  speed  and  found  that  the  engines 
would   not  plug  or  reverse. 


There  Are  Many  Levers  to  Handle,  Dials  to  Watch  and  Signals  to  Obey 


"As  I  understand  the  case,"  I  said, 
"with  the  eccentric  rods  crossed,  the 
steam  ports  of  both  cylinders  are  closed 
when  the  link  is  in  mid-position,  and  the 
steam  cannot  enter  either  of  the  cyl- 
inders." 

"That  is  it  exactly,  and  why  more  en- 
gines are  not  arranged  that  way  is  a 
question  I  cannot  answer." 

"These  miners  must  have  said  a  few 
things,"  I   remarked. 

Pin  Worked  Loose 

"Not  so  much  as  some  others  did  at 
another   time,"   was    the   reply.      "I    was 


"It  occurred  to  me  that  the  trouble  was 
in  the  reverse  gear,  and,  as  there  was 
nothing  else  to  do,  I  shut  off  the  steam, 
applied  the  brakes,  and  stopped  the  en- 
gines with  the  cage  about  a  foot  from 
the  top  of  the  headwork.  I  found  out 
later  that  the  pin  in  the  lifting  arm  had 
worked  out  of  place." 

"I  guess  those  miners  got  a  scare 
coming  up  in  that  manner,"  I  said. 

"They  did,  and  so  did  I,  but  a  miss  is 
as  good  as  a  mile.  When  the  men  found 
out  what  was  the  matter  and  how  I  had 
stopped  they  thought  I  was  about  the  best 
fellow  around  the  mine." 


April  10,  1912 
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Guarding  against  Accident 
"I    have    heard    that    most    accidents 
occur   from   overwinding  or  hoisting   the 
cage  when  it  is  at  the  top  of  the  shaft. 
Why  is  that?" 

"Because  there  are  a  good  many  levers 
to  handle,  dials  to  watch  and  signals  to 
obey.  One  good  way  to  avoid  accidents 
of  that  character  is  to  watch  the  winding 
rope  as  well  as  the  indicator  dial.  An- 
other preventive  against  accidents,  in 
case  there  is  doubt  regarding  signals,  is 
to  find  out  what  signals  were  given  be- 
fore starting  the  engine.  An  engineer 
may  have  his  attention  called  to  some 
trouble  about  the  plant;  perhaps  a  crank- 
pin  has  been  bothering  him  with  heating 
and  his  mind  is  on  that;  he  may  think 
the  signal  to  hoist  has  been  given,  and, 


and  down,  as  was  my  practice  in  order 
to  make  sure  that  everything  was  all 
right.  I  threw  my  reversing-gear  lever 
over  and  happened  to  look  at  the  link 
of  the  valve-gear  at  "the  same  time.  To 
my  surprise,  the  link  did  not  move,  al- 
though the  lever  had  been  thrown  its 
full  travel. 

"I  tried  it  again  and  found  that,  al- 
though the  rods  controlling  the  steam 
valve  on  the  auxiliary  cylinder  moved 
the  valve  of  that  cylinder,  the  piston  did 
not  move  and,  of  course,  the  links  which 
the  piston  operated  failed  to  move.  An 
examination  of  the  cylinder  failed  to  dis- 
close anything  out  of  order,  and  then  I 
thought  of  the  adjustment  I  had  made 
of  the  pressure  plate  the  night  before, 
and    that    was    where   the   trouble    lay. 


Fragments  of  the  Cage  and  Head  Works  Were  Drawn  Into  the  Engine 
Room 


without  verifying  the  signal,  start  the 
engine  and  thus  may  cause  an  accident. 
If  the  time  is  taken  to  find  out  from 
both  the  footmen  and  the  headmen  what 
the  last  signals  were,  mistakes  in  signals 
are  eliminated." 

Carelessness 

"Men  get  careless,  I  suppose." 
"They  do,  but  sometimes  ignorance  has 
much  to  do  with  engine  troubles.  For 
instance,  the  side  valve  of  many  hoist- 
ing engines  is  fitted  with  a  pressure  plate, 
the  purpose  of  which  is  to  prevent  the 
valve  from  slapping  when  the  engine  is 
running  without  steam. 

"One  day  I  decided  that  the  plate  was 
too  loose  and  required  setting  up,  and 
so  before  going  home  that  night  I  ad- 
justed it.  The  next  morning  before  tak- 
ing on  men  I  started  to  run  the  cage  up 


"After  taking  off  the  steam  chest,  I 
turned  to  do  something  else,  and  it  was 
some  time  before  I  got  to  work  on  the 
pressure  plate,  so  that  it  had  cooled  con- 
siderably before  the  adjustment  was 
made.  I  adjusted  it  rather  closely  any- 
way and  did  not  make  allowance  for 
the  expansion  of  the  valve  when  it  was 
hot.  The  result  was  that  when  steam 
was  admitted  to  the  auxiliary  cylinder  at 
the  reduced  pressure  used  there  was  not 
enough  pressure  back  of  the  piston  to 
operate  the  valve  and  valve-gear,  be- 
cause when  steam  was  admitted  to  the 
cylinder  of  the  main  engine  the  valve 
expanded  between  the  valve  seat  and  the 
pressure  plate,  and  the  friction  was  so 
great  that  the  auxiliary  cylinder  could 
not  move  the  valve.  When  the  pressure 
plate  had  been  loosened,  the  valve-gear 
operated  as  it  should." 


"Rather  a  close  call.  I  will  venture  to 
say  you  never  made  another  similar  mis- 
take." 

Steam  Valve  Stuck 

"I  never  made  the  same  mistake  again, 
but  a  friend  of  mine  "did,  even  after  I 
had  told  him  of  my  experience;  in  fact, 
he  did  the  same  thing.  He  had  for  years 
been  in  the  habit  of  lowering  men  with- 
out testing  his  engine.  The  morning 
after  he  had  adjusted  the  pressure  plate 
of  his  engine  he  loaded  the  cage  with 
men,  and  throwing  his  reversing  lever 
in  a  position  to  lower  he  opened  the 
throttle  and  sent  the  cage  up  to  the  top 
of  the  headframe,  killing  half  a  dozen 
men  and  injuring  as  many  more.  Before 
the  engine  was  stopped,  fragments  of 
the  cage  and  headworks  had  been  drawn 
into  the  engine  room  through  the  side 
of  the  building  and  lodged  under  the 
winding  drum.  It  was  another  instance 
of  the  auxiliary  cylinder  failing  to  op- 
erate the  main  valve-gear. 

"That  engineer  made  another  mistake, 
one  that  is  made  by  many  others;  that 
is,  he  opened  the  throttle  valve  too  wide 
and  got  his  engine  going  too  fast  be- 
fore he  had  time  to  find  out  that  it  was 
going  in  the  wrong  direction." 

By  this  time  the  waiter  was  standing 
on  pins  and  needles  waiting  for  a  chance 
to  clear  up  his  table,  and  so  we  ad- 
journed. Hunter  to  keep  an  appointment 
with  a  friend,  while  I  went  to  a  moving- 
picture  show. 


Reversible  Steam  Turbine 

Another  step  has  been  taken  in  the 
perfection  of  the  turbine,  says  the  Lon- 
don Standard.  Experiments  and  demon- 
strations have  been  made  by  Wainwright 
Brown  on  a  reversible  steam-turbine 
model  30  ft.  long  and  about  18  ft.  in 
breadth.  It  is  reversed  from  full  speed 
in  one  direction  to  full  speed  in  another 
in  a  few  seconds. 

The  reversing  is  effected  by  synchron- 
ized disks  rotated  by  screw  spindles  ex- 
tending outside  the  turbine  casing  which 
are  made  to  open  or  close  by  nozzles 
which  give  the  steam  a  left  or  right  di- 
rection upon  the  blades. 

Designs  are  now  under  preparation  for 
the  construction  of  a  2000-hp.  machine 
on  the  new  principle.  It  is  the  purpose 
of  the  inventor  to  adapt  all  sizes  for  the 
use  of  gas  in  place  of  steam. 

Several  large  steamship  companies 
have  the  new  invention  under  consider- 
ation as  a  means  whereby  to  increase 
the  speed  of  their   fast  liners. 


On  Jan.  4,  the  load  on  the  Chicago 
Commonwealth  Edison  Co.'s  stations  was 
201,630  kw.  Ten  years  ago  it  had  passed 
the  20,000-kw.  mark.  The  first  figures 
probably  reach  the  largest  output  of  any 
electrical-supply  system  in  the  world. 
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Economy  Factors  in  Power  Plants 


Economy  in  the  production  of  power  in 
many  small-  and  medium-sized  plants 
is  not  given  the  same  thought  as  in  the 
larger  plants.  This  is  not  always  due  to 
the  equipment  not  being  high  grade,  but 
rather  to  numerous  losses  which  can 
mainly  be  attributed  to  inattention  or  lack 
of  knowledge  of  the  small  details  which, 
considered  as  a  whole,  are  important. 
Very  few  have  any  reliable  check  on 
what  they  are  producing  and  the  cost 
thereof.  Coal  is  purchased  from  the 
lowest  bidder  and  perhaps  a  rough  check 
is  made  as  to  the  amount  of  water 
pumped,  but  it  is  seldom  known  whether 
each  part  of  the  plant  is  doing  its  share 
in  an  efficient  manner. 

Considering  first  the  boiler  room:  with 
a  certain  grade  of  fuel  and  under  cer- 
tain conditions,  a  given  number  of  pounds 
of  water  per  pound  of  coal  should  be 
evaporated.  To  keep  track  of  this  the 
coal  must  be  weighed  and  the  water 
measured.  The  coal  is  best  weighed  be- 
tween the  bins  and  the  boilers  for  in 
this  way  the  amount  can  always  be  found 
without  referring  to  that  in  the  bin.  The 
meter  for  measuring  the  water  should 
be  installed  between  the  feed  pump  and 
the  boiler  in  order  that  all  water  en- 
tering the  boiler  may  be  accounted  for. 
With  means  for  weighing  both  the 
water  and  the  coal,  the  evaporation  of 
a  certain  coal  will  be  known  under  proper 
conditions;  that  is,  clean  boilers  and 
flues,  proper  draft,  etc.  If  the  evapora- 
tion should  drop,  say,  from  8  lb.  of  water 
per  pound  of  coal  to  7  lb.  with  the  same 
fuel,  it  would  at  once  be  apparent  that 
something  was  wTong — either  the  coal 
was  not  up  to  the  standard  or  the  boil- 
ers were  scaled  or  the  tubes  covered  with 
soot. 

Few  boilers  are  operated  with  a  mini- 
mum amount  of  scale,  and  with  tubes 
clean  both  internally  and  externally.  The 
accumulation  of  H  in.  of  scale  will  make 
a  difference  of  15  to  18  per  cent,  in  the 
evaporation  and  the  accumulation  of  soot 
in  return-tubular  boilers  with  the  corre- 
sponding loss  du'e  to  drop  in  draft  and 
insulation  loss  will  add  still  further  to 
this  figure.  The  chart,  Fig.  1,  shows 
the  approximate  loss  due  to  scale,  based 
upon  320  days'  operation  per  year  with 
coal  at  different  prices.  For  example: 
Suppose  coal  costs  S2.50  per  ton  and  six 
tons  are  used  per  day  where  the  scale 
on  the  tubes  is  A  in.  thick;  the  result- 
ing loss  will  be  SIOOO  per  year.  The  loss 
due  to  uncovered  steam  piping  is  shown 
by  the  chart  in  Fig.  2.  Suppose  condi- 
tions under  which  there  is  200  ft.  of  6- 
in.  pipe  and  the  coal  costs  81.85  per  ton. 
Tracing  on  the  chart  as  indicated  by  the 
dotted  lines,  the  loss  will  be  $180  per 
year.  If  magnesia  lagging  is  used  the 
saving  will  be 


By  Charles  Brossmann 


A  consideration  of  the  various 
items  which,  apparently  small  in 
themselves,  when  taken  together 
will  seriously  affect  the  economy 
of  a  plant  if  they  are  neglected. 


•From  a  paper  delivered  before  the 
Indiana   Engineering   Society. 

0.85  X    180  =  $153 

A  very  important  factor  that  has  much 
to  do  with  the  economy  is  the  cleanli- 
ness and  order  of  the  boiler  room.  One 
usually  finds  poor  economy  in  a  dingy, 
dirty  boiler  plant.  Inside  cleanliness  is 
more  important,  but  the  order  outside  is 
often  the  index  of  inside  conditions. 

There  is  quite  a  loss  in  many  plants 
due  to  the  boiler  settings  being  cracked. 
All  cracks  admitting  air  should  be  re- 
pointed  and  small  hair  cracks  can  have 
a  coat  of  thin  paint  or  whitewash.     All 


exhaust  line  between  the  engine  and  the 
condenser,  discharging  the  feed  water 
through  this  into  an  open  heater  into 
which  the  auxiliaries  exhaust.  The  writer 
has  seen  closed  heaters  so  clogged  in 
the  water  space  that  nothing  but  a  thin 
stream  could  trickle  through.  When  such 
heaters  are  installed  in  connection  with 
a  condensing  system  they  should  be  ar- 
ranged with  a  bypass. 

Superheated   Steam 

It  is  surprising  that  more  advantage  is 
not  taken  of  the  use  of  superheated  steam 
in  pumping  plants  where  the  long  stroke 
and  slow  speed  of  the  engines  make  it 
especially  suited  to  increased  economy. 
Ordinarily,  the  efficiency  of  pumping 
engines  can  be  increased  from  5 
to  25  per  cent,  by  the  use  of  super- 
heated steam,  and  even  with  large  high- 
duty  triple-expansion  engines  a  saving 
of  12  per  cent,  in  steam  has  been  re- 
corded. For  purposes  of  comparison  it 
may  be  stated  that  the  saving  by  using 
superheated  over  saturated  steam  will 
be  approximately  as  follows  for  100  deg. 
superheat:      For   a  simple   engine,  about 


Fig.  1.   Loss  Due  to  Boiler  Scale 


cracks  around  the  iron  work  and  in  the 
breeching  should  be  also  stopped  up. 

Feed-water  Heaters 

In  a  noncondensing  plant  the  main  ex- 
haust can  usually  be  connected  to  the 
heater.  When  a  condensing  plant  is  in- 
stalled the  steam  from  the  air  and  feed 
pumps  or  other  auxiliaries  may  be  di- 
verted to  the  feed-water  heater.  With  an 
open  heater,  about  one-sixth  of  the 
exhaust  steam  from  the  main  engine  will 
heat  all  the  water  from  about  50  deg. 
to  a  temperature  near  the  boiling  point. 

Where  condensers  are  used  it  is  often 
advisable  to  place  a  closed  heater  in  the 


15  per  cent.;  compound  engine,  about  14; 
triple-expansion  engine,  12;  steam  tur- 
bine, about  10  per  cent. 

Pumping  Plants 

■It  would  be  interesting  to  know  how 
many  pumping  plants  record  each  day 
the  amount  of  water  pumped,  the  pounds 
of  coal  consumed,  the  cost  to  evaporate 
1000  gal.  of  water  in  the  boiler  plant, 
and  whether  the  coal  is  doing  the  same 
or  only  one-half  the  work  it  did  last 
month.  Contracts  are  entered  into  for 
thousands  of  dollars'  worth  of  coal  per 
year  and  no  means  are  taken  to  deter- 
mine if  25  per  cent,  of  the  material  is 
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worthless  as  fuel  as  compared  to  the 
sample  car  received.  Again,  the  coal 
may  be  all  right,  but  the  plant  may  be 
in  such  a  condition  that  25  per  cent,  more 
fuel  is  required  to  do  the  same  work. 
Such  losses  can  usually  be  avoided  either 
by  a  close  inspection,  by  making  the 
necessary  tests  at  suitable  periods  and 
by  a  system  of  daily  records,  and  the 
proper  interpretations  being  made  of  such 
records;  in  regard  to  the  latter,  the  per- 
sonal factor  is  important.  Constant  and 
intelligent  attention  to  the  innumerable 
details  of  the  plant  cannot  be  slighted 
and  have  the  plant  operate  satisfactorily. 
The  superintendent  cannot  do  all  this,  but 
the  operating  engineer  directly  in  charge 
should  be  held  responsible   for  his  part. 

Smoke 

Legislation  may  minimize  the  smoke, 
but  the  ultimate  desired  results  can  never 
be  accomplished  without  looking  at  the 
question  as  one  of  dollars  and  cents. 
In  the  first  place  the  writer  believes  there 
is  no  such  thing  as  a  commercial  smoke 
consumer,  despite  the  fact  of  inventions 
and  statements  to  that  effect.  Smoke 
cannot  be  commercially  consumed,  al- 
though it  may  be  disguised  or  treated  in 
such  a  manner  that  it  has  a  less  formi- 
dable   appearance    to    the    esthetic    eye. 


stack — building  the  entire  unit  without 
regard  to  the  ordinary  principles  of  com- 
bustion— is  the  cause  of  great  loss  an- 
nually and  probably  does  more  to  keep 
up  the  smoke-nuisance  agitation  than 
any  other  thing.  The  principles  of  com- 
bustion and  the  prevention  of  smoke  are 
not   mysterious. 

To  accomplish  this  it  is  necessary  that 
all  the  products  of  combifstion  be  con- 
sumed before  touching  the  cold  surfaces 
of  the  boiler.  To  do  this  requires  good 
draft  which  means  a  high  stack  if  natural 
draft  is  used.  It  means  a  properly  de- 
signed furnace  that  should  not  be  so 
cramped  that  gases  cannot  be  properly 
burned  before  reaching  the  comparative- 
ly cold  boiler  and  it  means  proper  hand- 
ling of  the  fuel  whether  by  mechanical 
devices  or  by  hand.  Furthermore,  the 
boiler  should  be  properly  set  up  so  that 
in  a  year's  time  the  settings  are  not 
full  of  cracks  or  crevices  which  admit 
air  and  contribute  to  the  inefficiency  of 
the  furnace  both  as  regards  smoke  pre- 
vention and  economy  of  combustion. 


Packing    in  Steam  Plants 

With  the  innovation  of  the  steam  en- 
gine came  many  accessories,  most  of 
v.'hich    were    crude    in    design,    principle 


Total  CostinDollars  per  Year 
tiultipfy  these  Amounts  by0.85^for  actual 
Saving  L/sin^  I'toyerina  SSi  flaqnesia 


Length  of  Pipe  in  feet 


Fig.  2.  Loss  Due  to  Uncovered  Piping 


The  only  way  to  consume  smoke  com- 
mercially is  not  to  make  it,  and  engineers 
who  have  studied  the  problem  recognize 
this  as  the  first  commandment  in  the 
smoke  question.  Smokeless  combustion 
will  not  be  general  until  the  plant  owner 
recognizes  that  he  is  wasting  money. 

Overloading  boilers  will  not  cause 
smoke;  it  is  the  lack  of  sufficient  fur- 
nace space,  coupled  with  the  lack  of  ap- 
pliances or  improper  methods  of  firing, 
which  is  directly  responsible  for  the 
smoke.  The  common  method  of  pur- 
chasing a  boiler  and  building  a  brick 
wall  around  it  and  placing  above  a  low 


and  material.  None  was  more  indispen- 
sable than  packing  for  cylinder  heads, 
steam  chests,  pipe-flange  joints,  etc.  Up 
to  about  1850  the  most  commonly  used 
material  was  a  composition  of  red  lead, 
hemp  and  oil  made  into  putty  by  the  en- 
gineer or  his  helper  and  plastered  on  the 
flange  joints,  which  were  then  screwed 
up  tightly  and  the  putty  or  packing  was 
allowed  to  dry  or  set  before  the  pres- 
sure was  applied,  which  at  this  period  did 
not  exceed  60  lb.  per  square  inch. 

The  next  development  was  approxi- 
mately in  the  year  1860,  when  cloth  in- 
sertion packing  was  introduced,  this  prob- 


ably being  the  first  rubber  or  gum-sheet 
packing  manufactured.  It  was  composed 
of  rubber  composition  with  insertions  of 
duck  or  sheeting,  and  was  used  between 
1860  and  1875,  when  steam  pressure  did 
not  exceed  80  lb.  per  square  inch. 

After  this  period  came  the  plumbago 
and  rubber  compositions,  called  self- 
vulcanizing  packings;  this  form  had  to  be 
vulcanized  or  baked  into  the  joint,  a 
process  requiring  considerable  "abor, 
time  and  expense.  They  were  more  dur- 
able and  satisfactory,  however,  under 
conditions  then  existing  than  preceding 
packings. 

The  next  important  advance  made  in 
the  development  of  rubber-sheet  packing 
was  in  1886,  when  several  semi-vulcan- 
ized rubber-composition  packings  ap- 
peared. These  packings  did  not  require 
as  much  baking  in  the  joint  and  soon 
became   popular. 

A  packing  composed  of  rubber  and 
asphaltum,  which  was  suitable  for  water 
and  other  liquid  conditions  next  claimed 
the  engineers'  attention. 

During  the  period  from  1900  to  1910, 
steam  pressures  have  increased  from  80 
to  200  lb.  and  over  in  stationary  plants. 
This  increase  has  brought  a  correspond- 
ing rise  in  temperature  which  has  been 
still  further  increased  by  the  practice  of 
superheating  the  steam.  The  wider  use 
of  the  air  compressor,  ice  machine,  gas 
engine,  superheater,  etc.,  has  also  created 
extreme  temperatures  which  demand  a 
packing  that  can  meet  exacting  condi- 
tions. 

Composition  packings  have  been  per- 
fected having  great  resistance  to  extreme 
heat  as  generated  under  high  pressure. 
The  basis  of  this  material  is  pure  as- 
bestos fiber,  the  fibers  being  treated  with 
a  waterproof  compound  to  prevent  them 
from  absorbing  moisture.  The  composi- 
tion is  compressed  under  pressure  into  a 
compact  homogeneous  texture  sheet  pack- 
ing in  various  thicknesses  and  of  high 
tensile  strength.  Such  a  packing  is  un- 
aff'ected  by  condensation  from  steam;  and 
if  properly  made  retains  its  pliable  re- 
silient qualities  and  does  not  become  hard 
or  brittle.  It  will,  of  course,  conform 
to  uneven  surfaces  and  is  suitable  for 
gaskets  on  air  compressors,  and  as  pack- 
ing so  constructed  is  suitable  for  high- 
pressure  and  superheated  steam,  it  is,  of 
course,  also  suitable  for  use  with  low- 
pressure  and  saturated  steam. 

What  demands  will  be  made  upon  pack- 
ing in  the  future  remains  to  be  seen. 


Although  in  recent  years  the  price  of 
electric  energy  has  been  reduced  under 
the  stress  of  competition  from  the  small 
isolated  plant,  the  price  of  central-station 
service  is  still  so  high  that  only  in  ex- 
ceptional cases  can  one  afford  to  forego 
the  cheaper  and  independent  production 
by  the  private  plant. — Prof.  Josse,  in 
Neiirc    Kraftanlagen. 
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Conducted  to  be  of  service  to  the  men  in  charge  of  electrical  equipment  in  the  power  house 


A  German  Rural  Po\A'er  Plant 
By  Dr.  Alfred  Gradenwitz 

In  view  of  the  more  and  more  diffi- 
cult conditions  applying  to  German  agri- 
culture, tliere  is  an  increasing  necessity 
for  using  macliinery'  in  connection  witli 
most  agricultural   operations.     Tliis   ten- 


pact  of  waves,  whirls  and  floating  ob- 
jects. The  opposite  slope  was  fixed  with 
turf  on  a  layer  of  vegetable  soil. 

This  embankment  (see  Fig.  1),  the 
crest  of  which  is  144  ft.  above  the  aver- 
age water-level  of  the  Baltic  and  57  ft. 
above  the  lowest  level  of  the  Radaune, 
allows  the  river  to  be  dammed  up  to  a 


level  to  be  increased  or  lowered,  as  the 
case  may  be,  even  emptying  the  basin, 
partly  or  entirely,  a  bottom  discharge 
has  been  installed,  traversing  the  em- 
bankment, which  mainly  consists  of  a 
big  wrought-iron  conduit  59  in.  in  diam- 
eter and  a  control  gate.  In  order  to  pre- 
vent flooding  in  the  case  of  high  water, 


Fig.  1.   Embankment  AND  Power  House;    Discharge  Gate  is  in   Conl,i;iii    l^i 
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dency  has  led  to  the  installation  of  a 
number  of  rural  power-transmission 
plants,  with  electric  motors  for  driving 
the  agricultural  machines.  A  new  de- 
velopment in  this  connection  has  been 
recently  made  by  the  installation  of 
rural  power-transmission  plants  in  con- 
nection with  embankments  in  the  hilly 
country  of  East  Germany,  where  no  con- 
siderable heads  are   available. 

The  Radaune  Valley  embankment  plant, 
between  the  sluices  of  Boelkau  and 
Prangschin,  near  Danzig,  is  the  first  of 
these  installations,  and  presents  a  num- 
ber of  interesting  features.  As  there 
was  no  rocky  soil  to  serve  as  foundation 
for  a  masonry  dam,  it  was  necessary  to 
resort  to  an  embankment  containing  a 
core  of  boulder  marl,  the  slopes  of  which 
on  the  water  side  are  protected  by  rubble 
in  the  lower  third  and  by  granite  slabs 
in  the  two  upper  thirds  against  the  im- 


l-.eight  of  47J4  ft.,  thus  producing  a  basin 
of  a  normal  capacity  of  about  120,000,000 


Fig.  2.   The  Head  Gates 

cu.ft.    and    covering    an    area    of    about 
173  acres.    In  order  to  enable  the  water- 


an  automatic  overflow  or  spillway  was 
provided,  consisting  of  an  open  canal 
which  descends  in  cascades  toward  the 
river. 

The  power-house  equipment  comprises 
two  self-contained  generating  sets,  each 
of  which  has  its  own  penstock,  entrance 
gate  and  rake.  Each  penstock  is  con- 
trolled normally  by  means  of  a  quick- 
acting  gate  fitted  at  the  end  immediately 
ahead  of  the  turbine  and  operated  from 
the  generator  room ;  this  is  used  for 
starting,  stopping  and  draining  the  tur- 
bine, the  main  head  gate  being  used 
only  for  shutting  off  the  entire  pen- 
stock. Two  iron-concrete  conduits,  6  ft. 
in  clear  diameter  and  131  ft.  long,  lead 
through  the  embankment  to  the  main 
head  gates.  The  water  flows  through 
these  conduits  at  a  maximum  speed  of 
about  6'^>  ft.  per  second.  In  front  of 
the  power  house  these  iron-concrete  con- 
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duits  terminate  in  wrouglit-iron  pipes  of 
the  same  diameter. 

The  two  turbines  are  Francis  twin  ma- 
chines in  steel  housings  with  axial  water 
admission  and  horizontal  shafts.  They 
are  direct  coupled  to  the  electric  gen- 
erators. The  rear  bearing  of  each  set 
is  a  thrust  beaiing  and  is  accessible 
through  the  pit.  The  turbine  shaft  proper 
has  only  this  one  bearing,  being  rigidh 
coupled  to  the  dynamo  shaft  by  a  forged- 
on  flange;  the  complete  turbine  and 
dynamo  set  has  only  three  bearings  and 
is  accordingly  of  relatively  small  length. 
The  steel  housings  of  the  turbines  arc 
98^ J  in.  in  clear  diameter  and  are  con- 
nected with  the  control  valves  by  conical 
fittings.  This  arrangement  greatly  sim- 
plifies the  water  admission  and  reduces 
the  loss  of  head  between  the  rake  and 
the  turbine.     In  fact,  the  loss  of  head  in 


Fig.  3.  A  Generating  Unit  in  Embankment  Power  House 


Fig.  4.  SviiTCHBOARD  AND  Control  Colu.mns  in  Power  House 


are  9-kw.  dynamos.  All  of  the  electrical 
equipment  is  of  Siemens-Schuckert  man- 
ufacture. 

The  switch-gear  is  located  in  an  an- 
nex, and  all  parts  carrying  high-tension 
current  are  placed  in  closed  compart- 
ments, the  plant  being  controlled  in  the 
low-tension  circuits.  The  instruments  and 
switch  handles  for  starting  and  control- 
ling the  two  generators  are  installed  on 
two  control  columns  located  on  a  plat- 
form in  front  of  the  switchboard,  as 
shown  in  Fig.  4.  The  synchronism  in- 
dicators are  located  on  a  bracket  in  the 
middle  of  the  service  switchboard,  so  as 
to  be  easily  observed  from  either  con- 
trol column.  The  service  switchboard 
comprises  four  marble  panels  and  is  built 
into  the  middle  of  the  wall  facing  the 
machinery.  Immediately  behind  the 
switchboard  are  arranged  the  field  rheo- 
stats  of  the  exciters.     The  high-tension 


the  rakes,  head  gates,  conduits  and  con- 
trol gates  is  only  about  12  in.  under 
full   load. 

As  the  embankment  is  compelled  to 
supply  to  the  mills  situated  on  the  river 
the  whole  or  a  given  portion  of  the  water 
flowing  into  the  basin,  an  electrical  level- 
signaling  device  has  been  installed  above 
the  basin  for  indicating  the  water  admis- 
sion. This  allows  the  amount  of  water 
flowing  from  the  upper  pond  into  the 
storage  pond  to  be  gaged  at  any  moment. 
The  water  consumption  of  the  turbines  is 
recorded  by  Woltmann  apparatus. 
Power   House   Equipment 

The  two  three-phase  alternating-cur- 
rent generators  driven  by  the  turbines 
are  of  the  usual  revolving  field-magnet 
type  with  their  exciters  driven  from  the 
ends  of  the  shafts,  as  shown  in  Fig.  3. 
The  field  magnets  are  excited  at  about 
1 10  volts,  and  the  machines  deliver  three- 
phase  currents  at  8000  volts  and  50 
cycles  per  second,  running  at  300  r.p.m. 
The  output  of  each  generator  is  550  kw. 
with   unity   power   factor.     The   exciters 


Fig.  5.  High-tension  Line  Crossing  Road  Near  Praust 
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apparatus  is  also  located  behind  the 
switchboard,  in  iron  frames  between 
massive  partition  walls  and  closed  in  by 
wire-gauze  screens.  The  iron  frames 
also  support  three-phase  transformers 
through  which  current  is  supplied  for 
lighting  the  power  house  and  the  at- 
tendants' houses. 

Distribution  and  Utlization 
The  electrical  energy  generated  at  the 
power  house  is  mainly  distributed  by 
six  transmission  lines  at  the  generator 
potential  of  8000  volts.  Another  8000- 
volt  transmission  line  will  possibly  be 
added  later.  Two  of  the  8000-volt  trans- 
mission lines  run  in  a  southward  direc- 
tion and  are  connected  to  form  a  loop. 
A  third  line,  which  runs  eastward  for 
a  distance  and  then  northward,  is  to  be 
"tied  in"  with  one  of  the  two  northward 
lines    feeding    the    Muggau    transformer 


the  points  of  consumption  to  a  working 
tension  of  220  volts.  As  the  electrical 
energy  is  supplied  mainly  to  a  number 
of  isolated  farms,  the  number  of  trans- 
former stations  is  relatively  large.  Port- 
able transformers  with  disk  windings  and 
dry  insulation,  which  are  rented  out  by 
the  district  management,  allow  those 
farmers  possessing  extensive  tracts  to 
do  all  their  harvesting  and  other  op- 
erations in  the  fields  with  the  aid  of 
motor-driven  machinery.  Some  of  these 
equipments  are  illustrated  in  the  accom- 
panying pictures.  Figs.  6,  7  and  8. 


the  tool  carriage  along;  after  cutting 
a  strip  I  turned  the  armature,  which 
was  between  the  centers  of  the  lathe, 
by  hand  from  one  space  to  the  next,  cut 
that  down  and  turned  the  armature  to 
the  next  strip,  and  so  on  until  all  were  cut 


LETTERS 

A  Kink  in  Undercutting 

It  had  been  the  regular  practice  here 
to  turn  down  the  commutators  of  the 
exciter  dynamos  at  least  once  a  month, 


Mr.    Fries'    Finished    Commutator 

down  alike.  Then  I  turned  the  commu- 
tator bars  down  about  i',i  in.  in  the  nar- 
row spaces  between  the  parts  of  the 
tread  that  the  brushes  rode  on,  also  at 
the  ends,  as  shown  in  the  sketch.  Then 
I  soaked  the  brushes  in  a  mixture  one- 
half  kerosene  and  one-half  engine  oil 
for   several    hours. 

One  commutator  has  been  running 
nearly  a  year  and  the  other  about  three 
months.  I  put  one  hard  brush  opposite 
a  soft  one  after  soaking  them,  and  from 


Figs.  6,  7  and  8.    ikansii 


K  Wagons  Supplying  a  Motor-driven  Plough  and   Tu-o  Threshing  Machines 


station,  whence  two  branch  lines  extend 
northward  and  westward  respectively.  In 
the  western  branch  line,  which  supplies 
a  considerable  amount  of  energy  for  op- 
erating brick  mills,  the  potential  is  raised 
to  15,000  volts  in  a  150-kv.-a.  oil-cooled 
transformer.  Excepting  a  section  nearly 
2  miles  long,  all  the  transmission  lines 
are  overhead.  The  main  line  is  of  hard- 
drawn  copper  wires  about  equal  to  No.  5 
B.  &  S.  gage  in  cross-section  and  the 
branch  line  wires  are  about  equal  to  No. 
7.  The  transmission  lines  are  located 
about  23  ft.  above  the  ground  and  are 
subdivided  by  a  number  of  section 
switches.  Fig.  5  shows  a  short  stretch 
of  one  of  the  lines. 

The  high-tension  current  is  reduced  at 


and  shortly  after  taking  charge,  1  had  a 
small-sized  imitation  of  a  fourth  of  July 
celebration,  when  a  commutator  of  one 
of  the  exciters  burst,  it  having  been 
turned  down  until  the  bars  were  too  thin 
to  resist  centrifugal  force.  (I  had  pre- 
viously notified  the  manager  that  it  did 
not  appear  safe  to  run  very  long.)  I 
tried  soft  and  hard  brushes  with  no  bet- 
ter results  from  one  than  another  on  the 
commutators. 

After  finishing  the  first  commutator  I 
had  to  turn  down,  I  made  a  small  nar- 
row tool  with  a  nose  as  wide  as  the 
thickness  of  the  mica  between  the  bars, 
put  it  sidewise  in  the  tool-post  of  the 
lathe,  and  cut  the  mica  down  about  :>i 
in.  below  the  level  of  the  bars  by  moving 


present  indications  commutator  trouble  is 
a  thing  of  the  past  here. 

Middleboro,  Wass.  J.   W.   Fries. 


Mr.    Bates'  Thawing  Current 

Referring  to  J.  E.  Bates'  letter  in  the 
Jan.  30  issue  of  Power,  I  think  there 
must  have  been  some  other  source  of 
heat  than  the  little  half-ampere  of  cur- 
rent flowing  through  his  supply  pipe  to 
the  house.  If  he  had  stopped  to  figure 
a  moment,  he  would  have  noticed  that  it 
took  400  times  the  amount  of  current 
in  the  first  instance  to  thaw  just  three 
times  the  amount  of  ice.  The  warmth 
must  have  come  through  the  ground — a 
thaw   from   below. 

Roundup,  Mont.    L.  Earle  Browne. 
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Gas   Power   Department 

Worth-while  gas-engine  and  producer  information  treated  in  a  way  that  can  be  of  practical  use 


Oil    En^iiies  in   a    Hungarian 
jVIunicipal  Power  Plant 

The  following  abstract*  describes  the 
salient  features  of  two  300-hp.  oil  en- 
gines in  the  municipal  power  plant  of 
Torda  (Hungary)  and  presents  some  op- 
erat'ng  results   obtained   from   them. 

Torda  is  a  city  of  about  15,000  in- 
habitants, situated  in  the  State  of  Tran- 
sylvania. For  a  long  time  the  author- 
ities had  contemplated  adding  to  the 
100-hp.  Diesel  equipment,  which  at  one 
time  sufficed  to  supply  the  electric  street- 
lighting  system  as  well  as  a  limited 
number  of  private  consumers,  and  re- 
cently the  load  increased  so  far  beyond 
the  capacity  of  the  already  overloaded 
plant   that   it   was   decided   to   enlarge    it 


The  distribution  of  the  three-phase  cur- 
rents is  effected  by  means  of  the  usual 
three-wire  system  and  step-down  trans- 
formers, ranging  in  size  from  7.5  to  30 
kw.,  which  deliver  to  Y-connected  four- 
wire  secondary  lines;  from  the  secondary 
mains  current  is  delivered  either  at  210 
volts  between  main  wires  for  power,  or 
at  121  volts  betweert  the  neutral  and  one 
main  wire  for  lamps.  The  street-light- 
ing equipment  consists  of  40-cp.  metallic- 
filament  incandescent  lamps,  and  a  few- 
arc   lamps. 

The  power  house  is  a  one-story  brick 
structure    with    a    basement    of   8    ft.   4 


members  of  the  twin  unit  as  shown  in 
Fig.  1.  Each  member  of  the  unit  is  com- 
plete with  its  own  valve-gear  and  air 
compressor.  The  revolving  field-magnet 
of  the  generator  serves  as  a  flywheel, 
giving  a  1:180  variation.  The  diameter 
of  each  cylinder  is  5-54  in.,  the  stroke 
22 1^1    in.   and   the   speed    187.5   r.p.m. 

Adjacent  cranks  are  set  in  the  same 
position  on  the  crankshaft  and  the  two 
cranks  of  one  member  of  the  pair  are 
set  at  180  deg.  from  those  of  the  other. 
There  are  two  explosions  per  revolution 
of  the  crankshaft,  the  engine  working 
on  the  four-stroke  cycle.  Although  each 
cylinder  has  a  separate  valve  motion, 
the  crude-oil  supply  pumps  of  all  four 
cylinders  are  arranged  around  the  valve- 
motion  shaft  of  cylinder  No.  1   (the  right- 


Compresied Air 
Inlet  Valve 


Fic.  1.    Plan  View  of  a  Generating  Unit  in  the  Torda  Plant 


at  once.  A  new  power  house  was  ac- 
cordingly built  and  equipped  with  two 
300-hp.  Nicholson-Litzenmayer  crude-oil 
engines,  each  direct-connected  to  a  260- 
kv.-a.  Siemens-Schuckert  alternator  de- 
signed to  deliver  three-phase  currents  at 
3100  volts  and  50  cycles.  The  old  100- 
hp.  Diesel  engine  and  generator  were 
retained  and  modernized. 


*Of  a  paper  by  I^aszlo  Bano.  presf-nted 
before  the  Hungarian  Society  of  Engi- 
neers and  Architects  of  Budapest. 
Translated  bv  B.  I.  Oesterreioher  for  the 
Journal  of  the  Society  of  Hungarian  En- 
gineers  of    America. 


in.  pitch.  In  the  basement  are  four  elec- 
trically driven  cooling-water  pumps,  two 
of  the  centrifugal  and  two  of  the  piston 
type.  The  pumps  take  the  hot  jacket 
water  from  the  engines  and  deliver  it 
to  a  cooling  tower  about  20  ft.  above 
the  engine-room  floor;  from  here  it  flows 
by  gravity  to  the  engine-cylinder  jackets 
and  the  compressed-air  tank  cooling  coils 
in    the   basement. 

The  engines  of  the  new  units  are  twin 
two-cylinder,  horizontal  machines,  with 
the  generator  mounted  between  the  two 


hand  cylinder  in  Fig.  1 )  and  connected 
to  a  centrifugal  governor  which  regulates 
the  oil  supply  for  varying  load  condi- 
tions. 

One-half  of  the  engine  bed  and  the 
outside  cylinder  barrels  of  one  pair  are 
cast  in  one  piece.  The  cylinder  liner 
fits  closely  into  a  ring  at  both  ends  of  the 
outer  barrel.  A  brass  ring  between  the 
two  barrels  at  the  crank  end  makes  the 
joints  water-tight.  The  head-end  flanges 
of  both  barrels  are  slightly  tapered  and 
rubber  gaskets  between  the   two  tapered 
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metallic  surfaces  serve  to  keep  the  joints 
tight  and  also  allow  the  necessary  play 
for  the  expansion  or  contraction  differ- 
ences of  the  liner  and  the  outer  barrel. 
The  crankshaft  is  made  of  Martin  steel 
in  two  pieces,  a  counterbored  flange 
coupling  fastening  the  two  halves  to- 
gether. 

A  centrifugal  oiling  device  lubricates 
the  crankpins  and  all  other  shaft  bear- 
ings have  oil-ring  lubrication;  the  pis- 
tons are  fed  by  automatic  oil  presses. 

The  pistons  are  of  the  long  trunk  type, 
packed  by  eight  rings  each.     The  cross- 


The  valve-inotion  shaft  carries  three 
cams  which  operate  the  air  inlet  and  ex- 
haust valve  rods  through  rollers.  Be- 
side the  cam  for  the  compressed-air  inlet 
valve,  a  higher  cam  controls  the  air 
supply  at  the  start.  By  means  of  a  spring 
pawl  the  air-inlet  valve-rod  may  be 
shifted  to  either  the  starting  or  the  run- 


supply  to  the  cylinders.  The  governor 
is  of  the  ordinary  weight  and  spring 
type,  and  is  provided  with  a  handwheel 
and  a  small  electric  motor  by  means  of 
which  the  governor  spring  tension  can 
be  adjusted  to  get  the_  proper  speed. 
The  motor  is  wired  for  remote  control 
from  the  main  switchboard,  giving  com- 
plete speed  control  to  the  operator  for 
synchronizing  and  operating  the  generat- 
ing sets  in  parallel. 

The  necessary  compressed-air  supply 
on  account  of  its  high  pressure  (850  to 
1050  lb.  per  square  inch)   is  compressed 


MM 
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Fig.  2.    Breech-end  View  of  a  Torda  Generating  Unit 
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head  pin  is  made  of  Mannesman  com- 
pound cast  steel  with  glass-hard  outer 
working  surfaces   and   soft   cores. 

The  cylinder  breech  is  a  separate  piece, 
made  of  cast  iron,  with  a  jacket  for  water 
cooling.  On  one  side  the  breech  fast- 
ens to  the  end  of  the  cylinder  barrel; 
the  other  side  is  closed  by  a  removable 
cast-iron  head,  allowing  easy  and  quick 
access  to  the  interior. 

The  most  important  part  of  the  en- 
gine, the  air-nozzle  head,  is  a  combina- 
tion of  starting  device,  oil  warmer  and 
carbureter,  and  assists  in  igniting  the 
charge.  It  projects  through  the  center 
of  the  cylinder  head.  Figs.  3  and  4  show 
two  cross-sections  at  90  deg.  to  each 
other.  Each  cylinder  is  equipped  with 
this  attachment,  so  that  the  engine  may 
be  started  with  whichever  piston  is  in 
good  starting  position.  By  turning  the 
handwheel  C  the  valve  stem  D  opens 
the  ball  valve  E,  through  which  com- 
pressed air  at  950  lb.  pressure  per  square 
inch  flows  through  passages  H  and  P 
into  the  cylinder  and  starts  the  engine, 
after  which  the  ball  valve  E  is  closed. 
During  the  suction  stroke,  one  of  the 
crude-oil  pumps  M  around  the  lay  shaft 
(Fig.  5)  forces  the  necessary  fuel  oil 
through  the  check  valve  O  into  the  oil- 
warming  chamber  S,  which  is  in  constant 
communication  with  the  explosion  cham- 
ber. Immediately  before  the  dead  cen- 
ter is  reached,  the  valve  mechanism 
opens  the  compressed-air  inlet  valve  G 
and  compressed  air  rushes  into  the  cham- 
ber B,  when  the  previously  deposited  ind 
warmed  oil  becomes  mixed  with  the  in- 
rushing  air  and  is  carried  into  the  ex- 
plosion chamber.  At  the  end  of  the 
compression  stroke,  the  temperature  in 
the  cylinder  attains  or  exceeds  the  igni- 
tion temperature  of  the  oil,  igniting  the 
mixture   of  air  and   oil. 


ning  cam;  this  arrangement  makes  it 
unnecessary  to  provide  a  separate  start- 
ing valve;  moreover,  the  engine  is  self- 
starting  when  it  stops  in  a  favorable  po- 
sition with  re'oect  to  the  starting  cam 
of  the  comprts     ""-air  inlet  valve. 

Another  important  feature  of  the  en- 
gine is  the  crude-oil  supply  pump  and 
its  connection  to  the  centrifugal  gov- 
ernor. Fig.  5  shows  the  four  pumps 
arranged    equidistantly    around    the    lay- 


in  two  stages:  the  first  attains  a  pres- 
sure of  104  lb.,  and  the  air  then  passes 
through  a  cooler  to  the  high-pressure 
cylinder,  and  after  being  compressed  to 
the  required  pressure,  to  a  second  cooler 
whence   it   passes   into   the   air  tanks. 

The  low-pressure  pistons  are  of  cast 
iron  and  have  ordinary  ring  packings; 
the  high-pressure  pistons,  in  addition  to 
rings,  have  labyrinth  packings.  The  air 
compressor  suction  valves  take  air  fron? 


Fig   4 

Inlet  Valves 

shaft,  which  is  also  the  governor  shaft. 
The  eccentric  /  forces  the  plunger  pis- 
tons inward  and  they  are  returned  by 
springs. 

Within  the  eccentric  /  another  eccentric 
/  will  be  noticed;  this  second  eccentric 
is  pinned  to  a  disk  which  is  rotated  by 
the  centrifugal  governor.  Turning  one 
eccentric  within  the  other  will  change 
the  eccentricity  and  correspondingly 
change  the  stroke  length  of  the  oil-pump 
pistons,  thereby  regulating  the  crude-oil 


the   basement,   thus  eliminating  the   rat- 
tling noise  from  the  engine  room. 

The  daily  fuel-oil  supply  is  stored  in  a 
small  tank  mounted  on  the  outside  of  the 
building  wall  near  the  engines,  and  the 
oil  flows  by  gravity  to  the  four  supply 
pumps  of  each  unit.  The  bulk  of  the 
oil  is  stored  in  two  large  reservoirs  built 
in  the  ground  in  the  power-house  yard 
and  the  supply  for  one  day's  run  is 
pumped  into  the  smaller  feed  tank  each 
day. 
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Engine   Performance  per    kilowatt-hour,    with    reductions    to 

The    fuel    consumption    per    kilowatt-  large  consumers.  A  renting  fee  is  charged 

hour,  measured  at  the  switchboard,  was  for    the    wattmeters,    ranging    from    10c. 

guaranteed   not   to   exceed   the    following  per   month    for   the   small   meters   up    to 

lates:  60c.    for   the    larger   ones. 
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Fig.  6.    View  of  Torda  Engine  on  Governor  Side 
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An  ofRcial  test  was  carried  out  under 
the  supervision  of  a  number  of  disin- 
terested engineers;  the  results  are  given 
in  the  accompanying  table.  The  price 
of  100  kg.  of  crude  oil  delivered  to  the 
power  plant  is  7  crowns,  and  assuming 
that  the  specific  gravity  of  the  oil  is  0.88, 
the  cost  per  U.  S.  gallon  would  be  2.4c. 

According  to  the  test  results  the  cost 
of  fuel  per  kilowatt-hour  at  full  load  de- 
livered at  the  switchboard  would  be  0.4c. 
and  at  one-half  load,  0.5'c.  The  pric^ 
per  brake  horsepower-hour  at  full  load 
would  be  0.268c.,  and  at  one-half  load, 
0.3c.  After  an  eight  hours'  continuous 
run,  during  seven  of  which  the  engines 
were  under  full  load,  the  temperature 
was  taken  at  different  points  on  the  en- 
gines and  generators,  and  it  was  found 
that  the  temperature  of  the  seemingly 
hottest  crankpin  was  89.6  deg.  F.,  or 
19.6  deg.  above  the  engine-room  tem- 
perature. The  maximum  generator  tem- 
perature was  113  deg.,  or  43  deg.  above 
the    room    temperature. 

The  cost  of  the  power  plant  and  equip- 
ment was  as  follows: 

Oil   engines,   generator  and   entire 

engine-room  equipment S106,644  00 

Power-house  building 22, .3  17  50 

.iterations  to  Diesel  engine 2 ,600  00 

Total S131.5fll  ,50 

Although  owned  by  the  city,  the  plant 
is  entirely  free  from  the  cumbersome, 
old-fashioned  city  administration.  There 
are  three  directors,  presided  over  by 
the  mayor,  and  a  general  manager,  who 
is  a  professional  engineer,  has  full  charge 
of  the  plant  and  is  responsible  to  the 
directors  for  its  proper  operation. 

Electric  energy  is  sold  to  small  light- 
ing consumers  at  14c.  per  kilowatt-hour 
with  a  sliding-scale  reduction  according 
to  the  monthly  energy  consumption.  For 
power  purposes,  energy  is  sold   at  0.6c. 


Oil  engine . 
Generator 
Duration  oi 

Net    "iH|,,i 


Total  average  output, 

incliidinf<  exciter ,  . 

VoliaL'i',  nii'an  hoiirlv 


RESULTS 
131-134 
7,451 
4  liours 

198.7 
3.85 
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lit.-,    lll'':lll  186. S 

Averii'j.'  .'M-iii.'  hois,.- 

POH.  ■       n,l  .    ::,  <|  441,63 

No-k.:i''  .  ,!•  in.     ii, ,,-..- 

pow.  I         :     .ii'  i|  120,08 

Avera;;'   '  ii-iiir,  Make 

lior.si  puwer 321.55 

Avt-raf^e  ilpctrical 

Iiorsi'power 266.50 

Heat    value   of  crude 

oil,  ,appiox 18,037  B.t.u. 

Total  oil  consumption 

per  liour 131.285  lb. 

Oil   consumption   per 

kilowatt-hour 0.66 

Oil  consumption  per 
brake  horsepower- 
hour 0.408 

Oil  consumption,  in- 
dicated horsepower- 
hour  , , 

Mechanical  efficiency 
of  engine 

Mech.  and  elec.  eff.  of 
engine-generator 
imit 

Thermal  efficiency 
with  respect  to  in- 
dicated horsepower 

Thermal  I'lbcifiicv   in 


OOnllii'j.    .'  ,,;i,|      lllli'l) 

Temperature  of  jacket 
cooling  water  (dis- 
charge)  


127-130 

7,4.->2 

6  hours 

189,1 

4.7 

193.8 
2,881 
38.25 

187 

11 8. So 

120,08 

298.77 

253.60 

18,037  B,t,u. 

127,534  lb. 

0.675 

0,427 


Temperature 
haust  gases 


0,297 

0.304 

72.8% 

71.3% 

60.3% 

60.5% 

47,5% 

46,3% 

34 , 5%, 

33,0";; 

.59°  F. 

59°  F. 

98,6  to  107 
deg.  F. 

104  to  120 
deg.  F. 

509  to  644 
deg.  F. 

654  to  688 
deg.  F. 

CORRESPONDENCE 

Care  of  Exhaust  Valve  Stems 

J.  W.  Fries'  article  in  the  Mar.  12 
issue  of  Power  is  of  a  great  deal  of  prac- 
tical value;  he  describes  an  easy  means 
of  meeting  a  condition  that  nearly  every 
operator  of  internal-combustion  engines 
will   be  confronted  with  sooner  or  later. 

As  soon  as  there  is  sufficient  wear  of 
either  the  valve  stem  or  the  guide  for 
even  a  slight  leakage  of  exhaust  gas,  it 
becomes    nearly    impossible    to    lubricate 


the  stem  because  the  extreme  heat  of 
the  exhaust  gas  burns  the  oil,  especially 
if   the   stem    is    not    water-cooled. 

My  experience  has  been  similar  to  that 
of  Mr.  Fries  excepting  that  the  valves 
and  stems  were  not  water-cooled,  and 
that  I  bushed  the  guides  instead  of 
"sleeving"   the   stems. 

The  old  stems  were  an  inch  in  diam- 
eter, so  I  had  new  stems  turned  up  from 
IJs-in.  mild  steel.  These  were  driven 
into  the  valve  heads  and  headed  over 
on  the   opposite   side. 

Then  I  had  the  guides  bored  out  to 
1^2  in.  diameter,  and  put  in  brass  bush- 
ings bored  out  to  fit  the  stems  except 
for  a  distance  of  about  1  in.  near  the 
center  of  the  bushing,  where  the  bore  is 
made  about  '4  in.  oversize,  leaving  an 
annular  pocket  all  the  way  around  the 
stem,  for  holding  a  lubricant.  A  hole 
through  the  side  leads  to  this  pocket 
and  I  fill  it  with  grease  under  pres- 
sure. 

I  keep  extra  bushings  on  hand  and 
it  is  only  a  short  job  to  drive  out  a 
vv'orn  one  and  replace  it  with  a  new  one. 
Earl  Pacett. 

Coffeyville,   Kan. 


Testing  a    Small    Gas    Engine 
with  a  Prony  Brake 

A  simple  prony-brake  test  of  a  3-hp. 
gas  engine  brought  out  a  feature  of 
brake  testing  that  might  be  helpful  to 
some  of  the  readers  of  Power. 

The  test  was  run  on  a  single-cylinder 
engine  having  a  flywheel  14  in.  in  diam- 
eter and  designed  to  deliver  3  hp.  at  650 
r.p.m.,  working  on  the  two-stroke  cycle. 
The  prony  brake  was  a  heavy  home-made 
wooden  affair  having  a  lever  arm  2  ft. 
long  and  a  bearing  surface  of  about  20 
sq.in.  Water  was  used  for  cooling.  When 
the  engine  was  running  free  it  turned  up 
about  830  r.p.m. 

The  brake  was  screwed  up  until  a 
torque  of  20  foot-pounds  was  registered 
and  the  speed  was  700  r.p.m.  So  far 
so  good;  but  when  an  additional  twist, 
however  small,  was  given  to  the  thumb- 
nut  the  brake  seized  tight,  stopping  the 
engine  short.  This  happened  several 
times,  and  then  it  was  suggested  that  oil 
should  be  used  in  place  of  water.  This 
was  done,  with  the  result  that  the  brake 
could  be  tightened  down  to  obtain  almost 
any  speed  within  the  limits  of  400  and 
830  r.p.m.  The  maximum  horsepower, 
3.2,   was   developed   at   about   670   r.p.m. 

It  seemed  that  the  brake  was  so  heavy 
and  powerful  that  its  efficiency  as  a  brake 
had  to  be  reduced  by  using  oil  before  it 
could  be  practical  for  measuring  such 
small  power.  In  general,  a  brake  should 
be  as  light  as  possible  to  stand  the 
torque,  and  a  fine-pitch  tightening  screw 
should  be  used  to  put  the  load  on  grad- 
ually. 

Alan  A.  Slade. 

Providence,  R.  I. 
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Heating  and  Ventilation 

Considered  as  power-plant  problems.     Layout  and  operation  of  systems  and  apparatus 


Piping  a  Dry  Kiln 

By  W.   H.   Wakeman 

Inasmuch  as  some  of  the  dry  kilns 
found  in  service  are  not  piped  according 
to  approved  designs.  Fig.  1  is  presented 
to  illustrate  several  valuable  points  in 
this  connection.     It  is  proposed   to   take 
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Water  of  condensation  flows  through 
the  heating  pipes  into  the  return  header, 
which  is  relieved  of  surplus  pressure  by 
a  2-in.  pop,  or  a  lYz-'va..  lever  safety 
valve.  This  water  falls  into  a  2x34x2- 
in.  tee  and  thence  flows  to  a  receiver, 
from  which  it  is  taken  by  a  duplex  pump 
and  returned  to  the  boiler. 


Scrfeiy  Valve 
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2x^x2'Tef 
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the  34.111.  drip  pipe  discharges  directly 
into  a  2x2x^-in.  tee.  The  entire  return 
pipe  is  2  in.  in  diameter  and  it  discharges 
into  a  receiver  B,  from  which  it  is  taken 
by  a  duplex  pump  and  returned  to  the 
boiler.  As  a  higher  pressure  is  avail- 
able in  this  case,  an  ordinary  pump  can 
be  used;  size  5x3x5  in.  will  be  sufficient. 
A  sight-feed  lubricator  is  shown  at  C 
and  the  separator  D  removes  all  oil  from 
the  exhaust  steam.  This  can  now  be  dis- 
charged into  the  heating  system,  thus 
preventing  all  loss  of  heat  from  this 
cause. 
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Fig.  1.    Original  Layout  of  Piping 


steam  at  15  lb.  pressure  from  a  40-hp. 
tubular  boiler  and  heat  a  kiln  about  200 
ft.  distant.  This  kiln  contains  about  5000 
ft.  of  U4-in.  pipe,  laid  in  sections  be- 
low the  floor  line,  and  the  heating  pipes 
pitch  toward  the  boiler. 

As  the  pressure  is  light,  the  supply 
pipe  must  be  large  accordingly;  hence 
4-in.  pipe  should  be  used.  Steam  will 
be  turned  on  and  shut  off  by  an  angle 
valve,  with  the  stem  set  vertically  as 
shown.  Sometimes  a  safety  valve  is  lo- 
cated here,  with  a  globe  valve  beyond 
it,  but  it  is  much  better  to  have  a  sep- 
arate outlet  for  surplus  steam.  While 
the  kiln  is  in  service  two  outlets  are  then 
available  to  prevent  overpressure,  but 
the  safety  valve  ought  to  be  large  enough 
to  constitute  what  its  name  implies.  A 
3-in.  pop  or  a  4-in.  lever  valve  will  be 
sufficient. 

The  main  steam  pipe  should  pitch  from 
the  boiler  throughout  its  entire  length 
(except  a  short  vertical  piece)  and  the 
nearly  horizontal  part  terminates  in  a 
4xJ4x4-in.  tee.  The  -M-in.  outlet  is  nec- 
essary to  drain  the  main  pipe,  as  other- 
wise water  will  collect  at  this  point  and 
prevent  a  free  flow  of  steam.  As  this 
pipe  is  connected  directly  into  the  main 
return  pipe,  it  appears  as  if  steam  might 
flow  directly  back  without  going  through 
the  heating  pipes,  but  it  is  too  small  to 
do  more  than  provide  a  hot  drip  pipe, 
which  is  necessary  to  prevent  water- 
hammer. 


As  the  available  steam  pressure  is 
light,  this  service  calls  for  a  low-steam 
pump,  with  a  steam  piston  about  6  in., 
a  water  piston  about  2  in.  in  diameter, 
and  a  stroke  of  6  in.  or  the  equivalent  of 
this  design.  The  exhaust  steam  from 
this  pump  must  be  wasted,  as  it  cannot 
he  discharged  into  the  heating  system 
against  full  pressure. 


Steam    Heating   of   Large 
Department  Stores 

By  Henry  D.  Jackson 

In  the  Feb.  27  issue,  Davis  S.  Boy- 
den  gave  some  interesting  figures  on 
the  cost  of  heating  department  stores. 
His  figures,  however,  are  entirely  from 
the  central-station  standpoint;  and  while 
his  article  leads  to  the  belief  that  it  was 
far  cheaper  to  heat  the  building  as  in- 
dicated and  purchase  the  electrical  power 
necessary,  it  is  doubtful  if  such  is  the 
fact  if  we  use  Mr.  Boyden's  own  figures 
for  the  coal  required  for  furnishing  this 
power. 

The  figures  given  in  Table  4,  on  page 
302,  make  it  possible  to  figure  the  total 
cost  for  electric  power,  which  amounts  to 


Fig.   2. 


V////////////// 
New   Arrangement   Which    Gave  Better  Satisfaction 


Fig.  2  illustrates  an  improved  piping 
system  for  the  same  plant,  provided  about 
40  lb.  pressure  can  be  carried  on  the 
boiler.  A  reducing  valve  is  shown  at  A, 
which  lowers  the  pressure  to  10  lb.  The 
heating  pipes  pitch  from  the  boiler;  hence 
the  nearly  horizontal  steam  pipe  termi- 
nates in  a  4x-V4x4-in.  tee  as  before,  but 


$53,87f<.31,  or  approximately  1.94c.  per 
kilowatt-hour.  This,  as  may  be  noticed, 
is  a  low  price  for  electric  power  gen- 
erated in  a  central  station. 

In  the  article  Mr.  Boyden  states  that 
the  coal  which  would  be  required  in  an 
isolated  plant  to  generate  the  electric 
power   for   this   building   would   be   6941 
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tons.  A  considerable  portion  of  this 
would  be  available  for  heating,  so  that 
this  total  coal  would  not  only  represent 
that  required  for  electric  power,  but,  if 
the  plant  were  properly  operated,  it  would 
be  available  to  some  extent  for  heating 
purposes.  With  coal  at  $3  a  ton,  this 
would  represent  $20,823. 

There  is  already  in  the  plant  750  hp. 
in  boiler  capacity.  The  total  boiler  ca- 
pacity required  if  1500  kw.  of  generator 
capacity  was  installed,  would  not  exceed 
1250  hp.,  as  boilers  under  the  present 
rating  can  readily  be  crowded  to  give 
nearly  double  their  rated  capacity  when 
occasion  requires;  therefore  it  would  be 
easy  to  have  one  spare  boiler  with  1250 
boiler  horsepower  installed  in  units  of 
250  hp.  each.  Then  the  total  capacity 
of  the  plant  would  be  1500  kw.,  which 
would  be  ample  for  the  purp 

Mr.  Boyden  figures  out  the  yearly  load 
factor  on  this  plant  to  be  9.3  per  cent., 
and  it  is  interesting  to  notice  that  the 
central  station  which  furnishes  power  to 
this  company  has  a  ratio  of  the  average 
consumption  to  the  total  connected  load 
of  but  9.9  per  cent.,  which  nearly  ap- 
proximates the  same  condition  that  he 
claims  holds  in  the  isolated  plant.  As 
the  central  station  has  absolutely  no 
means  of  obtaining  profit,  or,  what 
amounts  to  the  same  thing,  of  reducing 
the  cost  by  the  use  of  the  exhaust  steam, 
this  ratio  means  far  greater  losses  in 
the  central  station  than  it  does  in  the 
isolated  plant. 

A  plant  of  this  type  should  not  cost 
over  $90,000;  the  building  and  the  stack 
are  already  there  and  are  required  for 
other  purposes  than  the  generating  plant. 
Taking  the  maintenance,  depreciation, 
etc.,  at  12  per  cent,  would  give  a  fixed 
charge  of  $10,800.  Allowing  a  reason- 
able increase  in  the  amount  of  labor 
would  make  the  total  cost  for  labor 
$6000;  water,  $1300;  supplies,  etc., 
$1500,  making  a  total  cost  for  heating 
and  electric  power  of  $40,423,  or  a  sav- 
ing of  approximately  $15,453  over  the 
purchasing  of  power  alone,  in  accordance 
with  Mr.  Boyden's  figures,  and  it  is  to 
be  noted  that  no  fixed  charges  are  made 
upon  the  heating  plant,  so  that  the  actual 
saving  would  be  considerably  greater.  In 
these  figures  it  has  been  assumed  that 
Mr.  Boyden  is  correct  when  he  says  that 
it  will  take  5  lb.  of  coal  per  kilowatt- 
hour.  I  do  not  believe  that  a  similar 
plant  would  need  anything  like  5  lb.  per 
kilowatt-hour.  While  light  is  required 
practically  day  and  night,  the  amount  for 
the  latter  is  comparatively  small.  This, 
however,  would  readily  be  taken  care  of 
without  a  material  waste  of  coal  if  the 
generating  units  were  properly  propor- 
tioned, and  under  the  conditions  of  a 
heating  system  properly  arranged,  the 
back  pressure  should  be  negligible; 
therefore,  4  lb.  of  coal  per  kilowatt-hour 
should  be  ample  for  all  purposes,  and 
would  reduce  the  coal  com  to  $16,700,  or 


the  total  cost  to  $36,323,  including  fixed 
charges. 

As  the  plant  now  operates,  the  heating 
cost  is  $8582.29  and  the  electric  power 
costs  $53,876.31,  making  a  total  cost  of 
$62,458.60.  This  makes  a  saving  of  $26,- 
135.60,  neglecting  the  interest,  mainte- 
nance and  depreciation  charges  on  the 
heating  plant  which  would  materially  in- 
crease the  saving. 

Fig.  3  of  Mr.  Boyden's  article  is  de- 
cidedly interesting  to  the  illuminating 
engineer.  According  to  the  curve  of  kilo- 
watts of  electrical  energy  supplied,  it 
might  be  imagined  that  there  were  no 
windows  at  all  in  this  building,  as  the 
load  comes  on  shortly  after  8,  rises  very 
rapidly  until  9,  gradually  increases  un- 
til 5,  and  then  rapidly  drops  off;  in  other 
words,  the  effect  of  the  increasing  light 
due  to  the  rising  sun  or  to  the  increas- 
ing daylight  has  absolutely  no  effect  in 
reducing  the  amount  of  power  required. 
This  condition  of  affiairs  is  hardly  con- 
sistent with  that  in  most  establishments, 
for  as  the  day  brightens,  it  would  be 
natural  for  the  electrical  energy  required 
for  light  to  diminish. 

As  a  matter  of  fact,  these  buildings 
get  light  from  two  sides,  have  very  large 
window  surfaces,  and  should  be  fairly 
well  lighted  during  daylight  hours.  It 
might  be  thought  that  Mr.  Boyden's  curve 
is  one  taken  from  a  dark,  gloomy  day 
rather  than  from  a  typical,  clear  winter 
day.  If  not,  the  building  manager  is 
decidedly  remiss  in  that  he  apparently 
does  not  reduce  the  amount  of  light  used 
artificially  in  accordance  with  the  amount 
of  light  available  from  outside  sources. 

It  is  also  interesting  to  notice  that  if 
the  cost  of  heating  as  given  in  Mr.  Boy- 
den's paper  is  subtracted  from  the  total 
cost  of  heating  and  electric  power,  as  it 
would  be  in  the  case  of  an  isolated  plant, 
the  cost  of  electric  power  per  kilowatt- 
hour  would  be  approximately  Ic.  as 
against    1.94c.  as  purchased. 


In  the  Isolated  Plant  for  April  appears 
an  article  criticizing  Mr.  Boyden's  paper. 
In  the  course  of  the  article  it  is  stated 
that  if  an  isolated  plant  had  been  in- 
stalled the  fuel  bill  per  year  would 
amount  to  $25,000. 

Mr.  Boyden  states  that  $5718  was 
spent  for  1920  tons  of  fuel,  almost  ex- 
actly $3  per  ton.  The  total  kilowatt- 
hours  are  given  as  2,776,370,  and  the 
evaporation  from  and  at  212  deg.  as  9.3 
lb.  of  water  per  pound  of  coal.  Dividing 
$25,000  by  3  would  give  8333  tons  of 
coal,  and  at  2000  lb.  per  ton  this  would 
mean: 


8333  X  2000 _ 
2,776,370 


6/6. 


Mr.  Boyden  himself  only  allows  5  lb. 
of  coal  per  kilowatt-hour,  and  surely 
no  one  should  accuse  him  of  being  mean 
from   his  standpoint  and   interest. 

There  would  be  only  about  176  tons 
of  coal  required  for  live-steam  heating 
under  the  worst  conditions,  and  a  large 
)portion  of  the  200  tons  allowed  for 
kitchen  and  hot-water  service  would  be 
heated  by  exhaust  steam  in  the  case  of 
an   isolated   plant   being  installed. 

If  93  lb.  of  steam  are  generated  per 
pound  of  fuel  from  and  at  212  deg.  F., 
the  steam  consumption  per  kilowatt-hour 
at  the  switchboard  would  amount  to 
nearly  56  lb.  This  would  be  equivalent 
to  42  lb.  of  steam  per  brake  horsepower- 
hour  which  is  well  within  the  range  of  an 
old-fashioned  slide-valve  engine. 

1r.\  N.  Evans. 

New  York  Citv. 


A  .Temporary   Repair 

A  low-pressure  steam-heater  section 
became  checked  or  cracked  as  shovvin  in 
the  drawing  at  A.  It  leaked  so  badly 
that  it  became  necessary  to  provide  some 
means  of  repair  so  that  steam  could  be 
maintained.  A  new  section  was  ordered 
from  the  factory,  but  a  delay  of  two  to 
three  weeks  was  necessary.  The  heater 
was  needed  more  or  less  until  the  new 
section  came,  so  the  following  method 
v\as   adopted: 

The  section  was  taken  out  from  the 
setting,    and    the   crack   scraped    with    an 


per  kilowatt-hour  in  fuel,  d'sregardine 
the  heating  for  the  time  being.  What 
kind  of  an  engine  as  large  as  500  kw. 
would   show  such   a   poor  performance? 


Showing  Crack  in  Section 

old  file  until  a  crevice  I's  in.  deep  was 
found.  It  was  scraped  on  the  inside 
as  well  as  the  outside  as  it  could  be  got 
at  through  the  steam  hole  B.  The  crevices 
were  washed  with  acid,  rinsed  with  v/ater 
and  filled  with  the  following  paste: 
Smooth-On,  sal  ammoniac  and  water. 
This  paste  was  worked  in  well  and  left 
to  stand  for  24  hours.  The  section  was 
put  back  in  place  and  has  been  working 
under  a  pressure  of  8  lb.  for  five  or  six 
weeks. 

J.  Hug. 
Ames,   Iowa. 
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Steam   Power  Plants 

The  January  Proceedings  of  the  Engi- 
neers' Society  of  Western  Pennsylvania 
contains  a  very  interesting  paper  on 
"Steam  Power  Plants,"  by  O.  S.  Lyford* 
and  R.  W.  Stovel,t  which  was  read  at  the 
December  meeting  of  that  society. 

Owing  to  the  breadth  of  the  subject 
the  paper  was  confined  to  steam-turbine 
plants  using  bituminous  coal  for  fuel. 
Ten  plants  of  this  character  were  se- 
lected ranging  in  capacity  from  79,000 
down  to  1000  kw.,  and  the  considera- 
tions affecting  their  design  together  with 
cost  data  are  taken  up. 

Referring  to  Table  1,  which  shows  the 
probable  limits  of  cost  of  stations  be- 
longing to  the  class  referred  to,  some  of 
the  costs  apparently  do  not  have  any 
specific  relation  to  the  capacity  installed 
and  the  probable  range  in  such  costs  is  a 
matter  of  previous  experience.  This  re- 
fers to  such  items  as  "preparing  site," 
"yard  work"  (such  as  condensing  water 
flumes,  ete.)  and  "service  equipment." 

It  was  pointed  out  that  the  founda- 
tion costs  would  range  from  SI. 25  to  $4 
per  square  foot  of  building-plan  area, 
depending  upon  the  character  of  the 
soil.  The  lower  figure  would  cover  sim- 
ple concrete  footings  or  good  bearing 
soil  while  the  necessity  for  piling,  water- 
proofing, excessive  rock  excavation,  etc., 
would  bring  the  cost  near  the  higher  fig- 
ure. The  plan  area  will  average  from 
0.8  to  1.5  sq.ft.  for  each  kilowatt  of 
capacity  installed,  depending  upon  the 
size  and  arrangement  of  the  units. 

The  building  costs  will  vary  from  8  to 
12c.  per  cubic  foot  of  building  volume, 
and  there  will  be  required  from  50  to 
100  cu.ft.  of  volume  per  kilowatt  of  ca- 
pacity, making  from  S4  to  S12  per  kilo- 
watt. 

The  boiler-room  equipment  costs  are 
shown  in  Table  2.  These  represent  labor 
and  material  only  and  do  not  include  any 
general  charges  such  as  engineering  or 
supervision.  The  unit  costs  in  Table  2 
relate  to  rated  boiler  horsepower,  where- 
as those  in  Table  1  are  based  upon  kilo- 
watts capacity  of  the  generators.  These 
costs,  however,  generally  vary  directly 
with  the  rating  of  the  boilers  regardless 
of  how  much  boiler  capacity  may  be  in- 
stalled to  serve  a  given  generator  capa- 
city. 

In  regard  to  economizers,  the  authors 
state  that:  "With  50  per  cent,  annual 
load  factor  and  coal  costing  S3  or  more 
per  ton,  the  saving  with  economizers  is 
enough  to  more  than  cover  their  fixed 
charges  and  maintenance.  These  condi- 
tions may  vary  20  per  cent,  and  the 
economizers  still  show  an  annual  saving. 
When  the  coal  costs  less  than  .S3  per 
ton  economizers  are  seldom   justified  by 


heat  economy  only,  although  they  may 
be  justified  from  the  standpoint  of  heat 
storage.  With  a  rapidly  fluctuating  load, 
they  aid  the  boilers  in  meeting  sudden 
demands." 

As  to  the  selection  of  condensers,  it 
is  the  authors'  opinion  that  since  sur- 
face condensers  will  cost  from  $1  to  $3 
more  per  kilowatt  than  the  mixing  type, 

TABLE  1.  COST  OF  STEAM  TURBO- 
ELECTRIC  GENERATING  STATIONS 
FROM  2000  TO  20.000-KW.  CARACITY, 
BASED  ON  MAXIMUM  CONTINUOUS 
CAPACITY  OF  GENERATORS  AT  50 
DEG.    RISE. 

Dollars  per 

kilowatt 
High       Low 
Preparing       Site — Disman- 
tling        and         removing 
structures       from        site, 
making       construction 

roads,    tracks,    etc $0.25  .... 

Yard  Work — Intake  and 
discharge  flumes  for 
condensing  "water,  rail- 
way siding.  grading, 
fencing,  sidewalks,  etc..  2.50  $1.00 
Foundations  —  Including 
foundations  for  build- 
ings, stacks  and  ma- 
chinery, together  with 
excavation,  piling,  wa- 
terproofing,    etc 6.00  1.00 

Building  —  Including 
frames,  walls.  floors, 
windows  and  doors,  coal 
bunker,  etc.,  but  exclu- 
sive of  foundations, 
heating,      plumbing     and 

lighting     12.00  1.00 

Boiler-room  Equipment — 
Including  boilers,  stok- 
ers, flues,  stacks,  feed 
pumps,  feed-water  heat- 
er, economizers,  me- 
chanical draft  and  all 
piping  and  pipe  cover- 
ing for  entire  station 
except    condenser    water 

piping    24.00        12.00 

Turbine-room  Equipment 
— Including  steam  tur- 
bines and  generators, 
condensers  with  con- 
denser auxiliaries  and 
condensing-\vater  pip- 
ing,   also    oiling    system, 

etc 22.00        12.00 

Electrical  Switching 
Equipment  ^  Including 
exciters  of  all  kinds, 
masonry  switch  struc- 
ture with  all  switch- 
boards, switches,  instru- 
ments, etc.,  and  all  -wir- 
ing,   except    for    building 

lighting     5.00  2.00 

Service  Equipment — Such 
as  cranes,  lighting,  heat- 
ing, plumbing,  fire  pro- 
tection, compressed  air, 
furniture.  permanent 

tools.       coal       and       ash- 
handling  macliinery,  etc.        5.00  2.50 
Starting     Up — Labor,     fuel 
and  supplies   for  getting 
plant      ready      to      carry 

useful      load 1.00  0.50 

General  Charges — Such  as 
engineering,  purchasing, 
supervision,  clerical 
work,  supplies,  watch- 
men,   cleaning    up,    etc..        6.00  3.00 


the    maximum    load,    then    surface    con- 
densers are  not  warranted. 

Table  3  gives  a  summary  of  operating 

TABLE  2.      BOILER-ROOM  EQUIPMENT 

COSTS    PER    RATED    BOILER 

HORSEPOWER 

Dollars  per 
horsepower 
High  Low 

Boilers,    exclusive    of    mii- 

sonry     setting ?11.00  $8.00 

Superheaters     3.00  .... 

Stokers    5.50  3.00 

Masonry  setting-  for  boil- 
ers           3.50  2.00 

Flues 1.50  0.75 

Stacks    4.00  2.00 

Economizers    4.00  .... 

Mechanical    draft    3.00  

Feed    pumps 1.50  0.50 

Peed    heaters 1.00  0.40 

All  piping  and  pipe  cover- 
ing        10.00  6.00 

Coal  chutes  and  ash  hop- 
pers          1.25  .... 

Various  items,  such  as  in- 
dicating and  recording 
metei's,  damper  regula- 
tor, ladders  and  run- 
ways,   painting,    etc 1.00  0.50 

Totals     $50.25        5  23.15 


Range  of  practice 

B.t.u.   per  pound  of  fuel.  ..  14,000  .... 

Average  yearly  overall 
boiler  and  furnace  effi- 
ciency             50  "0 

Effective    B.t.u.    per    pound 

of    fuel 7,000  9.t;00 

Boiler,     pressure,       pounds 

per  square  inch,  gage...       125  190 

Superheat,  degrees  Fah- 
renheit       125 

Average  feed-water  tem- 
perature, degrees  Fah- 
renheit            120  200 

B.t.u.    per    pound    of    steam 

(approximate)     1,100  1.100 

Pounds  of  water  evapo- 
rated per  pound  of  fuel 
(actual)     6.36  S.91 

Pounds  of  fuel  per  stand- 
ard   boiler    horsepower..      4.76  3.40 

Average  overall  station 
water  rate  per  kilowatt- 
hour    30  20 

Pounds    of    coal    per    liilo- 

vratt-hour    generated....      4.72  2.25 

B.t.u.  in  coal  per  kilowatt- 
hour    generated 66,000        il,500 

Thermal  efficiency  of  sta- 
tion,   per    cent 5.2  10. S 

results  based  on  common  practice  where 
bituminous  coal  of  about  14,000  B.t.u. 
per  po'ind  's  ''sed. 


'Consulting  engineer,  with  Westing- 
house,   Church,   Kerr  &   Co. 

tMechanical  engineer,  with  Westing- 
house,  Church.  Kerr  &  Co. 


Total  cost  of  plant  to 
owner.  except  land 
and  interest  during 
construction    $83.75        $38.00 

their  use  must  be  well  justified.  Since 
there  is  now  little  difference  in  the 
amount  of  vacuum  which  either  type  may 
be  depended  upon  to  produce,  the  selec- 
tion is  governed  almost  wholly  by  the 
condensing  water  supply.  If  this  water 
is  suitable  for  boiler  feed  there  is  usu- 
ally no  good  reason  for  the  surface  type. 
In  general,  it  is  assumed  that  if  the  cost 
of  feed  water  does  not  exceed  6c.  per 
thousand  gallons,  and  if  the  average  load 
on  the  plant  does   not   exceed    one-half 


Long   Distance  Transmission 
Record 

What  appears  to  be  the  world's  record 
in  long-distance  transmission  was  at- 
tained on  Apr.  1,  when  the  dynamos  at 
the  Great  Falls  (N.  C.)  plant  of  the 
Southern  Power  Co.  sent  hig'i-tension 
current  over  a  circuit  of  330  miles'.  This 
was  accomplished  when  the  test  of  con- 
necting the  lines  of  the  Southern  Power 
Co.  with  the  wires  of  the  Yadkin  Ri^'cr 
Power  Co.  on  an  interchange  basis  was 
made.  From  the  Great  Falls  plant  on 
the  Catawba  River  the  power  was  trans- 
mitted over  the  lines  of  the  company  to 
Durham  and  thence  to  Raleigh. 


"I've  been  going  a  pretty  swift  pace 
for  years,"  said  the  flywheel. 

"Yes,  and  you'd  have  been  broke  long 
ago  if  it  wasn't  for  me,"  replied  the  gov- 
ernor. 


April  16,  1912 


POWER 


Issued  Weekly  by  the 

Hill  Publishing  Company 

,loiiN  A.  HiLt,  Pics,  nii.l  Tress.   lloD'T  McKKAN,&-i-y. 

505  Pearl  Street.  New  York. 

122  South  Mlchiiian  Briuk-vard,  Chicago. 
Unterdeu  Liudeii  71— Ueillu/N.  W.  J. 


Correspondence  suitable  for  the  col- 
umns of  Power  solicited  and  paid  lor. 
Name  and  address  of  correspondents 
must  be  given — not  neces.sarily  for  pub- 
licalion. 

Subscription  price  S2  per  year,  in 
;iilvance.  to  any  post  office  in  the  United 
Si;iffs  or  the  possessions  of  the  United 
.siatrs  and  Mexico.  S3  to  Canada.  $5 
lo  any  other  foreign  country. 

Pa\-  no  money  to  solicitors  or  agents 
iiTik'ss  thov  ran  show  letters  of  authoriza- 
lum  fiuiii  this  office. 

Subsi  rilicis  in  Great  Britain,  Europe 
auil  ihe  British  Colonies  in  the  Eastern 
lliMuisphere  may  send  their  subscriptions 
ro  the  London  Office.  Price  21  Shil- 
linss. 

Knicred  as  second  class  matter.  De- 
ii'inlii-r  20.  1910,  at  the  post  office  at 
New  V:irk,  New  York,  under  the  Act 
of  .March  3,  1S79. 


Cable  address,  "  Powpub,"  N. 
Business  Telegraph  Code. 


CIRCULATION    STATEMENT 
Of  this  issue,  28,000  copies  are  printed. 
None    sent    free    regularly,    no    returns 

from   news  companies,   no  back    numbers. 

Figures  are  live,   net  circulation. 


Contents  page 

AVhite  River  Power  Development....    534 
Kerchove  and  Uniflow  Steam  Engines   539 

Tcm  Hunter.  Hoisting  Engineer 542 

Economy  Factors  in  Power  Plants.  .  .    544 

Packing  in  Steam  Plants 545 

A  German  Rural  Power  Plant 546 

A  Kink  in  Undercutting 54S 

Mr.   Bates'  Th,awing  Current 54S 

Oil    Engines    in    a    Hungarian    Muni- 
cipal Power  Plant 549 

Care  of  Exhaust  Valve  Stems 551 

Testing  a   Small   Gas    Engine   with   a 

Prony    Brake     551 

Piping  a  Dry  Kiln 552 

Steam  Heating  of  Large  Department 

Stores    • 552 

A  Temporary  Repair 553 

Uniform    Boiler    Specifications 554 

Editorials     555-556 

Butt  Joint  Boiler  Explodes  at  Salis- 
bury.  Md.    .  .  ; 557 

Calculation  of  Heat  Value  of  Coal.  . .    558 

Lubricator  Heating  Attachment 559 

Readers  with  Somethinj  to  Say: 

Engine  Jack.... Case  Hardening 
....Template  for  Lining  Shafts 
....Graphite  as  a  Preventative 
of  Scale  Formation.  ..  .Belt  Lac- 
ing. ...Repaired  Cracked  Receiv- 
er ....  Strengthening  a  Cracked 
Cylinder  ....  Purchasing  ln.stru- 
ments.  ..  .Valve  Grinding  Tool 
....Handy  Soldering  Iron  Heater 
....Patched  Steam  Pipe.. ..  Wavy 
Expansion  Line  ...  .Where  a  Rec- 
ord  was   Valuable.  ..  .Cleaning  a 

Closed  Heater 560-563 

Questions  Before  the  House: 

Breakage  of  .Separator  Gage 
Glasses.  ..  .Lubricator  Piping  and 
Lubrication  ....  Valve  Locking 
Devices.  ..  .Visible  and  Invisible 
Leaks.  ..  .What  Caused  the  Rod 
to  Wear?.  ..  .Value  of  COj  Re- 
corder ....  Advantage  of  Thor- 
ough Knowledge  ....  Lubricator 
Experience.  .  .  .Pressure  in  Pump 
Discharge  Pipe.  ..  .Clerical  Work 
in     Station     Reports.  ..  .Glass    in 

Hot     Box Will     the      Injector 

Work?.  ..  .Cold     Air     and     Leaky 

Pipe  Joints    564-566 

Inquiries  of  General  Interest 567 


Steam  in  Gas  Producers 

Though  it  is  true  that  the  introduction 
of  steam  into  a  gas  producer  has  been 
proved  by  actual  experience  to  be  neces- 
sary for  practical  operation,  it  is  theo- 
retically a  doubtful  practice.  There  are 
three  reasons  for  adding  steam  to  the 
blast  of  a  gas  producer:  to  lower  the  tem- 
perature of  the  fuel  bed  and  thereby 
prevent  the  fusion  of  the  ash,  resulting 
in  the  formation  of  clinkers;  to  reduce 
the  loss  of  heat  in  the  gas  leaving  the 
producer,  and  to  prevent  destruction  of 
the  walls  of  the  generator  by  fusion  with 
the  ash. 

By  reducing  the  temperature  of  the 
fuel  bed  the  formation  of  CO  from  CO, 
and  C  is  retarded  and  consequently  the 
capacity  of  the  producer  is  lowered.  The 
introduction  of  a  dry  blast  enhances 
the  production  of  CO  and  lowers  the 
amount  of  C0=.  Results  of  tests  have 
further  shown  that  the  higher  the  tem- 
perature of  the  fuel  bed,  within  practical 
limits,  the  better  will  be  the  quality  of 
the  gas.  The  reduction  of  the  heat  losses 
in  the  gases  leaving  the  producer,  due 
to  the  addition  of  steam  to  the  blast,  is 
brought  about  by  certain  reactions  that 
absorb  a  part  of  the  energy  which  would 
otherwise  leave  the  producer  in  the  form 
of  sensible  heat  in  the  gases.  These 
reactions  make  available  this  energy  for 
use  in  the  gas  engine  or  for  heating 
purposes  and  tend  to  increase  the  effi- 
ciency of  the  plant.  The  high  percentage 
of  COj,  however,  which  results  from  the 
introduction  of  relatively  large  quantities 
of  steam  makes  it  debatable  whether  a 
real  gain  in  efficiency  is  accomplished. 

It  is  well  known  that  the  use  of  an 
excessive  amount  of  steam  impairs  both 
the  quality  of  the  gas  and  the  capacity 
of  the  producer.  On  the  other  hand,  an 
insufficient  amount  is,  perhaps,  almost 
as  bad  and  will  result  in  added  expense 
for  the  removal  of  clinkers,  cleaning  and 
frequent    renewals    of    the    brick    lining. 

The  right  proportion  of  steam  to  air 
must  be  determined  for  each  individual 
installation  and,  although  certain  percent- 
ages have  been  established  in  a  general 


way,  local  conditions  such  as  the  type 
of  generator,  the  character  of  the  coal, 
the  relation  between  the  generator  capa- 
city and  the  gas  requirements,  etc.,  enter 
into  the  problem  to  such  an  extent  as  to 
be  determining  factors.  For  example,  a 
larger  proportion  of  steam  is  required  t3 
gasify  coal  that  has  a  high  percentage  cf 
ash  of  a  low  fusing  point,  in  order  to 
keep  the  temperature  of  the  fuel  bed 
down  and  prevent  clinkering.  Again,  if 
the  capacity  of  the  producer  is  ample 
for  the  gas  requirements  and  it  is  not 
necessary  to  push  it  to  its  maximum  ca- 
pacity, then  the  supply  of  steam  may  be 
sufficiently  large  to  insure  a  longer  life 
for  the  brick  lining.  In  all  cases,  the 
proportion  should  be  regulated  to  suit 
the  operation  of  the  producer  and  the 
amount    of   blast    used. 


Explosions  of  Second  Hand 
Boilers 

Of  the  numerous  recent  boiler  ex- 
plosions, not  one  to  our  knowledge  has 
occurred  in  a  modern  power  plant.  Boil- 
ers used  at  sawmills,  small  refrigerating 
plants  and  for  farm  work  have  led  the 
list  and  when  their  age  and  the  usage 
they  have  received  are  taken  into  con- 
sideration, the  reason  is  evident.  They 
are  old  and  worn  out. 

Men  well  versed  in  boiler  principles 
agree  that  these  explosions  are  due  to 
weak  parts  which  cannot  withstand  the 
stress  brought  upon  them  and  that  faulty 
design  or  carelessness  is  the  cause  of 
this  weakness.  But  notwithstanding  this, 
well  designed  boilers,  and  boilers  where 
careless  operation  has  not  been  a  factor, 
do   explode. 

There  are  boilers  which  in  some  lo- 
calities are  not  considered  well  designed 
that  have  been  in  operation  a  quarter 
of  a  century  or  more,  and  they  are 
still  in  use.  Most  of  them  are  made  with 
single-riveted  lap  joints  and  the  ma- 
jority of  them  have  been  more  or  less 
abused. 

In  many  instances,  such  boilers  are 
not     discarded     until     the     demand     for 
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greater  boiler  capacity  forces  them  out; 
then  they  find  their  way  to  some  quarry, 
sawmill,  or  the  like,  where  they  usually 
end  their  career  by  exploding. 

In  most  states  there  is  no  law  pro- 
hibiting old,  discarded  boilers  from  being 
sold  and  again  put  into  operation,  nor 
is  there  a  law  that  will  hold  the  owner 
for  manslaughter  or  any  other  kind  of 
homicide  when  his  old,  second-hand 
boiler  explodes  and  kills  several  ignorant, 
unsuspecting    workmen. 

Although  the  American  Boiler  Manu- 
facturers' Association  is  making  com- 
mendable efforts  to  reduce  boiler  explo- 
sions to  a  minimum  by  adopting  uniform 
boiler  specifications,  these  efforts  cannot 
effect  the  safety  of  the  boilers  now  in 
operation.  In  after  years  boilers  which 
are  built  under  uniform  specifications 
will  be  safer  for  a  longer  period,  but  if 
they  are  allowed  to  be  sold  and  set  up 
for  use  after  once  being  discarded,  there 
will  be  as  many  boiler  explosions  at  saw- 
mills and  other  similar  plants  as  at 
present. 

When  state  laws  are  enacted  prohibit- 
ing the  use  of  old  and  unsafe  boilers, 
the  number  of  explosions  will  be  re- 
duced, but  if  men  are  allowed  to  jeop- 
ardize human  lives  by  installing  old  boil- 
ers just  because  they  can  be  bought 
cheap,  the  rate  of  boiler  tragedies  will 
continue  undiminished. 

Protection  from  such  occurrences  de- 
mands the  enactment  of  a  law  prohibit- 
ing the  practice  indicated  and  prescribing 
an  adequate  punishment  for  the  owner 
who  violates  it. 


Power  Plant  Operating    Costs 

It  seems  to  be  the  exception  rather 
than  the  rule  to  give  any  credit  to  the 
steam  or  power  plant  for  the  product 
it  supplies  to  the  rest  of  the  factory.  It 
is  lamentable  that  such  a  condition  ob- 
tains because  it  not  only  militates  against 
the  most  economical  operation  of  the 
power  plant  itself  but  also  has  a  tendency 
toward  the  extragavant  use  of  its  pro- 
duct. 

This  does  not  apply,  of  course,  to  the 
larger  establishments,  as  street-railway 
or  electric-light  and  power  plants,  but 
there  are  innumerable  smaller  concerns 
all  over  the  country  where  very  little,  if 
anything,  is  known  of  the  actual  cost  of 
producing  power,  to  say  nothing  of  its 


economical  generation  and  distribution. 
No  matter  whether  the  power  distributed 
be  in  the  form  of  steam,  electricity,  com- 
pressed air,  hydraulic  pressure,  heat  or 
any  other,  it  is  essentially  a  product  of 
the  department  whence  it  comes  and 
should  be  so  considered,  thereby  giving 
due  credit  to  the  department  producing 
it.  This  procedure  is  followed  in  all  of 
the  other  departments,  and  in  manufac- 
turing establishments  having  more  than 
one  department  of  a  similar  character  a 
keen  rivalry  often  springs  up  as  to  which 
can  produce  the  greatest  volume  or  ton- 
nage at  the  lowest  cost.  Although  in 
most  plants  there  is  usually  but  one 
power  house,  so  that  there  will  be  no 
possibility  of  rivalry,  nevertheless  these 
facts  show  that  the  power  house  is  to 
some   extent  discriminated   against. 

The  power  plant,  and  everything  con- 
nected with  it,  is  not  only  deprived  of 
any  credit  for  the  successful  operation 
of  the  entire  works,  but  it  is  often  placed 
in  the  category  of  so  called  necessary 
evils.  When  everything  runs  smoothly 
and  an  ample  supply  of  steam  or  other 
form  of  power  is  available,  it  is  given 
no  thought  whatever,  but  as  soon  as 
something  happens  to  entirely  cut  off  or 
diminish  this  supply  a  complaint  is  im- 
mediately made  regardless  of  the  primary 
cause  of  the  trouble,  which  can  very 
often  be  traced  back  to  the  manager  or 
superintendent  who,  perhaps,  has  failed 
to  order  some  spare  part  or  has  re- 
fused to  accede  to  the  request  of  his 
engineer  for  some  improvement  or  needed 
repairs  to  his  machinery.  In  this  case, 
the  engineer  is  in  no  way  responsible 
and  should  not  be  blamed.  The  lesson 
taught  by  such  an  experience,  however, 
should  be  well   learned  and  of  profit. 

The  engineer  can  do  considerable  to- 
ward eliminating  troubles  in  his  depart- 
ment by  doing  his  best  with  the  equip- 
ment at  hand,  and  if  he  shows  proper 
willingness  and  ability  he  can  often  pre- 
vail upon  his  superior  to  grant  at  least 
the  more  modest  of  his  requests.  For 
example,  he  should  make  some  effort  at 
determining  as  closely  as  possible  the 
cost  of  the  power  developed  even  if  he 
has  no  measuring  devices,  such  as  coal 
weighers,  water  meters,  etc.,  at  his  com- 
mand. He  can  usually  make  a  fairly 
accurate  estimate  of  the  amount  of  coal 
burned  through  a  certain  period  and  he 
can  roughly  get  at  the  amount  of  water 


evaporated  by  figuring  his  feed-pump  dis- 
placement. While  such  methods  are 
crude,  nevertheless  the  results  obtained 
will  be  better  than  none  at  all  because, 
by  following  the  same  method  from  week 
to  week,  his  results  will  answer  at  least 
for  comparative  purposes,  and  with  such 
figures  as  a  basis  for  his  arguments  he 
has  a  much  better  chance  of  convincing 
the  manager  wherein  he  can  reduce  costs 
provided  he  is  given  the  equipment  re- 
quested. 

He  should  also  endeavor  to  determine 
the  amount  of  power  distributed  to  the 
various  departments  and  make  a  charge 
for  it  at  a  fixed  rate  per  unit  of  power. 
If  he  is  not  permitted  to  make  a  charge, 
he  should  keep  a  monthly  record  of  it 
for  his  own  information  and  because  it 
might  possibly  be  of  use  at  some  future 
time.  There  are  several  ways  of  arriv- 
ing at  a  basis  for  such  charges,  but,  to 
a  large  extent,  it  will  be  determined  by 
local  conditions.  For  example,  power 
may  be  charged  for  at  the  same  rate  as  if 
bought  from  a  central  station  or  at  that 
which  could  be  obtained  if  it  were  sold 
outside  of  the  plant,  or  it  can  be  fixed 
arbitrarily;  the  difference  between  this 
rate  and  the  actual  cost  of  production 
will  determine  the  profit  or  loss,  as  the 
case  may  be,  for  the  power  station.  If 
these  things  can  be  put  down  on  paper 
with  some  degree  of  accuracy,  there  can 
be  very  little  doubt  but  that  benefits  will 
result  in  proportion  to  the  comparative 
relation  between  the  plant  in  question 
and   the    ideal   one. 


The  Rhode  Island  coal  mine  has  been 
shut  down  just  at  a  time  when,  in  view 
of  the  general  coal  strike,  its  output 
would  have  been  most  in  demand.  There 
is  no  doubt  that  there  is  a  large  car- 
boniferous deposit  at  this  point,  and  that 
some  use  will  be  found  for  it  in  the  in- 
dustrial world.  It  is  to  be  hoped  'hat 
the  investment,  which  this  latest  attempt 
to  make  it  available  has  involved,  may 
not  be  entirely  lost. 


It  is  said  that  from  eight  to  ten  thou- 
sand young  men  are  annually  enlisting 
in  the  ranks  of  the  electric-light  and 
power  industry.  Good  old  Opportunity 
will  soon  be  working  overtime  if  he  is 
expected  to  provide  a  rising  chance  for 
this  multitude. 
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Butt  joint  Boiler   Explodes  at 
Salisbury,   Md. 

By  F.  a.  Grier,  Jr. 

Salisbury,    Md.,    was    the    scene    of    a 

boiler  explosion   which   occurred   Friday, 

Apr.  5,  at  7:15  a.m.,  when  one  of  two 

return-tubular  boilers  located  in  the  No. 


by  16  ft.  long,  having  fifty-eight  35-<-in. 
tubes.  The  shell  was  made  of  's-in. 
steel,  the  heads  being  K'  in.  thick.  The 
boiler  was  tested  last  summer,  and  upon 
examination  after  the  explosion  it  was 
found  to  be  badly  pitted  and  about  6  in. 
below  the  water  line  the  shell  was  not 
more  than  A  in.  thick  in  several  places. 


old.  The  girth  seam,  which,  as  usual, 
was  a  lap  joint  single-riveted,  was  ap- 
parently the  initial  point  of  failure.  The 
boiler  pulled  in  two  and  as  may  be  seen 
in  the  photographs,  the  rivets  pulled 
through  the  metal,  which  was  greatly 
weakened  from  the  pitting  and  corrosion 
previously  mentioned. 


Fig.  1.    Ruins  of  Boiler  Explosion  in  Ice  Plant  at  Salisbury 


1  plant  of  the  Salisbury  Ice  Co.  ex- 
ploded. The  boilers  supplied  steam  for 
two  ammonia  compressors,  hoisting  en- 
gines, private  electric  plant,  etc.  The  ex- 
ploded boiler,  which  was  built  about 
eight  years  ago,  was  60  in.   in  diameter 


About  90  lb.  steam  pressure  was  carried. 
From  the  illustrations  it  may  be  noticed 
that  the  boiler  has  a  butt-strap  longi- 
tudinal joint.  It  is  very  seldom  that  a 
boiler  with  this  type  of  joint  explodes, 
and    particularly    one    only    eight    years 


The  tubes  were  beaded  on  either  end, 
and  only  eight  were  left  in  the  head,  as 
shown  in  Fig.  3.  The  other  tubes  were 
scattered  in  all  directions  at  a  distance 
of  more  than  200  yd.  One-half  of  the 
boiler  was   carried    100  yd.   and   crashed 
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Fig.  2.  Notice  the  Rivet  Holes  at  the  Girth  Seam 


Fig.  3.   Eight  Tubes  Left  in  Rear  Head 
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through     the     roof     of    and     completely      building    window,    tearing    the    stove    in     some  part  of  the  debris  (perhaps  a  boiler 


wrecked  the  stables  of  the  Standard  Oil  pieces  and  knocking  down  several  desks. 

Co.,  as  shown   in   Fig.   4.     The   yoke   to  The    engineer    and    fireman,    who    had 

which    the    safety    valves    were    attached  just   gone   to   work   at  7   a.m.   were   both 

was  blown  75  yd.  and  was  driven  through  killed  instantly.     A  small  boy  was  struck 


tube  as  it  landed  less  than  30  ft.  from 
the  church),  and  he  was  seriously  in- 
jured. 

The  plant  took  fire  immediately  after 
the  explosion  and  burned  fiercely  for 
about  an  hour,  making  the  rescuing  of 
the  injured  difficult.  The  loss  is  esti- 
mated at  about  S5000  as  there  was  no 


4.    Half  of  Boiler  in  Standard  Oil  Stables 


Fig.  5.    Safety  Valve  Yoke  in  Wall  of 
Grocery  Store 


the   side   of   a   grocery   store,   as   can   be  by  a  flying  brick  and  had  his  leg  broken;  insurance.      This    is    the    second    boiler 

seen  in  Fig.  5.     One   front  furnace  door  a  minister  who  was  attending  the  Method-  explosion  in  this  county  within   10  days, 

weighing  at  least  300  lb.   was  blown  di-  ist  conference  (which  was  in  session,  and  the  other  being  a  sawmill  boiler,  killing 

rectly  across  the  street  through  a  school-  being  held   in   Salisbury)    was  struck  by  six   and    injuring   three. 


Calculation  of  Heat  Value  of  Coal 


The  heat  value  of  a  coal  may,  in  gen- 
eral,   be    ascertained    by    two    methods: 

( 1 )  By  actual  combustion  in  a  calorim- 
eter, (2)  by  calculation  from  its  analysis. 

There  is  little  doubt  that  the  calori- 
metric  test  of  coal  is  the  best,  but  as 
the  cost  of  the  necessary  apparatus  is 
somewhat  high  for  those  who  have  only 
occasional  determinations  to  make,  the 
analysis  may  be  performed  in  two  other 
ways:  (1)  An  ultimate  analysis  of  the 
coal  may  be  made,  which  gives  the  pro- 
portions of  carbon,  hydrogen,  oxygen, 
nitrogen,  sulphur  and  ash.  The  heat 
value  may  then  be  computed  from  the 
known  heats  of  combustion  of  carbon  and 
hydrogen,  according  to  various  formulas. 

(2)  An  approximate  analysis  may  be 
made  which  gives  the  moisture,  volatile 
matter,  fixed  carbon  and  ash.  By  means 
of  empirical  formulas  or  curves  the  heat 
value  can  be  deduced. 

The  ultimate  analysis  of  a  coal  is  a 
difficult  and  ted'ous  process  and  requires 
long  practice  for  its  accurate  execution. 
There  have  been  various  formulas  pro- 
posed for  ascertaining  the  heat  value 
from  this  analysis,  and  there  is  con- 
siderable difference  of  opinion  as  to  the 
correct  method. 

In  view  of  the  complexity  of  the  ulti- 
mate analysis,  several  methods  have  been 
proposed  for  calculating  the  heat  value 
from  the  proximate  analysis  which  is  not 


By  O.  L.  Kowalke 


Simple  formula  and  chart  for 
figuring  the  heat  value  from  the 
proximate  analysis. 

Another  chart  which  gives  the 
heat  value  per  pound  of  combus- 
tible when  the  percentage  of  fixed 
carbon  is  known  and  from  this 
the  heat  value  of  the  coal  is  cal- 
culated by  a  simple  process  in 
percentage. 
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difficult  to  make.  In  1902,  E.  Goutal 
published  a  formula  (Comptes  Rendus, 
September,  1902;  E.  C.  &  M.  I.,  April, 
1907)  for  calculating  the  heat  value  from 
the  proximate  analysis,  the  formula  be- 
ing based  on  a  large  number  of  tests  of 
French  coals.  The  formula,  in  English 
units,  is  as   follows: 

B.t.u.  =  14,760  C  +  a  V 
where  the  B.t.u.  refers  to  coal  as  re- 
ceived, C  the  percentage  of  fixed  carbon 
expressed  as  a  decimal,  V  the  percentage 
of  volatile  matter  expressed  as  a  decimal, 
and  a  the  constant.  A  table  of  values  of  a 
was  constructed  in  terms  of  the  volatile 
matter  V  in  the  combustible.  The  heat 
value  is  computed  by  multiplying  the 
weight  of  fixed  carbon,  in  decimal  form. 


by  14,760,  and  the  volatile  matter  V 
actually  found  by  constant  a  correspond- 
ing to  the  volatile  matter  V  in  the  com- 
bustible, and  adding  these  two  products. 

Since  the  formula  and  values  of  a 
were  determined  on  French  coals,  it 
seemed  desirable  to  evolve  a  set  of  values 
for  a  from  American  coals.  It  also 
seemed  desirable  to  retain  the  formula 
I-.t.u.   per  pound  cs  received   —    14,760 

C  +  a  V 
but  to  give  a  directly  in  terms  of  the  per- 
centage of  volatile  matter  in  the  coal  ai> 
received.  Accordingly,  about  200  an- 
alyses of  American  bituminous  and  semi- 
bituminous  coals  were  used  to  compute 
a  set  of  values  for  a,  and  these  were 
plotted  in  the  form  of  a  curve.  Fie.  1, 
with  the  values  of  a  as  abscissas  and  the 
values  of  V  as  ordinates.  The  heat  value 
of  the  coal  as  received  is  then  the  sum 
of  the  products  of:  14,760  times  the  fixed 
carbon  (as  a  decimal),  and  a  times  the 
volatile  matter  P'  (as  a  decimal)  in  the 
coal  as  found.  This  method  and  the 
values  of  a  will  give  a  result  approxi- 
mating the  calorimetric  determination 
within  2  per  cent. 

The  following  is  an  example:  A  certain 
coal  contains:  Moisture,  11.58  per  cent.; 
volatile  matter,  34  per  cent.;  fixed  car- 
bon, 40.63  per  cent.;  ash,  13.79  per  cent. 

According  to  the  curve  in  Fig.  1.  the 
value  for  the  constant,  a,  is  14,050  when 
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the    volatile   matter   equals   34   per   cent 
Then,  substituting  in  the  formula, 
Heat  value   =    14,760    x    0.4063   + 
14,050    X    0.34   =    10,773  B.t.u. 
per  pound  of  coal  as  received. 

24,000 


hold  true,  but  it  does  appear  to  give  re- 
sults approximately  correct  for  coals  hav- 
ing higher  than  12  per  cent,  volatile  mat- 
ter. 

The    Under-Feed    Stoker   Co.,    of   Chi- 


12,000 


Tie.  1. 


Percent.  Volatile    Matter  per  Pound  as   Received  ya^i\ 

Chart  Showing  Heat-Value  Factor  for  Volatile  Content  of  Coal 


The  calorimeter  test  of  this  same  coal 
indicated  a  heat  value  of  10,840  B.t.u. 
per  pound.  Thus  the  difference  is  only 
67  C.t.u. 


cago,  has  worked  out  a  curve,  Fig.  2,  by 
means  of  which  the  heat  value  of  the 
coal  as  received  can  be  determined  from 
the  pro.ximate  analysis  to  an  accuracy  of 
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It  should  be  noted  that  this  formula 
does  not  hold  for  anthracites  low  in  vola- 
tile matter.  Below  12  per  cent,  of  vola- 
tile matter  this  method  does  not  seem  to 


about  2  per  cent.  Numerous  checks  with 
this  curve  against  the  calorimetric  deter- 
mination prove  it  to  be  substantially  cor- 
rect. 


In  this  curve  the  percentage  of  fixed 
carbon  per  pound  of  combustible  is 
plotted  as  abscissas,  and  the  B.t.u.  per 
pound  of  combustible  is  plotted  as  or- 
dinates.  The  fixed  carbon  as  found  is  re- 
computed on  the  basis  of  a  pound  of 
combustible — moisture  and  ash  free  coal. 
The  B.t.u.  on  this  curve  corresponding 
to  the  recomputed  value  of  the  fixed  car- 
bon in  the  combustible  is  then  multi- 
plied by  the  sum  of  volatile  matter  and 
fixed  carbon  as  found.  The  product  is 
the  heat  value  per  pound  of  coal  as  re- 
ceived. 

Using  the  previous  example  the  folloA'- 
ing  results  are  obtained: 

Percentage  of  fixed  carbon  per  pound 
of  combustible  equals 
40.6,^ 
74-f'3 

According  to  the  chart  in  Fig.  2,  the 
heat  value  of  one  pound  of  combustible 
containing  54.4  per  cent,  of  fixed  carbon 
is  14,215  B.t.u.  Then  the  heat  value  of 
one  pound  of  coal  containing  74.63  per 
cent,  of  such  combustible  matter  equals 
14,215    X    0.7-103    =    10,609  B.t.u. 


'  =  .S4-4  P^r  cent. 


Lubricator  Heating  Attach- 
ment 

A  heating  attachment  for  sight  lubri- 
cators is  being  manufactured  by  J.  H, 
Costello,  Jr.,  Scranton,  Penn.  Its  pur- 
pose is  to  permit  steam  to  pass  from  the 
steam  pipe  which  leads  to  the  engine  or 
pump,  through  the  oil-discharge  pipe  of 
the   lubricator  and    through   the   heating 


Lubricator    Heating    Attachment 

attachment  to  the  atmosphere.  The  at- 
tachment is  screwed  into  the  opening 
above  the  sight  glass  and  displaces  the 
customary  plug. 

This  enables  the  lubricator  to  freely 
feed  oil,  especially  when  the  lubricator 
is  exposed  to  low  temperatures. 
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Readers  with  Something  to  Say 

A  letter  good  enough  to  print  will  be  paid  for.     Ideas,  not  mere  words,  wanted 


Engine  Jack 

A  convenient  rigging  for  turning  an 
engine  off  center,  when  the  wheel  is  not 
fitted  for  a  bar,  is  shown  in  the  illustra- 
tion. 

Any  ordinary  lever  jack  will  answer, 
but  it  should  be  secured  to  the  floor  by  a 
bolt,  to  keep  it  from  tilting.  A  chain 
of  the   proper  length   is   hooked   to   one 


Engine  Jack  Attached  to  Flywheel 

of   the   lower   spokes   of   the   wheel,   and 
brought  up  over  the  toe  of  the  jack. 

Two  men  can  turn  an  800-hp.  engine 
off  center  in  a  few  minutes  with  this  de- 
vice. I  find  this  jack  to  be  much  quicker 
and  more  convenient  than  the  chain  block 
used  in  so  many  engine  rooms. 

F.   P.   Read. 

Memphis,  Tenn. 


Case    Hardening 

I  have  never  seen  the  subject  of  case 
hardening,  or  hardening  by  potash,  dis- 
cussed in  these  columns.  It  is  of  great 
value  to  engineers,  and  those  that  have 
small  machinery  to  keep  in  repair.  I 
find  that  it  increases  the  life  of  wrought 
iron  or  machine  steel  to  threefold  of 
its  ordinary  wearing  life. 

The  process  is  to  pulverize  yellow 
prussiate  of  potash,  then  heat  the  part 
of  the  machine  to  be  hardened  to  a  red 
heat,  being  careful  not  to  burn  or  blister 
it  Next  roll  the  part  in  the  potash  to 
get  a  good  coating  over  the  surface,  and 
put  it  back  in  the  furnace,  and  let  it 
heat  for  a  few  minutes  longer.  Then 
take  it  out  and  give  it  another  coating 
and  cool  it  as  quickly  as  possible,  and  it 


will    acquire    a    surface    so    hard    that    it 
cannot  be  filed. 

I  have  tried  this  on  Corliss-engine 
radial  rod  pins  to  good  advantage,  on 
crosshead  pins  and  crankpins  on  small 
engines.  If  any  reader  has  a  better  or 
simpler  process,  I  would  be  glad  to  hear 
of  it. 

Charles  McCurdy. 

Richmond,   Va. 


Template  for  Lining  Shafts 

The  illustration  shows  a  method  of 
aligning  a  shaft.  A  2x2-in.  piece  of  wood 
of  the  length  required  is  shown  at  A; 
BB  are  2x2-in.  pieces  of  wood  of  such 
a  length  that  the  spikes  CC  can  rest 
on  the  shaft  without  the  piece  A  touching 
any  part  of  the  machine. 

The  top  of  the  piece  A  should  be 
planed  smooth  for  using  a  level  thereon. 
The  distance  of  the  ends  of  the  spikes  C 
to  A  should  be  equal  if  the  shaft  is  of 
the  same  diameter.  By  running  a  cord 
from  the  two  end  pieces  CC,  the  center 


ing  equal,  C  and  C  were  made  the  same 
distance  from  A,  and  as  the  diameters 
of  the  center  of  the  shaft  were  equal,  but 
smaller  than  D  and  D,  the  center  pins 
were  made  longer  than  CC  by  one-half 
the  difference  of  the  diameter  of  the 
shaft.  Placing  the  template  on  top  of 
the  shaft  and  a  level  on  the  planed  side 
of  A,  the  shaft  can  be  leveled  in  a  hori- 
zontal plane. 

F.    J.    FORBING. 

Ft.  Casey,  Wash. 


Graphite   as  a  Preventative  of 
Scale    Formation 

Several  years  ago  I  had  trouble  with 
leaky  boiler  tubes  and  badly  corroded 
boilers.  The  firm  had  several  samples 
of  the  feed  water  analyzed  and  used 
several  different  boiler  compounds,  each 
especially  prescribed  as  a  remedy  for  our 
trouble,  but  the  scale  and  leaks  were 
steadily  getting  worse. 

A  few  weeks  before  I  took  charge  of 
the  plant  two  boilers  had  to  be  entirely 
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Device   for   Aligning  Motor   Shafting 


pins  can  be  brought  in  the  same  line  with 
reference  to  A,  if  the  shaft  is  of  the 
same  diameter.  Should  the  shaft  not 
be  the  same  diameter,  the  spikes  can  be 
adjusted   accordingly. 

The  template  is  shown  as  applied  to  a 
motor-generator  set  in  which  the  arma- 
tures could  not  be  replaced  without  mov- 
ing the  frame  of  one  after  it  had  been 
trued  up  and  leveled  with  the  armatures 
out. 

The  center  part  of  the  shaft  next  to  the 
coupling  was  of  smaller  diameter  than 
its  ends.     The  diameter  of  D  and  D  be- 


retubed;  flanges  on  the  steam  lines  leaked 
as  the  cornpound  ate  out  the  gaskets, 
and  the  piston-rod  packing  was  trouble- 
some. 

As  soon  as  we  shut  down  I  had  each 
toiler  cleaned,  scaled  and  washed  out. 
In  the  six  months  .before  the  shutdown 
I  put  in  over  200  new  tubes,  and  during 
the  shutdown  27  more. 

There  were  three  boilers  in  a  sep- 
arate battery  from  the  rest,  which  had 
given  us  trouble,  as  they  v/ere  driven 
very  hard.  I  decided  to  experiment  with 
them    and    find   some   means   to   prevent 
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the  interior  corrosion  and  scale  forma- 
tion. After  using  soda  ash,  kerosene  and 
most  everything  else  with  little  success, 
I  decided  to  try  graphite.  The  firm 
ordered  some  powdered  graphite  and  be- 
fore the  boilers  were  closed  up  I  put 
about   three   quarts   in   each. 

On  the  fifth  morning  the  engineer  on 
watch  informed  me  that  the  blowoff  valve 
of  one  boiler  was  stopped  up  and  could 
not  be  blown  down.  I  tried  to  clear  it 
several  times  during  the  day  but  could 
not.  I  had  the  boiler  shut  off  and  the 
fire  hauled,  and  on  lemoving  the  bottom 
manhole  plate  a  great  quantity  of  scale 
was  found  in  the  blowoff  pipe.  The 
graphite  had  worked  in  behind  the  old 
scale  and  loosened  it  up.  I  made  a 
practice  of  putting  in  a  small  quantity 
each  day  with  the  feed  water  and  found 
that  it  prevented  further  scale  from  form- 
ing and  it  loosened  the  old  scale. 

One  great  advantage  in  using  graphite 
is  that  it  is  insoluble  and  will  not  go 
out  of  the  boiler  with  the  steam;  its 
action  is  mechanical,  not  chemical  and 
does  not  injure  the  boiler  shell  or  the 
tubes. 

W.  V.  Ford. 

Norwich,  Conn. 


Belt  Lacing 

I  am  a  firm  believer  in  wire  lacing  for 
nearly  all  belts.  I  have  charge  of  six 
belts,  18  to  24  in.  wide,  all  laced  with 
soft-brass  wire;  one  belt  has  eight  joints 
in  it  and  some  of  the  lacings  have  been 
in  for  over  10  years.  I  have  had  no 
trouble  whatever  with  any  of  them.  I 
use   wire  lacing   for  lathe   belts  and    for 


Inside  Face  of  Belt 

belts    running   over  pulleys   as   small   as 
2  in.   in  diameter. 

If  the  belt  is  laced  properly  (and  that 
is  half  the  secret),  it  will  hold  against 
any  lacing.  After  the  belt  is  laced  the 
wire  must  be  driven  into  the  belt  until 
it  is  flush  with  its  face  so  that  it  cannot 
touch  the  face  of  the  pulley.  The  fol- 
lowing are  the  rules  we  use:  Punch  holes 
back  from  the  end  about  the  thickness 
of  the  belt;   have  the  holes  about   'S   in. 


apart,  9  or  10  to  4  in.;  cut  off  a  piece 
of  wire  seven  times  the  width  of  the 
belt  (9  to  10  times  the  width  for  double 
belt)  ;  begin  at  the  center,  double  lace 
each  hole  as  shown  in  the  accompanying 
figure;  do  not  let  one  strand  overlap  an- 
other; pull  each  strand  tight  with  pliers; 
double  lace  the  iast  hole  and  pass  the 
end  through  the  next  inner  hole;  cut  off 
the  end  of  the  wire  'j  in.  from  the  belt 
and  bend  it  over  toward  the  joint;  then 
flatten  down  the  whole  joint  with  a  ham- 
mer. 

J.  N.  Fries. 
Middleboro,    Mass. 


Repair  of  Cracked   Receiver 

The  main  16  and  34  by  30-in,  400-hp. 
cross-compound  vertical  engine  was  fitted 
v/ith  a  Meyer  piston  valve,  and  drove  a 
IG-in.  gravel  pump.  One  night  the  out- 
fit was  shut  down  because  of  a  break  in 

■Crack 


the  low-pressure  cylinders.  This  re- 
ceiver contained  the  tube  reheater,  and 
was  of  box  shape  and  much  of  its  area 
was  unstayed,  the  metal  being  about  I 
in.  thick,  but  the  heavy  parts  were  irregu- 
larly disposed.  There  was  a  crack  about 
3  ft.  long  on  each  side  of  the  receiver 
body,  as  shown  in  the  sketch. 

The  trouble  was  caused  by  a  ring  on 
the  high-pressure  main  piston  valve 
breaking,  jamming  and  knocking  the 
flange  off  the  valve  which  admitted  the 
high-steam  pressure  info  the  receiver  at 
a  time  when  the  engineer's  attertioii  was 
distracted.  As  he  could  not  see  the  re- 
ceiver gage  from  the  starting  wheel,  he 
was  unaware  of  the  sudden  increase  in 
pressure. 

The  reheater  was  dismantled,  the  drain 
pipes,  covers,  asoestos,  etc.,  were  re- 
moved and  the  drilling  of  holes  started. 
As  the  crack  was  just  where  vibration 
was   to   be   expected    a   steam-tight   joint 


How  THE  Receiver  was  Repaired 


the  pipe  line  and  as  the  delivery  column 
was  150  ft.  long  and  ran  at  a  steep  angle, 
the  lower  sections  of  the  piping  and  the 
pump  itself  were  jammed  solid  with  drift. 
Il  was  difficult  to  get  a  start  short  of 
opening  up  the  pump  and  cleaning  it  out; 
and  the  sledge-hammer  method  used  was 
to  get  a  full  head  of  160  lb.  of  steam  on 
the  engine,  four  or  five  husky  helpers  on 
each  starting  bar,  and  a  stream  of  water 
pouring  into  the  pump  case  through'  a 
special  cock. 

Attention  was  first  centered  on  the 
pump,  and  all  hands  were  surprised  to 
find  the  air  full  of  fiying  asbestos  and 
steam.  When  the  fog  cleared  away,  a 
vertical  crack  was  found  in  the  main 
receiver  between   the   high-pressure  and 


had  to  be  made.  Bolts,  studs  and  cap- 
screws  were  used  and  also  two  1^-in. 
through  bolts  to  draw  the  sides  together. 
The  two  M-in.  plates,  3  ft.  wide,  4  ft. 
long,  were  made  to  fit  snug  between  the 
top  and  bottom  fianges  of  the  receiver 
and  holes  were  drilled  in  them  to  line  up 
with  those  in  the  sides  of  the  receiver. 

The  first  joint  was  made  with  metallic 
cement  and  was  a  failure.  Much  dis- 
gusted, I  had  everything  ripped  out  again 
and  remade  the  joint  with  a  red-lead 
pi'tty  and  chopped-hemp  mixture,  with  a 
liberal  allowance  of  lead  wire  disposed 
where  it  would  do  the  most  good.  On 
tightening  up  the  bolts,  the  plates  were 
tapped  evenly  with  a  sledge  to  bed  them, 
and   everything   was   pulled   home   snug. 
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This  time  it  was  no  experiment  and  the 
receiver  warmed  up  without  a  weep  and 
carried  full  load  without  any  further 
trouble. 

J.    McA.    HOWDEN. 
Melbourne,    Australia. 


Strengthening    a  Cracked 
Cylinder 

The  accompanying  sketches  show  two 
repair  jobs  of  cracked  cylinders.  Re- 
ferring to  Fig.  1,  the  crack  in  the  cyl- 
inder barrel  is  shown  at  A :  a  clamp,  B, 


POWER 
Valve  Grinding  Tool 

It  is  often  necessary  to  regrind  brass 
pump  valves  and  the  easiest  method  of 
doing  this  work  is  by  the  use  of  an  air 
drill.  When  the  valves  arc  cast  with 
projections  on  top  it  is  an  easy  matter 
to  apply  the  power  of  the  drill  to  them, 
and  if  the  valves  are  perfectly  smooth 
on  top  the  tool  shown  in  the  sketch  is 
very  efficient  for  this  purpose. 

In  the  sketch,  an  old  tapered  drill 
shank  with  the  taper  on  the  upper  end,  is 
shown,  which  fits  into  the  body  of  the 
air  drill.     About  3  in.   from  the  end  is  a 


Vol.  35,  No.   16 

iron,  to  form  a  lining  to  hold  the  heat. 
The  whole  is  then  attached  to  the  block 
of  wood,  with  na'ls,  as  shown  in  the  illus- 
tration. The  iron  hood  comes  almost  flush 
on  one  end  of  the  block,  leaving  a  space 
on  the  other  end  to   fasten  the  tee. 

The  burner  is  made  out  of  a  ']-in. 
nipple,  SVj  in.  long  and  15  slots  ci.1. 
half  way  through  it  with  a  hacksaw  about 
;i  in.  apart.  One  end  of  the  nipple  is 
capped  and  the  other  end  is  screwed  into 


Fig.  1.   Cracked  Cylinder  and  Method  Employed  in  Applying  the  Clamp 


was  made  and  put  in  place,  as  shown, 
while  hot.  The  link  strap  C  is  made 
of  round  iron  and  is  18  in.  long.  The 
iron  blocks  DD  are  1  in.  thick  and  fit 
in  the  link.  One  of  the  blocks  must  first 
be  secured  in  place  by  three  bolts.  Then 
put  on  the  second  block  and  drill  the 
bolt-holes  's  in.  beyond  the  point  scribed 
on  the  cylinder  through  the  holes  in  the 
block.  Next  secure  the  block  and  heat 
the  link  red  hot  and  put  it  over  the 
blocks  as  quickly  as  possible. 


I'S-in.  collar,  perhaps  -^s  in.  thick. 
This  is  put  on  with  a  driving  fit.  From 
the  lower  side  of  the  collar  a  I'j-in. 
pin  projects  about  ;';  in.  The  drill  shank 
extends  1  in.  below  the  collar  and  is 
ground  down  so  as  to  fit  loosely  into  the 


Fig.  2.    Machining  the  Link 

In  Fig.  2,  at  £  and  F  is  shown  the  link 
in  a  lathe  for  machining  out  the  ends 
which  fit  around  ihe  blocks. 

J.  G.  Koppel. 

Montreal,  Que. 


Tool    for    Grinding    Pump   Valves 

hole  in  the  valve  seat  ordinarily  oc- 
cupied by  the  valve  stud.  With  a  is- 
in.  drill  a  small  hole  is  made  in  the 
top  of  each  valve  just  deep  enough  to 
engage  the  small  pin.  With  the  valve 
In  position  and  the  drill  shank  in  the  air 
drill,  the  valve  can  be  quickly  and  easily 
ground. 

If  the  pump  is  small  the  valves  in  the 
lower  deck   will   have   to   be  ground   by 
means  of  an  extension  made  with  a  taper 
at  one  end  and  a  sleeve  at  the  other. 
Owen  W.  Middleton. 

Chicago,  111. 


Soldering  Iron   Heater 

a  i-j-in.  gas  tee.     It  is  then  fastened  to 
the  block  with  the  slots  on  top. 

The  side  opening  of  the  tee  is  plugged 
and  a  notch  filed  in  the  top  as  a  rest  for 
the  handle  of  the  soldering  iron.  The 
frame  of  an  old  sprinkler  head  is  screwed 
into  the  other  end  of  the  tee  and  serves 
as  a  bracket  to  hold  the  gas  jet,  which 
is  a  piece  of  •j's-in.  brass  tube  2^  in. 
long  and  reduced  to  A  in.  at  the  end 
next  to  the  burner.  The  hole  in  the  end 
of  the  bracket  should  be  reamed  so  that 
the  brass  tubes  will  fit  snugly.  It  can 
then  be  moved  in  or  out,  until  it  is  in 
the  right  position  relative  to  the  air  in- 
let. If  there  is  no  sheet  asbestos  at 
hand,  asbestos  cement  or  even  fireclay 
will  do  for  the  lining. 

George  J.  Little. 
Passaic,  N.  J. 


Patched    Steam    Pipe 

A  long-radius  6-in.  steam  pipe  frac- 
tured, and  to  replace  it  with  a  new  one 
would  have  taken  too  much  time. 

The  fracture  was  repaired  by  sawing 
out  a  piece  of  6-in.  pipe  and  cutting  it 
into  two  4x8-in.  pieces.  Two  's-in.  holes 
were  drilled  in  each  8-in.  piece  of  pipe, 
as  shown,  also  two  holes  in  the  fractured 


Purchasing  Instruments 

To  what  extent  should  an  operating 
engineer  invest  his  money  for  instru- 
ments, such  as  an  indicator,  calorimeter, 
portable  €0=  apparatus,  etc.,  when  he  is 
working  for  a  company  having  ample 
means  to  purchase  anything  necessary 
for  economically  operating  its  power 
plant? 

Frank  Martin. 

College  Point,  N.  Y. 


Handy  Soldering  Iron  Heater 

The  base  of  the  heater  is  a  block  of 
wood  about  1  J-<  in.  thick  by  3H  in.  wide 
and  is  8  in.  long.  Then  cut  out  a  piece 
of  sheet  iron  or  heavy  tin  5  in.  wide 
and  5f4  in.  long;  also  a  piece  of  heavy 
sheet  asbestos  of  the  same  dimensions. 
The  piece  of  sheet  iron  is  bent  into  the 
form  of  a  half  circle,  the  bend  being 
made  parallel  with  the  long  sides.  The 
piece  of  asbestos  is  soaked  in  water  to 
make  it  pliable  and  then  pressed  against 
the    inside    of   the   half   circle    of   sheet 


Patched  Steam  Pipe 

pipe  to  match.  I  then  cut  two  pieces  of 
'a -in.  packing  to  put  under  the  two 
patches,  which  were  placed  on  the  in- 
side and  outside  of  the  fractured  pipe. 
Then  the  plates  were  bolted  tightly  lo- 
gether,  as  indicated,  with   ■>sx2-in.  bolts. 

The    job    necessitated    about    30    min. 
shutdown,  and  the  patch  is  still  tight. 
L.  H.  Wadsworth. 

Hooper,    Utah. 
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Wavy  Expansion  Line 

The  accompanying  diagrams  were  all 
taken  from  a  26x48-in.  Corliss  engine 
running  at  90  r.p.m.  Tiie  boiler  pres- 
sure  is    115   lb.,   gage. 

It  will  be  noted  that  the  diagrams  in 
Figs.  1  and  4  have  wavy  expansion  lines. 


a  short  nipple  and  the  inf'Ucator.  The 
diagram  in  Fig.  4  was  taken  after  re- 
moving pipe  A,  Fig.  5,  and  substituting 
an   ell    for  the   three-way   cock. 

From    the    foregoing    it    will    be    seen 
that  an  apparently  slight  change  in  the 


I  immediately  produced  two  clippings 
from  my  Power  file  showing  the  erection 
of  two  different  stacks  with  a  good  de- 
scription of  the  erection  of  each.  Both 
descriptions  were  accompanied  with 
photographs  taken  during  the  different 
stages  of  erecting,  which  greatly  helped 
the  chief. 

Walter  B.  Brown. 

Deshler,  Ohio. 


Cleaning  A  Closed  Heater 

The  ordinary  method  of  cleaning  out 
closed  feed-water  heaters  of  the  straight 
water-tube  type  is  to  take  off  the  upper 
head  and  clean  the  inside  of  the  tubes 
with  some  sort  of  flue  brush.  The  labor 
in\olved  in  breaking  the  pipe  connec- 
tions, disconnecting  the  upper  head  and 


Fic.  2.    Diagrams  Taken   with   Three-     Fig.   6.    Connection   by  Means  of  Tef 
WAY  Cock  Removed  and  Two-way  Cock 


Power 

Fig.  3.    Diagram  Taken  with  One  Side 
Pipe  Removed;  Indicator  Con- 
nected Direct 


Fig.  4.    Diagram  Taken  with  One  Side 
Pipe  Removed 

Apparently  these  are  due  to  the  manner 
in  which  the  indicator  is  attached.  I  took 
two  series  of  diagrams;  in  one  series  I 
used  a  Crosby  indicator  and  in  the  other 
a  Lippincott.  For  corresponding  condi- 
tions the  diagrams  from  both  indicators 
were  exactly  alike,  so  I  feel  justified  in 
saying  that  the  waves  are  not  due  to 
the    indicator. 

The  diagrams  in  Fig.  1  were  taken  with 
the  indicator  piped  as  shown  in  Fig.  5,  a 
three-way  cock  being  used  to  control 
the  steam.  The  diagrams  in  Fig.  2  were 
taken  with  the  indicator  piped  as  shown 
in  Fig.  6,  a  tee  and  two-way  cock  taking 
the  place  of  the  three-way  cock.  The 
diagram  in  Fig.  3  from  the  crank  end 
was  taken  after  removing  the  side  pipe 
A,  Fig.  5,  and  turning  the  angle  valve  B 
around   to   the   proper  position   to   carry 


Fig.  5.  Arrangement  of  Indicator  and  Piping 


piping  arrangements  has  a  marked  effect 
on  the  expansion  line.  The  boilers  which 
supply  this  engine  prime  considerably 
pnd  the  steam  is  always  very  wet. 
Whether  this  is  a  contributing  condition 
or  not,  1  cannot  say.  I  would  request 
the  opinion  of  other  readers  of  Power 
on  this  interesting  case. 

J.  W.  Dickson. 
I\lemphis,  Tenn. 


Where   a    Record    Was 

Valuable 

During  a  high  wind  recently  about  50 
ft.  of  our  84-ft.  stack  was  blown  off. 
We  had  a  new  stack  on  the  ground  ready 
to  put  up,  but  the  chief  engineer  was  at  a 
loss  to  know  just  which  was  the  best 
way  to  raise  it. 


boring  the  tubes  of  a  good-sized  heater 
is  a  serious  item,  and  as  the  coating 
of  the  inside  of  the  tubes  generally  con- 
sists of  oil  which  has  come  over  with 
the  feed  water,  the  process  of  removal 
i&   quite   difficult. 

After  one  experience  with  a  600-hp. 
heater  I  found  that  by  pouring  in  a  buck- 
etful of  strong  ly'e  after  the  water  had 
been  blown  out,  then  filling  it  with  fresh 
water  to  within  a  few  inches  of  the  top, 
and  admitting  exhaust  steam  and  letting 
the  solution  boil  all  night,  that  1  had  a 
clean  heater  the  next  morning  snd  the 
labor  bill  was  trivial. 

Of  course,  it  is  necessary  to  blow  the 
heater  down  several  times  before  cutting 
in  so  as  to  prevent  foaming  boilers. 

Lindsay  Duncan. 

iVlcGill,  Nev. 
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Questions  Before  the  House 

Comment,  criticism,  suggestions  and  debate  upon  various  articles, 
letters   and   editorials    which  have  anoeared  in  previous  issues 


Breakage  of  Separator 
Gage-Glasses 

If  J.  W.  Dickson  and  others  who  have 
had  trouble  with  gage-glasses  breaking 
will  put  in  a  section  of  pipe  between  the 
glass  and   the   separator,   they   will   find 


Corliss  engine  that  has  been  turning  125 
r.p.m.,  24  hours  per  day,  for  three  years 
without  requiring  any  valve  or  cylinder 
repair.  The  valves  and  cylinder  are  in 
perfect  condition  today. 

The  oil  is  fed  into  the  steam  1  ft. 
above  the  throttle  valve  and  the  feed 
pipe  only  extends  flush  with  the  inner 
side  of  the  pipe. 

According  to  Mr.  Roberts,  there  would 
soon  be  a  noticeable  effect  on  the  action 
of  the  valves  and  piston. 

J.  \V.  Dickson. 

Memphis,  Tenn. 


.'Arrangement  of  Piping  to  Protect 
Gage  Glass 

that  fewer  glasses  will  be  broken.  The 
accompanying  figure  shows  the  manner 
of  constructing  the  pipe  extension. 

I  have  used  this  arrangement  and  have 
found  that  it  holds  glasses  from  12  to  18 
months  where  formerly  they  would  have 
to  be  renewed   weekly. 

H.  L.  Burns. 

Caruthersville,  Mo. 


Lubricator  Piping  and 
Lubrication 

Replying  to  E.  H.  Roberts'  letter  in 
the  Mar.  12  issue,  I  say  that,  in  theory, 
the  principle  of  extending  the  oil-feed 
pipe  to  the  center  of  the  steam  pipe  is 
correct,  but  a  practical  experience  of  12 
years  as  an  engineer  has  taught  me  that 
there  is  no  material  difference  in  the  ef- 
fect of  lubrication  whether  the  oil-feed 
pipe  extends  to  the  center  of  the  steam 
pipe  or  ends  flush  with  the  inner  side. 

Where  I  am  employed  there  are  28 
lubricators  feeding  oil  to  steam  cylinders 
and  of  these  only  one  feeds  the  oil  to 
the  center  of  the  steam  pipe.  This  change 
was  made  about  one  year  ago  on  a 
400-hp.  Corliss  engine  to  determine 
whether  there  would  be  any  noticeable 
effect  on  the  action  and  wear  of  the 
valves,  piston  and  cylinder.  No  differ- 
ence has  thus  far  been  detected. 

In   our   plant  there  is   also  a  200-hp. 


Valve  Locking  Devices 

In  the  issue  of  Mar.  12  are  described 
two  methods  of  locking  valves  to  pre- 
vent accidents  while  working  on  idle 
boilers. 

A  simple  method  is  to  remove  the  valve 
wheels  from  the  main  steam  stop  valve 
leading  to  the  idle  boiler  as  well  as  the 
blowoff  and  feed-water  valve  wheels 
after  closing  the  valves.  This  prevents 
the  opening  of  the  valves  inadvertently, 
and  a  wrench  or  wheel  must  be  used  to 
cause  an  accident. 

J.  J.  Devine. 

Philadelphia,  Penn. 


Visible  and  Invisible  Leaks 

"There  are  leaks" — how  true  the  story 
in  the  foreword  for  Mar.  5.  The  engineer 
who  will  keep  things  clean  and  in  good 
shape  shows  industry,  anyway,  which 
is  a  good  sign,  but  many  smooth-running, 
clean  and  neat  engines  are  using  from 
40  to  60  lb.  of  steam  per  horsepower- 
hour.  If  this  engineer  were  offered  any 
suggestion,  he  would  be  offended;  if  he 
were  to  make  a  test  of  his  machines,  he 
would  become  indignant  at  the  machines' 
own    deception. 

How  many  narrow  pistons  with  small 
wearing  surface  are  cheating;  how  many 
light-running  square,  rectangular  and 
round-plug  valves  have  a  stream  of  steam 
from  two  to  five  thousandths  of  an  inch 
thick  flowing  constantly  to  the  atmos- 
phere! Hidden  leaks  are  the  power 
plant's  Jonah,  and  engineers  should  be- 
ware of  them. 

In  many  cases,  the  coal  pile  is  being 
robbed.  Many  an  engineer's  job  has 
been  lost  through  the  central  station;  it 
erriiploys  efficient  machines  and  keeps 
them  under  constant  observation. 

Some  funny  things  happen  that  never 
get  into  print.  I  told  an  engineer  who 
had  a  fine  tandem-compound  engine  that 


tiie  rings  in  the  low-pressure  cylinder 
were  gone.  "No,"  he  said;  "she  runs 
well  and  they  were  put  in  only  a  few 
weeks  ago."  When  they  were  examined, 
to  satisfy  the  management,  those  rings 
were  in  a  dozen  pieces.  A  dose  of  water 
may,  some  time,  put  the  best  set  of  rings 
out  of  commission. 

In  a  large  steam  plant  with  the  ring 
system  of  steam  lines  so  many  flange 
joints  and  throttle  stems  were  leaking 
that  when  they  all  were  packed  it  was 
possible  to  cut  out  a  72-in.  by  18-ft. 
boiler.  The  engineer  who  keeps  things 
clean  would  have  stopped  those  visible 
leaks. 

Not  long  since,  I  inspected  a  new  plant 
containing  return-tubular  boilers  where 
cinders  and  soot  had  closed  off  several 
of  the  bottom   flues. 

Much  good  machinery  is  poorly  looked 
after,  and  many  steam  pumps  waste 
more  than  they  are  worth  every  month. 
Good  heaters  are  bypassed  because  of 
some  needed  repair  or  are  running  with 
a  coating  of  scale  on  the  tubes  so  thick 
that  only  half  of  the  available  heat  goes 
into  the  water. 

Know  what  a  test  is,  and  how  to  make 
one ;  then  make  one  at  intervals,  keeping 
a  log  of  the  results  obtained  so  as  to 
know  what  the  plant  is  doing. 

I  met  an  engineer  recently  who  said 
of  a  fine  "long-range"  Corliss  engine: 
"I  would  like  it  better  if  it  had  but  the 
one  eccentric;  it  would  be  simple,  like 
mine." 

When  it  is  known  what  the  apparatus 
will  do,  it  should  be  made  to  do  it.  It 
should  be  known  how  much  steam  an  en- 
gine requires;  how  much  water  the  boil- 
ers will  evaporate  per  pound  of  coal; 
how  many  heat  units  the  coal  has,  and 
if  it  is  up  to  standard. 

If  it  is  known  that  an  llxl2-in.  engine 
runs  under  certain  conditions  on  30  lb. 
of  steam  per  horsepower-hour,  these 
facts  can  be  used  as  a  standard.  If  one 
can  do  better,  do  it,  and  make  an  even 
better  standard.  We  all  can  do  better 
if  we  try. 

C.  R.  McGahey. 
Baltimore,  ^\d. 


What  Caused  the  Rod 
to  Wear? 

I  think  A.  E.  Kernick's  trouble,  de- 
scribed in  the  Feb.  13  issue,  is  due  to 
chemical  action.  If  the  cylinder  is  not 
sufficiently  oiled  inside,  the  12  in.  of 
piston    rod    left   inside   the   cylinder   v.-ill 
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rust  slightly  each  day  during  the  18  hr. 
the  engine  is  idle.  If  tallow  or  other 
oil  containing  acia  is  used  the  rod  will 
be  attacked  by  the  acid.  In  either  case, 
the  chemical  action  on  that  part  in  con- 
tact with  the  open  air  will  not  be  as 
great  as   that   inside   the  cylinder. 

I  would  advise  Mr.  Kernick  to  leave 
the  engine  standing  on  the  crank-end 
dead  center. 

Davidson.  Okla.  Fred  Boone. 


Value  of  CO2   Recorder 

In  looking  over  Power  of  Feb.  13,  my 
attention  was  attracted  to  the  article  of 
Mr.  Pohlman's  entitled  the  "Value  of  a 
CO..    Recorder." 

It  is  stated  that  the  expert  was  able 
to  obtain  16  per  cent,  of  CO.  in  the  flue 
gases.  This  seems  unusually  high  and 
it  may  not  be  improbable  that  the  ex- 
pert was  the  only  man  who  could  obtain 
that  percentage. 

Hence,  there  should  be  no  fault  found 
with  firemen  if  they  in  turn  learned  how 
to  "jockey"  the  CO:  machine  so  as  to 
give  a  good  reading  if  those  in  authority 
could  be  convinced  that  it  is  possible  to 
get  16  per  cent.  On  the  other  hand,  I 
would  like  to  know  how  it  was  decided 
that  11.5  per  cent,  was  a  good  standard. 

In  a  number  of  analyses  of  flue  gases 
mac.e  recently  I  found  all  the  way  from 
4  to  12  per  cent.  CO;  and  in  no  case 
would  it  have  been  possible  to  get  as 
much  as  16  per  cent,  except  by  closing 
the  damper. 

In  the  case  cited  by  Mr.  Pohlnian  the 
fireman  cannot  be  blamed;  the  chief  en- 
gineer, in  my  opinion,  is  culpable.'  If  in 
addition  to  the  CO;  recorder  he  had  pro- 
vided himself  with  a  good  portable  CO3 
analyzer  and  had  gone  over  his  boilers 
once  in  a  while,  he  might  have  dis- 
covered something  that  would  have  paid 
for  the  trouble. 

A  case  that  came  to  my  notice  was  in 
a  plant  of  about  the  size  mentioned  by 
Mr.  Pohlman.  They  had  recently  in- 
stalled two  water-tube  boilers  of  a  well 
known  make  which  had  been  in  operation 
perhaps  nine  months.  Upon  taking  a 
sample  of  gas  I  obtained  only  4  per  cent, 
of  CO;,  notwithstanding  that  the  chief 
engineer  assured  me  that  the  settings  of 
the  boilers  were  perfect.  Several  analyses 
were  made  but  none  contained  over  7 
per  cent,  of  CO...  Later  on,  when  the 
chief  opened  the  front  and  back  doors 
we  met  with  a  sight  that  surprised  the 
chief  but  was  expected  by  me.  A  low 
percentage  of  CO..  could  only  mean  one 
thing  to  me;  that  is,  too  much  air.  Steps 
were  taken  at  once  to  repair  the  furnace. 

The  plant  that  cannot  be  improved  by 
an  honest  application  of  either  a  good 
CO..  recorder  or  CO;  hand  apparatus  is 
indeed  an  ideal  one. 

Alfred   Franklin. 

Cheltenham,   Penn. 


Advantage  of  Thorough 
Knowledge 

I  was  impressed  with  J.  L.  Watson's 
article,  "Lubricator  Experience,"  in  the 
Feb.  6  issue,  for  it  enlightened  me  as  to 
just  why  the  sight-feed  glass  fills  with 
oil'  at  times.  I  had  never  taken  the 
trouble  to  figure  it  out  for  myself;  in 
fact,  I  could  not  have  accurately  de- 
scribed the  construction  of  a  lubricator 
beforehand,  although  I  had  a  working 
knowledge   of   it. 

A  thorough  knowledge  of  any  piece 
of  apparatus  is  good  to  have;  it  enables 
one  to  get  the  apparatus  into  trim  quick- 
ly and  easily  when  any  trouble  occurs. 
It  is  a  misfortune  to  neglect  to  acquire 
detailed  knowledge  of  the  construction 
and  care  of  even  little  things. 

The  apparent  simplicity  of  a  device 
may  sometimes  cause  a  lot  of  blind  ex- 
perimenting under  very  trying  circum- 
stances when  a  little  previous  study  and 
investigation  might  have  made  the  trouble 
quite  easy  to  find  and  remedy. 

Lloyd  V.  Beets. 

Nashville,   Tenn. 


Lubricator  Experience 

I  would  go  further  than  L.  J.  Watson 
did  on  the  above  subject  as  regards 
cleaning  and  taking  care  of  lubricators. 
While  I  was  with  a  firm  that  habitually 
bought  a  cheap  grade  of  oil,  we  had  to 
take  down  the  lubricators  occasionally 
and  give  them  a  boiling  out.  To  do  this 
we  had  to  remove  the  wooden  handles 
and  take  out  the  glasses  as  they  were 
boiled   in  a  mixture  of  water  and  lye. 

Finally  I  hit  upon  a  new  way  which 
saved  me  the  trouble  of  taking  them 
down.  I  emptied  the  lubricator  and  filled 
it  about  two-thirds  full  of  coal  oil  or 
kerosene,  put  in  the  filling  plug,  turned 
on  the  steam,  and  let  it  boil  for  a  few 
minutes;  then  I  gave  it  a  good  blowing 
out.  Next  I  cut  up  fine  a  1-in.  cube  of 
laundry  soap,  put  it  in  the  lubricator  and 
filled  the  latter  about  two-thirds  full  of 
water.  I  then  turned  on  the  steam  and 
let  that  boil  for  a  few  moments,  and 
then  gave  the  lubricator  another  blowing 
out. 

By  using  this  method,  which  only  took 
a  few  minutes,  I  never  had  to  take  a 
lubricator  down,  and  it  was  surprising 
the  amount  of  sediment  that  came  out. 

Another  way  to  keep  a  lubricator  clean 
is  to  put  in  a  piece  of  soap  just  before 
filling  it  with  oil  and  when  the  oil  is  all 
fed  out,  give  the  lubricator  a  good  blow- 
ing out. 

As  to  the  use  of  wrenches  on  lubri- 
cators, I  find  that  the  smaller  the  wrench, 
the  longer  the  threads  on  the  packing 
nuts  will  last.  I  have  seen  engineers 
use  12-  and  I4-in.  wrenches  to  tighten  up 
the  packing  nuts,  and  then  wonder  why 
they  stripped  the  threads  or  twisted  off 
a   filling  or  a  drain  plug.     If  a  packing 


nut  is  tight,  it  will  always  leak  a  little 
when  turning  on  steam  but  in  a  short 
time  it  will  tighten  itself.  I  never  use 
a  wrench  on  the  filling  and  drain  plugs,  as 
these  joints  are  steam  tight. 

I  once  had  charge  of  a  plant  which  em- 
ployed "hunkies"  as  firemen.  One  day 
the  head  fireman  came  into  the  engine 
room,  a  12-in.  Stillson  wrench  in  one 
hand  and  a  drain  plug  in  the  other. 
Showing  me  the  plug,  he  said,  "No  good." 
When  I  asked  him  how  he  did  it,  he 
said,  "Just  tighten  him  up  a  little  mit 
de  wrench."  I  have  tightened  this  same 
plug  repeatedly  with  my  hands,  but  he 
had  to  use  the  largest  wrench  he  could 
find. 

Fred    Langbein. 

Port  Clinton,  Ohio. 


In  the  Feb.  6  issue,  L.  J.  Watson 
states  that  when  the  sight-feed  glass 
fills  with  oil  it  is  necessary  to  stop  the 
feed,  blow  it  out  clean  and  let  it  fill 
with  water,  before  restarting  the  feed. 

r  had  a  !^-gal.  lubricator  on  which 
it  was  impossible  to  keep  the  sight-feed 
glass  clear  over  15  min.  at  a  time,  but 
just  the  same,  it  would  and  did  feed  it- 
self empty  three  times  during  every  10- 
hour  shift,  night  and  day,  for  10  years. 
We  always  had  it  blown  out  at  the  com- 
mencement of  each  shift. 

W.  E.  Stickney. 

Prince  Albert,  Sask. 


Pressure    in    Pump   Discharge 
Pipe 

J.  C.  Hawkins  gives,  on  page  870,  in 
the  issue  of  Dec.  5,  1911,  a  solution  of 
the  pumping  problem  presented  by  J.  F. 
Murphy,  on  page  638,  Oct.  24,  1911,  in 
which  he  reaches  the  conclusion  that 
nearly  five  times  as  much  water  will  be 
pumped  into  the  higher  tank  as  into  the 
lower  one.  Eliminating  the  errors  from 
Mr.  Hawkins'  calculations,  it  will  be  seen 
that  under  the  conditions  given  no  water 
will  be  pumped  into  the  higher  tank. 

The  displacement  of  the  pump,  at  a 
piston  speed  of  100  ft.  per  minute,  is 
10'  X  0.7854  X  100  X  12  X  2  z=  188,- 
496  cu.in.  per  minute,  or  816  gal.  per 
minute.  Allowing  for  slippage,  612  gal. 
per  iTiinute  will  be  delivered  to  the  dis- 
charge   pipe. 

In  order  to  determine  whether  any 
water  Will  be  discharged  into  the  higher 
tank,  it  is  necessary  to  calculate  what 
head  must  be  impressed  upon  pipe  E,  to 
deliver  612  gal.  per  minute  (10.2  gal. 
per  second)    into  the  lower  tank. 

A  flow  of  10.2  gal.  per  second  through 
a  3-in.  pipe  necessitates  a  velocity  of 
10.2  X  231  .      ^ 

i-  X  0.7854     -'■'■'■'      ' 

or  27.7  ft.  per  second.  The  effective 
head  to  produce  this  velooity  is  found 
from  the  formula 

v"  ^  2  gh 
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h  being  head  in  feet,  and  v,  velocity  in 
feet  per  second,  from  which 

,        27-7" 
;j  =  r^-^  =  11-9 
64.32 

To  this,  velocity  head  must  be  added  the 
friction  head  in  the  pipe,  which  can  be 
determined    from    the    formula 

d  2g 
in  which  /  is  the  length  and  d  the  diam- 
eter of  the  pipe  in  feet,  and  /  the  coeffi- 
cient of  friction,  for  which  0.01  is  an 
average  value.  Since  the  pressure  on 
the  pump  due  to  the  hydrostatic  head 
in  the  3-in.  pipe  is  given  as  20  lb.,  the 
length  of  this  pipe  may  be  assumed  to 
be  20  -^  0.434  =  46  ft.  Substituting 
these  values,  the  formula  becomes 

,,.  =  o.oxx^^^'x^'  =  63.8/^ 
o.;;5         64.32 

The  velocity  head  being  11.9  ft.  and 
the  friction  head  63.8  ft.,  the  total  will 
be  75.7  ft.,  so  that  the  water  would  rise 
in  the  6-in.  pipe  to  a  height  75.7  +  46 
=  121.7  ft.  above  the  horizontal  pipe, 
^nd  then  be  nearly  65  ft.  below  the  bot- 
tom of  the  upper  tank.  Thus  the  3-in. 
pipe  is  found  to  be  large  enough  to  dis- 
charge to  the  lower  tank  all  the  water  the 
pump  can  deliver  at  the  given   speed. 

Mr.  Hawkins'  errors  consisted  in  using 
100  r.p.m.  for  the  pump  speed,  instead 
of  100  ft.  piston  speed,  and  in  an  in- 
correct application  of  the  chart  for  "Flow 
of  Water  in  Iron  Pipes,"  shown  on  page 
523  for  Apr.  23,  1911.  This  chart  gives 
frictional  head  per  1000  ft.  of  pipe,  while 
it  was  used  in  this  case  as  though  it 
showed  total  head,  without  regard  to 
length  of  pipe. 

C.   S.   Stouffer. 

Kewanee,   111. 


Clerical    Work  in  Station 
Reports 

Commenting  on  H.  S.  Knowlton's  arti- 
cle, "Saving  Clerical  Work  in  Station 
Reports,"  in  the  Mar.  12  issue,  I  wish 
to  say  that  I  agree  with  him  that  the 
main  duty  of  an  engineer  is  to  keep  his 
plant  in  good  condition  and  operate  it 
efficiently;  yet  few  men,  and  particularly 
those  not  connected  with  the  engineer- 
ing or  accounting  departments  of  a  plant, 
realize  the  importance  of  well  kept  rec- 
ords. 

Mr.  Knowlton  aptly  characterizes  the 
records  as  part  of  "the  old  man's  red 
tape,"  and  that  is  the  feeling  held  by 
most  men  who  have  to  fill  them  out.  The 
engineer  ought  to  keep  these  records 
rather  than  leave   them  to  the  old  man. 

The  series  of  articles  on  the  "Confes- 
sions of  an  Engineer,"  appearing  in 
Power  from  time  to  time,  give  examples 
of  cases  where  the  information  contained 
in  such  reports  would  have  been  valu- 
able to  the  engineer  as  well  as  to  the 
old  man. 

The  use,  of  letters  or  symbols  to  indi- 


cate the  various  things  that  should  be 
recorded  is  not  to  be  wholly  commended 
as  there  will  probably  be  more  work 
added  in  making  out  the  key  than  will 
be  saved  by  the  use  of  a  single  letter  in- 
stead of  several  words;  of  course,  where 
the  key  is  printed  upon  the  form  or  the 
record  covers  a  period  of  perhaps  a 
month,  this  criticism  would  not  apply. 

As  all  of  the  occurrences  reported  by 
letters  will  not  be  the  same,  and,  as  in 
the  case  of  accidents,  it  is  well  to  have 
detailed  reports  so  as  to  guard  against 
their  future  occurrence  or  to  place  the 
blame  where  it  properly  belongs  in  case 
of  carelessnes's,  it  is  doubtful  if  the  sym- 
bols would  prove  to  be  entirely  satis- 
factory. 

Leaving  the  vowels  out  of  most  of  the 
words  and  otherwise  condensing  them, 
would  appear  to  be  even  less  satisfactory 
than  the  use  of  symbols.  If  all  engi- 
neers were  good  penmen  there  would  be 
little  reason  for  objecting,  but  the  prob- 
able result  would  be  a  misunderstanding 
of  the  true  meaning,  thus  defeating  the 
purpose    of   the    records. 

The  plotting  of  a  curve  means  the 
quickest  and  easiest  means  of  judging 
results,  and  especially  comparative  re- 
sults; but  it  is  difficult  to  make  use  of 
more  than  one  or  two  of  such  curves  at 
a  time  unless  they  are  all  plotted  on 
the  same  sheet.  If  it  is  necessary  to 
take  figures  from  the  curi'es  it  will  be 
found  harder  work  than  to  merely  copy 
from  a  column  of  figures.  Again,  there 
is  more  liability  of  making  a  mistake  in 
putting  down  readings  by  making  a  check 
mark  on  cross-sectiorb  paper  than  if  the 
figures  were  written  down;  also,  little, 
if  any,  time  or  labor  will  be  saved  as 
it  will  be  necessary  to  find  the  inter- 
section of  the  proper  lines  before  mak- 
ing the  mark. 

The  suggestion  of  keeping  a  handy 
list  of  constants  ordinarily  used  is  a 
good  one  and  will  save  much  time  and 
avoid  mistakes  in  arithmetic  when  re- 
sults have  to  be  worked  out  in  a  hurry. 
G.   H.   McKelway. 

Brooklyn,  N.  Y. 


after  four  hours'  work  the  bearing  was 
running  as  cool  as  ever. 

Clarence   R.   Davis. 
East   Boston.    Mass. 


Glass  in  Hot  Box 

In  the  Mar.  5  issue,  John  Bailey  in- 
quired about  glass  for  hot  boxes  An 
experience  I  had  some  time  ago  with  a 
750-hp.  engine  may  be  of  interest. 

The  outboard  bearing  got  hot  one  even- 
ing about  10:30,  and  cylinder  oil  was  run 
into  it  until  morning,  but  it  kept  at  about 
the  same  temperature.  In  the  morning 
the  engine  was  shut  down,  the  cap  was 
taken  off  and  it  was  found  that  the 
babbitt  had  been  started  a  little.  As 
soon  as  the  cap  was  taken  off.  the  en- 
gine was  started  up  again  and  some 
ground  glass  was  put  into  the  box.  This 
did  not  seem  to  cool  off  the  box,  but  I 
think  that  it  must  have  smoothed  up 
places  where  the  babbitt  had  started,  for 


Will  the  Injector  Work? 

Referring  to  J.  L.  Brouse's  drawing 
in  the  Mar.  5  issue,  I  do  not  consider 
his  method  of  connecting  up  two  in- 
jectors, in  accordance  with  good  practice. 
I  assume  that  the  main  steam  supply  to 
the  injectors  is  only  1  '4  in.  in  size.  Since 


i--/g  Water  Supply 


Improved   Arrangement   of   Injector 
Piping 

each  injector  requires  a  IJ^-'f-  steam 
supply,  I  should  run  at  least  a  xy^-xw. 
supply  to  the  tee  where  a  1^-in.  branch 
is  taken  off  for  each  injector,  as  he 
wishes  to  run  both  injectors  together  at 
times.  This  also  applies  to  the  water- 
supply  pipe. 

His  method  of  connecting  the  delivery 
pipes  together  could  be  improved  by 
using  the  arrangement  shown  in  the  ac- 
companying figure.  I  believe  that  one 
injector  alone  would  deliver  more  water 
to  the  boiler  than  the  two  together,  con- 
nected as  they  are  now. 

New  York   City.       Thomas   Baker. 


Cold  Air  and  Leaky  Pipe 
Joints 

Mr.  Normand's  theory  of  flange  con- 
traction, as  expressed  in  the  issue  of 
Feb.  13,  would  be  all  right  if  the  cold 
draft  blew  all  around  the  flange,  but 
most  drafts  come  from  one  side  only, 
and  cause  a  distortion  of  the  flange 
that   in   many   cases   makes   a  leak. 

Several  years  ago  I  was  on  a  steam 
boat,  on  which  one  of  the  flanges  on  the 
main  steam  pipe  came  under  the  ven- 
tilator. It  was  impossible  to  keep  this 
joint  from  leaking. 

There  was  no  vapor  from  the  leak  but 
hot  water  came  down.  By  keeping  the 
ventilator  turned  away  from  the  wind 
the  leak  was  not  so  bad.  A  shield  was 
put  over  the  pipe  and  there  was  no  more 
trouble  with  it. 

Chicago,  111.  C.  G.  Harden. 
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Bare  Steam  Pipe 

What  is  the  loss  per  hour  due  to  radia- 
tion of  an  uncovered  steam  pipe  8  in. 
in  diameter  and  170  ft.  long,  if  the  steam 
pressure  is  120  lb.  and  the  average  tem- 
perature of  the  air  is  70  deg.  F.? 

R.  O.  R. 

The  temperature  of  steam  at  120  lb. 
gage  pressure  is  350  deg.  F.  The  differ- 
ence between  the  steam  and  air  is  there- 
fore 280  deg.  F.  For  most  practical  pur- 
poses the  loss  of  heat  from  a  bare  steam 
pipe  may  be  taken  at  3  B.t.u.  per  square 
foot  per  hour  per  degree  difference  in 
temperature.  The  actual  loss  depends 
on  the  length  and  diameter  of  the  pipe, 
whether  vertical  or  horizontal,  and  the 
velocity  of  the  air  currents  surrounding 
the  pipe.  The  loss  in  1  sq.ft.  per  hour 
would  be  theoretically  3  x  280  =  840 
B.t.u.;  170  ft.  of  8-in.  pipe  has  an  ex- 
ternal surface  of 
8.6J5 


170  X 


X  3.1416  =  38386 -'9 /' 


therefore  the  calculated  loss  of  the  whole 

length  of  pipe  would  be 

840  X  383.86  =  322,442.4  B.t.u.  per  hour 


Pressure  uj  the   Wind 

If  the  wind  blows  at  the  rate  of  60 
miles  an  hour,  what  would  be  its  pres- 
sure on  a  flat  surface? 

E.  H.  S. 

The  wind  pressure  per  square  foot  on 
a  flat  surface  is  about  0.004  times  the 
square  of  the  velocity  of  the  wind  in 
miles  per  hour.  The  value  of  the  multi- 
plier varies  somewhat  according  to  ob- 
servations made  by  different  men,  being 
0.005  according  to  Smeaton  and  0.0029  ac- 
cording to  Wipple  and  Dines.  At  the  rate 
of  60  miles  the  pressure  on  a  flat  sur- 
face would  be  about  60=  x  0.004  =  14.4 
lb.  per  square  foot  of  surface. 


Compression    Pressure    in    Nat- 
ural-Gas Engines 

What  compression  should  a  natural- 
gas  engine  have  to  operate  to  best  ad- 
vantage? 

C.  W.  A. 

Most  natural-gas  engines  operate  with 
a  compression  of  about  120  lb.  per  square 
inch  absolute,  but  there  are  several  types 
built  to  run  with  pressures,  running  up 
to    135   lb.   absolute. 


Heat  Loss  in  Flue  Gas 

What  is  the  method  of  figuring  the 
proportion  of  heat  lost  in  the  gases  es- 
caping  from  a  chimney? 

M.   E.   S. 

Add  1  to  the  weight  of  air  used  per 
pound  of  combustible  and  multiply  the 
sum  by  the  difference  between  the  tem- 
perature of  the  entering  air  and  that  of 
the  flue  gases;  multiply  again  by  the 
specific  heat  of  the  gases,  which  may  be 
taken  as  0.24  for  most  purposes.  Divide 
the  final  product  by  the  heat  units  per 
pound  of  coal.  For  example,  if  the  tem- 
perature of  the  entering  air  is  60  deg. 
F.  and  that  of  the  flue  gases  420  deg.  F., 
the  air  supply  per  pound  of  combustible 
12  lb.  and  the  heat  value  of  the  coal 
13,320  B.t.u.  per  pound,  the  heat  carried 
away  by  the  flue  gases  would  be 
(12    4-    1)    X     (420  —  60)    X    0.24   = 

1123  B.t.u. 
which  is 


:  0.085 


i"3   . 
13,200 

or  8.5   per   cent,    of   the   total    heat   sup- 
plied. 


Type  Metal  for  Lining  Bearings 

Will  type  metal  make  good  bearing 
lining? 

P.  K.  I. 

It  will.  Type  metal  is  made  of  lead 
and  antimony,  the  antimony  varying  from 
18  to  22  per  cent. 


Air   Required  for  the  Combus- 
tion of  One  Pound  of  Coal 

What  is  a  good  rule  for  estimating  the 
arrtount  of  air  required  for  the  combus- 
tion of  one  pound   of  coal? 

T.  H.  H. 

Multiply  the  per  cent,  of  carbon  in  the 
coal  by  11.52.  Multiply  34.56  by  the  dif- 
ference between  the  per  cent,  of  hydro- 
gen and  the  quotient  of  the  per  cent, 
of  oxygen  divided  by  8.  Multiply  the  per 
cent,  of  sulphur  by  4.32.  The  sum  of  all 
the  products  will  be  the  theoretical 
amount  of  air  required  in  pounds  per 
pound  of  coal.  The  rule  expressed  as 
a  formula  is 

11.52  C   +   34.56    {h  -^   +   4.32  S 
=  pounds  of  air  per  pound  of  coal. 


Relative  Sizes  of  Boiler  and 
Engine 

Can  a  50-hp.  engine  be  operated  at 
full  load  by  a  50-hp.  boiler? 

G.  O.  S. 

It  depends  upon  the  type  of  engine. 
One  boiler  horsepower  will  furnish  suffi- 
cient steam  to  develop  about  3  hp.  in  a 
compound-condensing  engine,  and  only 
'  _.  hp.  in  a  small  noncondensing  engine. 
Assuming  "the  engine  to  use  40  lb.  of 
steam  per  horsepower  per  hour,  the  steam 
pressure  to  be  90  lb.  gage  and  the  tem- 
perature of  the  feed  water  200  deg.  F., 
the  factor  of  evaporation  would  be 

„87.2-(200-32)^^ 

970.4 

The  water  used  by  the  engine  would  be 
50  X  40  :=  2000  lb.  per  hour,  or  2000 
X  1.05  :=  2100  lb.  from  and  at  212  deg. 
F.  The  boiler  horsepower  necessary  to 
supply  steam  to  run  the  engine  full  load 
would  be 

ri^°^6o.8/.^ 


Gas-Engi/ie  Valves 

Does  a  gas  engine  operating  with 
natural  gas  have  valves  differently  de- 
signed from  those  of  an  engine  using 
other  fuels? 

A.  F.  W. 

The  design  of  gas-engine  valves  does 
not  depend  upon  the  kind  of  fuel  to  be 
used  in  the  engine;  it  depends  on  the 
piston  speed  and  the  allowable  velocity 
of  gases  through  the  valve  ports.  Some 
designers  allow  a  velocity  of  5000  ft.  per 
minute  past  the  valves,  but  more  con- 
servative designers  put  the  speed  at  about 
4000  ft.  per  minute. 


Proper  Side  of  a  Belt  Next  to 
Pulley 

Which  is  the  proper  side  of  a  belt  to 
put  next  to  the  pulley? 

B.   A.    K. 

The  strongest  part  of  belt  leather  is 
near  the  flesh  side,  about  one-third  the 
way  through.  It  is  therefore  better  to 
run  the  hair  side  on  the  pulley,  in  order 
that  the  strongest  part  of  the  belt  may 
have  the  least  wear.  The  flesh  side  will 
not  crack,  as  the  hair  side  will  do,  when 
the  belt  is  old;  therefore  it  is  better  to 
crimp  the  grain  than  stretch  it. 
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To  Aid  the  German  Techni- 
cal Arts  Commission 

As  announced  in  Power  of  Apr.  9, 
the  Commission  of  the  German  Museum 
of  Masterpieces  of  Natural  Sciences  and 
Technical  Arts  is  visiting  this  country 
for  the  purpose  of  bringing  the  German 
Museum  at  Munich  into  close  touch  with 
the  institutions  in  the  United  States  de- 
voted to  the  history  of  technical  science. 

While  Munich  has  a  world-wide  repu- 
tation for  its  fine  art  collections,  it  is 
not  so  well  known  that  it  also  possesses 
the  finest  collection  of  technical  achieve- 
ments in  the  whole  world  embodied  in 
the  German  Museum.  This  museum  is 
an  establishment  of  technical  art  and 
science,  and  as  such  is  unique  in  Europe. 

As  the  committee  has  only  a  limited 
time  at  its  command,  it  would  like  such 
Americans  as  sympathize  with  its  mis- 
sion to  come  forward  with  a  view  to 
facilitating  an  early  communication. 

If  those  who  are  able  to  provide  facili- 
ties to  the  commission  in  the  execution  of 
its  work  here,  or  want  to  communicate 
with  the  members,  will  send  their  mail 
in  care  of  Power,  we  will  gladly  un- 
dertake to  forward  it  and  render  any 
other  assistance  possible  to  make  the 
commission's  labors  productive  of  benefit 
both  here  and  abroad. 


dustrial  plants  of  the  country.  The  photo- 
graph, which  was  taken  on  Apr.  2,  shows 
the  class  at  the  works  of  the  Mesta  Ma- 
chine Co.,  at  West  Homestead,   Penn. 

The  average  under-graduate,  who  has 
never  performed  actual  service  in  any 
industry,  has  practically  no  idea  of  the 
magnitude  of  the  iron  and  steel  manu- 
facture and  its  allied  industries  and  great 
benefit  has  resulted  from  these  inspec- 
tion tours.     They  show  the  student,  who 


Largest  Turbine  for   Chicago 

London's  newspapers  regard  as  a  com- 
mercial triumph  the  fact  that  C.  A.  Par- 
sons &  Co.,  of  Seaton-on-Tyne,  have  re- 
ceived an  order  from  the  Commonwealth 
Edison  Co.,  of  Chicago,  for  a  turbine 
which  will  be  the  largest  in  the  world. 
It  is  divided  into  a  high-  and  low-pres- 
sure portion,  the  high-pressure  being  of 
the  single-flow  type  and  the  low-pressure 
element,  double-fiow;  but  the  design  is 
of  the  Parsons  reaction  type  throughout 
and  no  velocity  stages  are  used.  Its  sus- 
tained capacity  is  30,000  kw.  and  it  is 
guaranteed  to  produce  a  kw.-hr.  on  11  Ji 
lb.  of  steam  with  an  initial  pressure  of 
200  lb.,  superheat  of  200  deg.  and  a  vac- 
uum  of   28", J    in. 


Boiler   Explosion    near  Car- 
thage,   Mo. 

On  Apr.  2,  a  vertical  boiler  at  the  mill 
of  the  Ida  H.  mine,  near  Carthage.  Mo., 
exploded  and  seriously  injured  two  mill 
workers.  The  cause  is  unknown  to  t!ie 
employees,  who  declare  that  there  was 
plenty  of  water  in  the  boiler  and  tha*  the 
gages  were  satisfactorily  tested  before 
starting. 


Yale  Students  on  Inspection 
Tour 

Fifty-four  seniors  of  the  Sheffield 
Scientific  School,  Yale  University,  New 
Haven,  Conn.,  under  charge  of  Profs. 
Breckenridge  and  Roe,  recently  made  a 
tour    of    inspection    of    the    largest    in- 


is  to  be  accepted  and  the  case  conducted 
on  definite  lines  tending  toward  a  re- 
duction in  the  maximum  rate  and  fixing 
a  limit  to  the  discrimination  between 
wholesale  and  retail  rates. 

Much  damaging  evidence  was  brought 
out  at  the  former  hearings  but  a  definite 
procedure  was  frustrated  by  the  refusal 
of  the  defendants  to  furnish  the  informa- 
tion asked  for  by  the  commission.  Sup- 
plemented   by    the    existing    evidence,    a 


Group  of  Students  fro.m  Sheffield  Engineering  School  of  Yale 


has  finished  the  theoretical  part  of  his 
education,  exactly  how  the  manufacture 
is  carried  on,  particularly  as  applied  to 
the  building  of  the  larger  classes  of  ma- 
chinery. 


new  line  of  action  should  bear  fruit. 
Meanwhile  the  proceedings  will  be 
watched  with  interest. 


New     Petition    in     Rate 
Discrimination  Case 

-Much  speculation  centers  around  a 
petition  which  was  presented  to  the  Pub- 
lic Service  Commission  last  Monday  by 
Arthur  S.  Luria,  representing  the  Iso- 
lated Plant  Publishing  Co.  and  some  400 
consumers  of  Edison  current. 

Hearings  upon  the  original  complaint 
charging  the  New  York  Edison  Co.  with 
rate  discrimination  have  been  in  progress 
for  some  months  and  have  had  the  back- 
ing of  a  number  of  stationary  engineers' 
organizations.  Last  Monday,  Mr.  Bron- 
son,  counsel  for  the  complainants,  sum- 
med up  his  case,  asking  that  a  decision 
be  rendered  upon  the  evidence  already 
submitted.  Mr.  Luria,  however,  urged 
that  the  new  petition  be  considered  along 
with  the  existing  complaint  and  the  com- 
mission ruled  in  his  favor. 

While  the  exact  nature  of  the  evidence 
to  be  submitted  under  the  new  petition 
has  not  been  disclosed,  it  is  understood 
that    the    present    classification    of    rates 


Newark  Industrial  Exposition 

The  publicity  managers  of  the  coming 
industrial  exposition  to  be  opened  in 
Newark,  N.  J.,  on  May  13  to  25,  an- 
nounce that  it  will  aim  to  be  the  great- 
est civic  event  in  the  United  States  this 
year.  It  will  be  opened  by  President 
Taft  and  conducted  under  the  auspices 
of  the  Newark  Board  of  Trade. 

The  exhibitors  inplude  the  manufac- 
turers of  the  city's  industrial  district, 
and  many  companies  that  will  be  repre- 
sented are  the  leaders  of  their  kind  in 
the  world. 

In  conjunction  with  the  preparation  for 
the  display  there  is  ^  ■  ig  conducted  a 
national  advertising  iipaign,  designed 
to  give  publicity  to  the  exposition  and 
make  known  to  the  country  the  oppor- 
tunities offered  by  Ne-    -k  a-;  a  city. 

There  will  also  be  arg,:  number  of 
live  exhibits,  where  a  great  variety  of 
modern  machinery  will  be  seen. 

Further  information  concerning  the 
exposition  can  be  had  by  addressing 
Newark  Industrial  Exposition,  Bo.ard  of 
Trade,   Newark,   N.   J. 


April  16,  1912 
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The  American  Institute  of  Steam  Boiler 
Inspectors  of  Boston  will  hold  its  annual 
banquet  at  the  American  House  on  the 
evening  of  Apr.  23. 

The  American  Philosophical  Society, 
the  Franklin  Institute,  the  American 
Chemical  Society,  and  the  American  Gas 
Institute  will  hold  a  symposium  in  cele- 
bration of  the  centenary  of  the  introduc- 
tion of  gas  as  an  illuminant  in  Philadel- 
phia^  on  Apr.  18  and  19.  The  place  of 
meeting  will  be  the  hall  of  the  Franklin 
Institute. 

Elaborate  preparations  are  being  made 
by  the  local  association  for  the  reception 
of  the  National  Electric  Light  Associa- 
tion at  Seattle,  Wash.,  during  its  thirty- 
fifth  annual  convention  on  June  10  to  14. 
Intending  visitors  are  asked  to  apply  to 
W.  J.  Grambs,  chairman  of  the  hotel  com- 
mittee, as  early  as  possible  for  their 
hotel  accommodations,  thereby  assisting 
the  committee  in  completing  its  arrange- 
ments. 

The  spring  meeting  at  Cleveland,  Ohio, 
of  the  American  Society  of  Mechanical 
Engineers,  previously  announced  for  the 
first  week  in  June,  has  been  changed  to 
May  28  to  31.  There  are  many  resident 
engineers  in  Cleveland,  and  they  are 
working  to  make  this  convention  one  of 
the  best  in  the  history  of  the  organiza- 
tion. A  complete  statement  will  soon 
be  issued  of  the  papers  to  be  discussed 
at  the  professional  sessions. 

At  the  twenty- fourth  annual  conven- 
tion of  the  American  Boiler  Manufac- 
turers' Association,  the  secretary  of  the 
Supplymen's  Association  was  authorized 
to  publish  a  list  of  "Boiler  Manufactur- 
ers in  the  United  States  and  Canada," 
which  will  comprise  100  names  verified 
through  mercantile  agencies  and  by  di- 
rect correspondence.  The  list  will  be  of 
interest  to  manufacturers  of  tools  used 
in  boiler  shops,  material  men,  mechanical 
engineers  and  boiler  buyers.  It  is  ar- 
ranged with  a  column  in  which  the  credit 
rating  and  financial  responsibility  can  be 
inserted,  and  may  be  obtained  for  S5  by 
applying  to  F.  B.  Slocum,  secretary  Sup- 
plymen's Association,  West  and  Calyer 
Sts.,  Brooklyn,  N.  Y. 

Thirty-nine  civil-engineering  students 
of  the  Massachusetts  Institute  of  Tech- 
nology, who  recently  visited  New  York 
under  the  dir^c*ion  of  Prof.  Spoffoid, 
were  the  guest.  f  the  Brooklyn  Engi- 
neers Club  on  tht  evening  of  Apr.  3.  An 
informal  talk  on  "Some  European  Power 
Plants"  was,  giv^^i  the  students  by  George 
A.  Orrok,  cf  tl  ^Mew  York  Edison  Co. 
He  stated  that  while  our  power  plants 
may  not  be  the  equal  of  those  abroad,  in 
the  matter  of  economy  of  operation  ind 
coal  consumption,  the  plants  of  the 
United  States  are  run  just  as  economical- 
ly.    Speaking  of  the  prices  paid   for  the 


soft  coal  used  in  the  large  power  sta- 
tions, Mr.  Orrok  said  the  cost  of  the  fuel 
in  Paris  was  about  $3.60  per  ton;  in 
Newcastle  from  $1.75  to  $2.25  per  ton, 
and  in  London  $2.50  per  ton.  He  said 
the  use  of  hard  or  anthracite  coal  in  the 
power  stations  of  the  United  States  had 
ceased  altogether,  owing  to  the  pro- 
hibitive   cost    of    the    fuel. 


OBITUARY 

Antonio  Pacinotti,  professor  of  tech- 
nological physics  at  the  University  of 
Pisa  (Italy)  and  the  original  inventor 
of  the  multi-segmental  commutator,  dis- 
tributed winding  and  toothed  armature 
core  which  are  fundamental  features  of 
all  modern  direct-current  dynamos,  died 
on   Mar.   24. 

He  was  born  in  Pisa  on  June  17,  1841, 
and    was   therefore   nearly   71    years   old 


when  he  died.  At  an  early  age  he  studied 
what  was  then  known  of  electricity  and 
magnetism,  and  in  1860  invented  and 
built  the  ring-armature  direct-current 
dynamo  with  a  distributed  winding  and 
commutator  which  was  independently  in- 
vented 10  years  later  by  Gramme.  The 
machine  did  not  attract  much  attention 
at  the  time  because  its  future  importance 
was  not  realized.  When  he  exhibited  a 
model  of  his  invention  at  the  Vienna  ex- 
position in  1873,  however,  recognition  of 
its  merit  was  instantaneous.  The  Gramme 
machine  invented  in  1870  was  also  ex- 
hibited there  and  as  it  had  been  heralded 
and  discussed  widely  during  the  pre- 
ceding three  years  the  scientific  and  en- 
gineering world  was  in  a  more  apprecia- 
tive and  receptive  mental  state  than  when 
Pacinotti's  little  machine  was  built.  13 
years  before. 

Pacinotti's    leanings    were    in    the    di- 


rection of  research  and  scientific  de- 
velopment rather  than  practical  exploita- 
tion, and  this  accounts  for  his  allowing 
his  splendid  achievement  to  lie  almost 
unknown  for  so  many  years  while  he 
applied  himself  to  college  work  and 
study. 

In  1862  he  was  appointed  assistant 
professor  of  astronomy  at  Florence  and 
his  work  there  prevented  his  carrying 
out  experimental  work  on  a  larger  scale, 
which  he  had  planned  to  do.  In  1864 
he  was  made  professor  of  applied  physics 
at  Bologna  and  in  1873  received  the 
same   chair   at   Cagliara. 

During  the  past  30  years,  in  recogni- 
tion of  Pacinotti's  achievements  and  at- 
tainments, scientific  bodies  and  engineer- 
ing societies  and  congresses  throughout 
the  world  bestowed  upon  him  many 
honors,  all  of  which  were  received  with 
sincere  appreciation  and  the  unaffected 
modesty  which  endeared  him  to  all  who 
enjoyed  the  privilege  of  personal  ac- 
quaintanceship   with    him. 

We  are  indebted  to  the  Electrical  World 
for  the  use  of  the  accompanying  portrait 
and   autograph. 


PERSONAL 

Ray  Palmer,  a  consulting  engineer  of 
Chicago,  111.,  has  been  appointed  city 
electrician  of  Chicago,  succeeding  Wil- 
liam Carroll,  who  recently  resigned.  Mr. 
Palmer  is  an  associate  member  of  the 
Institute  of  Electrical   Engineers. 

Aldis  E.  Hibner,  power  engineer  of 
the  Livingston  Niagara  Power  Co.,  Avon, 
N.  Y.,  has  resigned  to  accept  the  posi- 
tion of  electrical  commercial  manager  of 
the  Empire  Gas  &  Electric  Co.,  of  Au- 
burn, N.  Y. 

F.  R.  Fortune  has  been  appointed  to 
the  newly  created  position  of  general 
sales  manager  of  the  Cooper  Hewitt 
Electric  Co.  Burford  Britton  succeeds 
him  as  district  sales  manager.  The 
headquarters  of  both  officials  will  be  in 
the  Westinghouse   Building,   Pittsburg. 

J.  W.  Eraser,  assistant  chief  engi- 
neer for  the  Southern  Power  Co.,  and  to 
whom  much  credit  for  the  present  very 
successful  operation  of  the  mammoth 
generating  and  transmission  system  of 
that  company  is  due,  has  resigned  his 
position  in  order  to  take  charge  of  the 
building  of  a  complete  hydro-electric 
power  plant  and  transmission  system  in 
Australia  for  the  British  Westinghouse 
Electric  &  Manufacturing  Co.  The 
Australian  plant  will  have  a  capacity  of 
about  100,000  kw.  when  completed.  The 
first  transmission  line  will  be  64  miles 
long.  Mr.  Eraser  has  been  with  the 
Southern  Power  Co.  for  the  past  seven 
years  and  he  is  considered  to  be  one  of 
the  foremost  electrical  engineers  of  the 
country  in  the  realm  of  hydro-electric 
and  high-tension  plant  construction  and 
operation. 
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Moments  with  the  Ad.  Editor 


MR.    Samuel    G.    Martin,    chief    engi- 
neer of  the  Uxbridge  Worsted  Com- 
pany, sends  ns  a  copy  of  Power  for 
November,  1890,  with  these  remarks: 

"Since  our  friend  the  advertising  editor 
is  so,  shall  I  say,  persistent  in  asking  for 
criticism  of  the  Selling  Section  of  PowER, 
I  will  try  to  soothe  his  feelings. 

"Enclosed  are  two  copies  of  Power — 
one  22  years  old  and  one  of  current  issue. 
They  show  the  difference  plainly  enough 
and  the  improvement. 

"A  reader  of  Power  since  1890,  I  con- 
gratulate you  sincerely  on  the  Selling  Sec- 
tion. " 

Thank  you,  Mr.  Martin. 

We  can  think  of  no  more  graphical 
way  of  showing  the  improvement  in  technical 
advertising,  and  especially  in  Power's  adver- 
tising, than  by  reproducing  an  advertising 
page  of  the  old  days  and  asking  you  to 
compare  it  with  the  Selling  Section  of 
this  issue. 

The  old  ads.  are  fine  examples  of  what 
handed  trade  and  technical  paper  adver- 
tising a  black  eye. 

They  are  mere  "cards" — they  say  noth- 
ing and  were  never  changed.  They  are 
sedate  old  tombstones,  that's  all. 

The  man  who  could  get  the  most  fancy 
stunts  into  the  design  of  his  type  was  the 
best  advertiser. 

They  pulled  some  business  only  because 
there  was  nothing  better — nothing  conspicu- 
ously different. 

The  "general"  advertiser,  who  was 
spending  much  more  money  than  the  trade 
paper  advertiser,  woke  up  first. 

He  got  real  meat  into  his  space  and 
attractiveness  into  his  layout. 

But  the  technical  advertiser  continued 
in  the  old  rut  long  enough  to  have  the  out- 
side world  ridiculing  his  efforts. 

As  a  matter  of  fact,  the  technical  paper 
publisher  was  the  first  to  get  busy  and  induce 


his  advertisers  to  put  live  "reason  why" 
copy  into  their  ads.  It  was  done  as  a  matter 
of  self-protection — done  to  make  the  ads. 
actually   pay. 

Now  it  is  no  exaggeration  to  say  that 
some  of  the  best  advertising  in  the  country 
is  found  in  those  technical  papers  which 
insist  that  the  advertising  pages  shall  be 
interesting,  informative  and  instructive. 
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Hence  you  will  find  today — in  this  very 
issue — that  Power  advertising  is  worth 
reading. 

Things  22  years  ago  were  done  differently; 
power  was  generated  and  transmitted  differ- 
ently. You  buy  and  read  Power  to  know 
how  things  are  done  now — this  week. 


If    you    want    to    know 
done  u'ith,  read  the  ads. 


:Iiaf    thev    are 
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If  You  Have  a  "Kick"  Coming,  Let  Us  Have  It! 


THE    publisher    of,     let   us    call    it,     the 
Excelsior  Banner  every  so  often  would 
enter  the  paper's  editorial   rooms    and 
demand: 


"What's  wrong  with  the  Banner? 
nothing  but  pats  on 
the  back  for  the  past 
two  weeks.  I  want 
kicks !  Then  I  know 
the  paper's  making  a 
noise,  and  the  read- 
ers  are    interested." 

That's  us ! 

We  like  the 
"pats,"  but  we  want 
every  one  of  our 
thirty  thousand  read- 
ers to  know  that  the 
swift  kick  planted 
on  that  portion  of 
our  anatomy  which 
old  Mother  Nature 
has  wisely  cushioned 
to  sustain  the  shock 
of  a  kick,  wakes  us 
up  and  keeps  us 
moving  in  the  for- 
ward and  upward 
direction. 


Had 


1.  What  article  most  interests  you  in  this  issue  ? 

2.  Which  is  most  helpful  to  you  in  power-plant 
operation? 

3.  What  change  would  you  suggest  to  make 
Power  a  better  paper? 

4.  Have  you  ever  written  anything  for  the  paper  ? 
If  not,  why  ? 

5.  Do  you  think  the  articles  should  be  wholly  con- 
fined to  conditions  of  operating  practice  ? 

6.  Do  you  want  more  reminiscences,  humor, 
anecdotes  ? 

7.  Have  you  availed  yourself  of  the  Inquiries  of 
General  Interest  page  ?  Do  you  know  it  is  your 
privilege  to  ask  questions  and  to  get  the  right 
answers  ? 

8.  What  profit  have  you  derived  from  the  "dis- 
cussions "  pages  ? 

9.  Has  Power  said  too  little  or  too  much  on  any 
one  subject  ? 

10.  If  you  are  keeping  a  card  index,  does  the  Out- 
line of  Topics  page  answer  your  requirements  ? 

11.  Do  you  know  that  we  pay  for  news,  facts,  ideas  ? 

12.  Power  has  got  many  positions  for  operating 
engineers.     Is  your  name  on  our  list? 

13.  What  else  can  you  suggest  that  we  have  omitted 
to  mention? 


We  want  you  to   consider    Power  your 
paper  as  well  as  ours. 

In  the  issue  of  March  12  we  asked  you 
to  collaborate  with  us  in  gathering  news  of 
boiler  explosions,  flywheel  accidents,  new 
power-plant  instal- 
lations, etc.,  and  the 
prompt  response 
that  was  made  to 
our  appeal  strongly 
inclines  us  to  the  be- 
lief that  as  many 
readers,  and  even 
more,  will  again  re- 
spond to  the  inquiries 
"paneled"  in  the  cen- 
ter of  this  page. 


Give  us  your 
frank  and  honest 
criticism.  Write  us 
a  letter  telling  us  just 
what  you  think. 
What  you  write 
will  be  for  our  in- 
struction, not  for 
publication. 


We  want  to  know  just  what  you  think  of 
the  paper;  what  you  like  about  it;  what  you 
dislike;  how  you  think  it  can  be  improved. 


We     want      to 

make     Power     an 

even     better     paper 

than  it  now  is  and, 

may  be,  your  "kick"  will  do  it.     This  is  an 

open  game,  so  chalk  your  cue  and  name  your 

shot.     Now  kick,  and  kick  hard! 
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Large  Swedish  Hydro-Electric  Plant 


The  Swedish  government  is  erecting 
at  Trollhiittan  a  hydro-electric  plant  which 
when  completed  will  have  a  maximum 
capacity  of  100,000  hp.,  half  of  this  be- 
ing already  installed. 

The  plant  is  located  on  the  eastern 
bank  of  the  Gota  River,  a  stream  con- 
necting Lake  Vanern,  the  largest  lake  in 
Sweden,  with  the  sea.  This  lake  covers 
an  area  of  2180  square  miles  and  the 
difterence  between  its  level  and  that  of 
the  sea  is  144  ft.,  of  which  108  ft.  is 
at  the  Trollhattan  Falls.  The  present 
flow  under  low- water  conditions  is  11,520 
cu.ft.  per  second  and  at  high  water  32,- 
400  cu.ft.;  the  plant  is  designed  to  utilize 
9000  cu.ft.  per  second. 


By  J.  B.  Van  Brussel 


A  100,000-hp.  plant  employing 
horizontal  turbines  running 
under  a  head  of  100  ft.  The 
plant  was  built  by  the  Swedish 
Government  at  the  unusually 
low  figure  of  $31  per  horsepower 
capacity. 


water  at  the  inlet  is  about  3  ft.  3  in.  per 
second. 

The  length  of  the  intake  canal  is   1418 


mmm  ^  ^  *M  m, 


Fig.  1.    Turbine  House 


The  regulating  dam  across  the  river  is 
constructed  with  four  openings,  sep- 
arated by  granite  piers.  The  two  cen- 
tral openings  each  have  a  free  width  of 
65'-2  ft.,  and  are  closed  by  means  of 
bear-trap  or  roller-dams.  The  westerly 
opening  is  64  ft.  8  in.  wide  and  is  closed 
by  means  of  five  sluice  gates.  The 
eastern  outlet  is  11  ft.  2  in.  wide  and  is 
fitted  with  a  similar  gate.  The  outlets 
can  be  closed  for  repairs  by  means  of 
steel  needles  resting  partly  against  the 
bridgeway  on  the  pillar,  and  partly 
against  the  sill.  This  type  of  construc- 
tion was  chosen  on  account  of  the  quan- 
tities of  ice  which  are  carried  down  the 
river  during  the  winter.  When  there  is. 
plenty  of  water,  the  ice  makes  its  escape 
through  the  fully  opened  central  outlets, 
and  with  lower  water  levels  it  is  led 
away  under  the  partly  raised  rollers  or 
through  the  sluice  gates. 

The  intake  to  the  power  station  is  394 
ft.  above  the  dam,  and  consists  of  six 
openings  39  ft.  6  in.  broad,  separated  by 
brick  piers  and  provided  with  gates.  Un- 
der ordinary  conditions  the  speed  of  the 


yd.,  and  in  the  sides  of  the  distribution 
basin  are  wooden  outlets,  to  provide  for 
the  water  flowing  through  the  canal,  and 


thus  to  prevent  flooding  the  power  house 
in  case  the  majority  of  the  turbine  regu- 
lators should  be  simultaneously  closed. 
The  water  is  led  in  tunnels  from  these 
outlets   into   the   river. 

There  will  be  eight  main  turbine  units 
having  a  maximum  capacity  of  12,500 
hp.  and  three  exciter  units.  The  tur- 
bines are  of  the  twin,  horizontal  Francis 
type  direct-connected  to  the  generators 
and  operate  under  a  head  of  100  ft.  at  a 
speed  of  187.5  r.p.m.  The  curves,  Fig. 
9,  show  the  efficiency  of  one  of  these 
turbines  as  developed  on  a  test. 

The  smallest  interior  diameter  of  the 
turbine  casing  is  16' j  ft.,  and  the  larg- 
est diameter  is  18  ft.  Most  parts,  es- 
pecially those  exposed  to  the  severest 
strains  are  of  steel,  and  each  turbine 
has  been  tested  at  a  pressure  corres- 
ponding to  a  head  of  246  ft.  of  water. 
Each  shaft  is  made  in  three  parts,  con- 
nected by  couplings  and  is  supported  by 
bearings  employing  ring  lubrication.  Two 
of  these  bearings,  for  each  machine,  are 
placed  against  the  turbine  casing  and 
are  accessible  for  inspection  by  means 
of  vertical  pits.  All  the  bearings  are 
water-cooled  and  are  fitted  with  ther- 
mometers. 

In  order  to  obtain  a  construction  com- 
bining the  greatest  possible  reliability 
in  working  with  easy  management  and 
durability,  all  the  parts  belonging  to  the 
governing  mechanism  have  been  located 
outside  the  turbine-casing  so  that  all  the 
journals  can  be  lubricated  and  inspected 
while    the   machines    are    in   operation. 

The  construction  •  of  these  turbines 
makes  it  possible  to  take  out  each  guide- 
blade  separately  without  causing  any 
serious  disturbance  beyond  the  removal 
of  the  box  belonging  to  the  blade  in 
question  and  the  uncoupling  of  the  small 


Fig.  2.   Entrance  to  Intake  Tunnels 
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chain  between  the  crank  and  the  regu- 
lator. The  governor,  which  is  driven  by 
a  belt  from  the  turbine  shaft,  together 
with   the   pressure   bell,   is  placed    in    a 


form.     The  weight  of  each  of  the  large 
turbines  complete  is  about  115  tons. 

The  generators  produce  three-phase 
25-cycle  currents  at  10,000  volts.  They 
are  entirely  encased  and  draw  by  suc- 
tion the  cold  air  through  conduits  which 
pass  within  the  walls  of  the  power  sta- 
tion and  underneath  its  floor.  The  air 
heated  in  the  generators  is  also  led  away 


each  connected  direct  to  a  350-kw.  direct- 
current  generator.  Connected  in  parallel 
with  these  generators  is  a  storage  bat- 
tery having  a  capacity  of  4800  ampere- 
hours.  The  direct-current  switchboard 
is  placed  on  a  balcony  in  the  center  of 
the    turbine    room. 

The    main    switching   equipment   is   lo- 
cated   in   a    separate   building   about   650 


Fig.  3.  Section  of  Suction  Casing 


Fig.  4.    Section  through  Turbine  Casing 


cast-iron  casing,  which  also  serves  as  through  conduits;  in  the  winter,  how-  ft.  distant  from  the  main  station,  the 
an  oil  receptacle.  The  oil  pump  is  also  ever,  it  is  used  for  warming  the  station,  cables  being  led  to  it  through  an  under- 
driven   by  a   belt   from   the  turbine   axle.  For   excitation,    lighting    purposes    and      ground    tunnel.      In   addition   to   contain- 


FiG.  5.   Showing  Main  Units 


The  brake  intended  to  bring  the  turbine  power  to  the  auxiliary  machines,  there  is  ing  the  switching  equipment  this  build- 
to  a  standstill  is  hydraulic  in  principle,  a  direct-current  installation  at  220  volts,  ing  also  contains  the  transformers,  three 
and   is    worked    from    the    starting   plat-     This  consists  of  three  500-hp.  turbines,      to    each    generator,    which    step    up    the 
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voltage  from  10,000  to  50,000  volts.  These 
are  oil  insulated  and  water  cooled,  ar- 
rangements being  provided  for  draining 
off  the  oil  in  case  of  fire.     In  the  center 


10,000  volts  and  partly  at  50,000  volts. 
The  long-distance  lines  are  laid  out  for 
either  the  total  output  of  a  generator  or 
for   half   its  output;    in   the    latter  case 


The  machines  and  the  long-distance 
lines  are  protected  against  overload  by 
means  of  automatic  cutout  switches.  The 
extra-voltage  protection  for  the  long-dis- 


FiG.  6.   One  of  the  Main  Turbines  Showing  Governor 


Fig.  7.   SvciTCHBOARD  Room 


of  this  building  is  a  room  from  which 
the  station  is  controlled.  On  marble 
switchboards  and  desks  are  placed  all 
the  instruments  necessary  for  ascertain- 
ing the  load  distribution  of  the  alternat- 
ing-current system,  as  well  as  all  the 
requisite  signal  and  warning  appliances. 
The    energy    is    distributed    partly    at 


they  are  in  pairs.  This  makes  it  pos- 
sible for  each  generator,  with  or  without 
transformation  of  the  voltage,  to  supply 
energy  for  a  fixed  number  of  lines  and 
to  work  independently  of  the  other  gen- 
erators; in  other  words,  the  installation 
can  be  divided  into  several  svstems  in- 
dependent of  each  other. 
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Fig.  9.    Showing  Results  of  a  Test  on    One  of  the  Turbines 


tance  lines  consists  of  water  jets  for 
the  dispersal  of  the  static  charge  and 
of  horn-gap  lightning  arresters  with  two 
horns  in  series  with  a  resistance  formed 
through  running  water  as  a  rough  pro- 
tection. For  smaller  discharges  horn- 
gap  arresters  with  oil  resistance  are 
provided. 

The  50,000-volt  current  is  not  sup- 
plied direct  to  the  consumers,  but  is  led 
to  large  substations  belonging  to  the 
government.  In  these  stations  the  energy 
is  stepped  down  to  a  more  convenient 
voltage,  generally  10,000,  and  in  isolated 
cases  as  low  as  3000  or  6000  volts.  The 
secondary  stations  are  arranged  on  the 
same  principle  as  the  switch  house. 

The  cost  of  the  system  was  unusually 
low,  involving  a  total  expenditure  of 
only  $3,132,410,  or  about  531  per  horse- 
power. 


Fig.  8.   Switch  House  and  Canal 


Study  Questions 

The  answers  to  these  questions  will 
be  given  in  the  issue  of  Apr.  30. 

1.  What  must  be  the  diameter  of  a 
spherical  cast-iron  safety-valve  weight 
to  weigh  64  lb.,  the  weight  of  the  eye- 
piece being  3  lb.? 

2.  A  noncondensing  engine  uses  28 
lb.  of  steam  per  indicated  horsepower 
per  hour,  the  temperature  of  the  feed 
water  204  deg.  F.  and  the  steam  pres- 
sure 90  lb.  gage.  What  would  be  the 
heat  efficiency  of  the  engine? 

3.  What  makes  a  chimney  draw? 

4.  What  must  be  the  diameter  of  the 
material  of  an  open-link  chain  to  safely 
carry   34,700   lb.? 

5.  If  a  governor  ball  weighing  12  lb. 
describes  a  path  2.5  ft.  in  diameter  and 
travels  at  a  rate  of  282  ft.  per  minute, 
what  will  be  the  centrifugal  force  of  the 
balls  in  pounds? 


April   23,    1912 


POWER 


Notes  on  ExhaustSteam  Accumulators 


The  utilization  of  tlie  energy  contained 
in  the  exhaust  steam  of  a  reciprocating 
engine  by  means  of  a  specially  designed 
low-pressure  turbine  is  not,  as  might  be 
supposed,  a  new  idea,  the  combination 
having  formed  the  subject  of  a  patent 
taken  out  some  70  years  ago.  It  has  re- 
mained, however,  for  the  engineers  of 
today  to  perfect  the  suggestion  and  to 
carry  it  into  practice.  The  means  taken 
to  this  end  are  of  much  interest,  par- 
ticularly where  they  relate  to  intermit- 
tently running  engines  such  as  those  op- 
erating steam  hammers,  rolling  mills, 
etc. 

It  is  obvious  that  in  ordinary  practice 
the  supply  of  exhaust  steam  from  en- 
gines of  this  nature  will  vary  consider- 
ably in  quantity;  furthermore,  where  it 
is  desired  to  use  the  combined  exhaust 
of  several  engines,  each  running  more 
or  less  intermittently,  the  amount  of 
steam  available  and  the  pressure  fluctua- 
tions may  vary  over  a  still  wider  range. 

System  of  Storage 

.  This  difficulty  can  only  be  met  by  a 
system  of  storage  designed  to  absorb  the 
surplus  heat  of  the  exhaust  steam  dur- 


Bv  Francis  H,  Davies 


Descriptive  of  several  exhaust- 
steam  accumulators  of  English 
manufacture  and  their  perform- 
ance in  connection  with  rolling- 
mill  work. 


50  tons  of  rails,  and  for  the  output  which 
such  an  accumulator  is  capable  of  hand- 
ling, the  space  required  is  large.  One  of 
this  size  and  type  has  been  installed 
in  connection  with  a  175-horsepower 
Rateau  turbine,  the  load  upon  which  is 
very  erratic. 

Rateau  Accumulator 

Professor  Rateau  has  been  extremely 
active  in  the  development  of  the  steam 
turbine,  and  among  many  other  improve- 
ments for  which  he  is  responsible  is  the 
Rateau  accumulator,  which  is  illustrated 
diagrammatically  in  Fig.  1.  The  exhaust 
steam    enters    at    the    branch    pipe,    as 


will  regenerate  a  sufficient  supply  of 
steam  for  the  turbine  to  permit  the  en- 
gine being  stopped  for  about  four  min- 
utes, but  if  the  interval  is  longer  than 
this  it  becomes  necessary  to  admit  live 
steam.  This  is  done  through  the  agency 
of  a  reducing  valve  which  is  set  to  admit 
live  steam  automatically  to  the  shell  at 
atmospheric  pressure.  The  valve  is  con- 
trolled by  the  pressure  in  the  accumu- 
lator, and  by  this  means  the  installation 
is  rendered  free  from  all  risk  of  stop- 
page through  temporary  failure  of  the 
exhaust-steam  supply. 

The  diagrams  shown  in  Fig.  2  are 
particularly  interesting,  contrasting  as 
they  do  the  effect  produced  with  an 
empty  receiver  and  one  containing  the 
necessary  body  of  water.  The  test  of 
which  these  diagrams  are  the  result  was 
made  with  a  Rateau  accumulator  under 
the  following  conditions:  The  empty  shell 
had  a  capacity  of  7000  cubic  feet,  and 
into  this  was  led  the  exhaust  from  a 
rolling-mill  engine  having  two  40-inch 
cylinders  and  a  5-foot  stroke.  The  tur- 
bine used  20,500  pounds  of  exhaust 
steam  per  hour  at  full  load.  In  the  case 
of   the    empty    accumulator,    which    was 


Fig.    1.    Rateau   Accumulator 


ing  periods  of  oversupply  and  to  return 
it  with  a  minimum  loss  when  the  supply 
falls  below  the  demand  of  the  turbine. 

Several  accumulators  have  been  de- 
signed to  produce  this  regenerative  effect. 
One  of  the  earliest  is  the  scrap-metal  ac- 
cumulator which,  although  comparative- 
ly inefficient,  is  useful  for  small  plants 
and  still  finds  some  employment.  It  con- 
sists of  a  cylindrical  shell  (generally  an 
old  boiler)  the  inside  of  which  is  packed 
with  condemned  rails  stacked  on  top  of 
one  another  parallel  to  the  length  of  the 
shell.  The  exhaust  steam  enters  at  one 
end  and  leaves  at  the  other,  and  the  re- 
generative effect  is  produced  by  the  con- 
densed water  lying  in  the  interstices  be- 
tween the  rails. 

An  important  objection  to  this  type  of 
accumulator  is  the  number  and  the  con- 
sequent cost  of  the  old  rails  required. 
For  instance,  a  24x6-foot  shell  will  take 


shown,  and  from  there  passes  to  the  oval 
tubes  which  are  arranged  in  two  or  more 
pairs.  These  tubes  are  pierced  on  their 
adjacent  sides  about  12  inches  below  the 
water  level  with  rows  of  small  holes 
through  which  the  steam  flows  to  the 
water  in  the  shell,  rising  and  circulating 
in  the  direction  indicated  by  the  arrows. 
Above  each  pair  of  tubes  there  is  a  baffle 
plate,  the  function  of  which  is  to  pre- 
vent priming,  which  would  otherwise  re- 
sult from  water  being  thrown  up  into 
the  steam  space  by  the  bursting  of  steam 
bubbles  on  the  surface.  The  level  of  the 
water  in  the  shell  is  kept  constant  by  a 
ball  float  valve  controlling  the  intake  on 
the  right,  and  the  blowoff  valve  on  the 
top  is  set  to  relieve  the  accumulator, 
should  the  pressure  rise  materially  above 
normal. 

Generally   speaking,   this   type   of  ac- 
cumulator in  the  size  normally  installed 


Accumulator     nearly    Full 
0  18  3  4  5 


Full         Accumulator  p^h 

Fig.    2.     Charts    Showing    Effect    of 
Exhaust  Steam   Accumulator 

then  merely  acting  as  a  receiver,  the 
pressure  fluctuations  were  extreme,  as 
shown  in  the  upper  diagram,  and  were 
such  as  to  render  steady  running  of  the 
turbine  impossible.  On  the  other  hand, 
with  water  standing  at  a  depth  of  11 
inches  above  the  holes  in  the  oval  pipes 
of  the  accumulator  and  at  a  tempera- 
ture of  110  degrees  Fahrenheit  the  pres- ' 
sure  variation  was  greatly  improved, 
showing  in  no  case  a  fluctuation  exceed- 
ing .'4  pound.  It  should  also  be  noticed 
that,  although  the  rolling-mill  engine  was 
stopped  for  V^  minutes  after  the  second 
minute  line  of  the  chart,  the  drop  in 
pressure  was  very  gradual  and  negligible 
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in  amount.  The  bottom  chart  was  taken 
with  a  water  level  of  13  inches  above  the 
holes  and  at  a  temperature  of  212  de- 
grees Fahrenheit.  It  will  be  seen  that 
the  pressure  is  somewhat  higher  than 
before,  the  increased  temperature  of  the 


lustrated  in  Fig.  4.  The  underlying  prin- 
ciple is  that  the  water,  instead  of  lying 
in  a  mass,  should  be  broken  up  into  a 
fine  shower  in  order  to  secure  intimate 
contact  with  the  exhaust  steam  and  to 
keep  the  size  of  the  accumulator  down 


Fig.  3.    Layout  of  Exhaust  Steam  Turbine   Plant 


water  having  slightly    reduced  the   con- 
densing  effect  on  the  exhaust   steam. 

Layout  of  Exhaust-steam  Turbines 

Fig.  3  shows  the  layout  of  an  exhaust- 
steam  turbine  installation  in  a  steel 
works,  and  gives  a  general  idea  of  the 
usual  arrangement.  In  this  plant  the 
engines  which  deliver  about  41,000 
pounds  of  steam  per  hour  after  deduct- 
ing pipe  condensation,  etc.,  exhaust  into 
the  accumulator,  and  are  made  up  of 
the  following  units:  one  two  cylinder 
cogging  engine  having  40-inch  cylinders 
and  a  5-foot  stroke;  one  finishing  en- 
gine^  with  a  42-inch  cylinder  and  a  5- 
foot  stroke;  two  small  mill  engines  and 
one  10-ton  and  one  4-ton  steam  hammer. 
The  Rateau  accumulator  is  shown  sur- 
mounted by  a  shell  receiver,  the  object 
of  which  is  to  reduce  the  shock  of  the 
incoming  exhaust  steam.  The  extra  in- 
lets on  the  top  of  the  receiver  are  for 
connection  to  the  rolling-mill  engines. 
Leaving  the  accumulator,  the  steam 
passes  through  a  large  main  to  the  tur- 
bines, which  are  each  of  450  kilowatts 
capacity,  and  these  in  their  turn  exhaust 
to  a  barometric  jet  condenser,  not  shown 
in  the  sketch.  At  the  far  end  of  the 
turbines  a  high-pressure  steam  main  is 
brought  into  the  engine  room,  and  this 
supplies  low-pressure  live  steam  to  the 
turbines  through  a  reducing  valve  at  such 
times  as  the  main  engines  are  shut  down 
for  roll-changing,   etc. 

The  accumulator  is  designed  to  deal 
with  engine  stoppages  of  45  seconds 
when  both  turbines  are  working  at  full 
load,  and  it  is  interesting  to  note  that 
after  the  main  engines  are  shut  off,  one 
turbine  has  run  on  the  steam  delivered 
from  the  accumulator  alone  for  six  min- 
utes at  a  load  of  390  kilowatts,  which 
dropped  to  125  kilowatts  at  the  end  of 
nine  minutes. 

Another  type  of  regenerative  heat  ac- 
cumulator, manufactured  by  the  Cruse 
Controllable  Si'perheater  Company,  is  il- 


to  a  minimum.  The  exhaust  steam  en- 
ters at  the  bottom  of  the  vessel  A  and 
emerges  at  the  top  on  its  way  to  the 
turbine.  In  its  passage  through  the  ves- 
sel  it  is  met  by  the   falling  shower  of 


round  in  a  circuit  through  the  two  ves- 
sels. In  its  passage  upward  the  exhaust 
steam  passes  through  holes  in  the  trays 
which  are  saw-edged,  and  at  the  top,  in 
the  condensing  chamber,  flows  through 
the  perforated  baffle  plates,  the  duty  of 
which  is  to  rid  the  steam  of  entrained 
water.  The  storage  vessel  B  is  always 
kept  full,  receiving  its  supply  through  the 
well  chamber  at  the  bottom,  which  in- 
sures an  even  distribution  and  prevents 
coning  or  boring  of  the  water.  The  ac- 
cumulator is  fitted  with  an  auxiliary  live- 
steam  supply,  and  it  is  usual  to  install 
an  oil  separator  between  the  engine  and 
the  steam  inlet. 

ScHWARz  Accumulator 

Another  type  of  accumulator,  the 
Schwarz,  is  shown  in  Fig.  5.  Its  prin- 
ciple is  similar  to  that  of  the  one  pre- 
viously described  but  it  possesses  some 
interesting  and  distinctive  features.  The 
exhaust  steam,  after  passing  through  an 
oil  separator,  enters  the  accumulator  at 
the  upper  inlet  on  the  right-hand  side. 
It  then  flows  downward  through  a  duct 
formed  by  a  partition  in  the  outer  cas- 


Fig.  4.  Cruse  Accumulator 


water,  the  action  of  which  alternates  be- 
tween heat  absorption  during  periods  of 
exhaust-steam  supply  and  heat  emission 
when  the  steam  is  cut  off. 

The  heat-storage  vessel  B  is  originally 
filled  with  water  from  the  main  by  the 
circulating    pump,    which    then    forces    it 


ing.  and  changing  its  direction  at  the 
bottom  passes  upward  through  the  drain 
chambers  and  out  to  the  turbine  at  the 
top.  The  interior  arrangements  shown 
consist  of  a  number  of  chambers  with 
perforated  bottoms  on  which  stand  irri- 
gation tubes.     Under  each  of  these  cham- 
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bers  are  placed  gratings,  which  spread 
the  water  forced  round  by  the  circulat- 
ing pump  and  turn  it  into  a  shower  which 
meets  the  steam  and  mixes  intimately 
with  it.  The  change  of  heat  is  rapid  and 
efficient,  owing  to  the  close  contact  of  the 
water  and  steam. 

When  an  excess  of  steam  is  exhausted 
into  the  accumulator  the  pressure  rises; 
but  the  difference  in  temperature  be- 
tween the  steam  and  water  is  equalized 
by  part  of  the  steam  being  condensed; 
the  pressure  therefore  falls  and  the 
water  acquires  a  further  store  of  heat. 
When,  on  the  other  hand,  the  supply  of 
exhaust  steam  falls  short  the  pressure 
drops  proportionately;  but  as  the  tem- 
perature of  the  water  is  then  higher  than 
that  of  the  incoming  steam  the  water 
evaporates,  and  by  supplying  steam  keeps 


Fig.  5.   Schwarz  Accumulator 

up  the  pressure.  The  accumulator  is 
fitted  with  an  automatic  live-steam  valve 
for  maintaining  the  pressure  when  the 
quantity  of  exhaust  steam  falls  short. 
There  is  also  a  safety  valve  for  dealing 
with  overpressure  and  an  automatic 
draining  apparatus  for  removing  the  sur- 
plus   water    of   condensation. 

An  interesting  feature  of  this  type  of 
accumulator  is  the  method  by  which  the 
volume  of  water  is  regulated  in  accord- 
ance with  the  requirements  of  the  vary- 
ing volume  of  steam.  The  action  de- 
pends upon  the  pressure  in  the  ac- 
cumulator. Should  this  rise  above  a 
predetermined  limit,  the  valve  shown  in 
the  top  of  the  steam  chamber  opens  auto- 
matically and  the  water  stored  in  the 
upper  chamber  flows  into  the  lower  until 
the  pressure  is  equalized.  This  is  in  it- 
self a  material  advantage,  but  it  has  the 
additional  virtue  of  reducing  to  a  mini- 
mum the  power  required  by  the  cir- 
culating pump. 


Thirty  new  electrical  enterprises,  in- 
cluding both  hydro-electric  and  steam 
power,  are  contemplated  in  the  United 
Kingdom. 


To  Engineers  of    Isolated 

Plants 

By  Henry  D.  Jackson 

Much  has  been  written  recently  re- 
garding the  central  station  taking  over 
so  many  isolated  plants,  and  numerous 
engineers  have  said  that  an  isolated  plant 
could  not  compete  with  a  central  sta- 
tion, and  vice  versa. 

The  situation  will  not  be  cleared  up 
until  the  isolated-plant  engineers  begin 
the  keeping  of  accurate  power-cost  rec- 
ords. There  are  a  large  number  of  iso- 
lated plants  in  which  the  engineers  are 
given  every  opportunity  to  obtain  ac- 
curate and  reliable  power-cost  figures, 
and  in  many  cases  engineers  take  ad- 
vantage of  their  opportunity.  Where  this 
is  not  done  it  is  but  natural  that  the 
plant  owner  should  consider  that  his 
plant  is  not  doing  as  well  as  it  might 
under  purchased  power,  because  the 
sales  agent  of  the  power  company  can 
hand  him  figures  concerning  his  power 
costs  which  he  is  absolutely  unable  to 
refute,  owing  to  the  lack  of  interest  taken 
in  this  matter  by  his  engineer. 

In  many  plants  no  facilities  are  given 
to  engineers  for  obtaining  records,  and 
the  engineer  frequently  feels  that  records 
are  of  no  avail.  There  is,  however,  an 
opportunity  open  to  the  engineer  in  all 
of  the  isolated  plants  to  educate  the 
owner  or  manager  to  the  value  of  rec- 
ords, and  no  plant  is  so  small  that  it  will 
not  pay  the  engineer  to  keep  records  if 
only  for  his  own  satisfaction.  It  may  be 
that  these  records  are  not  even  approxi- 
mately exact,  but  they  can  be  made  com- 
parative, and  show  from  month  to  month 
or  week  to  week  what  the  comparative 
cost  of  power  has  been. 

It  is  not  absolutely  necessary  to  weigh 
the  water  or  the  coal  to  get  comparative 
records.  If  the  engineer  finds  out  ap- 
proximately how  much  water  he  evap- 
orates for  a  certain  quantity  of  coal  every 
day,  and  notes  what  machinery  is  in  op- 
eration, keeping  an  accurate  record  of 
the  amount  of  oil,  waste,  supplies,  etc., 
used,  he  can  hand  in  from  day  to  day 
records  which  may  be  comparative.  Then 
it  is  natural  to  assume  that  the  owner 
or  manager  will  want  to  know  what 
these  figures  represent,  thus  giving  the 
engineer  a  chance  to  bring  forward  argu- 
ments showing  the  necessity  for  scales 
for  weighing  the  coal,  some  method  of 
keeping  track  of  the  water.  Having 
started  in  a  small  way  and  proving  his 
case — which  he  may  readily  do  by  show- 
ing that  during  a  certain  period  coal 
having  a  certain  price  would  evaporate 
only  a  certain  amount  of  water,  whereas 
other  coal  at  a  higher  price  would  evap- 
orate more  water  in  proportion  to  this 
price  than  the  low-priced  coal,  thereby 
proving  the  value  of  the  high-priced  coal 
— the  owner  will  see  the  value  of  such 
records  and  perhaps  ask  if  there  is  not 


an    opportunity    for    keeping    still    more 
records  and  with  more  accuracy. 

It  is  also  worth  while  for  the  engi- 
neer in  the  small  plants  who  may  not 
have  an  indicator  to  get  some  friend  or 
associate  who  may  have  an  indicator  to 
indicate  his  engines  now  and  then,  thus 
determining  what  is  the  condition  of  the 
valves  and  the  load.  By  taking  indicator 
diagrams  under  various  conditions  of 
load,  the  engineer  will  be  enabled  to  ob- 
tain an  approximate  idea  as  to  what  the 
load  of  his  engine  will  be  at  other  times 
by  finding  out  what  machinery  is  in 
operation,  and  enable  him  to  at  least 
roughly  figure  out  the  amount  of  coal 
and  water  used  per  horsepower-hour  dur- 
ing the  day.  He  will  then  gradually  ac- 
cumulate information  that  will  aid  hint 
in  refuting  the  claims  of  the  central-sta- 
tion men. 

It  would  also  be  a  comparatively  easy 
matter  for  the  engineer  to  obtain  fairly 
accurate  figures  regarding  the  cost  of 
the  engines,  the  boilers  and  the  plant, 
so  as  to  determine  the  fixed  charges  on 
the  plant.  He  must  know  the  labor 
charges;  and  these,  with  the  fixed  charges 
and  cost  of  coal,  water  and  supplies,  will 
give  the  total  cost  of  power.  Then, 
knowing  the  power  required,  he  can  give 
the  cost  per  horsepower-hour,  which  can 
be  readily  reduced  to  cost  per  kilowatt- 
hour  in  order  to  make  a  comparison  with 
the  cost  of  purchased  power. 

In  the  case  of  purchasing  power  the 
total  power  supplied  at  the  switchboard 
must  be  figured;  that  is,  say,  if  a  plant 
requires  a  certain  power  at  the  motors, 
there  is  always  a  loss  between  the  switch- 
board and  the  motors,  depending  upon 
the  size  of  the  motors,  this  being  the  loss 
of  power  in  converting  from  electric  inta 
mechanical  power.  This  will  vary  from 
70  to  85  per  cent.,  according  to  the  size 
and  the  type  of  the  motor. 

To  this  power  cost  should  also  be 
added  the  additional  interest,  mainte- 
nance and  depreciation  charges  due  to 
the  motor  installation,  and  from  this 
should  be  taken  the  interest  on  what- 
ever may  be  obtained  from  the  sale  of 
the  discarded  apparatus.  It  should  be 
noted,  however,  that  in  making  the 
change  the  interest  on  the  cost  of  dis- 
carded apparatus,  minus  the  amount  re- 
ceived for  it,  will  go  on  just  the  same 
during  purchased  power,  and,  therefore, 
should  be  added  to  it. 

The  whole  situation  is  to  a  large  extent 
in  the  hands  of  the  isolated-plant  engi- 
neer. If  he  wants  to  hold  his  job,  it  is 
up  to  him  to  show  that  he  is  worth  it; 
if  he  is  not,  he  is  bound  to  lose  his  job. 
By  showing  a  live  interest  in  the  plant, 
the  engineer  can  prove  to  the  manufac- 
turer that  he  is  quite  as  important  as 
any  other  man  in  his  employ  covering  a 
department  of  the  same  value,  and  he 
will  gradually  gain  the  confidence  of  his 
employer,  get  an  increased  salary  and 
rise  in   his  vocation. 
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Management  of  Steam  Power  Plants 


Under  the  auspices  of  the  general  com- 
mittee of  the  combined  associations  of 
Manhattan  rnd  Bronx,  N.  A.  S.  E.,  a  very 
successful  meeting  was  held  at  the  Broad- 
way Central  Hotel  on  the  evening  of 
Apr.  3.  The  meeting  formed  part  of  a 
general  program  being  carried  out  by  the 
committee  for  interesting  the  employer 
or  manager  in  matters  pertaining  to  the 
plant  operation  and  for  bringing  him  into 
closer  touch  with  the  engineer.  That 
the  employers  have  responded  enthusi- 
astically to  this  idea  was  evinced  by  their 
large  representation  at  the  meeting. 

The  speaker  of  fhe  evening  was  Prof. 
E.  V.  Lallier,  who  talked  upon  "The  Man- 
agement of  Steam  Power  Plants."  With- 
out entering  into  technicalities,  he  treated 
the  subject  from  both  the  physical  and 
the  business  aspects,  pointing  out  how 
economy  is  dependent  both  upon  the 
physical  condition  of  the  apparatus  and 
upon  its  intelligent  and  efficient  opera- 
tion. While  a  plant  should  not  be 
viampered  by  shortsighted  finance,  on  the 
other  hand,  it  should  not  be  carelessly 
granted  expenditures,  but  only  after  care- 
ful consideration  has  shown  that  such 
expenditures  may  be  expected  to  produce 
the  desired   results. 

h  was  pointed  out  that  an  engineer 
besides  being  practical,  must  be  to  a  cer- 
tain extent  theoretical,  so  as  to  be  capable 
of  reasoning  out  engineering  problems 
and  applying  the  results  to  the  plant  in 
his  charge.  In  addition  to  this  he  should 
possess  business  ability,  be  familiar  with 
costs  and  capable  of  analyzing  the  vari- 
ous branches  of  his  department  with  re- 
gard tc  their  relations  to  -iach  other,  so 
as  to  keep  accurate  records  and  make 
complete  reports.  In  this  connection 
Prof.  Lallier  drew  attention  to  the  ne- 
cessity for  the  engineer,  who  is  held 
responsible  for  the  efficiency  of  the  plant, 
to  know  the  cost  of  supplies  and  to  be 
consulted  as  to  the  quality  of  the  material 
purchased,  so  that  the  employer  may  not 
only  profit  by  the  engineer's  advice  and 
experience  but  that  the  latter  may  op- 
erate his  plant  more  intelligently.  Un- 
fortunately, supplies  are  frequently  pur- 
chased by  some  office  man  wholly  upon 
the  merits  of  the  price  quoted  without 
regard  to  their  fitness  for  the  service  re- 
quired. 

Concerning  the  physical  features  of 
the  plant  itself.  Prof.  Lallier's  remarks 
were   in   part   as    follows: 

The  apparatus  in  too  man-y  plants  is 
installed  without  due  regard  to  ac- 
cessibility. For  instance,  when  a  pump 
rod  is  to  be  removed,  instead  of  mean- 
ing an  hour  or  two  of  work,  it  necessi- 
tates moving  the  pump,  breaking  the  con- 
nections and  involving  much  unnecessary 
expense.    Again,  many  boilers  are  placed 


Suggestions  as  to  the  main- 
tenance and  economical  oper- 
ation of  steam  plants. 

The  requisites  of  a  competent 
engineer  and  the  latter' s  relation 
to  the  employer. 


so  close  to  the  ceiling  that  any  repairs 
to  the  piping  or  valves  above  them  cost 
at  least  twice  as  much  as  they  should,  due 
to  working  in  a  restricted  space. 

Good  ventilation  and  plenty  of  light 
are  also  necessary.  These  are  not  only 
aids  to  health,  but  a  light  plant  is  usually 
kept  clean. 

Another  necessity  is  a  well  ordered 
storeroom  which  as  a  time-saver  will 
more  than  pay  for  the  space  utilized. 

The  boilers  should  be  of  such  size 
as  to  readily  carry  the  normal  load  and 
still  have  some  reserve  capacity.  A  spare 
boiler  should  be  provided,  not  only  to 
permit  of  the  usual  cleaning  but  also  so 
that  the  regular  operation  of  the  plant 
will  not  be  interfered  with,  should  a 
breakdown  occur.  Where  the  load  is 
variable  the  water-tube  type  of  boiler  is 
perhaps  preferable  on  account  of  the 
readiness  with  which  it  responds  to  an  in- 
creased demand  for  steam,  but  for  the 
smaller  plant,  or  one  having  a  steady 
load,  the  fire-tube  type  is  usually  best 
fitted,  for  it  requires  less  constant  super- 
vision. 

Manual  regulation  of  the  draft  should 
not  be  permitted,  as  this  is  necessarily 
irregular  in  application  and  is  wasteful 
of  fuel.  With  an  automatic  damper  regu- 
lator the  air  supply  is  maintained  within 
very    close    limits. 

Too  much  care  cannot  be  given  to  the 
condition  of  the  feed  valves,  safety 
valves,  steam  gages,  and  particularly  the 
blowoff  valves.  The  latter  are  often 
placed  in  a  more  or  less  inaccessible 
place  and  an  undiscovered  leak  will  of- 
ten prove  an  expensive  matter. 

Another  prolific  cause  of  waste  is  leaky 
traps;  such  a  condition  permitting  a 
small  but  continuous  flow  of  steam  which 
is  difficult  to  detect  except  by  constant 
vigilance  and  checking  up  the  results. 

Regarding  the  accumulation  of  scale 
in  boilers,  it  may  be  remarked  that  a 
layer  ^,',  in.  thick  may  cause  a  loss  as 
high  as  20  per  cent,  of  the  fuel  and  a 
layer  l4  in.  thick,  a  loss  of  nearly  30 
per  cent.  Scale  to  some  extent  is  an 
unavoidable  evil,  but  too.  much  of  it  is 
not  unavoidable. 

The  burning  of  fuel  is  a  very  im- 
portant matter,  as  the  heat  losses,  com- 
paratively large  in  any  case,  may  easily 


be  increased  by  improper  firing,  and  by 
grates  and  furnaces  unsuited  to  the  work. 
The  furnace  should  have  ample  combus- 
tion space  and  should  be  able  to  burn  the 
maximum  amount  of  fuel  under  unfavor- 
able conditions  of  draft.  The  grates  must 
be  placed  the  correct  distance  from  the 
boiler  to  care  for  the  kind  of  fuel  used 
and  should  have  air  spaces  proportioned 
to  the  quality  of  the  coal. 

For  large  sizes  of  anthracite  almost 
any  average  grate  and  a  fair  draft  will 
serve,  but,  of  course,  intelligent  firing  is 
required;  the  fire  must  be  kept  of  r,n 
even  thickness  and  watched  to  see  that 
no  thin  or  dead  spots  occur.  If  the  bed 
of  coal  is  loo  thin,  an  excessive  amount 
of  air  will  pass  through,  whereas,  if  it 
is  too  thick,  some  of  the  carbon  will  be 
burned  to  carbon  monoxide  only,  instead 
of  to  carbon  dioxide,  thus  involving  a 
waste  of  heat.  With  the  finer  sizes  of 
anthracite  a  better  draft  is  required  and 
a  thinner  fire  must  be  carried.  This 
requires  closer  attention  and  more  *'rc- 
quent  cleaning. 

It  may  be  desirable  to  burn  bituminous 
coal,  but  with  the  ordinary  methods  of 
hand  firing,  in  addition  to  the  fact  that 
in  New  York  City  most  of  the  furnaces 
are  built  for  anthracite,  it  is  difficult  to 
obtain  economy  without  exercising  care 
in  handling  the  fuel.  In  some  plants 
the  hard  and  soft  coals  are  mixed,  but 
with  varying  results,  due  largely  to  the 
methods  of  firing. 

Another  important  factor  affecting  the 
operation  of  a  plant  is  the  proper  insula- 
tion of  pipes.  For  instance,  recently  a 
steam  pipe  60  ft.  long  was  subjected  to 
a  test  and  the  steam  was  found  to  con- 
tain 31  per  cent,  of  moisture;  after 
covering  with  an  efficient  heat-insulating 
material  this  moisture  was  reduced  to  3.5 
per  cent. 

Various  materials  are  available  for 
this  purpose,  among  the  best  of  which 
are  hair  felt,  slag  wool,  magnesia  and 
asbestos.  Hair  felt,  while  an  excellent 
nonconductor,  must  be  protected  from 
actual  contact  with  highly  heated  pipes 
to  prevent  it  from  charring.  On  the  other 
hand,  slag  wool  has  the  advantage  of 
being  fireproof.  A  mixture  with  asbestos 
as  a  base  is  largely  used  with  good  ef- 
fect and  is  supplied  in  convenient  form 
for  application.  Water  should  not  be 
permitted  to  drip  on  the  pipe  covering, 
neither  should  a  leak,  however  small, 
be  allowed  to  continue,  for  in  addition 
to  the  loss  due  to  the  escaping  steam,  a 
wet  covering  readily  becomes  a  very 
poor  insulator  of  heat. 

A  word  may  be  said  in  regard  to  re- 
claiming oil.  Cylinder  oil,  such  as  mav 
be  separated  from  the  exhaust  steam,  is 
valueless  as  it  holds  in  suspension  finelv 
divided   particles  of  hard   carbon   which 
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will  cause  injury  to  any  wearing  surface, 
also  its  vitality,  so  to  speak,  has  been 
injured  by  the  heat  to  which  it  has  been 
subjected.  On  the  other  hand,  the  oil 
which  has  run  through  the  comparative- 
ly cool  bearings  may  be  reclaimed  and 
filtered  in  order  to  cleanse  it  of  any 
dirt,  and  mixed  with  some  fresh  oil  it 
may    be    used    again. 

Supplies  and  accessories  should  be 
purchased  with  intelligence  and  dis- 
crimination. Some  time  ago  the  daily 
papers  had  much  to  say  about  a  five- 
foot  book  shelf  of  literature;  the  speaker 
believed  that  every  engineer  should  have 
in  his  engine  room  a  five-foot  shelf  of 
catalogs  covering  subjects  pertaining  to 
his  calling  and  that  he  should  become 
familiar  with  their  contents.  Many  cata- 
logs are  extremely  valuable  on  account 
of  the  rules  and  formulas  they  contain, 
also  the  descriptions  of  the  articles  sold 
and   instructions   for  their  use. 

When  anything  for  the  plant  is  re- 
quired, the  engineer  should  ascertain 
as  to  the  articles  best  suited  to  his  re- 
quirements; he  should  then  obtain  the 
best  prices  and  discounts  possible.     If  he 


is  not  already  familiar  with  the  particular 
article  he  should  visit  some  plant  in  which 
it  is  used,  after  which  the  purchase 
should  depend  strictly  upon  the  merits 
of  the  article  selected,  for  the  price  is 
not  always  an  indication  of  its  value  for 
a  given  purpose. 

A  neat  and  compact  method  of  keep- 
ing track  of  the  cost  of  the  various  ma- 
terials purchased   is  a  small  card  index. 


m  city  districts  is  the  removal  of  the 
ash  refuse  from  the  boiler  plant.  Hoist- 
ing ashes  in  cans  through  a  manhole  in 
the  sidewalk  by  means  jf  makeshift  de- 
vices is  slow,  laborious  work  and  is  not 
liable  to  improve  the  temper  of  the  ten- 
ants or  guests. 

In  Fig.  1  is  shown  a  Jeffrey  telescopic 
ash  elevator  which  is  installed  at  the 
Astor  Hotel,  New  York  City.    The  photo- 


The  very  fact  of  having  a  record  of  the 
supplies  will  enable  the  engineer  to  learn 
what  kind  and  quantities  will  be  required 
for  a  month  to  come;  consequently  he 
may  send  in  a  requisition  covering  every- 
thmg  required  for  the  coming  month  and 
-   thereby  avoid  much  delay  and  friction. 


One  of  the  problems  confronting  en- 
gineers   of   office   buildings,    hotels,    etc., 


Chute  in  Position  to  Deliver  Ash  to  Waiting  Wagon 


Fig.  2.    Ash  Elevator  in  Detail 


graph  shows  the  elevator  raised  above 
the  sidewalk,  also  the  m.ethod  of  dis- 
charging the  ashes  into  the  ash  wagon 
drawn  up  at  the  curbing.  This  elevator 
has  a  capacity  of  7  tons  per  hour.  Fig. 
2  shows  details  of  the  elevator  which 
contains  160  ft.  of  chain  used  in  two 
equal  strands,  and  46  malleable-iron 
buckets  each  6x10  in.  in  size. 

When  ashes  are  to  be  taken  from  the 
boiler  room,  which  in  this  instance  is  by 
means  of  an  overhead  trolley,  they  are 
discharged  into  a  hopper  which  is  lo- 
cated at  the  lower  portion  of  Fig.  2. 
The  ashes  are  brought  down  through 
a  passageway  and  are  then  elevated  by 
the  buckets  to  the  ash-discharge  c.'iute 
and  carted  away. 

When  the  elevator  is  not  in  use  the 
buckets  and  chain  are  drawn  to  the  hor- 
izontal position  shown  in  Fig.  2,  but  when 
ashes  are  to  be  elevated,  which  is  usu- 
ally done  late  at  night  or  early  in  the 
morning,  the  head  of  the  elevator  is 
hoisted  to  its  extended  position  from  the 
point  shown  by  the  dotted  circle  just  be- 
low the  street  level.  The  horizontal  chain 
and  buckets  are  drawn  into  the  shaft  un- 
til the  compensating  pulley  assumes  the 
position  shown  by  the  dotted  circle  be- 
tween the  horizontal  buckets.  The  il- 
lustration indicates  the  two  extreme  po- 
sitions of  the  elevator  when  in  and  out  of 
use.  When  the  chute  is  not  in  use,  it  is 
droped  beside  the  elevator  casing. 
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Bending  Sand-Filled  Pipe 

By  J.  E.  Terman 

Fred  was  a  good  blacksmith,  but  he 
lacked  foresight.  He  worked  for  a  master 
mechanic  who  had  advanced  notions  in 
regard  to  piping,  and  who  insisted  that 
all  elbows  be  done  away  with  as  far  as 
possible.  Therefore  bent  pipe  had  to  be 
used  in  their  stead,  and  the  pipe-bending 
jobs  fell  to  the  blacksmith. 

On  the  large  pipes,  Fred  would  always 
make  a  good  job,  for  he  would  take  many 
short  heats  and  make  a  nice,  smooth 
bend,  but  on  the  small-sized  pipe,  he  got 
impatient  and  would  try  to  bend  it  too 
quickly;  the  result  was  that  the  pipe  was 
flat  on  the  curve  or  otherwise  deformed. 

One  day  the  master  mechanic  was  guy- 
ing Fred  about  his  pipe  bends,  and 
told  him  that  it  was  customary  to  fill 
the  pipe  with  sand  to  prevent  it  being 
flattened  while  being  bent.  The  black- 
smith thought  this  a  capital  idea,  and  the 
next  time  a  2-in.  pipe  was  to  be  bent, 
he  told  his  trusty  helper  to  fill  it  with 
sand. 

It  happened  that  a  sandy  road  ran  near 
the  shop,  and  the  helper  took  the  piece 


Fred  had  learned  his  lesson  and  there- 
after refused  to  bend  a  piece  of  pipe 
that  he  could  not  look  through. 


Furnace  for  Burning  Low 
Grade  Fuel* 

Good  combustion  in  a  furnace  may  be 
considered  as  dependent  mainly  upon  the 
following  factors: 

1.  The  stoking  must  be  regular;  no 
part  of  the  grate  should  be  bare,  and, 
as  far  as  possible,  an  even  layer  of  coal 
should   be   distributed   over  the  grate. 

2.  Air  for  combustion  must  be  sup- 
plied  in  the  proper  quantities. 

3.  The  air  must  mix  with  the  gases 
as  intimately  as  possible. 


cooled  brackets.  The  main  combustion 
zone  being  over  the  middle  part  of  the 
grate,  the  walls  of  the  combustion  cham- 
ber become  highly  heated;  consequently, 
the  fuel,  which  is  generally  very  moist, 
is  well  dried  in  the  fuel  chamber.  The 
greater  part  of  the  radiant  heat  is  there- 
fore utilized  in  drying  and  preparing  the 
fuel,  which  is  a  distinct  advantage  in  this 
furnace. 

The  air  supply  is  obtained  through  the 
openings  L  in  the  brickwork,  these  lead- 
ing from  the  front  of  the  furnace  through 
the  hot  brickwork  to  the  back  and  re- 
turn, opening  both  above  and  below  the 
grate.  The  path  of  this  air  is  shown 
plainly  in  the  plan  view;  and  in  this  way 
the   air  is  highly  heated  before  reaching 


Half   Cross  Section 


Half    Front  Elevatk 


Section   through    Frankel   Furnace 


of  pipe,  which  was  about  12  ft.  long, 
out  to  this  road  and  rammed  it  full  of 
wet  sand.  The  job  was  pronounced  sat- 
isfactory and  the  pipe  was  put  on  the 
forge  to  heat.  While  the  helper  worked, 
Fred  stood  in  the  doorway  whistling  his 
favorite  tune  and  wondering  why  he  had 
never  thought  of  so  simple  a  thing  as 
sand,  himself. 

Suddenly  there  was  a  bang!  and  the 
pipe  exploded.  The  tightly  packed  wet 
sand  in  the  pipe  had  prevented  the  es- 
cape of  the  steam  formed  at  the  heated 
section. 

The  master  mechanic  thought  it  a  great 
joke  and  told  Fred  that  he  ought  to  have 
had  sense  enough  to  use  dry  sand,  and 
advised  its  use  in  the  future.  However, 


4.  A  sufficiently  high  temperature 
must  be  produced  and  maintained  con- 
tinuously. 

A  furnace  which  apparently  complies 
with  these  requirements  and  permits  the 
economical  use  of  low-grade  coal  is  the 
so  called  Frankel  furnace,  herein  illus- 
trated. Coal  is  fed  from  the  top  through 
the  charging  door  E  into  the  fuel  space 
F.  Here  it  surrounds  the  brickwork  B 
and  falls  to  the  concave  grate  G  as  in- 
dicated by  the  arrows.  The  gases  pass 
through  the  combustion  chamber  C  and 
thence  into  the  flues  of  the  boiler.  The 
brickwork  surrounding  the  combustion 
chamber  C   is   supported   by   hollow  air- 


the  point  at  which  it  is  needed  for  com- 
bustion. The  draft  is  easily  regulated 
by  the  circular  dampers  D  located  at  the 
front  of  the  furnace.  For  moderate  ser- 
vice, these  furnish  sufficient  air  for  com- 
bustion, but  where  the  fire  is  forced  it  is 
advisable  to  also  open  the  door  of  the 
ashpit. 

The  rate  of  combustion  in  this  fur- 
nace is  subject  to  no  sudden  variation. 
The  masonry  of  the  combustion  chamber 
serves  as  a  heat  reservoir  and  always 
affords  a  constant  temperature;  the  walls 
being  of  a  refractory  material,  tend 
to  keep  the  rate  of  combustion  steady. 
For  this  reason,  also,  the  fuel  layer  may 
be  comparatively  thick  without  the  un- 
burned  gases  escaping  to  the  stack. 
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The  grate  may  be  cleaned  or  the  clink- 
ers removed  by  merely  opening  the  door 
at  the   front  of  the  furnace. 

This  furnace  is  available  for  any  form 
or  size  of  steam  boiler  and  is  especially 
suitable  for  burning  low-grade  fuels  such 
as  lignite.  However,  all  sizes  of  coal 
may  be  burned  from  culm  to  nut  as  well 
as  peat,  tanbark,  sawdust  and  refuse  of 
all  sorts. 

The  angle  of  charging  should  be  suited 
to  the  fuel  used.  In  cases  where  there 
are  frequent  variations  in  the  size  of  the 
coal,  the  furnace  is  provided  with  an 
arrangement  for  stopping  the  fuel  supply 
when  necessary.  The  cast-iron  brackets 
on  which  the  brickwork  is  supported  form 
a  means  for  regulating  the  feed  since 
the  size  of  the  opening  between  the 
grate  and  these  brackets  is  arranged  ac- 
cording to  the  size  of  the  fuel  and  the 
width  of  the  grate.  If  there  should  be 
a  change  in  the  size  of  fuel  used,  the 
grate,  of  course,  can  be  raised  or  low- 
ered to  provide  a  proper  opening. 

The  fuel  is  mechanically  supplied 
through  the  firing  door  by  an  elevator, 
conveyor  or  other  means. 


Boiler  Bracing 
By  a.  D.  Palmer 

In  a  recent  issue  a  subscriber  asks 
the  following  question:  "How  many 
braces  1  sq.in.  in  cross-sectional  area 
would  it  take  to  brace  a  boiler  60  in.  in 
'diameter,  the  steam  pressure  being  80 
lb.  and  the  top  of  the  top  row  of  tubes 
5  in.  above  the  center  of  the  head?"  I 
have  seen  the  same  question  asked  a 
number  of  times,  and  will  therefore  fig- 
ure it  out  according  to  the  method  em- 
ployed by  the  Massachusetts  examiners. 
In  a  60-in.  boiler,  that  part  of  the 
heads  comprising  a  ring  3  in.  from  the 
shell  is  supported  by  the  flange,  and  re- 
quires no  bracing.  The  lower  part  of  the 
head  is  supported  by  the  tubes,  the  sup- 
port extending  2  in.  3bove  them.  Hence 
the  area  to  be  supported  by  the  braces 
is  a  segment  of  a  circle  as  indicated  by 
the  shaded  portion  of  the  accompanying 
sketch.  To  find  the  area  of  this  segment, 
employ  the  formula 


,J^=o.6o8 


where 

A  —  Area  in  sq.in.; 
H  =  Height  of  the  segment; 
R  =  Radius  of  boiler  less  3 
Substituting  in  the   formula 


,  4  X  (20  X  20) 


sl^ 


X  27 


0.608 


=  771  sq.in. 

Multiplying  771  by  80  gives  61,680  lb. 

as  the  total  pressure  upon  the  segment. 

The  allowable  stress  upon  a  wrought- 

iron  brace  of  1  in.  diameter  is  6000  lb.; 

hence, 

61,680  ^  6000  =  12  braces 


are  required  to  brace  the  head.  This 
number  in  a  60-in.  boiler  is  too  many, 
as  the  braces  would  be  in  the  way  when 
working  in  the  boiler.  It  is  better  prac- 
tice to  use  larger  and  fewer  braces.  For 


years  of  usefulness.  During  these  years, 
it  is  said,  the  repairs  have  not  exceeded 
$12. 


Shaded  Portion  Shows  Area  to  be 
Braced 

instance,  the  area  of  a  l^j-in.  brace  is 
1.767  in.,  and  this  multiplied  by  6000 
gives  10,602  lb.  as  the  allowable  stress 
in   a    I'_.-in.   brace. 

61,680   ^    10,602   =   6  braces 
which    will    leave    much    more    working 
room. 


First    Bundy    Trap 

What  is  said  to  be  the  first  Bundy 
steam  trap  ever  installed  is  illustrated 
lierewith.  It  was  set  up  in  the  mill  of 
the  Champion  Card  &  Glazed  Paper  Co., 
now  a  part  of  the  Champion  International 
Paper  Co.,  East  Pepperell,  Mass.  In- 
stalled in  1890  to  take  care  of  the  dry- 
ing coils  used  in  drying  paper,  it  has 
been  in  constant  use  for  22  years  and  it 
is  probably  the  first  tilting  trap  ever 
operated.    The  trap  is  Uj  in.  in  size  and 


Trap  in  Use  Over  22  Years 

up  to  within  a  few  weeks  ago  was  fill- 
ing and  discharging  regularly  four  times 
a  minute. 

This  trap  has  handled  during  the  past 
22  years  approximately  100,000  tons  of 
water;  it  is  still  giving  excellent  service, 
and   is  apparently  good   for  many  more 


Razing  a  Huge  Chimney 

The  chimney  shown  in  the  accompany- 
ing photograph  belonged  to  the  aban- 
doned licorice  works  in  North  Third  St., 
Newark,  N.  J.  It  was  the  third  largest 
in  that  city,  being  22  ft.  in  diameter  at 
the  base  and  183  ft.  high.  A  7-ton  iron 
ring  was  mounted  at  the  top.  The  chim- 
ney was  built  20  years  ago  by  the  Mc- 
Andrews-Forbes  Co.,  the  owners  of  the 
plant. 


When   the   Fire   Completed   its   Work 

A  contractor  purchased  it  for  the  brick 
it  contained.  In  razing  the  chimney  it 
was  necessary  to  have  it  fall  in  a  cer- 
tain direction  to  avoid  damage  to  ad- 
jacent property.  In  preparing  for  its  fall 
the  brick  were  removed  for  about  one- 
half  its  circumference,  timber  supports 
being  used  as  the  brick  were  taken  out. 
When  the  supports  were  completed  a 
large  quantity  of  kerosene  was  poured 
over  them  and  set  on  fire. 

Aided  by  a  heavy  wind,  the  draft  was 
very  strong.  It  was  an  anxious  20  min- 
utes before  the  wooden  base  gave  way 
and  the  great  chimney  rocked  to  and 
fro   and   then    fell. 

The  chimney  fell  within  100  ft.  of  its 
base.  The  cracks  in  the  illustration  clear- 
ly show  the  huge  pieces  into  which  the 
chimney  broke.  For  the  information  and 
photograph  we  are  indebted  to  the  New- 
ark Evening  News. 
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Practical  Points  on  Knife 
Switches  . 

By  a.  G.  C.x.mpbell 

All  knife  switches  made  by  reputable 
manufacturers  are  constructed  in  accord- 
ance with  National  Electrical  Code  re- 
quirements. This  protects  the  buyer 
against  very  serious  deficiencies,  but  it 
is  advisable  to  inspect  every  switch  care- 
fully before  it  is  installed,  in  order  to 
avoid    small    aimoyances. 

Fig.  1  gives  the  names  of  knife-switch 
parts.  The  contacts  between  the  break- 
jaws  and  the  blades  should  be  carefully 
inspected,  as  it  is  at  these  points  that 
knife  switches  are  most  apt  to  give 
trouble  by  overheating. 

The  contact  between  the  hinge-jaw  and 
the  blade  seldom  affects  the  capacity  of 
a  switch,  because  it  is  under  pressure 
from  the  hinge  bolt  and  spring  washers. 
The  capacity  of  a  switch  is  determined 
by  its  temperature  rise.  The  code  specifies 
a  maximum  rise  in  any  part  of  50  deg. 
F.  at   full  load. 

Considerable  skill  is  required  to  ef- 
fect a  good  contact  or  "fit"  between 
break-jaws  and  blades.  After  a  switch 
is  assembled,  the  jaws  are  first  bent  into 
correct  position  either  by  hand  or  by 
driving  a  block  of  wood  against  the  dis- 
torted portion  with  a  hammer.  Then 
they  are  "ground  in"  with  vaseline  and 
fine   (FF)   pumice  stone. 

Often  the  fit  of  a  switch  is  reason- 
ably good  at  the  start,  and  merely  work- 
ing the  blade  in  and  out  of  the  jaws  by 
hand  will  grind  it  in.  Before  the  grind- 
ing process  is  started,  the  ponion  of  the 
blade  that  wipes  the  jaws  should  be 
daubed  with  the  vaseline  and  pumice- 
stone  compound.  The  abrasive  not  only 
grinds  the  contact  to  a  fit  but  wears  off 
the  lacquer,  which,  if  it  remained,  might 
cause  bad  electrical  contact.  The  sur- 
plus compound  should  be  removed  with 
a  rag. 

A  test  for  good  blade  contact  can  be 
made  by  trying  to  insert  a  "feeler,"  which 
is  a  leaf  of  very  thin  steel,  mica  or 
paper,  between  the  jaws  and  blade  at 
the  comers  and  edges.  About  0.001  to 
0.004  in.  is  the  right  thickness  for  a 
feeler.  An  excellent  feeler  can  be  m?de 
by  hammering  dovi-n  to  a  knife  edge  the 
edges  of  a  strip  of  very  thin  metal  pos- 
sibly 4  in.  long  and  H  in.  wide.  If  the 
feeler  slips  in  at  any  point,  it  is  evident 
that  the  fit  is  poor  at  that  poin'.  and  the 
contact  bad.     Proper  forming  of  the  jaw- 


will  correct  the  difficulty.  There  have 
been  cases  where  switches  have  been 
made  to  carry,  without  excessive  tem- 
perature rise,  currents  50  per  cent, 
greater  than  their  normal  ratings  by 
merely  fitting  the  jaws  accurately  to  their 
blades. 

About  1000  amperes  per  square  inch 
of  copper  cross-section  and  50  to  75 
amperes  per  square  inch  of  sliding  con- 
tact surface  are  usually  allowed  in  de- 
signing switches.  A  switch  that  will 
carry  1000  amperes  with  20  deg.  tem- 
perature rise  will  earn,'  probably  2000 
amperes  with  about  a  60-deg.  rise.  The 
radiation  of  heat  from  the  switch  in- 
creases more  rapidly  than  does  the  rise 
in  temperature,  and  as  the  heat  generated 
varies  as  the  square  of  the  current,  it  is 
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evident  that  the  temperature  rise  will  be 
somewhat  less  than  proportional  to  the 
square  of  the  current. 

A  switch  will  break  about  twice  the 
voltage  with  alternating  current  that  it 
will  with  direct  current,  the  amperage 
being  the  same  in  both  cases.  The  in- 
surance code  recognizes  this  and  speci- 
fies that  "for  100-ampere  switches  and 
larger,  the  spacings  for  250  volts  with 
direct  current  are  also  approved  for  500 
volts  alternating  current." 

The  voltage  drop  between  the  terminal 
blocks  of  a  good  switch  should  not  ex- 
ceed about  12  millivolts  per  blade  with 
full-load  current. 

Quick-break  switches  have  an  auxiliary 
breaking  arrangement,  actuated  by  a 
spring,  making  it  difficult  to  draw  an  arc 
even  if  the  switch  is  opened  slowly.  In 
general,  the  quick-break  attachment  is 
relatively  delicate  and  apt  to  get  out  of 
order.     Where  feasible,  it  is  always  bet- 


ter to  use  a  switch  without  a  quick-break 
attachment. 

Single-throw  knife  switches  should  be 
so  mounted  that  gravity  will  tend  to  open 
rather  than  to  close  them.  Double-throw 
switches  can  be  mounted  horizontally, 
but  often  when  so  mounted  it  is  incon- 
venient to  make  connections  to  them,  and 
they  do  not  work  in  well  with  many 
switchboard  arrangements;  hence  they 
are  often  mounted  vertically  and  an  in- 
sulating guard,  possibly  of  wood,  is  ar- 
ranged so  that  it  may  be  slipped  over 
the  jaws  on  the  lower  terminals  of  the 
switch  to  prevent  accidental  contact. 

Usually  it  is  best  to  connect  a  switch 
so  that  the  break-jaws  will  be  "alive" 
and  the  blades  "dead"  when  the  switch 
is  open.  The  blades  expose  more  sur- 
face and  extend  further  than  do  the 
jaws;  hence  they  are  more  liable  to  ac- 
cidental contact  and  short-circuits  than 
are  the  jaws. 

Inclosed  snap  switches  are  usually 
preferable  to  knife  switches  where  it  is 
feasible  to  use  them.  Snap  switches  can 
be  obtained  for  breaking  currents  as 
great  as  30  amperes  at  250  volts.  The 
unskilled  person  in  opening  and  closing 
a  knife  switch  is  apt  to  draw  an  arc  be- 
tween the  contacts  and  in  closing  the 
switch  to  enter  the  blades  only  part  way 
in  the  jaws;  both  practices  will  pit  the 
metal  and  ultimately  ruin  the  switch. 
This  condition  cannot  occur  with  a  good 
snap  switch.  Only  indicating  switches 
should  be  installed. 


Power  Factor  Chart  for  Three- 

Phase  Circuits 

By  Charles  A.  Phillips 

The  accompanying  chart  shows  the  re- 
lation between  the  kilovolt-amperes  per 
phase,  the  power  factor  and  the  total 
kilowatts  in  a  balanced  three-phase  cir- 
cuit. Three  pairs  of  scales  are  given 
in  order  to  obtain  a  wide  range  without 
making  the  chart  of  unwieldy  size.  In 
using  it,  the  two  scales  of  the  same 
letter  must  be  used;  for  example,  if  the 
kilovolt-amperes  are  located  in  the  hori- 
zontal A  scale,  the  corresponding  kilo- 
watts will  be  found  in  the  vertical  A 
scale. 

The  method  of  using  the  chart  is  al- 
most obvious  from  inspection  of  it.  If 
the  kilovolt-amperes  and  the  kilowatts 
are  both  known,  the  number  on  the 
diagonal  line  which  cuts  the  intersection 
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of  the  kilowatt  and  kilovolt-ampere  lines 
will  be  the  power  factor. 

Suppose,  for  example,  that  a  2300-volt 

circuit   is   carr>ing    15   amperes   per  leg; 

the  volt-amperes  per  phase  will  be  15  x 

'300  =  34,500,  which,  of  course,  is  34;4 

A  B 

— 250 
E45 
240 
E35 
230 
tZ5 
iZO 
215 
210 
205 
200 
195 
190 
185 
180 
175 
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two  lines  will  meet  on  the  diagonal  line 
marked  0.72;  therefore,  the  power  fac- 
tor of  the  circuit  is  72  per  cent. 

.-^gain.  suppose  that  a  500-volt  motor 
circuit  was  taking  250  amperes  per  leg 
and  the   power- factor  meter  showed  88 
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at  the  bottom  of  the  chart;  tracing  up 
from  that  point  to  the  0.88  power-factor 
line  and  then  straight  across  to  scale  B 
at  the  left,  the  number  190  will  be  found 
there;  the  power  in  the  circuit,  there- 
fore, is  190  kw. 


A  Kilov41+       Amperes        per        Phase  '"""^'^ 

Relations  between  Kilowatts,  Kilovolt-amperes  and  Power  Factor  for  Three-phase  Circuits 

kilovolt-amperes.     Also  suppose  that  the  per    cent.;    how   many    kilowatts    would  If  the  switchboard  be  equiPPed  with  '. 

kilowattmeter  shows  43  kw.     Tracing  to  the  circuit  be  taking?  voltmeter,  ammeters    a  -  'tmeter  and  . 

the  right    from   43   kw.   in   the   A    scale  The  volt-amperes  being  500  X  250  =  power  factor  indicator    the  =hart  >*  1    b 

and   up    from   34-.    kilovolt-amperes    in  125.000.    the    kilovolt-amperes    are    125.  found   useful   '"  .^^'"^•"f   '"^t^^^™ 

the    corresponding    bottom    scale,    these  This  number  will  be   found  in  scale  B  of  the  meters  witn  respect  to  each  other 
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A  7500-Kw.    Rotar}^  Converter  handled    swings    one-third    greater    than 

Real  estate  in  all  large  cities  is  so  ex-  "s  rating,  or  of  10,000  kw. 
pensive  that   it  is  imperative   for  public-  The  accompanying  picture  gives  a  view 
service    companies    to    use   every    square  of  the   converter  on   the   alternating-cur- 
foot    of    substation-floor    area    most    ef-  rent   side,  showing  clearly  the   equalizer 


A  7500-KiLOWATT  Rotary  Converter 


feclively.  In  rotary-converter  substations 
a  very  large  portion  of  the  requisite 
floor  space  is  occupied  by  the  converters, 
and  much  study  has  teen  given  by  elec- 
trical designers  to  the  matter  of  increas- 
ing the  converter  capacity  per  square 
foot  of  floor  space. 

When  some  two  years  ago  two  25- 
cycle,  six-phase,  COO-volt,  3000-kw.  West- 
inghouse  rotary  converters  were  pur- 
chased by  the  Interborough  Rapid  Transit 
Co.,  New  York,  and  installed  in  the  space 
formerly  occupied  by  two  1500-kw.  con- 
verters of  similar  characteristics,  it  wa:: 
believed  that  just  a'.:out  the  maximum 
point  of  concentration  had  been  reached. 
The  output  of  the  station  in  which  they 
were  installed  was  doubled  without  in- 
creasing the  floor  area,  flow  ccmes  th? 
announcement  that  a  7500-!:w.  Westing- 
hoi:se  interpole  rotary  converter  (600 
vo!ts,  six  phases  and  25  cycles)  just  in- 
stalled in  the  Ninety-sixth  5^t.  substation 
of  the  Interborough  ccnpany  occupies 
but  a  trifle  more  floor  space  than  was 
occupied  by  each  of  the  3000-!:w.  ma- 
chines which  were  previously  the  stand- 
ard. 

Although  guaranteed  to  take  care  of 
load  swings,  such  as  are  inherent  to 
heavy  railway  service,  up  to  7500  kw.. 
the  machine  is  said  ti  have  successfully 


connections  and  the  method  of  connect- 
ing the  various  field-magnet  coils. 


LETTERS 

Unexpected  Wattmeter 
Readings 

I  wish  to  submit  to  practical  readers 
of  Power  the  following  question  in  poly- 
phase power  measurement: 

In   measuring   the   load   of   a   600-hp. 


100  volts;  No.  2  is  a  G.  E.  polyphase 
portable  wattmeter  rated  at  5  and  10  am- 
peres at  150  volts.  Both  meters  when 
compared  checked  very  closely. 

As  I  was  checking  the  power  factor 
of  the  motor  I  told  the  motor  attendant 
to  increase  the  excitation  current  of  the 
machine,  and  as  soon  as  this  was  done  I 
noticed  that  meter  No.  1  was  recording 
about  half  load  and  meter  No.  2  full 
load.     Why  should  this  be  so? 

In  the  case  of  a  load  of  exactly  50 
per  cent,  power  factor,  using  two  single- 
phase  wattmeters,  one  meter  will  register 
0  and  the  other  meter  will  register  the 
total  power,  the  sum  of  the  two  readings 
being  the  correct  power.  But  when  the 
power  factor  becomes  less  than  50  per 
cent.,  one  meter  registers  more  than  the 
total  power  and  the  other  registers  back- 
ward an  amount  sufficient  to  make  the 
total  indicated  power  correct. 

In  my  case,  as  I  am  using  two  poly- 
phase wattmeters  properly  connected,  the 
registration  should  be  correct  under  all 
conditions  of  load. 

J.     A.     CS3TEAU. 

Thetford  Mines,  P.  Q.,  Canada. 


Arc  Lamp  Operation 

In  the  section  of  the  Catechism  of 
Electricity  which  appeared  in  the  issue 
of  Feb.  13,  the  answer  to  question  No. 
1193  states  that  the  upper  carbon  of  an 
open  arc  lamp  does  not  actually  burn 
more  rapidly  than  the  lower  carbon,  but 
wastes  away  more  rapidly  because  of 
the  transfer  of  carbon  particles  from  the 
positive  to  the  negative  tip.  This  reply 
is  partly  incorrect;  the  upper  carbon  tip 
actually  'urns  more  rapidly  than  the 
lower  because  a  greater  portion  of  it  is 
heated  to  a  high  temperature  and  oxida- 
tion is  therefore  more  rapid.  The  carry- 
ing of  particles  from  positive  to  negative 
is  slight. 

The  answer  to  question  1198  is  some- 
what misleading,  though  correct.  The 
candlepower  ratings  are  never  realized 
in  actual  illumination;  they  are  merely 
nominal.      The    actual    mean    spherical 


Mr.  Croteau's  Wattmeter  Connections 


three-phase  synchronous  motor,  supplied 
vv'ith  current  at  30  cycles  and  2200  volts, 
I  had  two  wattmeters  connected  as  shown 
by  the  accompanying  diagrams.  No.  1 
meter  is  a  Westinghouse  graphic  poly- 
phase wattmeter  rated  at  5  amperes  and 


candlepower  is  about  400  in  an  open 
lamp  and  150  to  300  in  inclosed  arcs, 
according  to  the  kind  of  current  used 
and  its  value;  it  is  less  with  alternating 
than  with  direct  current. 
Cleveland,  Ohio.  C.  W.  Hill. 
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Gas   Power   Department 

Worth-while  gas-engine  and  producer  information  treated  in  a  way  that  can  be  of  practical  use 


The  Diesel  Engine   Ship 
"Selandia" 

The  largest  oil-power  vessel  thus  far 
built  has  just  been  put  through  a  series 
of  trial  runs  which  are  said  to  have  more 
than  vindicated  the  predictions  made  for 
her.  This  vessel,  named  the  "Selandia," 
is  the  first  of  three  that  are  being  built 
by  a  Copenhagen  firm  for  service  in  the 
Far  East;  the  second  of  the  three,  the 
"Jutlandia,"  was  announced  recently. 
They  are  twin-screw  ships. 


driven  ships  built  for  regular  passenger 
service. 

The  Engines 

The  feature,  of  course,  is  the  ma- 
chinery. The  engines  are  designed  to 
work  on  the  four-stroke  cycle  and  each 
of  the  two  shafts  is  driven  by  an  eight- 
cylinder  Diesel  engine;  the  diameter  of 
the  cylinders  is  207s  in.,  and  the  stroke 
28^4  in.  The  normal  speed  is  140  r.p.m., 
at  which  each  engine  develops  1250  shaft 
horsepower.     These  engines  have  cross- 


equals  0.366  lb.,  per  indicated  horse- 
power-hour; this  included  the  oil  used 
by  the  auxiliary  engines,  which  during 
the  trial  were  developing  about  70  in- 
dicated horsepower.  The  mechanical  ef- 
ficiency was  found  to  be  84.5  per  cent. 

Each  of  the  engines  is  divided  into  two 
sections  of  four  cylinders  each,  as  indi- 
cated in  the  general  view.  Fig.  1.  The 
cranks  of  each  four-cylinder  group  are 
in  pairs  180  deg.  apart;  each  complete 
group  of  four  cranks  is  set  90  deg.  from 
the  four  cranks  of  the  other  group.  This 


Fig.  1.   One  of  the  Engines  of  the  Ship  "Selandia" 


The  hull  is  370  ft.  long  between  perpen- 
diculars and  53  ft.  beam,  with  a  depth 
molded  of  30  ft.  The  ship  has  been 
designed  to  carry  a  dead-weight  cargo 
of  about  7400  tons  at  a  service  speed 
of  12  knots.  Extensive  accommodation 
is  provided  for  a  large  number  of  pas- 
sengers in-  a  deckhouse  amidships.  This 
passenger  accommodation  is  of  a  high 
class,  withicabins  and  bathrooms  en  suite, 
and  the  ships  will  be  regarded  with  spe- 
cial-Interest, since  they  are  the  first  oil- 


heads  as  in  ordinary  marine  steam  prac- 
tice, but  the  crank  pit  is  completely 
closed   in. 

There  are  also  two  auxiliary  Diesel 
engines  of  200  hp.,  which  drive  the  lub- 
ricating, cooling-water,  sanitary  and  bilge 
pumps,  the  refrigerating  plant,  etc.,  in 
addit'on  to  a  dynamo  supplying  elec- 
tricity for  lighting,  fan  driving,  winch 
operating,  air  compressing,  etc.  The  con- 
sumption of  oil  was  measured  on  the 
trials  and  found  to  be  166  grams,  which 


arrangement  gives  a  diagram  of  turning 
moments  the  maximum  of  which  is  about 
1.35  times  the  mean,  which  indicates  that 
vibration  will  not  trouble  the  passengers. 
It  may  be  pointed  out  that  this  is  a  bet- 
ter figure  than  can  be  obtained  from  a 
four-cylinder  two-stroke  engine,  which 
is  regarded  so  often  as  the  equivalent  of 
an  eight-cylinder  four-stroke  engine. 

The  cylinders  are  mounted  on  a 
massive  casing  and  through-bolted  to  the 
base.    This  casing  is  in  four  sections  and 


586 


POWER 


Vol.  35,  No.   17 


:he  base  is  in  two.  At  back  and  front 
ire  doors.  At  the  back  the  doors  are 
Jeep  and  are  hinged,  the  fastenings  be- 
ng  dogs  held  down  by  flynuts.  There 
s  a  door  opposite  each  crosshead,  be- 
sides a  middle  door  giving  access  to  the 
camshaft  gear  and  rod  drive.  On  the 
Front  there  is  below  each  cylinder  a  door 
fastened  by  studs.  These  doors  carry 
he  water-cooled  crosshead  guides.  Be- 
low each  of  these  doors  is  a  smaller 
linged  door  closed  by  flynuts. 

All  the  valve-gear  is  on  the  front  of 
:he  engine.  The  valves  are  operated  by 
overhead  rocking  arms  supported  by  sep- 
arate mandrels,  carried  in  two  standards 
mounted  on  lugs  at  the  sides  of  the  cyl- 
inders. Heavy  brackets  bolted  to  the 
top  of  the  crank  casing  carry  the  bear- 
ings of  the  camshaft  and  also  a  layshaft. 
From  the  camshaft  the  motion  is  taken 
to  the  overhead  rockers  by  stiff  hollow 
push-rods. 

The  engines  are  started,  of  course,  by 
com.pressed  air;  the  air  pressure  is  300 
lb.  per  square  inch,  and  is  maintained 
by  a  two-stage  motor-driven  compressor. 
Air  is  taken  from  the  300-lb.  tank  by 
another  compressor  driven  from  the  for- 
ward end  of  the  main  engine  shaft  and 
compressed  up  to  800  or  900  lb.  for  use 
in  injecting  the  oil  into  the  cylinders. 

Reverse  Gear 

Reversing  is  effected  by  sliding  the 
camshaft  longitudinally  so  as  to  bring 
another  set  of  cams  into  alignment  with 
the  push-rod  rollers.  The  accompanying 
sketch.  Fig.  2,  shows  the  arrangement  of 
the  camshaft  drive.  An  intermediate 
short  shaft  A  is  geared  to  the  crankshaft 
in  the  ratio  of  2  to  3  and  therefore  runs 
at  two-thirds  crankshaft  speed.  Its  mo- 
■tion  is  transmitted  to  a  second  short 
countershaft  B  by  means  of  two  con- 
necting-rods cooperating  with  crankpins 
90  deg.  apart.  The  shaft  B  is  geared  to 
the  camshaft  C  in  the  ratio  of  3  to  4, 
bringing  the  speed  of  the  camshaft  down 
to  one-half  that  of  the  crankshaft,  as  is 
the  case   in   all    four-stroke  engines. 

The  method  of  sliding  this  shaft  and 
disengaging  the  rollers  from  the  cams  to 
allow  it  to  move  is  very  ingenious,  though 
it  introduces  a  second  layshaft  along  the 
front  of  the  engine  having  eight  long 
crankpins  upon  it.  Each  crankpin  on 
this  secondary  or  weighshaft  D,  Fig.  2, 
carries  four  short  links,  each  attached 
to  a  pin  on  the  foot  of  one  of  the  push- 
rods,  close  to  the  roller,  to  hold  the 
lower  end  of  the  rod  in  position  while 
suspended  from  the  rocker  above.  This 
weighshaft  can  be  rotated  through  al- 
most a  complete  revolution  by  a  little 
compressed-air  reversing  engine  on  the 
starting  platform,  through  a  vertical  shaft 
fitted  with  a  worm  gear  with  ball  thrusts 
at  each  end,  the  arrangement  being  ex- 
actly like  the  barring-around  gear  of  a 
steam  engine,  except  that  the  weighshaft 
cannot  make  a  complete  revolution.     It 


differs  also  in  that  in  both  ahead  and  in 
astern  gear  the  cranks  point  inward  to- 
ward the  cylinders,  the  valve  rods  being 
thus  held  by  the  little  links  over  the 
center  of  the  camshaft,  and  so  the  rollers 
are  in  position  to  be  operated  by  the 
cams. 

The  neutral  or  stop  position  is  obtained 
by  a  half  revolution  of  the  weighshaft 
D.  This  makes  the  crank  arms  point  out- 
ward from  the  cylinders,  and  the  valve 
rods  are  therefore  swung  out  clear  of 
the  cams  and  receive  no  motion  from 
them.  The  sliding  of  the  camshaft  is 
then  effected  by  the  continued  rotation  qf 
the  weighshaft.  A  roller  carried  on  a 
pin  fixed  in  a  sleeve  fitted  between  two 
collars  on  the  camshaft  travels  in  a  sin- 
gle incline  cam  path  cut  in  the  periphery 
of  a  cast-iron  drum  mounted  on  the 
weighshaft,  shown  in  Fig.  2,  and  which 
can  also  be  seen  in  the  center  of  the 
weighshaft  in  the  general   view,   Fig.    1, 


-Push  Rod 


^\       r>^-Crank  Shaft 

Fic.  2.    Part  of  Valve  Gear 

the  incline  meeting  the  roller  when  the 
cranks  near  their  outer  position — that  is, 
when  the  rollers  are  off  the  cams.  Thus, 
as  the  weighshaft  continues  to  revolve, 
the  incline  travels  around  and  moves  the 
pin  and  the  camshaft  longitudinally  just 
far  enough  to  shift  one  set  of  cams  out 
of  the  line  of  the  valve  rods  and  put  the 
other  set  in  line.  Continued  rotation  of 
the  weighshaft  swings  the  ends  of  the 
push  rods  back  into  alignment  with  the 
cams,  this  time,  however,  the  reverse-mo- 
tion cams.  During  the  recent  trial  runs 
the  change  over  from  full  speed  ahead 
to  full  speed  astern  was  effected  in  10 
sec. 

General  Control 

There  is  one  main  starting  lever,  which 
has  to  be  drawn  to  one  extremity  of  its 
motion,  called  the  neutral  position,  be- 
fore the  reversing  engine  can  be  started. 
In  this  position  both  the  compressed  air 
and  the  fuel  are  shut  off  from  the  main 


engines,  and  to  this  extent  the  arrange- 
ment is  "fool-proof."  The  small  re- 
versing engine  (reciprocating  type), 
driven  by  300  lb.  compressed  air,  is  then 
started,  and  rotates  the  weighshaft  D 
to  shift  the  camshaft  into  the  required 
position,  ahead  or  astern,  as  the  case 
may  be,  and  restore  the  push  rods  to  the 
working  positions,  as  just  described.  The 
details  of  the  mechanism  are  such  that 
the  main  lever  cannot  be  shifted  from  the 
neutral  position  until  the  push  rods  have 
been  replaced  in  alignment  with  the  cams. 
Only  when  this  has  been  done  can  the 
main  lever  be  put  into  a  central  position, 
in  which  it  enables  the  300  lb.  air  supply 
to  pass  into  the  cylinder;  this  supply, 
being  carried  six-tenths  of  the  stroke, 
gives  facility  for  starting  the  engine  ir- 
respective of  the  position  of  the  cranks. 
When  the  engine  has  got  under  way 
with  compressed  air,  the  main  lever  is 
pushed  still  further  over  into  the  oil-sup- 
ply position.  The  lever  "gate"  is  pro- 
vided with  a  notch  at  the  front  for  the 
neutral  position,  another  a  third  of  the 
way  along,  for  the  compressed  air  for 
starting  and  reversing,  while  on  the  last 
third  of  the  "gate"  length  there  are 
numerous  evenly  divided  notches  for 
varying  the  volume  of  oil  fuel  supplied 
to  the  engine  so  as  to  vary  the  power 
developed.  The  operating  lever  is  cen- 
trally mounted  on  the  front  of  each  en- 
gine, conforming  closely  to  the  handling 
appliance  of  the  ordinary  steam  engine. 
A  small  Aspinall  governor  is  provided 
to  cut  off  the  fuel  supply  when  the  speed 
exceeds  the  normal,  and  thereby  pre- 
vent racing  if  the  propeller  should  lift 
out  of  water,  as  it  easily  may  in  rough 
weather.  The  governor  has  no  control 
over  the  speed  below  this  maximum 
point. 

For  the  delivery  of  fuel  to  the  injec- 
tion valves  there  are  two  pumps  on 
each  main  engine,  each  pump  supplying 
four  of  the  cylinders.  From  the  pump 
the  fuel  is  fed  to  a  small  box  on  the 
back  of  each  cylinder,  and  in  these  boxes 
the  pressures  equalize  themselves,  so 
that  all  cylinders  receive  equal  quan- 
tities. It  would  seem  that  a  balance  is 
made  between  the  pressure  behind  the 
fuel  and  the  air  pressure  in  front  of  it 
to  determine  the  quantity  admitted  for 
injection,  according  to  engine  speed.  The 
regulating  handle  lifts  the  suction  valves 
of  the  fuel  pumps  in  similar  style  to 
that  adopted  on  many  types  of  Diesel 
engines,  and  thus  varies  the  pump  charge. 
This  appears  to  reduce  the  quantity  of 
fuel  that  will  force  itself  against  the 
air  pressure  into  the  injection-valve 
chamber.  Each  fuel  box  has  a  regulat- 
ing valve  for  adjustment.  To  prime  the 
fuel  pipes  there  is  a  hand  pump  for 
each  group  of  four  cylinders.  A  bypass 
can  be  opened  on  each  injection  valve  to 
release  the  air  from  the  fuel  pipes,  which, 
after  filling,  overflow  into  drains  which 
extend  down  the  back  of  the  engine. 
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A  special  feature  of  the  injection 
valves  is  their  inward  travel.  Instead  of 
using  the  familiar  needle  valves,  opened 
outward  to  permit  the  charge  of  fuel  to 
be  atomized  into  the  cylinder,  the  build- 
ers have  adopted  a  mushroom-head  vatve, 
which  opens  downward  into  the  cylin- 
der. The  usual  atomizing  disks  are  re- 
tained, so  that  the  fuel  enters  the  com- 
bustion chamber  in  the  same  state  as  if 
it  were  passing  a  needle  valve.  The 
mushroom  head,  however,  spreads  the 
fuel  around  the  combustion  space. 

Automatic  Devices 

In  order  to  prevent  dangerous  pres- 
sures arising  inadvertently  in  the  cylin- 
ders there  are  relief  valves  to  each  com- 
bustion chamber,  these  being  fitted  into 
the  sides  of  the  cylinder  heads.  Fur- 
thermore, in  order  to  prevent  back  pres- 
sure in  the  cylinders  when  reversing,  a 
device  is  employed  on  all  cylinders  to 
relieve  the  pressures  when  the  engine  is 
stopped.  This  is  effected  by  a  trip-gear 
device  on  each  exhaust-valve  motion. 
Under  the  rocker  of  the  valve  is  an  up- 
right bar  pinned  upon  the  cylinder  cover, 
and  through  a  slot  in  this  bar  passes 
a  rod  attached  to  the  front  end  to  the 
exhaust-valve  push  rod  and  loaded  at  the 
back  end  with  a  spring,  which  keeps  the 
upright  bar  against  a  collar  on  the  rod. 

When  the  engine  is  stopped  and  the 
weighshaft  moved  over  to  carry  the  push 
rods  clear  of  the  cams,  the  exhaust- 
valve  push  rods  exert  an  outward  pull 
upon  the  trip-gear  springs,  causing  the 
upright  bars  to  move  toward  the  front 
of  the  engine.  This  movement  draws 
each  bar  undsr  a  roller  pivoted  on  the 
flank  of  each  exhaust-valve  rocker,  forc- 
ing the  latter  to  open  the  exhaust  valve 
to  the  extent  of  2  mm.,  thereby  relieving 
the   compression   for  starting. 

An  ingenious  automatic  starting  valve 
is  employed.  An  airpot  is  fitted  between 
each  starting-valve  stem  and  the  over- 
head rocker  which  operates  it.  Normal- 
ly, a  spring  in  the  airpot  pulls  the  over- 


nary  manner.  The  air  travels  along  a 
hoilow  spindle  in  the  pot,  and,  therefore, 
directly  the  regulator  handle  is  moved 
over  to  the  fuel  supply  and  cuts  off  the 
air,  the  starting  valves  are  automatically 
relieved   of  pressure. 

The  engines  for  the  "Selandia"  were 
built  by  Burmeister  &  Wain,  of  Copen- 
hagen. 


CORRESPONDENCE 

More  Trouble  Running  at 
Full  Compression 

In  a  recent  number  of  Power,  I  noticed 
a  letter  in  answer  to  an  inquiry  as  to 
why  a  gas  engine  would  not  run  at  full 
compression.     I   thought   it  might  be   in- 


and  the  bag.  This  pipe  was  in  the  form  of 
a  wide  U  so  that  at  moderate  suction  the 
oil  remained  at  the  bottom  of  the  pipe, 
as  indicated  in  Fig.  1,  but  as  the  speed 
of  the  gas  increased  it  pulled  the  oil 
along  the  pipe  to  the  bend,  where  it 
choked  the  suction  of  gas  (see  Fig.  2) 
and  the  engine  slowed  down  until  the 
oil  resumed  its  normal  position  again, 
when  the  engine  picked  up  speed  again 
only  to  slow  down  again  and  eventually 
stop. 

When  the  pipe  was  cleared  of  oil  the 
engine  ran  beautifully.  Of  course,  the 
compression  had  nothing  to  do  with  the 
trouble,  but  the  engine  behaved  as 
though  it  had. 

G.  H.  HuMM. 

Loughboro,  England. 
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Fig.  1.    Light-suction  Condition 
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Fig.  2.    Heavy-suction  Condition 

teresting  to  the  inquirer  if  I  stated  a 
case  from  my  own  experience.  I  was 
called  to  a  gas  engine  in  London  one  day 
because  it  was  behaving  in  a  similar 
manner  to  that  described  in  Power.  It 
would  start  up  well  and  run  at  a  moder- 
ate speed  until  full  compression  was  put 
on;  then  it  would  suddenly  miss  fire 
for  several  cycles,  pull  up  again,  miss 
fire  and  gradually  stop  altogether.  This 
puzzled  me  greatly  for  some  time;  I 
went  over  all  the  probable  causes,  valves. 


Freak  Indicator  Diagrams 

Perhaps  nothing  is  more  interesting 
to  the  studious  engineer  than  the  con- 
sideration of  freak  indicator  diagrams. 
Two  such  are  reproduced  herewith.  The 
engine  has  a  single  cylinder  6-'4  in.  bore 
by  157u  in.  stroke  and  works  on  the 
usual  four-stroke  cycle.  It  is  controlled 
by  a  hit-and-miss  governor,  scavenging 
on  the  idle  strokes;  the  ignition  is  elec- 
trical, with  make-and-break  igniter;  the 
spark  was  well  advanced  when  the  dia- 
grams were  taken,  and  a  Crosby  gas- 
engine  indicator  was  used,  equipped  with 
a  280-scale  spring.  [The  diagrams  are 
reproduced  here  full  size. — Ed.]  Metallic 
surfaced  cards  were  used,  together  with 
brass  points,  the  pencil  being  held  on 
during   three   complete   cycles. 

In  each  case  two  cycles  were  perfectly 
normal  and  were  so  nearly  alike  that  the 
lines  can  be  distinguished  only  by  close 
inspection,  though  the  tracing  points  were 


head  rocker  downward  at  the  back  end, 
so  that  the  front  end  lifts  the  push  rod 
and  roller  clear  of  the  camshaft.  During 
the  running  of  the  engine  the  starting- 
valve  links  are,  therefore,  motionless.  So 
soon  as  the  regulator  handle  opens  up 
the  air  supply  for  starting,  this  air  pres- 
sure acts  upon  the  piston  in  the  airpot, 
knocks  up  the  overhead  rocker,  and  brings 
the  roller  end  of  the  push  rod  down  up- 
on the  camshaft.  With  300  lb.  in  the 
airpot,  a  rigid  engagement  between  valve 
and  rocker  is  maintained,  and  the  start- 
ing air  valves  operate  then   in   the  ordi- 


Mr.  Wesley's  Diagrams 


heat  of  tube  (it  was  tube  ignition),  etc., 
and  at  last  it  occurred  to  me  to  start 
up  again  and  investigate  the  suction  at 
the  gas  bag.  I  immediately  discovered 
the   cause   of  the   trouble. 

I  found  that  a  good  healthy  suction 
took  place  while  running  light,  but  as 
soon  as  the  piston  speed  became  at  all 
rapid,  a  choking  action  occurred  at  the 
gas  bag.  Closer  investigation  showed 
that  the  gas  valve  had  been  leaky  and 
too  much  lubricating  oil  had  been  used 
on  the  piston.  In  consequence,  oil  had 
got  down  the  pipe  between  the  gas  valve 


sharp  and  the  diagrams  distinct.  Super- 
imposed on  each  expansion  line  was  the 
violently  wavy  line  shown.  This  has 
been  traced  as  a  full  line,  but  on  the 
original  card  the  tracing  point  failed  to 
stay  on  the  paper  continuously,  making 
a  dotted  line  record.  The  engine  was 
being  tested  under  nearly  full-load  con- 
ditions at  260  r.p.m.  with  a  prony  brake 
and  gave  no  evidence  of  undue  stress. 
Can  any  of  my  fellow  readers  explain 
the  oscillations  of  the  pencil? 

G.  M.  Wesley. 
LaFayette,    Ind. 
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Refrigeration  Department 

Principles  and  operation  of  ice-making  and  refrigerating  plant  and  machinery 


Ammonia  Absorption  Re- 
frigerating System 

By  Fred  Ophuls 

In  the  Aug.  23  issue  of  Po>x'ER  a  short 
article  appeared  explaining  the  operation 
of  a  refrigerating  system  in  general  and 
of  the  ammonia  absorption  refrigerating 
system  in  particular.  A  more  elaborate 
description  of  the  latter  system,  showing 
the  function  of  each  apparatus,  is  given 
later.  To  assist  in  this  work  and  show 
the  relative  positions  of  the  apparatus 
the  outline  sketch  is  presented,  together 
with  tabulations  to  demonstrate  the  ef- 
fect that  different  conditions  of  opera- 
tion have  upon  its  economy. 

When  designing  and  installing  a  re- 
frigerating system  to  perform  a  given 
duty  the  conditions  under  which  the  plant 
will  have  to  operate  must  be  most  care- 
fully considered,  particularly  the  tem- 
perature and  the  quantity  of  the  con- 
densing and  cooling  water  available  and 
the  temperature  at  which  the  refrigerat- 
ing duty  must  be  performed. 

The  plant  under  consideration  was 
used  to  cool  calcium-chloride  brine  and 
in  Table  1  are  given  the  fundamental 
quantities  upon  which  the  various  cal- 
culations made  are  based.  Four  different 
sets  of  operating  conditions  were  as- 
sumed, the  first  two  with  8  gal.  of  72- 
deg.  water  and  the  last  two  with  4  and 
3  gal.,  respectively,  of  54-deg.  water,  per 
minute  per  ton  of  ice-melting  capacity 
used   for  cooling  and   condensing. 

While  the  refrigerating  duty  is  the 
same  in  each  case,  the  temperature  to 
be  obtained  in  the  refrigerator,  that  is, 
the  average  temperature  of  the  brine,  is 
assumed  as  —  12  deg.  F.  for  the  first 
three  and  +  8  deg.  F.  for  the  last  set 
of  figures.  This  change  in  the  brine 
temperature  is  made  to  demonstrate  its 
effect  upon  the  economy  of  the  system, 
the  other  conditions  being  nearly  the 
same. 

Ammonia,  as  the  refrigerating  agent, 
is  used  in  the  liquid  anhydrous  state  in 
the  refrigerator,  where,  by  its  evapora- 
tion at  a  low  temperature  while  being 
maintained  under  a  moderate  pressure, 
it  produces  cold.  The  intensity  of  the 
cold  produced  depends  upon  the  pressure 
under  which  the  ammonia  boils  and  the 
amount  of  cold  upon  the  quantity  of  the 
liquid  fed  into  and  evaporated  in  the 
cooler. 

Liquid  ammonia  can  be  purchased  in 
the  open  market  and  the  simplest  re- 
frigerating   system    would    consist    of    a 


set  of  cooling  coils,  a  brine  cooler  or 
other  type  of  refrigerator  to  which  the 
drum  containing  the  ammonia  would  be 
connected  and  the  liquid  ammonia  fed 
as  required  through  a  pressure-reducing 
or  expansion  valve,  the  other  end  of 
the  refrigerator  being  open  to  the  outer 
air  or  submerged  in  running  water  to  al- 
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As  ice  cannot  be  used  for  producing 
temperatures  much  lower  than  40  deg. 
F.,  and  for  other  good  reasons,  means 
have  been  devised  to  use  ammonia  for 
this  purpose  and,  to  avoid  unnecessary 
expense  and  accidents,  save  the  vapors 
formed  and  bring  them  continually  back 
into   the    liquid    form   to   be   used   over 


Outline  Sketch  of  Absorption  Syetem 
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low  the  ammonia  vapor  to  escape.  Such 
a  system  would  be  dangerous,  because 
ammonia  fumes  inhaled  in  large  quan- 
tity are  fatal,  and  it  would  be  expensive 
as  the  liquid  costs  from  20  to  25c.  per 
pound.  Each  pound  can  in  evaporating 
absorb  only  about  450  B.t.u.,  or  its  cool- 


and  over  again.  The  only  additional  am- 
monia that  must  be  supplied  to  a  re- 
frigerating system  of  this  kind  after  it 
has  once  been  completely  charged  is  that 
which  is  lost  through  leaks  and  from 
other  causes  beyond  the  control  of  the 
operator.     The  ammonia  is  alternately  in 


TABLE  1.     FUNDAMENTAL  QUANTITIES 


Number  of  calculation 

Cooling  and  (  Initial  temperature 

Condensing    -  Quantity  over  condenser, 
water  '  Quantity  over  absorber.. 

Refrigerating  duty  in  tons  of  ice-melting 

capacity  per  24  hr 

Temperature  of  brine  {  i!-'' '?' 


■(  Final . 


All  temperatures  are  expressed  in  Fahrenheit  degrees;  weights  in  pounds;  water  quantities  in 
gallons  per  minute  per  ton  of  ice-melting  capacit.v  per  24  hours. 

A  ton  of  ice-melting  capacity  or  ton  of  refrigeration  is  equivalent  to  the  absorption  from  the 
refrigerator  of  200  B.t.u.  per  minute,  12,000  B.t.u.  per  hour  or  288,000  B.t.u.  per  24  hours. 

Pressures  are  expressed  in  pounds  per  square  inch  gage. 

Amounts  of  heat  absorbed  or  rejected  are  specified  in  B.t.u.  per  minute  unless  otherwise  specified. 


ing  effect  is  equivalent  to  the  melting 
of  a  little  over  3  lb.  of  ice,  the  latter 
costing  in  large  quantities  about  0.15c. 
per  pound  or,  for  3  lb.,  not  quite  one-half 
cent.  Using  the  ammonia  in  this  simple 
way  would  therefore  cost  from  40  to  50 
times  as  much  as  ice. 


the  liquid  and  the  gaseous  state  and 
passes  in  a  closed  cycle  through  the  vari- 
ous vessels  of  the  system  in  the  follow- 
ing rotation  while  the  plant  is  in  op- 
eration (see  accompanying  illustration)  : 
A.  Liquid  ammonia  receiver  or  stor- 
age tank. 
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li. 
valve. 
C. 
D. 
E. 
F. 
C. 
H. 
I. 


Expansion     or     pressure-reducing 

Brine  cooler  or  refrigerator. 
Absorber. 

Rich-liquor  storage  tank. 
Rich-liquor    pump. 
E.xchanger 
Analyzer. 
Generator. 


it  for  the  second  stage  of  the  process, 
which  is  to  compress  the  vapor  pre- 
paratory to  reliquefying  it. 

In  the  compression  system  of  refrigera- 
tion the  ammonia  vapor  is  drawn  into  the 
compressor  and  compressed  by  mechan- 
ical means  to  the  desired  pressure,  while 
in  the  absorption  system  the  affinity  that 
water    has    for    anhydrous    ammonia    is 


DERIVED  QUANTITIES 

Brine  Coohr 


Number  of  calculation 

Pounds  of  li<iuid  ammonia  fed  into  cooler 

per  min 

Pressure  in  cooler 

Corresponding  boiling  point  of  anhydrous 

ammonia 


J.     Rectifier. 

A'.  Ammonia  condenser,  finally  re- 
turning  to 

A.  Liquid  ammonia  receiver  or  stor- 
age tank. 

The  pipe  line  1  connects  the  ammonia 
liquid  receiver  with  the  expansion  or 
pressure-reducing  valve  B  and  the  brine 
cooler  C.  Through  this  pipe  the  liquid 
flows,  as  regulated  by  the  valve  B,  from 
the  receiver  A,  where  it  is  stored,  to 
the   brine   cooler   or  refrigerator  C   and 


made  use  of  for  this  purpose.  Water  in 
absorbing  ammonia  does  not  increase  in 
volume  materially,  although  it  absorbs 
from  500  to  1000  times  its  volume  of  the 
vapor.  The  strong  liquor  retains  the 
ammonia  in  a  greatly  compressed  form. 
In  Table  3  the  quantities  pertaining 
to  the  operation  of  the  absorber  are 
given.  Attention  is  called  to  the  effect 
of  the  temperature  of  the  poor  liquor 
entering  on  the  total  heat  rejected  from 
the  absorber.     In  the  second  set  of  fig- 


TABLE 

Absorhti 


Pressure  in  absorber 

Temp,  of  poor  lifjuor  entering 

.\mmonia  vapor  entering 

Temp,  of  rich  liquor  leaving 

I  Percentage  b.v  weight  ]  p        ,; 

1  riW™""  '"P-hl.:iuor  ..; 
Weight  of  rich  liquor  circulated  per  min. 

Weight  of  poor  liquor  per  minute 

Heat  of  absorption  of  ammonia  in  poor 

liquor 

Negative  heat  of  vapor  entering 

Heat  removed  from  poor  liquor 

Total  heat  rejected  from  absorber 


enters  the  latter  under  a  pressure  suit- 
able for  the  temperature  required  in  it. 
The  weight  of  ammonia  fed  into  the 
cooler  is  determined  by  its  temperature 
just  before  it  reaches  the  valve  B,  its 
latent  heat  at  the  cooler  pressure  and 
the  quality  and  temperature  of  the  vapor 
leaving   it. 

On  this  basis,  the  weight  of  liquid,  in 
pounds  per  minute,  circulated  through 
the  system  for  each  of  the  four  sets  of 
calculations  given  in  line  4  of  Table  2 
are  figured.  The  refrigerator  C  may  be 
of  any  construction  suitable  for  the  work 
to   be   performed. 

The  ammonia  vapor,  produced  by  the 
evaporation  of  the  liquid  in  the  cooler, 
is  drawn  away  through  the  pipe  2  into 
the  absorber  D,  where  it  is  absorbed  in  a 
comparatively  weak  solution  of  ammonia 
in  water,  called  weak  or  poor  liquor,  pro- 
ducing a  rich  liquor;  that  is,  water  prac- 
tically saturated  with  ammonia  at  the 
pressure  in  and  the  temperature  at  which 
it  leaves  the  absorber.  The  function  of 
the  absorber  is  to  draw  the  ammonia 
vapor  from  the  refrigerator  and  prepare 


ures  the  temperature  of  the  poor  liquor 
is  nearly  80  deg.  F.  higher  than  in  the 
other  cases  and  this  comparatively  small 
increase  has  caused  the  amount  of  heat 
to  be  removed  in  the  former  case  to  be 
almost  doubled. 

To  obtain  the  best  results  from  an  ab- 
sorber, it  should  be  constructed  so  that, 
with    the    temperature    and    quantity    of 


it  will  absorb,  and  increases  also  as  the 
pressure  at  which  the  absorption  takes 
place  increases.  It  follows  that  the  pres- 
sure in  the  absorber  should  not  be  main- 
tained at  a  lower  point  than  is  absolutely 
necessary  to  obtain  the  desired  tempera- 
ture in  the  refrigerator.  This  fact  is 
very  often  overlooked  in  the  installation 
of  this  system,  for  it  is  claimed  that  the 
efficiency  of  the  absorption  machine  is 
not  materially  affected  by  the  absorber 
pressure.  This  statement  is  not  in  ac- 
cordance with  the  actual  facts,  as  will 
appear  later. 

It  is  also  economy  to  keep  the  amount 
of  liquor  handled  by  the  liquor  pump  as 
low  as  possible,  not  because  the  pump 
requires  a  great  deal  of  steam  for  its 
operation,  but  because  the  heat  lost  in 
incomplete  heat  interchanges  from  the 
poor  to  the  rich  liquor  is  nearly  in  pro- 
portion to  the  weight  of  the  liquor 
handled.  A  small  quantity  of  liquor  cir- 
culated per  unit  of  work  done  requires 
a  large  difference  in  the  strengths  of 
the  rich  and  the  poor  liquors.  The 
strength  of  the  rich  liquor  obtainable 
in  any  given  size,  type  and  construction 
of  apparatus  depends  upon  its  final  tem- 
perature when  leaving  the  absorber  and 
on  the  pressure;  while  the  strength  of 
the  poor  liquor  is  governed  by  the  tem- 
perature of  the  steam  in  the  generator 
coils  and  by  the  pressure  existing  in  the 
ammonia  part  of  the  generator.  The 
difference  in  the  strengths  of  the  liquors 
for  modern  plants  ranges  from  5  to  10 
per  cent,  by  weight.  In  these  calcula- 
tions 8  per  cent,  is  the  difference  as- 
sumed except  in  the  third  case  where,  to 
keep  the  temperature  in  the  generator 
coils  as  low  as  possible,  the  difference 
is  only  6  per  cent. 

Knowing  the  strengths  of  the  liquors 
and  the  weight  of  ammonia  to  be  cir- 
culated per  minute,  the  weights  of  the 
rich  and  the  poor  liquors  can  be  com- 
puted and  with  these  the  total  heat  re- 
jected from  the  absorber;  these  figures 
are  given  in  line   18  of  Table  3. 

The  rich  liquor  leaving  the  absorber 
flows  by  gravity  through  pipe  3  into  the 
rich-liquor    storage     tank,     where     it     is 
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Excha 


19 
■20. 
21  . 

Temp,  of  poor  li(iuor  entering 

Temp,  of  poor  liquor  leaving 

Temp,  of  rich  liquor  entering 

2(1.5 
109 
99 
237 
78,560 
74,600 

265 
185 
99 
175 
40,288 
38,000 

10(1 
90 

205 
77,600 
73,800 

207 
107 
99 
180 

23. 
24. 

Heat  removed  from  poor  liquor 

Heat  absorbed  by  rich  liquor 

41,670 
39,600 

cooling  water  available  for  this  apparatus, 
the  final  temperature  of  the  liquid  leav- 
ing it  is  as  low  as  can  be  reasonably 
expected  when  allowing  a  proper  con- 
struction expense  for  the  apparatus. 

The  weight  of  ammonia  that  can  be 
absorbed  in  water  increases  as  the  tem- 
perature of  the  water  decreases;  that  is, 
the  colder  the  water  the  more  ammonia 


stored  ready  for  use.  The  bottom  of  this 
tank  is  connected  with  the  rich-liquor 
pump  F  by  the  pipe  line  4.  This  pump 
takes  the  rich  liquor  and  forces  it  through 
the  pipe  line  5  into  the  exchanger  G, 
where  it  takes  up  heat  on  its  way  to  the 
generator  from  the  hot  poor  liquor  flow- 
ing through  the  exchanger  on  its  way 
from  the  generator  to  the  absorber. 
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The  economy  in  steam  consumption 
of  any  system  using  steam  demands  that 
where  possible  heat  interchanges  should 
be  effected;  that  is,  where  any  fluid  must 
be  heated  and  another  cooled  it  is  de- 
sirable to  heat  the  fluid  to  be  heated  with 
the  fluid  to  be  cooled  and  vice  versa  and 
this  heat  interchange  should  be  as  com- 
plete as  possible.  In  Table  4  the  tem- 
perature and  heat  interchanges  for  the 
four  problems  are  given.  The  only  dif- 
ference in  the  conditions  of  operation  of 
cases  1  and  2  is  the  incomplete  inter- 
change of  heat  in  the  exchanger  in  the 
latter  case,  and  this  difference  is  as- 
sumed to  show  the  importance  of  the 
foregoing  statement.  The  effect  of  this 
fault  in  construction  or  operation  will 
appear  in  the  final  results  of  the  calcula- 
tions. 

To  liberate  the  ammonia  from  the  rich 
liquor  it  must  be  heated  and  to  obtain  the 
ammonia  vapor  at  the  proper  pressure 
that  will  permit  of  liquefaction  with  the 
cooling  water  available,  it  must  be  heated 
when  under  that  pressure.  The  liquor 
pump  serves  to  discharge  the  liquor  in- 
to the  still  or  generator  against  the 
liquefying  pressure. 

Before  following  the  course  of  the 
liquor  from  the  exchanger  into  the  gen- 
erator it  is  well  to  consider  what  occurs 
when  a  rich  ammonia  liquor  is  heated. 
Taking,  for  instance,  the  figures  pertain- 
ing to  this  part  of  the  process  for  the 
first  case,  the  rich  liquor  leaves  the 
absorber  at  a  temperature  of  101  deg. 
F.  and  contains  26  per  cent,  by  weight 
of  anhydrous  ammonia  in  solution.  The 
liquor  pump  forces  this  liquor  against 
a  pressure  of  138.3  lb.  per  square  inch 
gage  into  the  generator.  On  its  way 
to  the  generator  the  liquor  is  heated  in 
the  exchanger  and  as  soon  as  the  satu- 
ration temperature  at  the  pressure  in  the 
generator  is  reached,  liberation  of  am- 
monia vapor  from  the  solution  will  be- 
gin and  end  then  only  when  the  liquor 
has  reached  its  final  temperature  in  the 
generator.  The  latter  temperature  is  de- 
pendent upon  the  strength  to  which  it  is 
desired  to  reduce  the  liquor. 

In  the  first  case,  the  poor  liquor  is  as- 
sumed to  contain  18  per  cent,  of  am- 
monia, the  ammonia  condenser  pressure 
is  found  to  be  138.3  lb.  per  square  inch 
gage  and  the  final  temperature  of  the 
poor  liquor  270  deg.  F.  For  these  con- 
ditions the  steam  in  the  generator  coils 
of  a  properly  proportioned  apparatus  will 
not  exceed  275  deg.  F.,  which  corresponds 
to  a  steam  pressure  of  30.8  lb.  per 
square  inch  gage. 

When  ammonia  is  liberated  from  an 
ammonia  liquor,  or  aqua  ammonia,  by  the 
application  of  heat,  a  certain  amount  of 
water  vapor  is  found  in  the  vapor  formed. 
On  condensing  this  vapor  a  very  rich 
ammonia  liquor  would  be  the  result; 
that  is,  a  liquor  containing  nearly  100 
per  cent,  of  ammonia.  The  disadvantages 
of    using    this    liquor    for    refrigerating 


purposes  are  that  its  boiling  point  is  not 
as  low  as  that  of  anhydrous  ammonia 
at  the  same  pressure;  further,  that  at 
the  low  pressure  and  temperature  of 
the  refrigerator  the  water  in  the  liquor 
does  not  evaporate  as  freely  as  the  am- 
monia, so  that  the  final  vapor  does  not 
contain  the  same  percentage  of  water 
that  the  liquor  did  from  which  it  is 
formed.  The  natural  consequence  of  this 
condition  is  that  the  percentage  of  water 
in  the  liquor  contained  in  the  refrigerator 
constantly  increases  and  the  pressure  in 
the  latter  must  be  reduced  accordingly 
to  maintain  the  proper  temperature. 

The  efficiency  of  the  system  decreases 
as  the  percentage  of  water  in  the  am- 
monia contained  in  the  refrigerator  in- 
creases, and  it  must  be  purged  at  fre- 
quent intervals.  To  minimize  the  effect 
of  this  condition,  as  much  of  the  water 
vapor  as  possible  must  be  removed  from 
the  vapor  mixture  before  it  is  condensed 
and  as  the  amount  of  water  vapor  con- 
tained in  it  will  decrease  as  its  tempera- 
ture is  decreased,  it  follows  that  to  at- 
tain this  end  the  mixture  should  be  cooled 
to  within  a  few  degrees  of  the  tempera- 
ture of  liquefaction  before  it  reaches  the 
condenser. 


cooling  and  condensing  water  is  lower 
and  the  quantity  half  of  that  used  in 
the  two  previous  cases,  while  the  re- 
frigerator temperature  is  the  same  and 
yet  the  steam  pressure  is  only  7.3  lb. 
per  square  inch  gage.  In  the  fourth  case, 
the  water  temperature  is  the  same  as  in 
the  third  case,  while  the  quantity  is  only 
three-quarters  that  used  in  the  former 
case  with  a  further  decrease  in  the 
steam  pressure  to  1  lb.  per  square  inch 
gage,  because  the  temperature  in  the 
refrigerator  is  20  deg.  higher  than  for 
the  other  problems.  These  figures  show 
conclusively  that  even  in  the  absorption 
system  the  temperature  in  the  refrigera- 
tor plays  just  as  important  a  part  in 
the  economy  of  the  system  as  in  the 
compression  type. 

Referring  to  the  illustration  again,  't 
will  be  understood  from  the  foregoing 
why  the  rich  liquor  from  the  exchanger 
first  enters  the  analyzer  before  it  flows 
into  the  generator.  The  poor  liquor 
leaves  the  generator  at  or  near  its  bot- 
tom and  flows  through  pipe  14  into  the 
exchanger  and  from  here  as  required 
through  pipe  15  into  the  absorber.  In 
pipe  14  a  throttle  valve  is  placed  to 
maintain  the  required  difference  of  pres- 


TABLE -5 
A  nalyzcT 


25 .     Temperature  of  vapor  rising  from  genera- 


26 .  Temperature  of  vapor  leaving  analyzer. . . 

27 .  Temperature  of  rich  liquor  entering  analy- 

zer  


TABLE  6 
Generator 


Temperature  of  poor  liquor  leaving.  .  . 
Temperature  of  steam  in  heating  coils. 

Pressure  of  steam  in  coils 

Pressure  of  vapor  in  generator 


Here  is  another  opportunity  for  taking 
advantage  of  heat  interchange.  The  rich 
liquor  leaving  the  exchanger  is  not  as 
hot  as  the  vapors  rising  from  the  liquor 
in  the  generator  and  an  apparatus,  the 
analyzer,  is  used  in  which  the  hot  vapor 
mixture  is  brought  into  intimate  contact 
with  the  rich  liquor  before  the  latter  en- 
ters the  generator.  The  mixture  is  there- 
by cooled,  and  some  of  the  water  it  con- 
tains removed.  Table  5  gives  the  tem- 
perature changes  occurring  in  the  an- 
alyzer, and  in  Table  6  are  data  pertain- 
ing to  the  operation  of  the  generator. 

The  beneficial  effect  of  cold  cooling 
and  condensing  water  and  a  high  tem- 
perature in  the  refrigerator  •n  the  steam 
pressure  required  in  the  generator  is 
clearly  demonstrated  by  these  figures.  In 
the  first  and  second  sets  of  figures,  the 
amount  and  temperatures  of  the  cool- 
ing and  condensing  water  and  the  re- 
frigerator temperature  respectively  are 
the  same;  consequently  the  steam  pres- 
sure is  the  same  for  equal  capacity.  In 
the   third   case,   the   temperature  of  the 


sure  between  the  generator  and  the  ab- 
sorber. 

This  valve  is  so  regulated  that  the 
liquid  level  in  the  generator  is  main- 
tained at  a  predetermined  height  indi- 
cated in  the  liquid  gage-glass  provided 
for  this  purpose.  This  is  necessary  to 
keep  the  steam  coils  always  submerged 
or  to  prevent  the  apparatus  from  be- 
coming flooded  with  liquor.  The  steam 
coils  are  equipped  with  a  steam  trap  at 
their  outlet  end  that  all  the  water  of  con- 
densation may  be  drained  off  as  soon  as 
formed  and  not  reduce  the  effective  heat- 
ing surface  of  the  coils. 

The  vapor  rising  from  the  analyzer 
still  contains  considerable  moisture  and 
for  the  foregoing  reasons  it  is  further 
cooled  in  the  rectifier  before  it  is  allowed 
to  flow   into  the  condenser. 

In  Table  7  data  pertaining  to  the  recti- 
fier are  given.  There  is  a  large  amount 
of  heat  removed  in  this  apparatus  and 
considerable  water  vapor  and  ammonia 
are  condensed  and  reabsorbed  in  it,  es- 
pecially   for  the   first,   third   and    fourth 
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cases,  on  account  of  the  high  tempera- 
ture of  the  vapor  leaving  the  analyzer. 
In  the  second  case,  the  liquor  enters  the 
analyzer  at  a  comparatively  low  tem- 
perature and  for  this  reason  the  tempera- 
ture of  the  vapor  leaving  it,  and  conse- 
quently its  moisture  contents,  is  low. 

It  is  necessary  to  point  out  here  that 
the  proportion  of  water  to  ammonia  cal- 
culated to  be  in  the  vapor  liberated  in 
the  generator  is  probably  somewhat 
larger  than  actually  exists  in  a  plant 
operated  under  the  conditions  assumed, 
but  the  information  obtainable  for  the 
temperatures    and    pressures   under   con- 


Table   8   the   total   heat   rejected   in   each  absorbed  in  the  generator,  in  line  46,  were 
case  is  given.  obtained    by    summing    up    the    heat   re- 
in the  other  tables   the  heat   absorbed  jected   from  the  ammonia  condenser,  ex- 
and   rejected   in   the   various   vessels   has  changer,  absorber,  poor-liquor  line,  rich- 


been  given  with  the  exception  of  that 
absorbed  in  the  generator.  The  heat  in- 
terchanges in  the  analyzer  are  so  com- 
plicated, and  the  heat  furnished  to  the 
generator  so  much  dependent  upon  the 
operation  of  this  apparatus,  that  the  only 
accurate  way  of  finding  the  latter  is  by 
deduction  from  the  thermal  changes  of 
the  other  apparatus. 

The  law  of  the  conservation  of  energy 
states  that  energy  can  neither  be  created 


TABLE  7 
Rectifier 


242 

82 
122 

63 

83 

16   .5 

28  6 
43,882 

180 

82 
122 
63 

.59.4 

2   9 

5  0 

12.315 

210 

65 
104 

63 

68.7 
9.7 

16   5 
26,595 

185 

33. 
34. 
35. 
.36. 
37. 
38. 

Temperature  of  vapor  leavniR 

Temperature  of  liquor  leaving 

Percentase  of  ammonia  in  liquor  leaving.  . 

Weight  of  ammonia  vapor  entering 

Weight  of  water  vapor  entering 

Weight  of  ammonia  reabsorbed 

65 
104 
63 
59.1 
4   55 
7.8 
13.835 

TABLE  8 
'noil  id  Condi  I. 


Condenser  pressure 

Temperature  of  liquefaction 

Latent    heat    of    ammonia    at    condenser 

pressure 

Total  heat  rejected  from  condenser 


sideration  is  so  limited  that  it  was  nec- 
essary, to  complete  the  calculations  and 
description,  to  assume  that  the  tension 
of  the  water  vapor  in  the  mixture  is 
equal  to  the  pressure  of  water — boiling  at 
the  temperature  of  the  vapor  mixture. 
This  assumption  probably  leads  to  the 
finding  of  somewhat  larger  quantities  of 
water  vapor  in  the  mixture  than  actually 
exist,  but  the  difference  between  the 
assumed  and  actual  amounts  cannot  be 
large  and  the  discrepancy  in  the  figures 
not  serious,  the  more  so  as  it  is  only 
desired  to  show  plainly  by  their  aid  the 
functions  performed  by  each  of  the  ap- 
paratus of  the  system  separately  and  al- 
so as  a  part  of  the  whole  system. 

The  function  of  the  ammonia  con- 
densers and  its  effect  upon  the  plant  op- 
eration will  now  be  considered;  the  re- 
sults for  the  cases  at  hand  are  laid  down 
in  Table  8.  The  pressure  in  a  condenser 
of  a  certain  size  and  construction  de- 
pends upon  the  temperature  and  the 
quantity  of  the  cooling  and  condensing 
water  showered  over  or  circulated 
through  it,  modified  to  some  extent  by 
the  presence  of  water  vapor  and  of  non- 
condensible  gases  in  the  system.  The 
steam  pressure  in  the  generator  and  other 
important  conditions  are  subject  to  the 
efficiency   of   this   part   of  the   plant. 

The  heat  rejected  from  the  ammonia 
condenser  is  determined  by  the  weight 
of  ammonia  circulated,  the  temperature 
of  the  vapor  entering  and  of  the  liquid 
leaving  the  condenser  and  in  line  43  of 


nor  destroyed,  and  from  this  law  it  fol- 
lows that,  when  any  substance  is  made 
to  do  work  in  a  closed  cycle,  like,  for 
instance,  that  of  a  refrigerating  system, 
in  which  the  substance  always  returns 
again  and  again  to  the  same  state  in  the 
same    part    of    the    cycle,    the    total    heat 


liquor  line  and  rectifier  and  deducting 
from  this  sum  the  heat  absorbed  in  the 
brine  cooler  and  suction  pipe,  the  re- 
mainder is  the  heat  absorbed  in  the  gen- 
erator, neglecting  the  heat  equivalent  of 
the  work  done  by  the  liquid  pump,  which 
is  too  small  to  be  considered  in  approxi- 
mate calculation. 

Having  found  the  heat  that  must  be 
imparted  to  the  rich  liquor  to  drive  off  the 
ammonia,  the  weight  of  steam  that  must 
be  fed  to  the  steam  coils  in  the  gen- 
erator can  be  figured.  An  allowance  must 
be  made  in  this  item  for  the  heat  lost 
by  radiation  from  the  exposed  surfaces 
of  the  generator  and  pipe  connections 
around  it.  Table  10  shows  in  successive 
steps  the  calculations  involved  in  finding 
the  steam  consumption  of  the  machine. 
The  final  figures  in  line  60  tell  the  story. 
While  they  may  be  somewhat  high  in 
amount  they  are  proportionately  accurate. 

To  complete  the  circuit  of  the  cycle 
it  is  found  that  the  mixture  of  water 
and  ammonia  vapor  rises  from  the  an- 
alyzer and  passes  through  the  pipe  line 
8  into  the  rectifier  /,  the  condensate  re- 
turning to  the  analyzer  through  the  pipe 
line  16  while  the  cooled  and  practically 
anhydrous  ammonia  vapor  flows  through 
pipe  line  9  into  the  ammonia  condenser 
K,  where  liquefaction  takes  place  and 
the  liquid  formed  returns  by  gravity  to 
the  liquid  ammonia  receiver  A  through 
pipe  line  1 1  and  is  again  ready  to  do  re- 
frigerating work,  having  completed  the 
cycle  circuit. 


TABLE   9 
Hial  Ralnnce.      1.   Hi-nl  Ahsorhed 


25,000 

517 

105,199 

25,000 

517 

109,226 

25,000 

496 

85.969 

45 

46 

Total  heat  absorbed 

47. 

130,716 

134,743 

111.465 

89,044 

48.  In  ammonia  condenser 

49 .  In  exchanger 

27.840 
3,960 

47,603 
3,525 
3,906 

43,882 

27,840 
2,288 

84,869 
3,525 
3,906 

12,315 

27,315 
3,800 

47,914 
3,129 
2,712 

26,595 

26,777 
2,070 

2  084 

52  .     In  rich-liquor  line 

53  In  rectifier 

1,872 
13,835 

54            Total  heat  rejected 

130,716 

134,743 

111,465 

89.044 

TABLE    10 

Stram  Consumptii 


.55. 

Heat  absorbed  in  generator  .  .                    . 

105.199 

109,226 

85,969 

63,480 

,56. 

Radiation  from  generator 

1,601 

1,900 

1,000 

800 

b'l . 

Total  heat  supplied 

100.800 

111,126 

86,969 

64,280 

,5,S. 

T.,atent  heat  of  steam  in  generator  coils. 

920 

920 

9,50 

963 

59. 

Pounds  of  steam  required  per  min.  .  .  . 

116 

121 

91    5 

66.7 

60 

Pounds  of  steam  used  in  generator  coils 
per  hour  per  ton  of  actual  ice-melting 

capacit.v  per  24  hours     , 

55  6 

58 

4,3 

32 

absorbed  and  the  total  heat  rejected  are  For  convenience  in  operation,  a  set  of 

equal.  four  pressure  gages  is  furnished  so  that 

In  Table  9  the  heat  balance  of  the  sys-  the  pressure  existing  in  any  part  of  the 

tem  is  shown.     The  figures  for  the  heat  plant  can  be  seen  at  a  glance.    The  gage 
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marked  a  is  connected  through  pipe  19 
with  the  generator,  the  gage  b  through 
pipe  20  with  the  absorber,  gage  c  through 
line  21  with  the  brine  cooler  and  gage  d 
with  the  steam  coils  of  the  generator. 
A  pipe  connection  is  also  made  between 
the  rich-liquor  pump  and  the  bottom  of 
the  brine  cooler  so  that  the  latter  can  be 
purged  from  time  to  time  of  the  liquor 
which  has  accumulated.  The  top  of  the 
rich-liquor  tank  is  connected  with  the 
top  of  the  absorber  so  that  the  pressure 
in  these  apparatus  can  be  maintained  the 
same  at  all  time  to  facilitate  the  flow  of 
the  liquor  from  the  absorber  into  the 
tank.  The  top  of  the  liquid  ammonia 
storage  tank  is  connected  by  a  small  pipe 
line  with  the  top  of  the  ammonia  con- 
denser for  the  same  purpose. 

It  only  remains  to  summarize  the  fore- 
going discussion  and  point  out  the  salient 
facts  step  by  step.  The  ammonia-liquid 
teceiver  or  storage  tank  A  is  a  receptacle 
in  which  the  anhydrous  ammonia  is  stored 
ready  for  use  in  the  refrigerator.  In  a 
properly  equipped  plant  the  total  volume 
of  the  receiver  or  receivers  is  10  per 
cent,  greater  than  the  volume  of  the 
total  charge  of  anhydrous  ammonia  in 
the  plant. 

The  pressure-reducing  or  expansion 
valve  B  serves  to  maintain  the  proper 
pressure  difference  between  the  ammonia 
in  the  liquid  receiver  and  that  in  the 
brine  cooler  or  refrigerator  and  to  regu- 
late the  amount  of  the  liquid  entering  the 
latter  for  the  refrigerating  duty  per- 
formed by  the  plant. 

The  brine  cooler  or  refrigerator  C  is 
the  vessel,  apparatus  or  space  in  which 
the  refrigeration  takes  place,  and  the 
construction  of  this  part  of  the  plant 
varies  with  the  purpose  for  which  the 
refrigeration  is  intended,  the  amount  of 
the  refrigeration  and  taste  and  skill  in 
the  art  of  the  designer. 

Economy  in  this  part  of  the  plant  de- 
mands that  the  difference  between  the 
mean  temperatures  required  in  it  and 
that  of  the  evaporating  ammonia  shall 
be  as  small  as  practicable  in  view  of  the 
best  engineering  practice. 

The  absorber  D  performs  the  principal 
functions  of  the  compressor  in  the  am- 
monia-compression system  of  refrigera- 
tion; which  are  to  remove  the  ammonia 
vapors  from  the  refrigerator  and  com- 
press them  preparatory  to  their  relique- 
faction.  The  absorber  should  be  so  con- 
structed that  the  liquor  surfaces  at  which 
absorption  takes  place  are  ample  for  the 
work  to  be  done  and  are  located  in  close 
pro.\imity  to  the  heat-absorbing  or  cool- 
ing surfaces  of  the  apparatus.  Large 
liquor  surfaces  in  the  absorber  allow  of 
ready  absorption  of  the  ammonia  vapors 
and  their  proximity  to  the  heat-absorbing 
or  cooling  surfaces  a  low  temperature 
of  the  absorbing  surface  of  the  liquor, 
resulting  in  a  small  difference  of  pres- 
<;iTrp   b^twppn    refrigerator   and    absorber 


and  a  rich  liquor  high  in  percentage  of 
ammonia  contents. 

The  rich-liquor  storage  tank  £  should 
be  large  enough  to  hold  the  complete 
liquor  charge  in  the  plant.  The  rich- 
liquor  pump  F  draws  the  liquor  from  the 
tank  E  and  discharges  it  against  the  high 
pressure  of  the  system  into  the  generator. 
The  pumping  of  rich  aqua  ammonia  is 
not  as  simple  a  matter  as  pumping  a 
more  stable  fluid,  on  account  of  the 
formation  of  vapor  in  the  pump  cylinder 
caused  by  the  reduction  of  pressure  on 
the  liquor  entering  by  the  suction  action 
of  the  pump.  Various  patents  have  been 
taken  out  for  constructions  said  to  over- 
come this  difficulty.  The  principal  points 
to  observe  in  the  construction  and  in- 
stallation of  such  a  pump  are  small  clear- 
ance, large  valves  and  valve  passages, 
equalizing  pipe  to  the  absorber  and  as 
much  vertical  drop  as  possible  between 
the  bottom  of  the  liquor  tank  and  the 
pump  cylinder. 

A  gas-bound  liquor  pump  causes 
trouble  on  account  of  its  decreased  volu- 
metric efficiency,  racing  and  hammering, 
similar  to  steam  hammers  in  faulty 
steam-pipe   construction. 

The  exchanger  G  is  a  very  important 
part  of  the  plant  and  serves  to  transmit 
the  heat  taken  up  by  the  poor  liquor  in 
the  generator  to  the  rich  liquor  entering 
it.  In  properly  constructed  apparatus,  the 
temperature  of  the  poor  liquor  leaving 
should  not  be  more  than  5  deg.  higher 
than  the  temperature  of  the  rich  liquor 
entering.  The  proper  difference  of  tem- 
perature between  the  poor  liquor  enter- 
ing and  the  rich  liquor  leaving  cannot 
be  expressed  in  degrees  of  heat  as  the 
final  temperature  to  which  the  rich  liquor 
is  raised  depends  on  its  strength.  Under 
certain  conditions  of  operation  liberation 
of  ammonia  can  take  place  in  the  ex- 
changer, and  in  that  case  the  total  heat 
taken  up  by  the  rich  liquor  cannot  be 
computed  from  its  initial  and  final  tem- 
peratures. 

The  analyzer  H  serves  to  partially  de- 
hydrate the  vapor  mixture  rising  from 
the  liquor  in  the  generator.  At  a  casual 
glance,  it  would  seem  that  to  obtain 
maximum  economy  in  steam  consumption 
the  rich  liquor  should  enter  the  analyzer 
at  or  near  the  temperature  at  which  it 
leaves  the  absorber,  its  lowest  tempera- 
ture in  the  cycle.  This  condition  could 
be  brought  about  by  discarding  the  ex- 
changer or  by  an  incomplete  interchange 
of  heat  in  the  exchanger.  With  cold,  rich 
liquor  entering  the  analyzer,  the  vapor 
mixture  leaving  it  would  have  a  compara- 
tively low  temperature  and  therefore  con- 
tain but  little  water  vapor,  reducing  the 
heat  rejected  in  the  rectifier. 

The  most  complete  heat  interchange  in 
the  exchanger  and  consequent  high  tem- 
perature of  the  rich  liquor  entering  the 
analyzer  are  conducive  to  best  economy, 
as  will  appear  from  the  final  results  of 
calculations  Nos.  1  and  2.     In  the  former 


the  heat  interchanged  in  the  exchanger 
was  nearly  twice  that  in  the  latter,  for 
otherwise  the  same  conditions  of  opera- 
tion. The  liquor  entering  the  analyzer 
was  237  deg.  F.  in  the  former  and  175 
deg.  F.  in  the  latter  case,  the  heat  re- 
jected in  the  rectifier  43,882  and  12,315 
B.t.u.  per  minute  respectively,  and,  not- 
withstanding these  facts,  the  steam  con- 
sumption was  only  55.6  lb.  in  the  former 
against  58  lb.  per  ton  of  refrigeration  in 
the  latter  case. 

The  ordinary  analyzer  is  a  vertical 
cylindrical  tank  either  forming  a  dome 
on  top  of  the  generator  or  a  separate 
vessel,  in  which  a  set  of  horizontal 
perforated  trays  are  placed,  one  below 
the  other.  The  liquor  enters  the  top 
tray  and  overflows  in  thin  films  into  the 
trays  below,  affording  a  large  surface  of 
contact  with  the  vapor  mixture  flowing 
through  it.  The  perforations  in  the  trays 
are  raised  on  the  upper  face  so  that  a 
thin  film  of  liquor  coats  the  inside  of 
the  trays. 

The  generator  /  serves  to  liberate  the 
ammonia  vapor  from  the  rich  liquor. 
Economy  in  the  operation  of  this  ap- 
paratus demands  that  the  difference  be- 
tween the  temperature  of  the  steam  in 
the  heating  coils  of  this  vessel  and  that 
of  the  poor  liquor  leaving  it  be  as  small 
as  possible  or  consistent  with  the  largest 
heating  pipe  surface  and  its  best  dis- 
tribution that  can  be  used  in  the  gen- 
erator. A  difference  of  only  5  deg.  F. 
in  these  temperatures  requires  a  large 
heating  surface  per  unit  of  capacity  of 
the  apparatus  and  an  effective  distribu- 
tion  of  this   surface. 

In  the  rectifier  J  the  dehydration  of  the 
vapor  mixture  is  nearly  completed.  The 
proper  operation  demands  a  construction 
that  will  permit  the  reduction  in  tempera- 
ture of  the  vapor  passing  through  it  to 
within  a  few  degrees  of  the  liquefying 
temperature  in  the  ammonia  condenser, 
a  small  quantity  of  cooling  water  and  a 
comparatively  high  final  temperature  f 
the  liquor  condensed  in  this  apparatus 
and  returned  to  the  analyzer. 

The  ammonia  condenser  K  should  be 
so  constructed  that  with  the  temperature 
and  quantity  of  cooling  and  condensing 
water  available  the  minimum  practicable 
pressure  of  liquefaction  is  obtained.  It 
is  an  apparatus  used  in  all  types  of  re- 
frigerating systems. 

The  final  conclusions  of  the  quan- 
titative analyses  of  the  absorption  sys- 
tem  are   the    following: 

That,  contrary  to  generally  accepted 
views,  the  steam  consumption  of  the  ab- 
sorption refrigerating  increases  rapidly 
with  a  decrease  in  the  temperature  of  the 
refrigerating  medium  in  the  refrigerator. 

That  the  quantity  of  cooling  water 
necessary  for  efficient  operation  is  double 
that  required  for  a  compression  system 
with  a  single  steam  engine  and  the 
same  as  that  for  a  compression  system 
with    a    compound    condensing    engine. 
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The  Value  of  Dry  Steam 

There  is  steam  and  steam. 

Steam  may  be  just  plain  steam  with 
exactly  enough  heat  in  it  to  keep  it  as 
steam  under  the  existing  pressure.  In 
this  case  it  is  said  to  be  "dry  saturated." 
If  it  lost  any  of  its  heat,  a  portion  of  it 
would  condense. 

It  may  be  more  than  dry.  It  may  be 
heated  just  as  air  or  any  other  gas  may 
be  to  any  temperature  above  that  of  dry 
saturation.  In  this  case  it  is  said  to  be 
"superheated." 

Or  it  may,  and  usually  does,  carry 
with  it  a  considerable  quantity  of  un- 
evaporated  water.  In  this  case  it  is  said 
to  be  "wet"  or  "moist."  Of  course,  the 
term  "steam"  is  strictly  applicable  only 
to  the  portion  which  has  been  evaporated 
and  is  still  in  the  vaporous  condition, 
bul  the  whole  mass  is  commonly  re- 
ferred to  as  "steam"  and  its  quality  in- 
dicated by  the  proportion  of  the  whole, 
by  weight,  which  persists  in  the  form  of 
vapor. 

Steam  having  a  quality  of  ninety-eight 
per  cent,  is  a  mixture  of  ninety-eight 
parts  by  weight  of  steam  and  two  parts 
of  unevaporated  water.  All  sorts  of 
clumsy  terms,  such  as  "mixture,"  "steam 
stuff,"  etc.,  are  used  to  designate  this 
material.  The  water  in  it  has  been  sim- 
ply raised  to  the  boiling  point  but  not 
evaporated,  and  as  it  takes  at  one  hun- 
dred and  fifty  pounds  pressure,  consider- 
ably over  two  and  a  half  times  as  much 
heat  to  evaporate  the  water  as  it  does  to 
raise  it  to  the  boiling  point,  even  from 
thirty-two  deorees  the  wet  mixture  has 
much  less  heat  and  potency  than  the 
dry  steam. 

But  the  moisture  in  the  steam  is  not 
only  a  negative  quantity,  it  is  a  positive 
detriment.  Its  presence  aggravates  the 
heat  interchange  between  the  working 
medium  and  the  cylinder  walls  which  is 
the  greatest  source  of  loss  in  the  recipro- 
cating engine  and  militates  against  the 
efficiency  and  longevity  of  the  turbine  by 
dragging  upon  its  swiftly  revolving  sur- 
faces and  eroding  the  blades  upon  which 
it  is  projected   with   an  enormous  veloc- 


ity. The  first  few  degrees  of  superheat, 
the  change  from  somewhat  wet  to  posi- 
tively dry  steam,  has  an  effect  upon  tur- 
bine efficiency  out  of  all  proportion  to 
the  difference  in  heat  contents  or  "avail- 
able" energy. 

There  is  another  advantage  to  diry 
steam  which  is  not  so  often  discussed; 
it  does  not  carry  over  foreign  material 
from  the  boiler  with  it  as  wet  steam 
does.  A  case  of  severe  cylinder  cutting 
was  traced  to  the  boring  out  of  the 
boiler  tubes  and  the  carrying  over  by 
the  steam  of  the  fine  sharp  powder  which 
had  not  been  thoroughly  cleaned  out. 
When  a  superheater  is  used  it  will  soon 
become  scaled  up  if  some  five  per  cent, 
of  the  water  is  evaporated  upon  its  sur- 
faces. 

It  behooves  one,  therefore,  when  buy- 
ing a  boiler  or  considering  boiler  and 
engine  performances  to  take  into  account 
the  kind  of  steam  in  question.  A  boiler 
may  get  rid  of  twelve  pounds  of  water 
for  each  pound  of  coal  burned,  but  is 
the  "stuff"  which  it  delivers  all  steam?- 
And  it  is  not  enough,  for  practical  con- 
siderations, that  this  evaporation  should 
be  reduced  to  the  equivalent  evaporation 
in  dry  steam,  for  the  boiler  which  de- 
livers its  steam  practically  dry  is  a  good 
deal  more  than  five  per  cent,  better  for 
the  man  who  is  going  to  drive  an  en- 
gine with  it  than  a  boiler  which  delivers 
a  mixture  of  ninety-five  per  cent,  of 
steam  and  five  per  cent,  of  moisture. 


Two  Kinds   of  Avoidable 
Explosions 

If  one  planned  deliberately  to  get  up 
an  explosion,  he  could  hardly  do  better 
than  to  put  kerosene  into  a  vessel  like 
a  boiler  or  heater  open  for  cleaning, 
especially  if  it  were  somewhat  warm  as 
a  boiler  or  heater  is  likely  to  be,  and 
then  to  stick  a  torch  into  the  manhole. 
It  would  seem  as  though  any  man  of 
ordinary  commonsense — and  much  more 
an  engineer — could  foresee  the  conse- 
quences of  this  combination.  But  acci- 
dents from  this  cause  are  of  frequent 
occurrence. 
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We  are  advised  of  a  recent  one  in  the 
plant  of  the  Western  Fuel  Co.,  in  British 
Columbia,  where  one  of  the  engineers, 
after  having  washed  out  the  boiler,  put 
some  coal  oil  into  it  and  then  started  to 
enter  it  with  an  open  light  to  examine 
the  feed-pipe  outlet.  The  explosion  was 
violent  enough  to  tear  off  the  sheet- 
metal  siding  of  the  boiler  house,  and  the 
man  was  severely  burned. 

Another  class  of  accident  which  we 
are  called  upon  to  record  less  frequently 
but  still  occasionally,  is  the  bursting  of 
a  piston  which  is  being  heated  up  in  a 
forge  fire.  The  heating  of  the  air  which 
the  piston  contained  would  result  in  a 
pressure  of  less  than  one  hundred  pounds, 
but  the  presence  of  a  little  moisture  in 
the  interior  of  the  piston  would  increase 
this  pressure  enormously,  while  if  there 
were  any  oil  present  the  conditions  for 
an  explosion  in  the  compressed  and  high- 
ly heated  air  of  the  interior  would,  be 
ideal  when  the  temperature  reached  that 
of  ignition. 


Compensation  of  Consulting 
Engineers 

The  compensation  of  the  consulting 
engineer  was  touched  upon  by  Charles 
T.  Main  in  a  recent  address  before  the 
Association  of  Engineering  Societies,  of 
which  he  is  president.  The  remarks 
coming  from  a  well  known  member  of 
the  profession  deserve  special  attention 
since  they  also  reflect  the  opinion  of  a 
considerable  number  in  that  field. 

The  principal  contention  of  Mr.  Main 
was  that  the  compensation  of  a  consult- 
ing engineer  should  not  be  figured  on  a 
time  basis,  but  rather  upon  the  import- 
ance of  the  services  rendered.  If  the  ad- 
vice given  effects  a  saving  in  the  cost 
of  production  or  causes  the  client  to  em- 
bark upon  an  enterprise  which  will  net 
a  large  profit,  then  the  fees  of  the  en- 
gineer should  be  commensurate.  In  sup- 
port of  this  contention  it  is  pointed  out 
that  the  advice  is  often  a  concentrated 
form  of  knowledge  which  it  has  taken 
years  of  experience  to  acquire;  during 
which  period  the  practical  experience 
was  considered  a  part  of  the  remunera- 
tion. 

Of  course,  Mr.  Main  makes  it  plain 
that  this  cannot  be  applied  to  the  regu- 
lar pursuit  of  design  and  construction 
where   a  definite   fixed   sum   or  percent- 


age must  be  charged,  the  aggregate  of 
which  cannot  be  large  unless  the  under- 
taking is  unusually  big. 

We  agree  with  Mr.  Main  that  the  com' 
pensation  for  engineering  services  should 
be  in  accord  with  the  results  attained; 
it  is  the  same  line  of  argument  whick 
we  have  so  often  expounded,  to  the  ef- 
fect that  if  a  fireman,  by  intelligent 
handling  of  the  fires,  saves  ten  per  cent. 
of  the  fuel,  he  is  entitled  to  share  in 
the  pecuniary  saving.  However,  there 
is  this  difference  in  the  two  cases:  the 
engineer's  fee  would  be  influenced  to  a 
large  extent  by  his  reputation  and  would 
probably  be  fixed  in  advance,  whereas 
the  fireman's  compensiation  would  be 
based  upon  the  actual  saving  effected; 
that  is,  after  the  amount  of  this  saving 
had  been  definitely  made  known. 

Mr.  Main  ascribes  the  relatively  low 
prevailing  rates  of  compensation  to  the 
natural  modesty  of  the  consulting  engi- 
neer which  bars  a  full  appreciation  of 
the  worth  of  the  professional  services 
rendered.  We  are  inclined  to  believe  it 
is  more  of  an  economic  problem  than 
one  of  modesty.  However,  with  the  ele- 
vation of  the  profession  and  a  recogni- 
tion of  its  importance,  there  should  come 
an  opportunity  for  better  financial  re- 
turns, although  millionaire  engineers  will 
probably  remain  a  scarcity  for  many 
years  to  come. 


Using    the    Firm's    Stationery 

The  fact  that  tne  average  young  urchin 
usually  has  a  dirty  face  does  not  neces- 
sarily infer  that  he  belongs  to  a  slovenly 
kept  household,  although  he  may  convey 
that  impression;  but  the  begrimed  boy's 
mother  oftentimes  believes  that  his  condi- 
tion is  a  reflection  upon  her  management 
of  the  home. 

It  is  true  that  a  man's  shortcomings 
will  react  against  the  interests  of  those 
with  whom  he  is  closely  associated,  and 
this  axiom  has  found  ample  illustration 
in  the  discussions  that  have  been  pub- 
lished in  this  journal  on  using  the  firm's 
stationery. 

Some  engineers  who  used  the  firm's 
stationery  when  writing  to  certain  manu- 
facturers of  power-plant  apparatus  did 
not  receive  a  reply.  Was  it  because  the 
appearance  of  the  letter  gave  the  im- 
pression that  the  firm  which  the  engi- 
neer represented  was  insignificant?  Per- 


haps the  letter  was  ungrammatically  con- 
structed, or  the  words  misspelled;  it  may 
have  been  smeared  with  ink-blots  and 
smudged  with  grease.  It  is  more  than 
likely  that  such  a  letter  would  tend  to 
produce  the  impression  that  the  concern 
whose  name  appeared  on  the  letterhead 
figured  small  in  the  business  world,  and 
that  its  engineer  was  equally  diminutive. 

As  a  comparison,  suppose  the  letter 
had  been  neatly  typewritten,  grammatical- 
ly expressed  and  properly  spelled;  it 
would  then  have  given  the  recipient  a 
better  impression  of  the  writer  and  of 
the  firm  which  he  represented. 

While  most  manufacturing  concerns  may 
not  waste  time  on  a  proposition  which 
does  not  look  good,  even  to  the  sending 
of  a  catalog,  it  is  not  always  good  busi- 
ness practice  to  acknowledge  only  per- 
fection letters.  Many  an  engineer  with 
purchasing  power  neglects  to  write  care- 
fully and  is  not  always  able  to  spell 
correctly,  but  he  orders  the  goods;  there- 
fore this  question  should  be  considered 
from  all  sides. 

The  engineer  should  strive  to  make 
his  business  letters  reflect  the  standing  of 
the  company  with  which  he  is  identified, 
and  the  manufacturer  should  not  take  the 
standpoint  that  giving  attention  to  a  poor- 
ly written  letter  must  necessarily  mean  a 
loss  of  time;  it  may  mean  a  sale  and  a 
perm.anent  customer. 


An  engineer  told  us  the  other  day  that 
he  has  just  resigned  a  good  position 
"because  the  old  boilers  were  unsafe." 
Here  is  a  man  who  rose  to  the  occasion 
and  came  down  with  both  feet.  Perhaps 
if  he  had  stayed  any  longer,  he  would 
have  "risen"  all  right — in  company  with 
the  old  boilers. 


Many  people  in  all  walks  of  life  seem 
to  be  exceeding  fearful  that  they  will 
miss  the  psychological  moment.  The  en- 
gineer who  knows  his  work  will  tell  you 
that  every  operating  moment  is  one  of 
those  hard-sounding  elements  of  time; 
there  is  no  choice  between  them. 


When  the  plant  owner  is  made  to 
realize  that  in  the  black  smoke  issuing 
from  his  stack  his  money  is  being  wasted 
in  unburned  products  of  combustion,  he 
will  not  wait  for  legislation  to  abate  the 
nuisance. 
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Readers  with  Something  to  Say 

A  letter  good  enough  to  print  will  be  paid  for.     Ideas,  not  mere  words,  wanted 


Water  Tank  Gage 

A  tank  water  gage  is  made  by  attach- 
ing a  gearwheel  to  the  indicator  arm, 
the  gearwheel  engaging  with  the  rack 
which  slides  on  the  base,  as  shown.  One 
end  of  the  rack  is  connected  by  a  chain 
to  the  float  in  the  tank;  the  other  is  con- 
nected to  a  weight. 
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Tank  Gage 

When  the  tank  is  empty,  the  indicator 
hand  will  be  at  zero.  As  the  tank  fills 
with  water  the  float  rises  and  the  weight 
draws  the  rack  toward  the  left.  This 
movement  rotates  the  hand  over  the 
dial,  and  indicates'  the  depth  of  water  in 
the   tank. 

An  indicator  can  be  arranged  as  shown 
by  the  dotted  lines  with  the  indicator  at- 
tached to  the  float  chain. 

Edward   L.  Johnson. 

Brooklyn,  N.  Y. 


Strainer    for    Fuel  Oil  System 

The  accompanying  sketch  is  of  a 
strainer  and  water  trap  on  the  oil  line 
of  my  oil-burning  system,  in  which  F 
is  a  flange  union  one  size  larger  than 
the  pipe.  A  24-mesh  wire  screen  is  in- 
serted between  two  pieces  of  woven  as- 
bestos  packing. 

To  clean,  close  the  valves  A  and  C  and 
open  the  valves  B  and  D  slowly  and  blow 
the  sand  and  grit  that  accumulate  on 
the  under  side  of  the  flange  coupling  out 
through  the  valve  B.  Then  close  the 
valves  D  and  B  and  open  valves  A  and 
C  and  the  oil  line  is  clear. 


Put  a  long  nipple  between  the  valve  B 
and  the  tee  so  as  to  trap  the  water  that 
comes  in  with  the  oil.  The  valve  D  must 
be  absolutely  tight. 

I   use   an   over-flow   valve   on   the   dis- 


5ham  L  ine  fo  Burner 
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Strainer  for  Fuel  Oil 

charge  pipe  from  the  oil  pump  and  leave 
it  partly  open  and  do  not  have  to  stop 
the  pump  to  clean  the  strainer.  I  took 
steam  for  the  oil  burner  and  pump  from 
the  top  of  the  boiler  dome  and  tapped 
the  branch  pipe  to  the  oil  burner  from 
the  top  of  the  steam  pipe  in  order  to 
get  the  dry  steam. 

C.   D.  Cook. 
Turon,  Kan. 


Temporary  Pipe   Repair 

It  frequently  happens  that  a  pipe 
springs  a  leak  and  it  is  impossible  to  cut 
it  out  of  service  immediately  to  put  in 
a  new  section.     In  such  a  case  the  tem- 


Method  of  Making  Temporary  Repair 

pcrary    repair    kink    illustrated    herewith 
may  be  used  to  good  advantage. 

Cut  a  piece  of  light  sheet  iron  wide 
enough  to  cover  the  leak  fully  and  long 
enough  to  fit  loosely  around  the  pipe  and 


lap  over  as  shown   in  the   accompanying 
figure. 

Place  a  bolt  with  a  full  thread  against 
the  pipe  opposite  the  leak,  as  shown,  and 
after  slipping  a  piece  of  sheet  packing 
under  the  iron  band  at  the  leak,  tighten 
up  on  the  nut.  Gently  tap  the  iron  band 
while  tightening  the  nut  so  as  to  make 
it   draw    up    evenly. 

Leo  C.  Staal. 

Pittsburg,   Penn. 


Channel  Iron  Starting  Bar 

The  starting  bar  shown  in  the  illustra- 
tion saves  much  time  in  our  engine  room. 
Before  its  use   a   16-ft.   belt  wheel   haa 


Channel-iron  Starting  Bar 

to  be  turned  over  by  means  of  a  tackle; 
this  method   was  very  cumbersome. 

The  9-ft.  bar  is  made  of  5-in.  standard 
channel  iron  and  weighs  about  60  lb.  It 
cost  S2. 

RuLOF   Klein. 

New  York  City. 


Firemen's    Bonus  System 

A  bonus  system  of  paying  the  firemen 
prevails  in  a  large  chemical  works,  this 
system  being  based  on  these  four  items: 
constancy  of  steam  pressure,  percentage 
of  coke  in  ash,  stack  temperatures  and 
CO.  in  the   flue  gas. 

Recoras  of  this  information  are  kept 
by  means  of  pyrometers,  CO;  recorders, 
recording  gages  and  by  frequent  analyses, 
and  at  the  end  of  the  month  the  shift 
making  the  best  showing  is  paid  a  bonus 
which  amounts  to  about  S5  per  man  per 
month.  As  there  are  three  eight-hour 
shifts,  this  induces  a  lively  competition 
among  the  shifts,  from  which  both  the 
rnen   and    the   company   benefit. 

As  a  direct  and  further  result  of  ac- 
quiring this  information  about  their  con- 
ditions, the  company  has  made  a  number 
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of  changes  in  the  arrangement  of  the 
boiler  settings,  such  as  covering  the  out- 
side of  the  settings  with  a  course  of 
hollow  tile  lined  with  a  layer  of  asbestos, 
changing  the  area  of  the  grates,  etc., 
and  the  showing  made  by  this  practice 
is  a  saving  of  about  14  per  cent,  in  the 
total   fuel   burned. 

M.  W.  Campau, 
Manager  Precision  Instrument  Co. 
Detroit,   Mich. 
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learn  more  of  their  profession,  to  start 
studying  and,  when  started,  continue. 
Many  engineers  here  are  receiving  higher 
wages  than  they  were  when  the  law  went 
into  effect  in  1900,  and  men  now  holding 
low-grade  licenses  have  experienced  no 
reduction  in  wages  over  that  received  be- 
fore the  enactment  of  the  law. 

Bert   Swanton. 
Vancouver,  B.  C. 
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Home  Made  Hose  Coupler 
The  hose  coupler  shown  in  the  accom 
panying  illustration  can  be  easily  an 
cheaply  made  by  most  any  engineer.  1 
will  be  found  a  very  useful  adjunct  t 
the   plant. 


Removing    Keys 

The  accompanying  sketches  show  three 
ways  of  pulling  keys  from  a  Corliss 
valve  stem. 

In  Fig.  1  is  shown  a  clamp  which  is 
made  to  fit  into  two  grooves  chipped  in 
the  key.  A  bolt  is  passed  through  the 
clamp  to  keep  it  from  spreading.  The 
horizontal  top  piece  is  supported  by  two 
blocks,  and  the  nut  on  the  vertical  bolt 


Engine  Wreck 

Recently  the  cylinder  of  a  16x22- 
in.  four-valve  engine  was  completely 
wrecked,  caused  by  the  breaking  of  the 
main  rod  in  the  outer  strap  bolt-hole. 

This  engine  at  the  time  of  the  acci- 
dent was  making  165  r.p.m.  with  a  work- 
ing pressure  of  125  lb.  It  was  loaded 
to  its  full  capacity,  and  working  per- 
fectly quietly.     The  rod  parted   with   no 
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Fig.   2 
Three  Ways  of  Removing  Keys 
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is   then    screwed    down    and   the   key    is 
thus   pulled   upward   by   the   clamp. 

In  Fig.  2  a  hole  is  drilled  in  the  end 
of  the  key  and  is  then  tapped  for  a 
cap  screw.  Tightening  the  cap  screw  will 
withdraw   the   key. 

In  Fig.  3  is  shown  a  drift  made  of  a 
piece  of  fi-in.  octagonal  tool  steel.  A 
groove  must  be  f.ied  in  the  key,  as 
shown.  A  '4 -in.  rat-tail  file  is  best  for 
this  purpose.  If  a  little  kerosene  oil  is 
poured  around  the  key,  it  will  find  its 
way  down  to  the  binding  parts  and  will 
sometimes  help  to  loosen  the  key. 

Samuel  H.  Farnsworth. 

Chicago,  111. 


Canada's  License  Law 

I  have  followed  the  discussions  on  li- 
cense laws  with  much  interest.  Many 
correspondents  seem  to  think  there  is 
graft  connected  with  it  in  certain  states. 
An  assertion  of  that  nature  regarding 
Canada's  license  law  would  be  laughed 
at  by  the  engineers  themselves.  We 
have  the  highest  standard  for  stationary 
steam  engineers'  licenses  on  the  continent 
and,  furthermore,  they  are  enforced  with- 
out fear  or  favor. 

Engineers  should  not  overlook  the  ad- 
vantages gained  by  the  enforcement  of 
license   laws.      It   compels   engineers   to 


warning;  the  cylinder  was  broken,  the 
piston  split,  the  piston-rod  buckled,  and 
the  valves  were  broken.  An  examination 
showed  an  old  fracture,  the  bright  metal 
of  the  break  being  only  's  in.  thick,  and 
it  evidently  ran  that  way  for  some  time. 
The  fracture  could  not  be  seen  as  it  was 
on  the  back  side  of  the  rod  and  on  the 
dark  side  of  the  engine. 

The  engineer  was  within  4  ft.  of  the 
engine  but  he  could  not  close  the  throt- 
tle, as  it  was  also  on  the  back  side,  and 
the  cylinder  could  not  be  passed  without 
loss  of  life.  The  boiler  valves  were 
closed  and  the  water  level  noted  in  each 
boiler.  '  The  engineer  escaped  injury. 
Burt  M.  Seymour. 
Delphos,   Ohio. 


Engineers'   Daily  Reminder 

This  idea  can  be  worked  out  by  using 
a  calendar,  composed  of  separate  day 
sheets,  and  a  set  of  rubber  stamps  to 
mark  the  work  to  be  performed  at  stated 
limes  in  the  future.  Miscellaneous  memo- 
randa can  be  put  down  under  the  date 
it  is  desired  to  attend  to  any  particular 
piece  of  apparatus.  The  idea  works 
well,  helps  make  one  systematic  and  can 
be  carried  out  to  any  extent. 

Frank  Martin. 

College  Point,  N.  Y. 


Hose  Coupler 

The  illustration  shows  the  instrume 
and  its  application.  The  wire  clamp 
attached  to  the  hose  at  A.  No.  8  wi 
for  1-in.  pipe,  and  No.  6  for  1-  to  I'/j-: 
pipe  make  verj'  suitable  clamps. 

J.   G.    KOPPEL. 

Montreal,  Can. 


On  to  His  Job 

Good  repair  men  about  a  steam  pi: 
are  hard  to  get  and  are  not  appreciai 
or  compensated  one-half  enough. 

Our  repair  man  got  an  engineer's 
cense  and  a  young  man  came  to  t£ 
the  job.  He  had  a  high-school  diplor 
one  from  an  engineers'  correspondei 
school,  and  enough  recommendations 
cover  a  yard  of  paper;  he  also  had  ( 
of  those  perpetual-motion  smiles. 

The  fellows  dubbed  him  professor,  : 
he  was  well  named,  for  he  could  t 
power  house,  he  knew  what  he  was  t£ 
ing  about  and  work  was  his  middle  nai 
One  night  at  shutting-down  time,  w! 
he  should  have  been  ready  to  go  ho 
I  saw  him  standing  around  with  a  wre 
in  his  hand  and  asked  him  what  he  ' 
going  to  do.  He  said  he  was  going 
fix  the  induction-fan  engine  up  a  bit 
he  was  tired  of  hearing  it  pound.  A 
shutting  down  1  went  with  him  to 
what  he  did.  I  suspected  the  pound 
in  the  crosshead.  The  professor  thoi 
so  too  and  took  out  the  wristpin,  tut 
it  true  and  babbitted  the  boxes.  Wher 
started  up  the  pound  was  still  th 
Then  he  leveled  the  rod  and  put  in  a 
set  of  metallic  packing;  when  he  sta 
up  the  pound  was  gone. 

He  fooled  with  the  economizer  \ 
it  raised  the  feed-water  tempera 
about  15  deg. 

One  of  the  generator  pits  kept  fi! 
with  oil  and  had  to  be  bailed  out 
hand.  He  made  an  ejector  out  of  s 
pipe  and  connected  it  to  an  air  line 
forced  the  oil  into  a  barrel. 


April   23,    1912 
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A  motor-drven  plunger  pump  that 
took  care  of  the  drains  of  the  heating 
system  failed ;  he  removed  the  cap  to 
the  suction  chamber  and  put  in  a  new 
set  of  suction  valves  and  springs.  Then 
the  pump  worthed  worse  than  before.  I 
thought  he  was  stuct;,  but  he  measured 
the  distance  from  the  pump  to  the  re- 
ceiver, took  out  the  springs,  cut  off  one 
coil,  put  them  back — and  the  pump 
worked  all  right.  He  said  the  trouble 
was  caused  by  the  pump  not  having  a 
vacuum  on  account  of  the  hot  water  and 
that  the  head  was  not  great  enough  to 
overcome    the    stiffness    of    the    springs. 

He  had  a  third-class  license;  and  why 
he  did  not  have  a  first  I  could  not  see. 
He  was  a  shark  for  knowledge.  As  soon 
as  Power  came  he  would  grab  it  and  dis- 
appear. After  he  had  read  it  through  he 
would  bring  it  back  and  talk  about  the 
different  articles  to  the  profit  of  all. 

A.  W.  Griswold. 

Adams,  Mass. 


a  10-kw.  motor  by  means  of  a  vertical 
shaft  turning  1500  r.p.m.  The  suction 
pipe  is  3  in.  in  diameter,  and  the  dis- 
charge pipe  is  2  in.  The  maximum  lift 
is  8  ft.  and  the  pump  discharges  against 
a  65-ft.  head. 

The  pump  in  question  will  not  lift 
water  when  the  suction  pipe  is  in  a 
horizontal  position,  although  $100  was 
expended  for  labor  in  10  days  in  trying 
to  make  it  do  so  by  priming,  etc. 

At  last  the  engineer  suggested  raising 
the  suction  pipe  about  4  in.,  as  shown 
by  the  dotted  lines.  This  was  done  and 
the  pump  has  been  putting  water  in  the 
tank  at  the  rate  of  6000  gal.  per  hour 
ever   since. 

Why  did  raising  the  suction  pipe 
remedy  the  trouble?  I  would  like  to 
hear  from  some  of  the  readers  of  Power 
Viho  have  had  practical  experience  with 
centrifugal  pumps  regarding  this  case. 
J.  W.   Dickson. 

Memphis,   Tenn. 


Pump  Would  Not  Force 
Water 

The  accompanying  sketch  shows  how 
a  centrifugal  pump  was  recently  installed. 
The  pump  and  motor  are  located  on  the 
river   bank,    1800    ft.    from   the   mill. 

The    electrical    energy    is    supplied    by 


Valve  Seat  Grinding  Tool 

I  was  recently  employed  as  chief  en- 
gineer of  a  2500-hp.  plant  having  six 
water-tube  boilers.  I  soon  noticed  that 
one  of  the  boiler-feed  pumps  ran  much 
too  fast  for  the  amount  of  water  being 
evaporated. 


Showing  Change  in  Suction  Pipe 


the  mill  generator  and  is  transmitted  to 
the  motor  through  a  No.  000  copper  wire 
on  the  positive  side;  the  discharge  pipe 
from  the  pump  is  used  as  the  negative 
line,  proper  connections  being  made  at 
Ine  motor  and  the  switchboard. 

The  pump  is  set  25  ft.  below  the  earth 
surface  in  a  boxed  well  and  is  driven  by 


One  day  I  instructed  my  repair  man  to 
shut  down  the  pump  for  examination  and 
found  the  valves  in  good  condition,  but 
the  composition  valve  seats  were  scored 
badly.  The  pump  was  of  the  pot-valve, 
duplex,  outside-packed  type,  10  and  7 
by  10  in.,  taking  water  from  an  open 
heater  at  a  temperature  of  about  190  deg. 


F.    and    pumping    against    140    lb.    boiler 
pressure. 

After  writing  to  the  builders  for  prices 
on  new  seats  I  figured  it  would  be  an 
expensive  job,  so  I  took  measurements 
and  made  a  tool  to  reface  the  seats  in 
place,  which  did  away  with  the  trouble. 
The  accompanying  sketch  will  give  an 
idea    of   the    tool    and    cutter. 


Valve  Seat  Grinder 

A  wheel  was  used  for  turning  the 
spindle  and  cutter  by  hand.  The  guide 
piece  across  the  top  was  drilled  to  fit  the 
spindle  closely  and  was  held  in  place  by 
the  stud  nuts.  The  tool  cost  about  $8 
and  faced  the  valve  seats  good  as  new. 
Milton  T.  Monteith. 

North   Cambridge,   Mass. 


Peculiar  Corrosion 

On  taking  charge  of  a  plant  in  a  large 
mill,  I  found  the  boiler  tubes  leaking 
badly.  Instead  of  leaking  at  the  heads, 
which  is  usual  in  such  cases,  the  water 
was  issuing  from  the  tubes  along  the 
sides.  My  suspicion  of  bad  feed  water 
had  been  aroused,  as  water  left  for  some 
time  in  a  tin  can  would  turn  the  tin 
black. 

Examination  showed  the  tops  of  the 
tubes  to  be»badly  corroded,  and  in  many 
places  holes  were  eaten  through  the 
tubes;  those  eaten  partly  through  showed 
the  metal  to  be  bright  when  the  incrusta- 
tion was  removed.  It  was  peculiar  that 
the  shell  was  only  slightly  affected  while 
the  tubes  were  seriously  so. 

A  sample  of  the  water,  which  came 
from  a  well  and  was  very  clear,  was 
sent  to  a  chemist  for  analysis.  While 
awaiting  a  remedy  new  tubes  were  put 
in  and  finely  powdered  graphite  put  into 
the  boiler.  This  seemed  to  prevent  the 
corrosive  action  as  the  old  tubes  soon 
stopped    leaking. 

Will  some  reader  explain  why  the  tubes 
cnly  were  attacked  seriously  while  the 
shell,  except  slightly  along  the  water 
line,   was   unaffected? 

James  W.  Little. 

Fruitland,   Wash. 
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Questions  Before  the  House 

Comment,  criticism,  suggestions  and  debate  upon  various  articles, 
letters   and   editorials    which  have  appeared  in  previous  issues 


Reinforcing  Van  Stone  Joints 

In  the  issue  of  Feb.  27,  Mr.  Stevens 
compares  the  strain  on  the  pipe  and 
bolts  in  an  8-in.  standard  pipe  with  van 
stone  joints. 

To  find  the  strain  on  the  bolts  due  to 
the  pressure  it  is  necessary  to  use  the 
area  of  a  circle  whose  diameter  is  from 
C  to  C  in  the  accompanying  figures.  With 
1  in.  radius  at  R,  the  circle  is  nearly  10 
in.  in  diameter,  and  its  area  is  50  per 
cent,  greater  than  the  area  of  the  pipe, 
and  with  4000  lb.  pressure  per  square 
inch  it  will  give  trouble.  It  is  almost 
impossible  to  calculate  these  strains,  and 
hence  the  details  of  pipe  joints  are  much 
better  determined  by  experience. 

If  experience  shows  that  the  bolts  fail 
when  the  pipe  is  in  line  and  expansion 


safety  of  more  than  10  for  the  bolts  and 
only  6  for  the  boiler? 

Harry  D.  Everett. 
Fort  Apache,  Ariz. 


Section   of   Pipe  at  Joint 

is  taken  care  of,  and  the  pipe  does  not 
vibrate  excessively,  it  would  be  time  to 
put  in  stronger  bolts,  but  not  because  the 
factor  of  safety  is  only  10  in  the  bolts 
and  20  in  the  pipe.  Personally  I  have 
not  been  troubled  much  by  breaking  bolts 
when  these  conditions  were  fulfilled. 

The  strains  caused  by  lack  of  align- 
ment are  greater  in  the  pipe  than  in  the 
bolts  as  these  bolts  are  farther  from 
the  center.  The  total  strain  in  any  pipe 
cannot  be  greater  than  enough  to  break 
the  bolts,  and  strains  due  to  expansion, 
vibration  and  lack  of  alignment  are  bet- 
ter taken  care  of  in  other  ways  than  bv 
making  the  system  like  the  famous  one- 
horse  shay,  when  it  fails  all  over  if  at 
all. 

The  standard  weight  of  pipe  was  de- 
termined a  long  time  ago  and  was  made 
strong  enough  to  have  threads  cut  and 
still  be  strong.  If  a  pipe  is  in  line  and 
expansion  is  provided  for,  it  does  not 
vibrate  excessively.  Why  is  not  a  factor 
of  safety  just  as  good  in  a  pipe  as  in  a 
boiler?  It  might  not  be  good  to  use 
'ighter   pipe,    but    why    use    a    factor    of 


Finding  the  Boiler  Horse- 
power 

In  the  issue  of  Mar.  19,  mention  is 
omitted  of  a  most  useful  application  of 
the  supplemental  chart.  By  means  of 
this  chart,  it  is  possible  to  find  accurate- 
ly the  boiler  horsepower  of  a  boiler  mak- 
ing steam  of  any  quality  without  refer- 
ence to  any  other  tables,  and  with  but 
little   calculation. 

For  instance,  take  a  boiler  evaporating 
1000  lb.  of  water  at  60  deg.  F.  per  hour 
to  steam,  95  per  cent,  dry,  at  100  lb. 
gage,  and  let  it  be  required  to  find  the 
boiler  horsepower.  From  the  chart  is 
readily  obtained  the  factor  of  evapora- 
tion of  1.151.  By  multiplying  this  factor 
by  1000  the  equivalent  evaporation  is 
had  from  and  at  212  deg.  F.,  which  is 
equal  to  1051  lb.  per  hour.  This  divided 
by  34.5  (the  value  of  a  boiler  horse- 
power in  pounds  of  water  evaporated  per 
hour  from  and  at  212  deg.  F.)  gives  di- 
rectly 33.36  boiler  horsepower,  or 

1  I  =;  I  ^'  I  ooo 

77^ =  33-36 

34-3 

The  rule  is  as  follows:  To  find  the 
boiler  horsepower  multiply  the  factor  of 
evaporation  as  found  from  the  chart  by 
the  pounds  of  water  evaporated  per  hour, 
and  divide  by  34.5. 

Louis  Grossbaum. 
New  York  City. 


sure  was  accomplished;  and  my  drawing 
was  sufficiently  clear  to  convey  the  in- 
tended  information. 

As  to  the  data  given  by  me  on  the 
age,  speed,  etc.,  of  the  engine,  and  re- 
duction of  back  pressure,  it  was  based 
on  information  received  from  Mr.  Sange. 
Victor  Bonn. 

New  York  City. 


Supplementary  Exhaust  Valves 

In  his  criticism  of  my  article  in  the 
Apr.  2  issue,  Wendelin  Sange  states  un- 
der the  above  title,  that  the  engine  would 
run  poorly  "if  it  would  run  at  all,"  as 
"the  pistons  are  far  too  short  to  cover 
the  exhaust  ports  while  the  steam  acts 
on    the    main    piston." 

I  would  call  his  attention  to  the  fact 
that  the  size  of  the  piston  valve  would 
entirely  depend  on  the  size  of  the  port, 
the  overthrow  of  the  eccentric,  and  al- 
so, its  angular  advance.  Since  he  did 
not  specify  the  above  in  the  case  of  his 
engine,  he  did  not  show  that  the  length 
of  the  piston  in  my  drawing  is  inade- 
quate. 

At  any  rate,  my  intention  in  the  origi- 
nal letter  was  solely  to  show  the  means 
by  which  the  reduction  of  the  back  pres- 


Comment    on    Pressure 

Problems 

In  answer  to  Mr.  Hawkins'  first  ques- 
tion, in  the  Mar.  26  issue,  I  say  that 
when  the  gage  has  no  pressure  upon  it 
the  tube  will  be  filled  with  air  at  the 
pressure  of  the  atmosphere  and  when 
the  pressure  is  turned  on  if  the  gage  is 
connected  to  a  siphon  which  will  con- 
dense the  steam,  the  water  will  advance 
into  the  tube  as  far  as  the  air  after  be- 
ing compressed  will  allow  it.  To  illus- 
trate: If  the  tube  was  5  in.  long  and 
100  lb.  pressure  would  compress  the  air 
contained  in  this  size  tube  into  a  space 
1  in.  long,  then  the  tube  would  be  filled 
with  water  for  4  in.  of  its  length  and 
with  air  for  the  remaining  inch.  This 
proportion  would  vary  with  the  pressure, 
for  since  there  is  no  means  for  the  aii 
to  escape  it  must  fill  part  of  the  space  in 
the  tube. 

If  the  gage  was  connected  at  the  top 
of  a  vertical  pipe  filled  with  steam— 
which  is  the  wrong  way,  since  the  heai 
would  soon  injure  the  tube — the  air  mighi 
take  up  slightly  more  space  on  accoun 
of  its  increased  expansion;  but  there 
would  not  be  much  difference.  Thi: 
principle  is  illustrated  in  traps,  radiators 
and  any  pipe  having  no  way  of  circulat 
ing   the   steam. 

For  the  second  question,  considei 
whether  a  gage  placed  at  the  end  0 
3000  ft.  of  'j-in.  pipe  would  indicate  th( 
same  pressure  as  one  located  on  thi 
boiler.  It  must  be  borne  in  mind  tha 
after  the  pipe  is  once  filled  with  wate 
there  will  be  no  flow  except  as  the  pres 
sure  increases,  which  will  be  so  slov 
as  to  cause  almost  no  perceptible  fric 
tion,  and  as  the  area  of  the  yi-in.  pipi 
is  at  least  four  times  that  of  the  open 
ing  in  the  gage,  there  will  be  but  little 
change  in  the  pressure  in  that  length  0 
pipe;  neither  would  it  indicate  a  sud 
den  change  of  pressure  as  quickly  a 
the  one  at  the  boiler  as  the  long  bod: 
of  water  would  move  slowly.  If  then 
is    nothing    else    connected    to    the    pip 
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but   the    gage    there   should    be    no    per- 
ceptible  drop    in   pressure. 

As  for  the  third  question,  it  is 
found  that  the  pressure  available 
at  this  steam  pressure  would  be  about 
277  lb.  per  square  inch.  Deducting  the 
amount  required  to  overcome  the  10-ft. 
static  head,  there  would  be  277  lb.  — 
4.34  lb.  =  272.66  lb.  available. 

Assuming  a  piston  speed  of  100  ft. 
per  minute,  the  pump  should  deliver 
293.8  gal.  per  minute,  and  deducting  the 
20  per  cent,  slippage,  235  gal.  is  being 
delivered  into  the  pipe.  According  to  the 
tables  on  friction  loss  in  pounds  per 
square  inch,  the  loss  for  a  flow  of  250 
gal.  per  minute  through  a  4-in.  pipe  is 
1.89  lb.  for  every  100  ft.  in  length.  If 
the  pressure  272.66  lb.  is  divided  by 
the  loss  per  100  lb.  or  1.89,  it  will  give 
144.24,  and  this  result  multiplied  by  100 
will  give  14,424  ft.  of  pipe  necessary  to 
overcome  the  pressure  at  the  pump,  but 
as  the  friction  of  liquids  in  pipes  in- 
creases as  the  square  of  their  velocity, 
there  would  be  but  a  small  amount  of 
water  delivered  by  the  pump  available 
at  the  end  of  the  pipe,  although  theo- 
retically, since  the  pressure  is  all  taken 
up  in  friction,  there  should  be  no  water 
flowing. 

As  water  is  incompressible  there  would 
have  to  be  friction  enough  in  this  body 
of  water  to  prevent  the  plungers  mov- 
ing at  all,  for  if  they  did  move  the  water 
would  have  to  go  somewhere,  so  that  it 
would  either  burst  the  pipe  near  the 
pump  or  flow  out  at  the  further  end. 

G.   H.   Kimball. 

East    Dedham,    Mass. 


I  say  that  the  spring  of  a  steam  gage 
may  contain  either  steam,  water  or  air, 
but  it  should  contain  water.  A  well  known 
steam-gage  company  states  that  "every 
gage  used  to  indicate  the  pressure  of 
steam  should  have  a  siphon  or  other  de- 
vice which  will  furnish  water  to  and 
completely  fill  the  tube  springs  to  keep 
them    cool." 

A  gage  may  be  placed  at  any  distance 
from  a  boiler  and  yet  register  correctly 
provided  no  steam  is  taken  from  the  con- 
necting pipe  and  there  is  no  chance  for 
water  pockets  to  cause  hydrostatic  pres- 
sure. The  3000  ft.  of  K-in.  pipe,  hori- 
zontal and  closed,  would  give  correct 
gage  readings. 

As  the  length  of  the  horizontal  dis- 
charge pipe  is  increased  the  pipe  fric- 
tion is  increased  up  to  the  point  where 
the  static  head  plus  the  friction  head 
balances  the  plunger  slip.  Again,  the 
friction  head  is  dependent  on  the  condi- 
tion that  there  shall  be  a  flow  of  water, 
since  if  there  is  none  there  is  no  fric- 
tion. Hence  it  would  seem  that  the  pipe 
cannot  be  made  long  enough  to  stall  the 
pump,  so  there  will  always  be  a  discharge 
from  the  pipe. 

J.  K.  McIntyre. 

Nevvburgh,  N.  Y. 


The  contents  of  the  spring  tubes  in  a 
steam  gage  depend  entirely  upon  exist- 
ing conditions;  steam  at  ordinary  tem- 
peratures may  be  allowed  to  enter  and 
fill  the  spring  while  for  high  tempera- 
tures oil  is  often  put  in  the  siphon  of 
the  connecting  pipe  to  prevent  deteriora- 
tion of  the  metal  tubes.  If  the  oil  com- 
pletely fills  the  spring,  there  is  no  air,  of 
course,  but  undoubtedly  there  is  usually 
some  air  caught  above  the  oil.  The  spring 
may  have  air,  or  oil,  or  both,  or  steam 
inside   it. 

Both  gages  will  show  the  same  pres- 
sure, 100  lb.,  irrespective  of  the  distance 
apart  or  the  size  of  the  pipe;  static 
pressure  is  constant  for  a  given  level  in 
any   one   system. 

The  third  question  seems  absurd;  if 
there  is  to  be  no  discharge  of  the  water 
there  is  no  velocity;  hence  no  friction. 
.^Iso  a  pipe  of  infinite  length  would  be 
necessary. 

Hubert  L.  Watson. 

West  Lafayette.  Ind. 


[Many  of  our  correspondents  construed 
the  third  question  submitted  by  Mr. 
Hawkins  to  mean  a  vertical  instead  of  a 
horizontal  pipe.  Various  vertical  lengths 
have  been  given,  ranging  from  507  to 
11.000   ft. 

Fred.  L.  Wagner  contends  that  the  pres- 
sure in  the  discharge  pipe  which  will 
balance  the  pressure  in  the  steam  cyl- 
inders is  277.77  lb.;  that  a  pipe  high 
enough  to  balance  this  pressure  will  be 
277.77  lb.   X  2.3  =  638.871  ft. 

Arthur  Scrivenor  claims  that  if  there 
were  no  slippage,  the  vertical  pipe  would 
be  about  640  ft.  high;  that  as  the  pump 
is  of  the  outside-packed  plunger  type  the 
slippage  must  be  through  the  valves,  but 
this  slippage  is  not  constant;  hence  the 
height  of  the  column  of  water  in  the  pipe 
would  vary. — Editors.] 


Mr.  Clark's  Diagrams 

These  diagrams,  in  the  Mar.  19  issue, 
plainly  indicate  a  broken  bellcrank  or 
stem  on  one  of  the  steam  valves;  and 
probably  a  broken  stem  inside  the  stuff- 
ing-box or  valve  chamber,  since  any  out- 
side break  would  have  been  evident  at 
once,  and  the  taking  of  a  diagram  to 
find  the  trouble  would  have  been  un- 
necessary. 

The  right-hand  diagram  from  the  end 
with  the  broken  stem  shows  that  the 
valve  stands  wide  open  throughout  the 
stroke.  The  loop  to  about  one-half  initial 
pressure  at  the  end  of  the  stroke  is  due 
to  the  opening  of  the  exhaust  valve,  al- 
lowing the  steam  to  blow  through  to  the 
atmosphere.  When  the  exhaust  closes, 
the  pressure  rises  to  a  little  above  initial 
pressure,  due  probably  to  the  inertia  of 
the  steam  in  the  supply  pipe,  which  re- 
sults in  the  loop  at  the  top  of  the  dia- 
gram. 

The  diagram  for  the  other  end  shows 
the    normal    valve    adjustment,    but    it    is 


somewhat  distorted,  due  to  the  steam 
blowing  through  the  other  end.  This 
would  account  for  the  inclined  steam  line 
and    the   high   back   pressure. 

The  bottom  line  is  the  atmospheric 
line  and  should  not  be  connected  to  the 
"toe"  of  the  diagram   as  shown. 

If  Mr.  Clark's  engine  exhausts  to  the 
atmosphere,  and  he  had  listened  to  it 
for  a  moment,  he  would  have  discovered 
what  was  wrong.  I  recently  had  a  similar 
experience  on  a  26x48-in.  engine  which 
occurred  in  the  early  morning  hours  and 
created    quite   a    disturbance. 

F.    P.    Read. 

Memphis,  Tenn. 


Connecting  Rod   Ends 

Referring  to  Mr.  Pullen's  letter  in  the 
Mar.  5  issue,  it  is  rare  that  the  wear  is 
equal  enough  to  allow  the  same  adjust- 
ment on  both  pins  after  one  or  two  ad- 
justments. 

This  is  true  because  it  is  impossible  to 
foretell  how  much  each  pin  and  its 
brasses  are  going  to  wear.  As  this  type 
of  rod  requires  the  same  amount  of  ad- 
justment on  each  pin  it  is  plain  what 
the  results  will   be. 

The  rod  does,  of  course,  work  seem- 
ingly satisfactorily  upon  gas  engines  as 
there  is  little  or  no  pressure  upon  the 
caps. 

Lloyd  V.  Beets. 

Nashville,   Tenn. 


What  the    Diagrams  Show 

J.  F.  Reynolds,  in  the  Mar.  26  issue, 
shows  that  the  steam  distribution  in  both 
cylinders  is  very  good;  the  receiver  pres- 
sure at  first  sight  appears  low  when  con- 
trasted with  the  boiler  pressure,  but  when 
it  is  considered  that  the  low-pressure 
cylinder  is,  in  round  numbers,  six  times 
the  volume  of  the  cylinder,  the  reason 
for  the  apparently  low  receiver  pressure 
becomes  plain.  I  believe  it  is  too  high, 
for  upon  figuring  the  power  developed 
in  each  cylinder,  and  using  the  mean 
effective  pressure  as  given  on  each  dia- 
gram, respectively,  I  find  that  the  low- 
pressure  performs  more  than  twice  the 
amount  of  work  the  high-pressure  is  do- 
ing. The  powers  are,  17.5+  for  the 
high-pressure  and  36  for  the  low-pres- 
sure. Of  course,  there  may  be  a  rea- 
son for  the  large  difference  in  the  powers; 
but  unless  there  is  a  good  reason  for 
this  difference,  it  seems  to  me  that  Mr. 
Reynolds  can  reduce  his  receiver  pres- 
sure by  an  amount  to  cause  a  more  near- 
ly equal  distribution  of  the  work. 

Cutoff  occurs  at  about  's  stroke,  which 
is  too  early  for  the  best  economy;  and 
this  seems  to  show  that  the  engine  is 
too  large  for  the  work  it  has  to  do,  at  the 
prevailing  steam  pressure;  perhaps  it 
would  do  better  with  a  lesser  boiler  pres- 
sure. 

Charles  J.  Mason. 

Scranton,   Penn. 
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While  I  think  Mr.  Reynolds'  diagrams 
are  very  good  and  the  compression  is 
sufficient  for  such  slow  speed,  the  low- 
pressure  cylinder  is  doing  more  than 
double  the  work  of  the  high-pressure 
cylinder.  If  conditions  will  permit,  the 
load  ought  to  be  more  uniformly  divided 
between  the  two  cylinders. 

Wallace  Johnson. 

Utica,  N.  Y, 


The  indicator  diagrams  show  a  very 
good  setting  of  the  valves,  the  cutoffs 
being  nearly  equal  for  the  two  ends  of 
the  cylinders,  and  the  mean  effective 
pressures  being  about  as  nearly  equal  as 
it  is  practicable  to  get  them.  The  dis- 
tribution of  work  between  the  two  cyl- 
inders, however,  is  a  long  way  from 
equal,  as  the  following  computations  will 
show. 

Neglecting    the    areas    of    the    piston 


I  also  note  that  both  injectors  are 
operated  from  one  outlet  in  the  boiler; 
hence  the  boiler  outlet  should  not  be  less 
than  2  in.  if  the  steam  inlet  to  the  in- 
jectors are  1  !4  in.  in  order  to  avoid  the 
injectors  breaking  because  of  insufficient 
steam  supply  when  both  are  in  operation. 
If  45-deg.  ells  cannot  be  had,  bend  sev- 
eral pieces  of  pipe  in  order  to  get  the  in- 
jectors to  stand   horizontally. 

William  S.  Luckenbach. 

Oakview,  Penn. 


Preventing  Clogged  Blowoff 
Pipes 

Commenting  on  Mr.  Amstutz's  letter  in 
the  Mar.  12  issue,  on  "Cleaning  a  Clogged 
Blowoff  Pipe,"  I  suggest  that  he  blow  off 
his  boiler  every  si.x  hours;  if  the  water 
is  exceedingly  impure,  every  four  hours 
would  not  be  too  often.     In  this  manner 


Area  of  high-pressure  piston 

Area  of  low-pressure  piston 

Strolve  of  engine ■    ■  ■ 

I.hp.,  hieh-pressure  head  end  (113X2.5X34.25X30)  -i- 33.000. 
I.hp.,  high-pressure  crank  end  (113X2.5X34X30)^-33,000. 


Total  i.hp.  for  high-pressure  cylinder 

I.hp.,  low-pressure  head  end  (707  X  2.5  X  1 1 .2  X  30)  -i-  33.000 
I.hp.;  low-pressure  crank  end  (707  X  2.5  X  11.3  X  30)  ^  33,000  . 


Total  i.hp.  for  low-pressure  cylinder 

rods,    the    diameters    of    which    are    not 
given,  the  results  above  are  obtained. 

There  are  two  reasons  why  the  power 
developed  in  the  low-pressure  cylinder 
is  more  than  double  that  in  the  high 
pressure.  First,  the  unusually  'large  cyl- 
inder volume  ratio,  6.25:  1,  makes  it 
difficult  to  get  an  equal  distribution  of 
the  load  when  running  at  the  light  load 
indicated  by  the  very  early  cutoff  in  the 
high-pressure  cylinder.  A  decrease  in 
volume  of  the  low-pressure  cylinder,  the 
high-pressure  remaining  the  same,  would 
mean,  for  the  same  total  indicated  horse- 
power, a  later  cutoff  in  the  high  cyl- 
inder, and  a  more  equal  distribution  of 
the  work. 

Second,  the  load  can  be  partially 
equalized,  by  a  decrease  in  the  receiver 
pressure.  This  means,  of  course,  a  lower 
back  pressure  in  the  high-pressure  cyl- 
inder, and  therefore  an  increase  in  the 
mean  effective  pressure,  and  the  mean 
effective  pressure  of  the  low  cylinder 
will  be  correspondingly  decreased. 

A.  L.  Westcott. 

Colirmbia,  Mo. 


he  can  save  himself  much  hard  labor 
and  never  be  troubled  with  a  clogged 
blowoff  pipe. 

C.    E.    Aldrich. 
Mendota,   Calif. 


Injectors  Will   Not  Work 
Properly 

J.  L.  Brouse,  in  the  Mar.  5  issue, 
asks  whether  both  injectors  erected  as 
shown  by  his  drawing  would  work  at  the 
same  time  in  a  satisfactory  manner.  I 
say  they  will  not,  because  the  two  cur- 
rents will  butt  each  other  and  one  or 
both  injectors  will  break.  Why  not  use 
only  one  injector  of  ample  capacity,  thus 
relieving  the  operator  by  one-half?  If 
this  cannot  be  done,  connect  them  to  a 
Y-fitting  and  there  will  be  no  trouble. 


Wh'  ■    Broke   the    Crosshead? 

R  -  :  rrmg  to  H.  R.  Williams'  crosshead 
accidp-it  mentioned  in  Mar.  26  issue,  I 
believe  that  something  got  in  between 
the  end  of  the  cylinder  and  the  crosshead 
shoe,  so  that  when  it  came  in  on  the  re- 
turn stroke  it  struck  the  obstruction, 
breaking  the  crosshead.  As  the  engineer 
had  just  packed  the  rod,  preparatory  to 
starting  up  for  the  night  run,  no  doubt 
he  was  in  a  hurry,  and  unintentionally 
left  a  packing  tool  lying  across  the 
guide.  In  starting  up  the  engine  its 
vibration  as  it  came  up  to  speed  jarred 
the  tool  until  it  fell  into  the  hollow  of 
the  guide  lengthwise.  The  crosshead  hit 
the  tool  in  this  position,  bending  the  ad- 
justing bolt  upward,  and  breaking  the 
lower  part  of  the  crosshead.  The  buck- 
ling strain  would  then  force  the  shoe 
and  broken  part  out  on  the  floor.  Similar 
accidents  have  been  known  to  happen. 
L.    M.   Johnson. 

Glenfield,    Penn. 


It  is  evident  that  there  has  been  un- 
due strain  on  the  bottom  shoe,  and  some 
extra  friction  must  have  caused  the 
guides  to  heat;  possibly  the  crosshead 
was  too  tight  or  the  shoe  came  loose  and 
the  end  cut  into  the  guide. 

I  believe  that  it  was  too  tight  in  the 
guides  and  when  heated  expanded  the 
crosshead,  and  together  with  the  working 
force  (which  force  is  on  the  lower  guide 
when   the   engine    is   running   over,   and 


on   the   upper   guide   when   running   ui 
der)     deflected   the   shoe,   breaking   it 
the  weakest  point  on  the  head  end.     ./ 
the   extension   on   the  main  part  of  tl 
crosshead   was  weak   it   broke   also. 

If  the  crosshead  in  the  sketch  is  co 
rect  as  to  proportion,  it  looks  to  me  i 
if  the  head  end,  where  the  break  o 
curred,  is  of  small  cross-section  whf 
considering  the  cantilever  load. 

R.   G.  Cox. 

Milwaukee,  Wis. 


Whistle  Connection 

In  reply  to  Harold  Beecher's  letter 
the  Feb.  2  issue,  on  drain  for  an  e 
posed  steam  whistle,  I  wish  to  say  th 
my  whistle  valve  is  located  in  the  boil 
room  and  the  whistle  is  on  the  roof.  T 
drain  is  attached  to  the  steam  pipe 
the  whistle,  the  whistle  valve  being  co 


Whistle  Connection 

nected  with  a  close  nipple  to  a  stea 
pipe  in  which  there  always  is  dry  steai 
as,  for  instance,  the  pipe  for  the  boile 
feed  pump.  The  arrangement  is  shov 
in  the  illustration. 

My  whistle  valve  has  a  renewab 
disk,  and  whenever  the  valve  starts 
leak,  the  disk  is  renewed  at  the  fit 
opportunity.  The  valve  and  whistle  ha' 
been  connected  as  shown  for  1 1  yea 
and  freezing  has  never  occurred  durii 
cold  weather. 

H.    A.   JAHNKE. 

Milwaukee.   Wis. 
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Inquiries  of  General  Interest 

Questions  are  not  answered  unless  accompanied  by  the  name  and 
address  of  the  inquirer.     This  page  is  for  you  when  stuck — use  it 


Power  Required  to  Pull  a  Load 
up  an  hicline 

What  power  would  be  required  to  pull 
a  load  of  100,000  lb.  up  a  one-mile  in- 
cline in  10  minutes  if  the  vertical  height 
is  100  ft.,  and  the  resistance  due  to 
friction  is  5  per  cent,  of  the  power  re- 
quired? 

E.  S. 

The  work  required  to  raise  the  load 
to  an  altitude  of  100  ft.  would  be 

100,000   X    100   =    10,000,000  ^.-Ib. 
A  horsepower  is  equivalent  to  33,000  ft.- 
Ib.      Therefore    the   horsepower   required 
would  be 


10,000,000 


:  303  hp. 


33.000 

if  the  work  were  done  in  1  min.  But  as 
10  min.  are  required  it  will  take  one- 
tenth  of  this,  or  30.3  hp.  As  the  power 
required  to  overcome  the  friction  is  5  per 
cent,  of  the  total  load,  30.3  hp.  is  95  per 
cent,  of  it.    The  total  load  is 


30  3 
o  95 


—  31.895  ''/>■ 


Reverse  Current  Steam 
Separators 

What  is  the  principle  of  a  reverse-cur- 
rent steam   separator? 

J.   G.    B. 

The  direction  of  the  flow  is  abruptly 
changed,  usually  through  180  deg.  This 
causes  the  water  in  the  steam,  on  ac- 
count of  its  greater  specific  gravity,  to 
be  thrown  into  a  receiving  vessel,  while 
the  steam  passes  on  in  the  reverse  di- 
rection. 


Auxiliary  Heaters 
How  many  square  feet  of  heating  sur- 
face per  pound   of  water  is  considered 
good  practice  in  an  auxiliary  heater? 
H.  P. 
An   auxiliary  heater  connected   to   the 
exhaust    line    of    a    condensing    engine 
should    have    about    1    sq.ft.    of   heating 
surface    of    brass    or   copper    tubes    for 
every   60   lb.    of   water   passing   through 
the   heater  per   hour. 


Injector  as  a  Boiler  Feeder 

Which  is  the  most  efficient,  an  in- 
jector or  a  steam  pump,  as  a  boiler 
feeder? 

J.  O'B. 

With   an    injector   the   amount   of  heat 


taken  from  the  boiler  is  returned  to  the 
boiler,  less  a  slight  loss  due  to  radiation. 
From  a  heat-efficiency  standpoint,  it  is 
nearly  perfect.  As  a  means  of  forcing 
water  into  the  boiler  it  requires  more 
steam  than  the  most  wasteful  of  pumps. 


Speed  Variation  of  a   Corliss 
Engine 

Does  the  speed  of  a  Corliss  engine 
change  under  full  load? 

J.   McK. 

A  Corliss  engine  runs  slower  with  full 
load.  If  it  did  not  the  governor  balls 
would  not  run  in  the  lower'  plane  neces- 
sary   for    the    later   cutoff. 


High   Steam   Pressures 

What  are  the  advantages  and  disad- 
vantages of  high  steam  pressures? 

B.  J.   W. 

High-pressure  steam  is  advantageous 
because  of  the  greater  range  of  tempera- 
tures that  can  be  utilized  for  power  and 
their  saving  by  reduced  cutoff.  Their 
disadvantages  are:  increased  danger  of 
rupture  at  the  weak  joints  in  the  boilers 
and  pipes,  increased  loss  by  radiation, 
decomposition  of  lubricants,  increase  of 
leakage,  and  larger  cost  of  power  plant 
to  meet  the  increased  pressure. 


Brake  Horsepower 
What    is    the    rule    for    obtaining    the 
brake    horsepower    of    a    motor    with    a 
prony  brake? 

A.  H.  K. 
Multiply  the  length  of  the  lever  from 
the  center  of  the  shaft  to  the  center  of 
the  point  of  application  to  the  scale,  by 
the  number  of  revolutions  per  minute, 
by  the  difference  between  the  weight  in 
pounds  indicated  on  the  scale  when  the 
brake  wheel  is  in  motion,  and  the  weight 
indicated,  when  the  wheel  is  at  rest,  and 
by  6.2832.  Divide  the  result  by  33,000, 
and  the  quotient  will  be  the  brake  horse- 
power of  the  motor.  Example:  The 
speed  of  a  motor  is  960  r.p.m.,  the 
length  of  the  brake  arm  from  center  to 
center  is  12  ft.  The  weight  of  the  arm 
indicated  on  the  scale  is  21  lb.  and  the 
weight  indicated  when  the  motor  is  run- 
ning is  72  lb.  Substituting  figures,  the 
tule  would  be  expressed  as  follows: 

6.2832 X  i2y96ox  (72—21) 
33.000 


Total  Heat  of  Saturated  Steam 

In  a  recent  issue  of  Power,  the  total 
heat  of  steam  above  32  deg.  F.  at  105 
lb.  absolute  was  given  as  1187.2  B.t.u. 
Is  this  correct?  The  table  which  I  use 
gives  if  as  1182.9  B.t.u. 

S.  J.  C. 

The  value  1187.2  B.t.u.  for  the  total 
heat  of  steam  of  105  lb.  absolute  is  from 
the  Marks-Davis  tables.  Prof.  Peabody's 
revised  tables  give  it  as  1186.9,  the 
difference  being  due  to  the  inclusion  in 
the  Marks-Davis  tables  of  the  heat  equiv- 
alent of  the  feed-pump  work  and  to 
Prof.  Peabody's  use  of  778  ft.-lb.  as  the 
mechanical  equivalent  of  heat,  while 
Marks-Davis  use  777.52  B.t.u.  Prof.  Pea- 
body  uses  the  heat  required  to  raise  a 
pound  of  water  between  62  and  63  deg. 
for  his  thermal  units,  while  Marks-Davis 
use  the  average  heat  required  to  raise 
a  pound  of  water  1  deg.  between  32  and 
21.2.  The  values  given  by  the  older 
tables  are  too  low.  See  paper  by  Dr. 
Davis,  A.  S.  M.  E.,  Proc.  Vol.  30,  1908. 


Per  Cent  of  Moisture  in  Steatn 

What  would  be  the  percentage  of  dry 
steam  and  moisture  if,  when  using  a 
separator  calorimeter,  the  weight  of  dry 
steam  was  13  lb.  and  the  weight  of  water 
obtained  was  9.2  oz.  ? 

C.  B.  M. 

Divide  the  weight  of  dry  steam  by  the 
sum  of  the  weight  of  the  steam  and  the 
water,  and  multiply  by  100.  Both  quan- 
tities must,  of  course,  be  expressed  in 
the  same  units.  9.2  oz.  =  0.575  lb.  Then 
for  your  ease 


13  +  0.575 
or  95.8  per  cent. 


=  0.958 


-=iii.8feA/>. 


Load  Factor  of  Engi?ie 

What  would  be  the  load  factor  if  an 
engine  rated  at  125  hp.  was  developing 
126.25  hp.? 

C.  J.  B. 
The  engine  would  be  developing 
126.25 
125 

of  its  rated  capacity.  This  is  sometimes 
referred  to  as  the  load  factor,  but  the 
term  is  more  frequently  used,  especially 
as  applied  to  a  station,  to  express  the 
ratio  of  the  average  to  the  maximum 
load. 


-^  loi  per  cent. 
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Brownhoist  Suspended  Bin 

The  Brownhoist  patent  suspended  bin, 
en  installation  of  which  is  shown  in  Fig. 
1,  is  designed  for  storing  coal,  ashes, 
coke,  sand  and  other  materials  in  bulk, 
and  its  construction  is  such  that  the  ma- 
terial forming  its  sides  and  bottom  uti- 
lizes its  tensile  strength  to  resist  the 
strains  set  up  by  the  load. 

This  bin  consists  essentially  of  two 
plate  girders  supported  by  columns  or 
side  walls,  usually  by  columns,  as  shown 
in  Fig.  2.  The  girders  are  inclined  from 
the  vertical  so  as  to  make  the  straps  and 
the    outside    of   the   bin   tangent   to   the 


forced-concrete  lining  acting  as  a  beam 
between  the  straps. 

In  lining  a  bin  with  a  "ferroinclave" 
reinforced-concrete  construction,  a  wood- 
en strip  about  ^gxl  in.  wide  is  first  placed 
on  the  inside  of  the  curved  straps  and 
made  to  conform  to  the  contour  of  the 
straps.  The  "ferroinclave"  sheets  are 
then  placed  on  these  strips  and  are  se- 
cured to  the  straps  with  small  bolts.  The 
sheets  are  shingled  at  each  lap,  which 
makes  practically  a  continuous  member 
the  whole  length  of  the  bin,  and  by  rea- 
son of  being  able  to  shingle  the  sheets 
at  the  laps  only  one  line  of  bolts  is  re- 
quired  to   each   strap. 


Fig.  1.  An  Insta; 


Brownhoist   Suspended  Coal  Bins 


girder.  At  interx'als  of  from  3  to  5  ft., 
depending  on  the  load  to  be  supported, 
steel  straps,  which  are  parabolic  in  shape, 
are  hung  from  these  girders.  The  straps 
are  made  strong  enough  to  carry  the 
weight  of  the  reinforced-concrete  lining 
and  the  material  to  be  stored  in  the  bin, 
and  are  shipped  straight  and  formed  to 
shape  in  erection  and  then  riveted  to  the 
lower  side  of  the  beams.  The  entire 
weight  to  be  supported  is  concentrated 
in   these   straps   by    reason    of  the   rein- 


When  the  "ferroinclave"  is  in  place 
the  upper  side  is  coated  with  a  mixture 
of  one  part  of  portiand  cement  to  two 
parts  of  sand,  or  with  a  mixture  of  one 
part  Portland  cement,  two  parts  sand  and 
four  parts  broken  stone,  all  stone  to  pass 
a  '/2-in.  mesh.  The  thickness  of  this 
lining  varies  with  the  span  and  loading, 
allowance  being  made  for  wear,  which  is 
generally  about  1  or  I'j  in.  The  thick- 
ness of  the  concrete  on  the  inside  of  the 
bin  generally  varies  from  3  to  4'/-  in.  at 


the  bottom  and  gradually  tapers  to  aboui 
1  or  1  yi  in.  at  the  top  of  the  bin.  Wher 
the  inside  cement  has  set  it  appears  as 
shown  in  Fig.  3.  The  under  side  of  the 
"ferroinclave,"  shown  in  Fig.  4,  is  ther 
coated  with  a  mixture  of  one  part  o 
Portland  cement  and  two  parts  of  sane 
with  the  addition  of  a  small  amount  o 
goat  hair.  The  mixture  is  pushed  in  be 
tween  the  straps  and  the  "ferroinclave' 
so  as  to  solidly  fill  the  ^-^-in.  space  mad( 
by  the  wooden  strips,  which  practicall; 
gives  a  -^x-in.  coating  on  the  outside  o 
the  "ferroinclave." 

In  lining  the  inside  of  the  bin  enougl 
open  reinforcement  is  included  to  cove 
the  girder  and  any  other  exposed  place 
that  would  come  in  contact  with  th 
stored  material.  This  reinforcement  i 
secured  to  the  girder  by  a  special  clip 
In  this  way  the  girder  is  completely  pro 
tected  from  the  corrosive  action  of  th 
material  in  the  bin.  Generally,  stee 
plate  linings  are  protected  from  corro 
sion  by  a  coating  of  portland-cemen 
mortar  1  to  2  in.  thick  and  secured  t 
the  plate  by   wire  netting  and  clips. 

The  ends  of  the  bins  are  usually  mad 
by  fastening  angle  clips  onto  the  las 
strap  and  connecting  I-beams  or  chan 
nels  to  these  clips  to  act  as  struts  tha 
run  horizontally  across  the  end  to  giv 
the  necessary  required  strength  to  resis 
the  component  forces  from  the  load  i 
the  bin.  A  Jsx-'^-in.  wooden  strip  i 
then  laid  along  the  inside  of  these  strut 
and  the  "ferroinclave"  sheets  laid  o 
these  wooden  strips  and  fastened  to  th 
struts.  The  sheets  are  then  concrete 
on  the  inside  to  a  thickness  of  betwee 
3  and  4'.'2  in.  at  the  bottom,  dependin 
on  the  load  in  the  bin,  and  tapered  t 
about  1  or  1 '  .^  in.  at  the  top,  similar  t 
the  concreting  of  the  siding  of  the  bii 
After  the  concrete  has  set,  the  outsid 
is  then  concreted  similar  to  that  df 
scribed  for  the  side  of  the  bin. 

These  bins  are  made  in  capacities  ranj 
ing  from  1  to  15  tons  per  lineal  foo 
The  bin  can  be  used  in  almost  any  plan 
for.  on  account  of  its  peculiar  shape, 
can  be  designed  to  the  capacity  requin 
ments  and  still  be  placed  in  the  boile 
room  without  occupying  valuable  spac 
in  front  of  the  boilers. 

This  bin  requires  practically  no  repaii 
as  the  concrete  lining  is  noncorrosi\ 
and  fireproof.  The  exposed  parts,  sue 
as  the  gates,  chutes  and  spouts,  can  t 
easily  removed  without  destroying  tl 
concrete  lining  in  any  may.  The  bin 
self-emptying,  and  in  many  cases  a  cot 
Crete  housing  is  carried  up  to  the  roo 
thereby  making  an  almost  diistpro( 
boiler  room. 

Practically  any  form  of  chute  can  t 
used  in  connection  with  the  bin.  hut 
special  chute  is  made,  the  main  advantaj 
of  which  is  that  it  can  be  locked  ope 
or  shut  by  virtue  of  its  toggle  mecl 
anism.     The  gates  of  the  chute  are  o| 
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erated  from  the  floor  by  a  hand  chain, 
and  the  coal  is  delivered  centrally  on 
both  gates,  which  open  simultaneously. 
This  is  shown  in  Fig.  5.  The  spades  and 
chute   casting   are   constructed  so   as   to 


without  any  spreader  at  the  bottom  is 
also  made,  but  is  pivoted  to  the  chute 
at  the  top  so  that  it  can  be  moved  across 
the  face  of  the  stoker  while  the  coal 
is  being  fed. 


must  be  moved  across  the  face  of  the 
stoker  while  the  coal  is  flowing.  Another 
style  of  spout  is  frequently  used,  al- 
though it  is  somewhat  more  expensive 
than  the  one  just  described,  inasmuch 
as  each  stoker  has  its  separate  chute  and 
spout.  To  accomplish  this  the  location  of 
the  chutes  are  staggered  so  that  they 
come  between  the  stokers  instead  of  op- 
posite them,  which  is  the  usual  way, 
and  the  spouts  are  then  designed  on  an 
angle  so  as  to  bring  the  orifice  in  the 
center    of    the    stokers.      These    spouts 


Details  of  Construcfion 


Fig.  5.   Gates  to  Bin 


thrust  large  pieces  of  material  either  in  For  installations  where  the  boilers  and  have   a   spreader  at   the   end   to   give   an 

or   out    without    jamming.  stokers   are   on   both   sides   of   the   bin   a  equal   distribution   of   coal. 

The    chutes    are    connected    to    spouts  straight  spout  is  used  without  a  spreader          In  connection  with  these  chutes  a  line 

of  which  there  are  several  designs.  One  at  the  bottom  and  so  designed  that  it  can  of   stationary   and    movable   hoppers   are 
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Fig.  3.   Cemented  Interior  of  Bin 


4.  Exterior  of  Bin  Before  Applying  Concrete 


of  the  designs  is  to  be  used  in  connec- 
tion with  a  line  of  stokers  on  one  side 
of  the  bin  only  and  has  at  the  bottom 
of  the  spout  a  spreader  or  distributor 
placed  to  get  the  proper  distribution  of 
coal    on    the    bunker.      A    straight    spout 


be  swung  from  one  stoker  to  the  other  that 
is  directly  opposite  it;  thus  a  single  spout 
and  chute  can  be  utilized  to  supply  the 
coal  to  two  stokers,  thereby  eliminating 
the  expense  of  the  extra  mechanism.  To 
feed  the  stokers  in  this  design  the  spout 


.manufactured  in  which  the  coal  can  be 
accurately  weighed  and,  if  necessary,  re- 
corded before  being  fed  to  the  stoker. 
This  bin  and  attachment  are  manu- 
factured by  the  Brown  Hoisting  Machin- 
ery   Co.,    Cleveland,    Ohio. 
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San   Antonio   Locomotive 
Boiler  Explosion 

The  accompanying  illustrations  show 
the  condition  of  the  outside  sheet  of 
the  firebox  of  the  locomotive  boiler  which 


graph  indicates  that  less  than  60  stay-     burst,   hurling   him   against   the   side   of 
bolts    pulled    out    of    the    outer    firebox    the  building,  then  covering  him  with  hot 


sheets. 

The  bird-shaped  plates,  illustrated  in 
Fig.  2,  are  the  same  as  shown  in  Fig. 
1,  but  in  a  different  position. 


FiG.  1.   Outside  Sheets  of  the  Firebox  Showing  Stay-bolts  and 
Broken  Sling  Stays 


exploded  at  San  Antonio,  Tex.,  Mar.  18, 
an  account  of  which  was  published  in 
the  Apr.  9  issue. 

The  6-ton  sheet,  shown  in  Fig.  1,  was 
hurled  through  the  air  nearly  a  quarter 
of  a  mile.  It  is  an  interesting  study,  as 
it  shows  the  condition  of  the  stay-bolts 
and  broken  sling  stays.  It  will  be  noticed 
that  the  former  pulled  out  of  the  fire 
sheets,  remaining  in  the  outside  sheets, 
or  were  broken  oft',  leaving  portions  of 
the  stay-bolts  in  both  sheets.    The  photo- 


Boiler  Explosion  Wrecks 
Factory 

By  the  explosion  of  a  boiler  in  the 
S.  A.  Wellman  handle  factory,  at  South 
Boardman,  Mich.,  on  Apr.  5,  the  engi- 
neer was  killed  and  five  other  employees 
were  injured. 

The  accident  took  place  at  the  noon 
hour;  the  engineer  was  eating  din- 
ner in  the  fire  pit  in  front  of  the 
boiler    when  without  warning  the  boiler 


bricks  and  burning  timber.  Both  legs 
and  one  arm  were  broken,  his  back 
wrenched  and  he  was  badly  scalded.  He 
died   shortly   afterward. 

Portions  of  the  boiler  were  found  sev- 
eral hundred  yards  away.  The  scattered 
ashes  and  sparks  set  fire  to  the  ruins,- 
and  two  of  the  men  would  have  been 
cremated  if  they  had  not  been  promptly 
rescued.  The  cause  of  the  explosion  is 
unknown. 


Boiler  Explodes  at  Orilla, 
Wash. 

A  100-hp.  boiler  in  the  Orilla  Lumber 
Co.  plant  exploded  at  Orilla.  Wash.,  on 
the  morning  of  Apr.  10.  Though  the 
boiler  and  engine  room  were  wrecked, 
the  blacksmith's  shop  near-by  was 
crushed  by  a  heavy  piece  of  boiler  plate, 
and  six  persons  were  standing  in  the  im- 
mediate vicinity,  no  one  was  fatally  in- 
jured. 

The  dynamo  and  engine  were  also 
wrecked  and  the  roof  was  lifted  off  the 
mill.  No  cause  is  known  for  the  ex- 
plosion, the  press  reports  offering  the 
usual  surmise  that  the  water  was  low 
in  the  boiler. 


Receivership   for   Allis- 
Chalmers  Co. 

On  Apr.  6  receivers  were  appointed 
for  the  Allis-Chalmers  Co.,  in  the  per- 
sons of  D.  W.  Call,  president  of  the 
company,  and  Gen.  Otto  H.  Falk,  presi- 
dent of  the  Merchants  and  Manufacturers' 
Association,  of  Milwaukee. 

While  no  statement  could  be  obtained 
from  the  company,  the  receivership  has 
in  all  probability  been  declared  as  a 
means  to  facilitate  the  early  reorganiza- 
tion of  the  company,  details  of  which 
have  been  given  in  recent  issues. 

The  receivership  will  fully  protect  all 
parties  dealing  with  the  Allis-Chalmers 
Co.,  and  guarantees  the  prompt  fulfill- 
ment of  all  outstanding  and  future  con- 
tracts, and  there  will  be  no  cessation 
of  activity  in  any  line. 


Fig.  2.   Outer  Firebox  Sheets  so  Blnt  as  to  Resemble  a  Huge  Bibd  in  Flight 


A    Convenient  Chart 

The  De  Laval  Steam  Turbine  Co.,  of 
Trenton,  N.  J.,  has  recently  got  out  a 
convenient  form  of  the  Mollier  diagram 
accompanied  by  a  measuring  scale  by 
which  the  desired  quantities  can  be  read 
off  directly.  By  means  of  the  scale  it 
is  possible  to  determine  readily  the  B.t.u. 
theoretically  available  per  pound  of  ex- 
panding steam,  the  resultant  velocity  of 
the  steam,  the  steam  consumption  of  a 
perfect  engine  operating  between  the 
given  limits  and  the  duty  in  million  foot- 
pounds per  thousand  pounds  of  dry 
steam.  The  chart  may  be  had  upon  ap- 
plication to  the  company. 
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Sale   of  Condemned  Equip- 
ment at  Brooklyn  Navy 
Yard  " 

Sealed  proposals  are  invited  by  the 
government  for  the  purchase  of  the  con- 
demned stores  at  the  Brooklyn  Navy  Yard, 
the  sale  of  which  will  take  place  on 
May   27. 


The  lecture  was  followed  by  the  pre- 
sentation by  Dr.  W.  von  Dyck  of  the 
biography,  written  by  himself,  as  a  part 
of  the  museum's  activities,  of  the  eminent 
German  chemist  Karl  von  Reichenbach, 
and  by  a  reception  in  the  rooms  of  the 
society. 

The  occasion  was  an  advantage  taken 
of   the   presence   in   this   country    of   the 


The  Members  of  the  Bavarian  Technical  Museum  Commission 

(Prom  a  photograph  taken  on  board  the      "Amerika"    on    arrival,    reproduced    by 
courtesy   of   the   New  York   "Staats  Zeitung.") 

Reading-  from  left  to  right:  Mr.  Orth,  Civil  Engineer;  Dr.  Ross,  Secretary  of 
the  Commission;  Dr.  von  Borscht,  Mayor  of  Munich,  Privy  Councillor;  Dr.  Puchs, 
Civil  Engineer;  Count  von  Podewils-Durniz,  President  of  the  Museum,  former 
Prime  Minister  of  Bavaria;  Mr.  Trautwein,  Civil  Engineer;  Dr.  Oscar  von  Miller, 
Piesident  of  the  German  Society  of  Engineers  and  Professor  in  the  Munich 
Polytechnic;  Mr.  Gelius,  Architect  to  the  Commission ;  Prof.  Dr.  von  Dyck,  Rector 
emeritus.  Technical  University  of  Munich. 

Commission  of  the  museum  whose  photo- 
graphs, taken  upon  their  arrival,  are 
shown  herewith.  They  will  study  in- 
dustrial and  museum  methods  as  fol- 
lowed here  and  it  is  hoped  that  their 
visit  may  inspire  interest  in  the  establish- 
ment upon  this  side  of  the  water  of  a 
museum  to  preserve  the  history  of  our 
industrial  development  to  exemplify  its 
processes  and  exhibit  its  products. 


Among  the  machinery  to  be  sold  are 
condensing  engine-driven  air  compressors, 
intercoolers  and  receivers,  Mclntosh- 
Seymour  cross-compound  condensing  en- 
gines, Westinghouse  220-volt  generators, 
Blake  plunger  pumps,  feed-water  sup- 
ply tanks,  hotwell  tanks,  power-plant  pip- 
ing, traps,  fittings,  headers,  complete 
electrically  driven  elevator  equipments, 
etc. 

Schedules  containing  the  full  particu- 
lars, form  of  proposal  and  terms  of  sale 
may  be  obtained  upon  application  to  the 
Paymaster  of  the  Navy  Yard. 


The  German  Indiustrial 
Museum 

On  Tuesday  evening,  Apr.  9,  Dr.  Oscar 
von  Miller,  director  of  the  industrial 
museum  at  Munich,  presented  to  the 
American  Society  of  Mechanical  Engi- 
neers, at  New  York,  a  paper  illustrated 
by  lantern  slides  upon  the  museum  and 
its  work.  Photographs  of  many  of  the 
more  interesting  exhibits  and  those  il- 
lustrating the  methods  of  presentation 
and  demonstration  of  various  subjects 
and  processes  were  thrown  upon  the 
screen. 


Dr.  Denton   Honored  by 
Mechanical  Engineers 

The  alumni  of  Stevens  Institute  of 
Technology  recently  paid  a  tribute  to  the 
mechanical  genius  and  strong  personality 
of  Dr.  James  E.  Denton,  who  has  long 
been  associated  with  the  institute  faculty. 
He  has  been  forced  by  impaired  health 
to  retire  from  the  activities  of  his  pro- 
fession as  engineer  and  teacher,  and  the 
alumni  seized  upon  the  occasion  to  pre- 
sent him  a  token  of  love  and  esteem  in 
the  form  of  a  watch  and  fob  accompanied 
by  an  engraved  testimonial  containing 
the  signatures  of  a  majority  of  the 
alumni    and    the    professors. 

Dr.    Denton    has   gained    a    world-wide 


reputation  in  steam  engineering.  In  1906 
the  degree  of  doctor  of  engineering  was 
conferred  on  him,  and  he  has,  therefore, 
the  distinction  of  being  the  first  Stevens 
alumnus  to  receive  this  degree  from  his 
college.     He  was  graduated  in  1875. 


Watch  and  Fob  Presented  to  Dr. 
Denton 

Accompanying  the  gift  was  a  descrip- 
tion of  the  symbolic  significance  of  the 
watch  and  fob,  which  are  the  work  of 
F.  Walter  Lawrence,  a  well  known  gold- 
smith  of   New  York   City. 


Modern    Science  Club's  New 
Officers 

The  annual  election  of  the  Modern 
Science  Club  was  held  on  Tuesday  even- 
ing, Apr.  9,  in  the  club  house,  at  125 
South  Elliott  PL,  Brooklyn,  N.  Y.  The 
following  officers  and  directors  were 
elected    for  the   ensuing   year: 

President,  John  P.  Bonney;  vice-presi- 
dent, C.  H.  Haggerty;  treasurer,  George 
O.  Kaley;  financial  secretary,  J.  W.  Ster- 
rett:    secretary,    John    P.    Martin. 

Board  of  directors:  E.  G.  Gennert, 
Frank  Martin,  J.  H.  Baumann,  William 
Smith,  W.  G.  Freer,  F.  J.  Wood,  J.  A. 
Donnelly,  H.  A.  Forward,  George  A. 
Diack,  H.  J.  Murphy. 


National    Heating  As,sociation 
Convention 

The  National  District  Heating  Associa- 
tion will  hold  its  fourth  annual  conven- 
tion in  Detroit,  Mich.,  June  25,  26  and 
27. 

The  progress  of  the  convention  will 
include   an    address    of   welcome    by    the 
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mayor  of  Detroit,  and  Alexander  Dow,  of 
the  Edison  Illuminating  Co.  The  fol- 
lowing papers  will  be  read:  "Common 
Sources  of  Trouble  in  Customers'  Instal- 
lations," W.  E.  Darrow,  Merchants  Light, 
Heat  cS:  Power  So.,  Indianapolis,  Ind.; 
"Quality  of  Steam  as  Served  by  Central 
Stations  to  Their  Customers,"  A.  C. 
Shepherd,  Cleveland  Electric  Illuminat- 
ing Co.,  Cleveland,  Ohio;  "An  Analysis 
of  Heating  Rates,"  A.  E.  Duram,  Cen- 
tral Station  Engineering  Co.,  Chicago, 
111.;  "Heating  in  Connection  with  Curtis 
Steam  Turbines,"  August  H.  Kruesi, 
General  Electric  Co.,  Schenectady,  N.  Y.; 
"Description  of  a  Combined  Steam  Heat- 
ing, Ice  Making  and  Electric  Power  Sys- 
tem," J.  T.  Lewis,  manager.  Murphy 
Heating  Co.,  Detroit,  Mich.;  "Description 
of  a  Large  Hot-water  Heating  System," 
G.  E.  Chapman,  Public  Service  Co.,  Chi- 
cago, 111.;  "De-centralized  Steam  Plants," 
S.  M.  Bushnell,  Chicago,  111.;  "Deprecia- 
tion in  Underground  Distribution  Plants," 
W.  Jennings,  Harrisburg  Steam  Heat  & 
Power  Co.,  Harrisburg,  Penn.;  "Eco- 
nomic Survey  of  Combined  Power  and 
Heating  Systems,"  E.  D.  Dreyfus,  Pitts- 
burg, Penn.  The  committees  on  rates  and 
central-station  records  will  make  their  re- 
ports, and  a  description  of  underground 
insulation,  by  a  number  of  manufacturers 
of  such   insulation,  will  be  given. 

The  entertainment  for  the  convention 
will  include  an  auto  ride  for  the  ladies 
on  Tuesday  afternoon;  a  theater  party 
at  temple  Theater  on  Tuesday  evening; 
Wednesday  afternoon  a  boat  trip  to  the 
Flats,  with  the  afternoon  session  on  the 
boat  and  supper  at  the  Flats;  for  the 
ladies,  on  Thursday  morning,  a  card 
party. 

The  association  has  charge  of  the  ex- 
hibit hall  and  arrangements  for  space 
at  the  exhibit  should  be  made  directly 
with'  the  secretary.  The  headquarters  will 
be  at  the  Hotel  Cadillac,  and  reservations 
for  rooms  should  be  made  directly  with 
the  hotel.  All  inquiries  regarding  the 
convention  should  be  directed  to  D.  L. 
Gaskill,  secretary,  Greenville,  Ohio. 


Philadelphia  Asks  Aid  of 
I.  O.   E. 

That  the  city  of  Philadelphia  is  anxious 
to  have  the  Institute  of  Operating  En- 
gineers assist  in  its  department  of  pub- 
lic works,  is  evidenced  by  the  recent  re- 
quest of  officials  of  the  city  to  that  ef- 
fect. President  J.  C.  Jurgensen  visited 
the  different  power  plants  of  the  de- 
partment of  public  works  of  that  city 
in  February. 

The  public  officials  of  Philadelphia 
hope  to  so  arrange  matters  that  the  In- 
stitute of  Operating  Engineers  diploma 
will  be  credited  as  equivalent  to  a  cer- 
tain percentage  on  any  civil-service  ex- 
amination   paper.      Should    this   be    car- 


ried through,  it  will  constitute  a  recogni- 
tion as  yet  given  to  no  engineering  so- 
ciety and  will  be  an  authoritative  in- 
dorsement  to   the   work   of  the   institute. 


REFRIGERATION,  COLD  STORAGE 
AND  ICE  MAKING.  By  A.  J.  Wallis- 
Taylor.  D.  Van  Nostrand  Co.,  New 
York.  Cloth:  fi32  pages,  5y2x9  in.: 
414  Illustrations:  tables;  indexed. 
Price.   $4.50. 


Cleveland's  "Engineers'  Day" 

The  success  of  the  picnic  and  outing, 
held  last  year  under  the  auspices  of  the 
Combined  Engineers'  Associations  of 
Cleveland,  at  Luna  Park,  has  encouraged 
its  promoters  to  make  even  greater  ef- 
forts for  this  year's  event,  which  will 
take   place   on   July   20,   in   Luna    Park. 

There  will  be  the  usual  games,  con- 
tests, drawings,  etc..  and  the  joint  ex- 
ecutive committee,  composed  of  three 
delegates  from  each  of  the  local  engi- 
neers' organizations,  is  already  actively 
engaged    in    planning   new   attractions. 


Seattle  Convention  of  the 
N.   E.  L.  A. 

Arrangements  for  the  coming  National 
Electric  Light  Association  convention  at 
Seattle,  Wash.,  in  June  are  well  ad- 
vanced, and  the  officers  and  committees 
held  a  meeting  on  Apr,  5,  at  Minne- 
apolis, to  report  on  their  work. 

In  an  early  issue  will  appear  an  out- 
line of  the  work  to  be  done  at  the  meet- 
ings and  the  list  of  papers  to  be  read, 
as  well  as  the  preparations  that  have 
been  made  for  the  visiting  members'  en- 
tertainment. 


SOCIETY  NOTES 

The  1912  annual  meeting  of  the  Ameri- 
can Association  of  Refrigeration  will  be 
held  in  Washington,  D.  C,  on  May  6  and 
7.  The  sessions  on  May  6  will  be  held 
at  the  New  Willard  Hotel  and  on  the 
seventh  at  the  Bureau  of  Standards, 
where  lucheon  will  be  served.  Further 
particulars  as  to  the  program  and  ques- 
tions to  be  considered  at  the  meeting 
will  be  announced  at  an  early  date.  It 
is  hoped  that  final  action  on  the  plans 
for  the  Third  International  Congress  of 
Refrigeration  Tnay  be  taken  at  this  meet- 
ing. 


BOOKS  RECEIVED 

.ALTERNATING-CURRENT  DESIGN.  By 
Julius  Frith.  D.  Van  Nostrand  Co.. 
New  York  City.  Cloth:  US  pp., 
514x51/2    in.;    illustrated.      Price,    $2. 

.ASSOCIATION  EDUCATIONAL  WORK. 
By  George  B.  Hodge.  .Association 
Pi-ess,  New  Y'ork.  Cloth:  256  pp., 
5xS    in.:    tuUy    illustrated.     Price,    $1. 

THE  ELEMENTS  OF  STRUCTURES.  By 
George  A.  Hool.  McGraw-Hill  Book 
Co..  New  York.  Cloth:  188  pages. 
6x9  in.;  143  illustrations;  indexed. 
Price,   $1.75. 

MECH.ANIC.AL  EQUIPMENT  OF  FED- 
ER.VL  BUILDINGS.  By  Nelson  S. 
Thompson.  Williams  &  Wllkins  Co.. 
Baltimore.  Md.  Cloth:  277  pp..  5%x9 
in.;    charts.       Price.     $2. 

ELEMENTARY  MECHANICAL  RE- 
FRIGERATION. By  P.  E.  Mat- 
thews. McGraw-Hill  Book  Co..  New- 
York.  Cloth:  172  pp..  6x9  in.;  il- 
lustrated;   tables.      Price,    $2, 


NEW  PUBLICATIONS 

.STEAM  POWER  PLANTS:  Their  Design 
and  Construction.  By  Henry  C. 
Meyer,  Jr.  Published  by  McGraw- 
Hill  Book  Co.,  New  York,  1912.  Size, 
5%x9  in.;  219  pages;  88  illustrations, 
including  21  large-size  plates:  cloth. 
Price.   $2.   net. 

This  is  the  third  edition  of  this  book, 
rewritten  and  enlarged.  The  original 
■work  is  so  widely  and  favorably  known 
that  to  say  that  the  present  edition  is 
good    amounts    to    sheer    redundance. 

Shortly  after  the  first  edition  was  pub- 
lished, in  1902,  the  author  gave  up  the 
editorship  of  the  Engineering  Record  and 
began  to  practice  as  a  consulting  engi- 
neer for  power-plant  design  and  con- 
struction. The  experience  thus  gained, 
he  says  in  the  prefatory  note  to  the 
present  issue,  led  him  to  make  some 
changes  and  many  additions  when  he 
came  to  the  work  of  revising  the  book. 
The  chapter  on  steam  turbines  has  been 
added,  also  much  new  matter  on  the 
subjects  of  steam  piping,  condensers  and 
chimneys.  In  addition  to  these  sub- 
jects, the  book  contains  two  chapters  on 
steam  boilers,  their  proportions,  design, 
selection  and  erection;  two  on  the  selec- 
tion of  engines,  dimensions  of  the  cylin- 
ders, speed,  steam  pressure,  general 
specifications,  etc,  and  one  chapter  each 
on  condensers  and  pumps,  feed-water 
heaters  and  economizers,  mechanical 
draft,  and  coal  handling,  water  supply 
and   purification. 

This  book  should  be  especially  valu- 
able to  all  who  are  not  professional  de- 
signing engineers  and  who  may  have 
occasion  to  lay  out  a  new  plant,  remodel 
an  old  one  or  purchase  and  install  any 
pieces  of  power-plant  equipment. 


PERSONAL 

Irving  H.  Reynolds,  who  was  formerly 
chief  engineer  of  the  AUis-Chalmers  Co., 
and  later  with  the  William  Tod  Co., 
of  Youngstown,  Ohio,  has  again  entered 
the  employ  of  the  former  company. 

Frederick  S.  Palmer,  well  known  as 
an  expert  in  his  line,  has  assumed  the 
position  of  general  manager  of  the  auto- 
mat'c  engine-stop  department  of  the 
Metallic  Packing  &  Manufacturing  Co., 
Elyr'a,  Ohio. 

Mancius  S.  Hutton,  Jr.,  has  just  be- 
come associated  with  Frederick  A.  Hall 
in  his  engineering  and  sales  offices  at 
5  to  9  Beekman  St.,  New  York  City.  Mr. 
Hutton,  who  is  the  son  of  Prof.  Frederick 
R.  Hutton,  honorary  secretary  and  past- 
president  of  the  American  Society  of 
Mechanical  Engineers,  will  give  special 
attention  to  the  departments  of  boilers, 
engines  and  power  equipment  in  which 
Mr.  Hall  acts  as  the  direct  representative 
of  manufacturers. 


M;W  YORK,   APRII 


THE  person  who,  without  permission,  will 
walk  by  the  "No  Admittance"  sign 
at  the  entrance  to  an  engine-room  is 
on  a  par  with  the  fellow  who  reads  the  "  Fresh 
Paint"  warning  and  then  deliberately  jabs 
his  thumb  into  it  to  prove  it.  Signs  mean 
little  to  him. 

Not  long  ago,  during  the  temporary 
absence  of  the  engineer,  a  representative  of 
an  electrical  company,  who  had  been  sent  to 
make  minor  repairs,  walked  past  the  "No 
Admittance"  sign  at  the  door,  and  pro- 
ceeded, without  permission,  to  work  on  the 
three-wire-genera  tor 
which  was  in  opera- 
tion. 

In  some  unknown 
manner,  he  dropped  a 
metal  case  between  the 
commutator  and  col- 
lector rings.  Instantly 
the  machine  emitted  a 
volume  of  sparks.  Be- 
wildered, the  trouble- 
maker started  to  open 
the  individual  circuits, 
instead  of  throwing 
the  main  circuit -break- 
er and  also  reducing 
the  voltage  until  the  engine  could  be  stopped. 

The  engineer  soon  arrived,  and  after  shut- 
ting down,  he  demanded  to  know  what  the 
intruder  meant  by  ignoring  the  sign  at  the 
door. 

"  If  you  had  obeyed  that  sign,  you  would 
have  waited  until  I  returned,  and  all  the 
trouble  your  carelessness  has  caused  me 
could  have  been  prevented." 

The  following  case  illustrates  where  another 
engineer  insisted  on  the  observance  of  the 
"No  Admittance"  rule:     While  Old  Herman, 


who  always  worked  the  i :;  midnight  to  8  a.m. 
watch,  was  absorbed  in  reading  his  report,  he 
suddenly  looked  up  and  saw  a  well  groomed 
intruder  closely  scrutinizing  the  switchboard. 

Herman  shouted  at  him:  "Hey,  you,  git 
oudt  of  here!  Didn't  you  '^e  dot  sign  at  der 
door? " 

"Yes,"  smilingly  answered  the  gentleman. 

"Veil,  for  why  you  didn't  pay  no  attention 
by  it?     For  why  you  didn't  ring  der  bell? " 

"Apparently  you  do  not  know  who  I  am. 
I'm  Mr.  Blank,  the  general  manager." 

"  How  do  I  know  you 
are?  I'm  here  to  en- 
force der  rules,  undt 
I'm  going  to  do  it. 
Git  oudt  anyway!" 
retorted  Herman,  as  he 
ushered  the  visitor  out 
and  slammed  the  door. 

"Yell,"  muttered 
Herman,  as  he  resumed 
his  reading,  "if  he's 
Mr.  Blank  I  may  be 
fired  in  der  morning; 
but  rules  is  rules." 

Contrary  to  Herman's 

fears,     the    manager 

was  pleased  to  know  that  he  had  a  man  who 

fearlessly  obeyed  orders  and  executed  them 

to  the  letter. 

If  you  have  been  hitherto  negligent  in 
enforcing  this  rule  in  your  plant,  now  is  the 
time  to  polish  the  old  sign  and  also  install  a 
call  bell,  and  see  that  it  is  used  by  outsiders 
seeking  admittance  to  the  plant.  Those  hav- 
ing business  with  the  engineer  are  no  more 
privileged  to  walk  by  the  "No  Admittance" 
sign  than  thev  are  to  crowd  by  the  boy 
in  the  president's  office  when  seeking  an  inter- 
view. 
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Small  Chinese   Power   Plant 


The  Imperial  Pei-Yang  University  is 
situated  on  the  bank  of  the  Pel  Ro 
(North  River)  about  five  miles  north  of 
the  foreign  settlements  of  Tientsin  and 
two  miles  from  the  native  city.  On  three 
sides  it  is  surrounded  by  open  fields 
and  on  the  fourth  by  the  river. 

The  companies  operating  the  lighting 
and  water  systems  of  Tientsin  would 
not  extend  their  service  to  the  university 
owing  to  the  distance  and  the  small  re- 
muneration that  could  be  expected;  hence 
the  university  authorities  decided  to  in- 
stall a  plant  of  their  own  for  supplying 
light,  heat,  power  and  water.  This  was 
completed  in  1910  and  is  interesting 
chiefly  because  of  its  component  parts 
and    its    location,    rather    than    its    size. 


By  Walter  H.  Adams  ^^ 


An  uptodate  plant,  the  equip- 
ment of  which  was  collected  in 
four  different  countries,  supply- 
ing light,  heat  and  power  to  the 
buildings  of  the  Imperial  Pei- 
Yang  University.  A  water  puri- 
fication plant  and  pumping  sta- 
tion is  also  installed. 


'Professor  of  mechanical  engineering. 
Imperial  Pel- Tang  University,  Tientsin, 
China. 

house  is  placed  in  a  central  position  with 
the  apparatus  for  the  water  system  be- 


Fic.  1.    General  View  of  Plant 


The  apparatus  was  collected  from  the 
United  States,  England,  Germany  and 
China,  and  was  installed  by  Chinese 
workmen  under  the  supervision  of  Ameri- 
can and  German  engineers.  The  uni- 
versity being  five  miles  from  a  railroad 
and  in  a  country  where  there  are  few 
facilities  for  moving  heavy  machinery, 
the  apparatus  had  to  be  delivered  partly 
by  boat  and  partly  by  carts  drawn  by- 
coolies.  In  selecting  the  equipment, 
cheapness  was  not  the  first  consideration^ 
but  rather  its  adaptability  for  testing 
purposes. 

The  present  equipment  consists  of  two- 
Babcock  &  Wilcox  boilers;  two  Buffalo 
Forge  Co.'s  engines  direct-connected  to 
two  110-volt  15.5-kw.  Siemens-Schuckerf 
generators;  a  storage  battery,  with 
booster;  an  indirect  heating  plant  for  the 
main  building  of  25  rooms,  and  a  steam 
pump,  air  compressor  and  motor-driven 
centrifugal  pump  for  the  water  system, 
together  with  the  usual  auxiliaries. 

There  are  over  40  buildings  to  be  sup- 
plied with  light  .and  water,  and  the  power 


I 

Coal  Storage 


] 


Boiler 


city  of  265  gal.  per  minute,  through  a 
3-in.  pipe  line  800  ft.  long  to  the  sludge 
well.  Here  it  passes  from  the  bottom 
to  the  top  of  the  well  through  a  screen 
of  copper  netting.  At  the  top  it  flows  to 
one  of  two  settling  tanks,  and  after  set- 
tling for  one  day  it  flows  to  the  sand  filters. 
There  are  two  of  these  sand  filters,  shown 
at  A,  Fig.  1,  which  are  used  alternately 
every  month.  From  the  filter  the  water 
flows  by  gravity  to  a  concrete  storage 
tank  B. 

The  water  is  pumped  from  the  storage 
tank  by  a  single-cylinder  steam  pump, 
located  in  pump  house  C,  into  a  steel 
pressure  tank  D,  partly  buried  in  the 
ground.  This  tank  has  a  capacity  of  20,- 
000  gal.  and  an  air  pressure  of  35  to  40 
lb.  per  square  inch  is  maintained  within 
it. 

A  direct  connection  between  the  stor- 
age tank  and  the  pressure  tank  is  pro- 
vided for  use  in  case  the  main  steam 
pump  breaks  down.  In  such  a  case  the 
pressure  on  the  steel  tank  is  removed 
and  water  will  flow  into  it  by  gravity. 
After  the  water  level  in  the  two  tanks 
is  the  same  the  valve  between  them  is 
closed  and  the  pressure  is  produced  by 
pumping  air  with  the  air  compressor. 
On  the  other  hand,  if  the  air  compressor 
breaks  down,  pressure  can  be  maintained 
on  the  system  by  the  main  steam  pump. 
The  distribution  system  is  laid  under 
ground,  and  hydrants  are  provided  for 
use  in  case  of  fire.  When  a  fire  does 
occur  the  pressure  tank  is  cut  off  from 
the  distribution  system  and  the  main 
pump  is  used  to  produce  a  water  pres- 
sure of  80  lb.  per  square  inch. 

The  maximum  capacity  of  the  system 
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m^^'A      \Y/^////////yr-/^ 


Pump. 
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Fig.  2.    Plan  of  Boiler  and  Engine  Rooms 
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side  it    Fig.  1  is  a  general  view  of  the 
plant 

Water   System 

The  river  water  is  pumped  by  a  motor- 
driven  centrifugal  pump  having  a  capa- 


is  50,000  gal.  per  24  hours,  which  is  de- 
termined by  the  amount  of  water  that 
can  pass  through  the  filters  properly. 

A  plan  of  the  power  house  is  shown 
in  Fig.  2.  The  boilers  are  not  placed  in 
a  battery  as  they  were  installed  at  dif- 
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erent  times.  At  one  side  of  the  boilers 
s  a  coal  bin  of  40  tons  capacity,  which 
5  supplied  through  two  windows  from  a 
ilatform  outside.  The  coal  is  brought 
n  bags  weighing  200  to  250  lb.  each, 
ihich  are  transferred  from  the  carts  to 
he  bin  by  coolies. 


vided  for  use  in  case  of  a  breakdown 
of  the  main  feed  pump.  As  it  is  placed 
above  the  level  of  the  boiler-room  floor 
it  can  pump  only  cold  water. 

The  feed  water  is  pumped  through  a 
Worthington  meter  and  then  passes  to  a 
closed   heater. 


Engines 

The  main  units  (Fig.  6)  are  8x8-in. 
single-cylinder,  center-crank,  high-speed 
engines  direct-connected  to  the  gener- 
ators, and  run  at  350  r.p.m.  An  interest- 
ing thing  about  the  engines  is  the  fact 


Switchboard 


Boilers 

The  boilers,  which  are  of  the 
standard  Babcock  &  Wilcox  type, 
were  made  in  Glasgow,  Scotland. 
Each  is  rated  at  1600  lb.  evap- 
oration per  hour  and  has  576  sq.ft.  of 
heating  surface.  The  working  pressure 
carried  is  110  lb.  gage.  It  may  be  in- 
teresting to  know  that  the  safety  valve 
is  of  the  spring  pop  type  with  a  lock  on 
the  spring,  for  when  a  Chinese  fireman 
cannot  keep  his  pressure  up  he  ties  down 
the  safety  valve,  if  possible,  and  then 
proceeds  to  make  as  large  a  fire  as  pos- 
sible. 

Bituminous  slack  costing  about  $1.75 
a  long  ton  is  used,  but  owing  to  poor 
quality  and  poor  firing,  the  average  evap- 
oration is  only  about  4  lb.  of  water  per 
pound  of  coal.  Each  boiler  is  cleaned 
once  every  two  months  and,  as  a  rule,  no 
trace  of  oil  is  found  and  there  is  only 
about  22  in.  of  very  soft  scale.  This 
is  easily  removed. 

Two  feed  pumps  are  installed,  shown 
in  Fig.  3.  One  was  made  by  Alexander 
Young  &  Co.,  Ltd.,  of  London,  and  is  of 
the  vertical,  flywheel  type,  and  attached 
to  it  there  is  a  single-acting  home-made 
pump  placed  below  the  water  level  in 
the  hotwell.  The  bottom  of  the  hotwell 
is  9  ft.  below  the  boiler-room  floor  so 
as  to  receive  the  returns  from  the  heat- 
ing  system. 

A  Eureka  duplex  steam  pump  is  pro- 


The  exhaust  steam  passes  through 
the  oil  separator  (S.  Fig.  4),  which 
is  of  German  make  and  consists  es- 
sentially of  a  baffle-plate  with  an  oil- 
and  water-separating  tank  attached  to 
the  drip.     Sufficient  cylinder  oil  is  saved 


that  the  generators  and  engines  were 
never  put  together  until  they  were  placed 
on  the  foundations  in  the  power  house. 
The  entire  base  was  sent  from  America 
and  the  generator  fields,  outboard  bear- 
ings and  armatures  came  from  Germany. 


Fig.  6.   Main  Generating  Units 


to  lubricate  the  pumps.  The  steam  next 
passes  to  a  30-in.  surge  tank  (Fig. 
7),  connected  to  which  are  the  feed- 
water  heater  and  the  pipe  leading  to  the 
heating  system.  An  atmospheric  exhaust 
is  also  provided  with  a  back-pressure 
valve. 


These  fitted  exactly  on  one  engine  and 
the  other  merely  required  a  little  chip- 
ping and  filing  before  fitting  properly. 
Electrical  Equipment 
The  plant  has  a  storage  battery  of 
German  make  which  supplies  current 
during  the  day  and  after  midnight.     The 
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battery  consists  of  62  cells  and  has  a 
total  capacity  of  54  amperes  for  3  hr.,  or 
an  ampere-hour  capacity  of  162.  The 
charging  is  done  through  a  booster  set. 
The  entire  control  of  the  storage-battery 
voltage  and  the  booster  set  is  from  the 
switchboard.  The  last  13  cells  of  the 
battery  are  used  as  regulating  cells  and 


ing  made  double  in  order  to  hold  a  high- 
pressure  steam  pipe  that  supplies  steam 
to  the  laboratories.  The  two  pipes  are 
covered  with  poultry  netting  which  is 
then  plastered  with  a  mixture  of  lime 
and  graphite.  The  pipes  have  a  slope 
of  1  in.  in  10  ft.  away  from  the  power 
house. 


and  an  automatic  and  hand  air  valve. 
The  condensation  passes  through  a  trap 
into  the  return  pipe.  The  return  is  a 
2;{>-in.  galvanized-iron  pipe  buried  6  ft. 
below  the  ground,  no  expansion  joint  and 
no    insulation    being    employed. 

When     this     heating     system     is     first 
started    in    the     fall    there    is    excessive 


Fig. 


Operating  Force 


Fig.  8.  Showing  Method  of  Bending  Pipe 


are  each  direct-connected   to  the  switch- 
board. 

The  switchboard  (Fig.  5 1  consists  of 
two  marble  panels  supported  on  an  iron- 
pipe  frame.  One  panel  is  used  for  the 
generators  and  the  other  for  the  storage 
battery.  The  feed-line  fuses  and  the 
control  switches  are  placed  on  a  special 
panel,  which  is  attached  to  the  wall  in 
back  of  the  switchboard.  The  generator 
panel  is  of  standard  construction  having 
a  voltmeter  with  a  three-way  switch,  an 
ammeter  for  each  generator,  a  regulat- 
ing resistance  for  each  field,  a  wattmeter 
to  register  the  entire  output  of  the  plant, 
a  circuit-breaker  for  each  generator,  and 
fuses  for  protecting  the  armature.  It  is 
considered  better  to  rely  on  fuses  than 
on  automatic  devices  as  the  labor  is  un- 
skilled and  the  writer  has  caught  the  en- 
gineers tying  the  starting  lever  of  a 
motor  in  the  operating  position  rather 
than  repair  the  magnet  so  that  it  would 
hold  the  lever. 

Heating  System 

The  main  building  of  the  university  is 
about  200  ft.  distant  from  the  power 
house  and  is  heated  by  both  live  and  ex- 
haust steam,  the  live  steam  being  sup- 
plied to  the  surge  tank  through  a  re- 
ducing valve. 

The  low-pressure  steam  flows  through 
a  3'j-in.  pipe  from  the  surge  tank  to 
the  building,  this  pipe  being  in  a  trench 
placed  from  2  to  4  ft.  underground.  The 
trench  is  lined  with  ordinary  brick  laid 
in  lime  mortar,  and  a  large  brick  slab 
is  used  to  cover  the  trench  before  the 
earth  is  thrown  over  it.  The  pipe  is  sup- 
ported every  10  ft.  on  a  double-decked 
cast-iron  roller  support,  the  support  be- 


As  a  90-deg.  bend  was  necessary  200     condensation,  but  after  operation  for  24 


ft.  from  the  power  house,  the  expansion 
joint  was  placed  at  that  point,  the  pipe 
being  anchored  at  the  power-house  end. 
Inside  the  building  the  pipe  is  drained 
by   a   trap   and   then   rises   nearly   to   the 


hours  there  is  not  more  than  1  lb.  drop 
in  pressure  between  the  surge  tank  and 
the  heating  coils.  During  the  winter, 
when  snow  is  on  the  ground,  it  does 
not  melt  over  the  pipe  trench.     The  win- 
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basement  ceiling.  It  then  continues  along 
the  basement  for  another  200  ft.  with 
an  expansion  joint  at  the  further  end. 
In  the  basement  the  pipe  is  insulated 
with  asbestos  pipe  covering.  Each  heat- 
ing coil  is  supplied  with  one  gate  valve 


ters  in  north  China  are  very  dry  so  that 
no  trouble  is  experienced,  because  the 
dry  earth  acts  as  an  insulator. 

Small  stoves  are  used  in  the  pump 
houses  in  winter  to  prevent  freezing.  The 
pressure   tank   has   never   frozen   and   is 
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not  protected  in  any  way  where  exposed 
above  the  ground.  The  lowest  tempera- 
ture is  a  few  degrees  below  zero  and  the 
average  winter  temperature  is  about  15 
to  20  deg. 

Operation 

An  interesting  part  of  the  power  house 
is  the  space  occupied  by  the  engineer- 
ing force  as  living  rooms.  There  are 
six  men  on  the  force.  The  chief  engi- 
neer lives  in  the  room  marked  "engi- 
neer's room,"  in  the  plan,  his  furniture 
consisting  of  a  table  and  a  bed,  the  latter 
made  of  two  sawhorses  with  planks  laid 
across  them.  All  the  other  men  are  sup- 
posed to  sleep  in  the  firemen's  room. 
Generally,  however,  these  men  move  their 
beds  to  the  top  of  the  boilers  in  win- 
ter and  sleep  outside  in  summer.  Their 
food,  consisting  mainly  of  rice,  is  brought 
to  them  three  times  a  day  from  the 
university  kitchen  by  a  coolie.  Each 
man  pays  the  university  cook  about  .$1.50 
a  month   for  his  food. 

The  operating  force  is  shown  in  Fig. 
7.  Beginning  on  the  left,  the  first  man 
is  a  coolie  whose  duty  it  is  to  clean  and 
look  after  the  regulating  valves  on  the 
water  system;  next  is  a  fireman,  then  the 
second  assistant  engineer;  the  fourth  is 
the  chief  engineer,  the  fifth  the  other 
fireman  and  on  the  end  is  the  first  as- 
sistant  engineer. 

The  chief  receives  $14.70  a  month; 
the  first  assistant  $8.40,  the  second  as- 
sistant $3.80  and  the  firemen  $5.10  and 
$4.20  respectively. 

Careful  records  have  been  kept  ever 
since  the  plant  was  started.  All  the 
coal  is  weighed  and  the  water  and  watt- 
meters are  read  every  day.  Fig.  9  shows 
the  daily  log  that  is  filled  in  by  the  chief 
engineer. 

The  cost  per  kilowatt-hour  is  high  as 
the  plant  does  not  operate  more  than  six 
hours  a  day,  except  when  used  for  heat- 
ing. When  the  generators  are  not  in 
operation,  current  is  supplied  from  the 
storage  battery.  Street  lamps  on  the 
university  grounds  are  lighted  all  night, 
but  the  light  is  cut  off  from  student 
dormitories  and  university  buildings  at 
11  p.m..  This  is  necessary  as  the  Chinese 
at  the  university  will  use  a  light  all  night 
even  when  sleeping.  The  engines  are 
used  on  alternate  nights  and  the  boil- 
ers are  alternated  every  two  months. 

At  present,  most  of  the  apparatus  is 
in  duplicate  as  only  half  is  used  at  a 
time.  There  are  three  reasons  for  this: 
first,  the  present  load  is  smaller  than 
was  estimated  due  to  tantalum  lamps  be- 
ing used  instead  of  carbon;  second,  a 
partial  duplication  was  allowed  to  pre- 
vent a  complete  shutdown  of  the  plant, 
and,  third,  provision  was  allowed  for  the 
future  expansion  of  the  university. 

Without  allowing  for  interest  and  de- 
preciation but  including  all  repairs,  lamp 
renewals    and   new   carbons    in    the    arc 


lamps,  the  cost  has  varied  from  4'j  to 
7,'_c.  per  kilowatt-hour.  This  is  high, 
but  the  cost  of  supplies  is  excessive  and 
the  number  of  hours  of  operation  is 
small. 

Fig.  8  shows  two  of  the  men  bending 
a  4-in.  pipe  for  the  water  system,  it  be- 
ing necessary  to  put  a  double  bend  for  an 
oR'set  of  4  in. 

The  water  system  cost  $8180;  the 
power  house  and  the  chimney  $3336;  the 
boiler-room  apparatus  and  the  heating 
plant,  S7800;  and  the  engines  and  elec- 
trical  apparatus,  $4165. 


The  Unit  of  Heat 

In  response  to  our  inquiry  as  to 
whether  the  heat  unit  had  ever  been 
legally  defined  or  a  standard  unit  adopted 
in  the  United  States,  Director  S.  W. 
Stratton,  of  the  U.  S.  Bureau  of  Stand- 
ards,   writes    as    follows: 

The  British  thermal  unit  has  never  been 
legally  defined,  nor  have  any  interna- 
tional congresses,  in  their  various  steps 
toward  properly  defined  and  definitely 
related  units  of  measurement,  given  any 
consideration  whatever  to  this  one. 

Wherever  it  has  been  employed  as  a 
unit  of  heat  it  has  been  understood  to 
mean  simply  the  quantity  of  heat  re- 
quired to  raise  the  temperature  of  1  lb. 
of  water  through  1  deg.  P.,  leaving  the 
particular  degree  to  be  specified,  if  nec- 
essary, by  the  writer  publishing  the  data 
in  terms  of  such  unit.  The  total  variation 
of  the  specific  heat  of  water  between  the 
freezing  and  boiling  points  being  only 
about  1  per  cent.,  and  the  difference  in 
the  heat  units  most  likely  to  be  used 
being  but  a  small  fraction  of  this,  as 
set  forth  later,  it  must  be  assumed  that 
when  the  term  B.t.u.  is  employed  with- 
out specifying  any  temperature  at  the 
same  time,  the  data  given  are  without 
significance  in  the  figure  where  a  con- 
sideration of  this  point  would  make  an 
appreciable   difference. 

In  very  few,  if  any,  cases  where  the 
B.t.u.  has  been  employed  in  publishing 
data,  has  the  work  been  of  a  nature 
to  warrant  the  refinement  of  specifying 
the  temperature.  For  the  sake  of  com- 
parison with  the  important  work  along 
the  same  lines  in  Germany,  France  and 
all  other  countries  using  the  international 
metric  system,  aside  from  the  advantage 
of  the  greater  convenience  in  employing 
it,  it  is  becoming  more  and  more  com- 
mon in  America  to  state  heat  measure- 
ments in  terms  of  the  units  of  this  sys- 
tem, just  as  electrical  measurements  have 
from   the  very   first  been  so  stated. 

The  scientific  unit  of  heat  is  called  the 
calorie  and  is  defined  as  "the  quantity 
of  heat  required  to  raise  the  tempera- 
ture of  one  gram  of  water  through  one 
degree  Centigrade,"  the  mean  tempera- 
ture of  15  deg.  C.   (=59  deg.  F.)   being 


understood  whenever  no  other  is  clearly 
specified.  From  time  to  time  other  units 
have  been  proposed,  but  they  have  not 
attained  wide  acceptance  and  when  em- 
ployed, they  are  clearly  indicated. 

From  probably  the  best  work  so  far 
done  upon  the  variation,  with  tempera- 
ture, of  the  specific  heat  of  water,  the 
following  values  are  quoted:* 

In  terms  of  the  15-deg.  calorie  as  a 
unit  for  comparison,  the  4-deg.  calorie 
=  1.004  15-deg.  calories.  4  deg.  C.  = 
39.2  deg.  F.  (The  4-deg.  calorie  has 
been  proposed  because  of  .the  maximum 
density  of  water  occurring  at  about  this 
temperature.) 

The  15-deg.  calorie  =  1  15-deg. 
calorie.     15  deg.  C.  =  59  deg.  F. 

The  20-deg.  calorie  =  0.999  15-deg. 
calorie.  20  deg.  C.  =  68  deg.  F.  (The 
20-deg.  calorie  has  been  proposed  on 
the  ground  that  a  mean  temperature  about 
that  of  the  usual  laboratory  possesses 
decided   advantages.) 

The  25-deg.  calorie  =  0.999  15-deg. 
calorie.  25  deg.  C.  =  77  deg.  F.  (This 
calorie  was  proposed  as  advantageous 
because  from  20  to  30  deg.  the  extreme 
variation  is  but  a  few  parts,  probably 
2  in  10,000,  whence  no  careful  tempera- 
ture precautions  would  have  to  be  taken 
in  work  involving  a  direct  employment  of 
the  unit. ) 

The  mean  0  to  100-deg.  calorie  = 
1.0044.  15-deg.  calories.  0  deg.  C.  =  32 
deg.  F.;  100  deg.  C.  =  212  deg.  F. 
(This  calorie  is  independent  of  the  tem- 
perature scale,  gas,  mercurial,  resistance, 
etc.,  since  0  and  100  deg.  are  always 
fundamental  points.) 

By  the  definition  of  the  Fahrenheit 
scale  and  the  internationally  fixed  Centi- 
grade scale,  the  ratio  of  the  two  degrees 
is  1.8.  The  legal  definition  of  the  pound 
in  the  United  States  defines  it  to  be  a 
certain  fraction  of  the  international  kilo- 
gram, the  decimal  value  of  which  frac- 
tion to  five  figures  makes  1  lb.  equal  to 
453.59  grams.  With  the  same  mean  tem- 
perature, 1  B.t.u.  is  therefore  252.0 
calories,  or 

One  B.t.u.  (59°  F.)  =252.0*  1.5°  caloriesf 

One  B.t.u.  (62°  F.)  =251.9*  15°  calories 

One  B.t.u.  (39°  F.)  =25,3.0    15°  calories 

One  B.t.u.  (32°  to  212°  F.)  =253.0    15°  calories 

The  unit  of  heat  officially  used  in  this 
bureau  is  the  15-deg.  calorie.  Upon  re- 
quest, data  are  sometimes  expressed  in 
terms  of  British  thermal  units,  the  mean 
temperature  of  the  unit  employed  being 
stated  when  the  precision  of  the  data  re- 
quires differentiation.  The  60-  or  the 
62-deg.  F.  B.t.u.  (being  for  all  practical 
purposes  identical  with  the  59-deg.  F  = 
15-deg.  C.  one)  is  probably  more  often 
used  by  the  bureau  than  any  other. 


•Bousfield  &  Bousfield,  Phil.  Trans.. 
Royal  Society,  series  A,  Vol.  211,  page 
199.  1911.  "The  Specific  Heat  of  Water 
anfl  the  Mechanical  Equivalent  of  the 
Palorie  at  Temperatures  from  (1°  C.  to 
S0°   r. 
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Comparing  Turbo-Pumps,  Blowers 


Under  general  operating  conditions  for 
low  head,  the  speed  corresponding  to  the 
best  efficiency  on  the  driven  unit  is  far 
below  the  most  economical  speed  of  the 
turbine.  Consequently,  the  introduction 
of  a  higher-speed  pump  or  blower  is  a 
progressive  step  of  interest  to  the  engi- 
neering profession. 

How  far  an  increase  of  speed  may  be 
carried  without  passing  safe  rotative 
velocities  can  be  judged  by  noting,  for 
example,  that  for  circulating  service  re- 
quiring 20,000  to  30,000  gal.  per  minute 
against  a  20-  to  50-ft.  head,  600  to  1000 
r.p.m.  is  considered  a  high  speed.  The 
horsepower  here  is  far  below  that  of 
turbo-akernator  sizes,  easily  running  at 
3600  r.p.m.  Turbine-driven  boiler  feed 
pumps  of  large  horsepower  often  op- 
erate at  speeds  of  over  3000  r.p.m.  Thus 
a  very  revolutionary  advance  In  low- 
head  pump  or  blower  speeds  would  be 
needed  to  cause  alarm  from  rotative 
velocities. 

The  design  of  centrifugal  machinery, 
including  water  turbines,  pumps,  blow- 
ers, etc.,  is  governed  by  laws  quite  thor- 
oughly understood  by  engineers.  By 
means  of  these  relations,  a  comparison 
of  various  types  of  pumps  for  turbine 
drive  may  be  made  by  reducing  all  to 
the  condition  of  unit  head  and  unit  water 
horsepower,  and  noting  the  correspond- 
ing speed  in  revolutions  per  minute. 

Briefly,  these  laws,  at  constant  effi- 
ciency v'ithin  limits  for  machinery  of 
homologous  design,  are: 

(1)  The  speed  is  proportional  to  the 
square  root  of  the  head. 

(2)  The  power  is  proportional  to  the 
three-halves  power  of  the  head. 

(3)  The  power  varies  as  the  square 
of  the  impeller  diameter. 

(4)  The  speed  is  inversely  propor- 
tional to  the  diameter. 

Let 

N  =  Speed  of  the  pump; 
P  —  Water  horsepower; 
D  =  Diameter  of  impeller; 
ft  =  Head; 

h,  =  Unit  of  head  =   1  ft.; 
Pu  =  Unit    of    power     =     1     water 

horsepower; 
AT,  =  Speed  of  impeller  at  1  ft.  head; 
P,  =  Power  of  impeller  at  1  ft.  head; 
Dh—  Diameter    of    homologous    im- 
peller developing  a  unit  water 
horsepower  at  1   ft.  head; 
K  =  A  factor  representing  the  speed 
of  a  similar  impeller  develop- 
ing 1  hp.  at  1  ft.  head. 
Stating  the  foregoing  laws  algebraical- 
ly, 

A',  :  iV  =  i/"fe7:  yT  (i) 

P,  :  P  =  hJ  :  hi  (2) 

P,  -.Pu^D^  :  Dl  (3) 

N,  :  K  =  Du:  D  (4) 


By  Charles  A.  Carpenter 


If  p» 


By  means  of  reducing  to  a 
basis  of  unit  speeds,  various 
types  of  direct-connected  turbo- 
pumps  and  blowers  may  be  com- 
pared for  the  purpose  of  selecting 
the  most  economical  unit. 


1  hp.  and  ft,  =  1  ft., 

hi 


K  =  ' 


R.p.m.  X  1     water  horsepower 


K  = 

Head'i 

Since  a  water  horsepower  equals 
Q    is    expressed 


when 
minute. 


Oh 

,3960 

gallons    per 


R.p.m 


K  = 


Nf  3960 


XI    Q 


Rearranging  these  expressions 


K  ~  D 


(0 

(3) 
(4) 


hi 

Taking  the  revolutions  per  minute 
equal  to  100  as  a  basis  (then  K  at  any 
other  speed  is  directly  proportional)  with 
Q  equal  to  10,000,  and  converting  to  a 
logarithmic  equation,  the  following  is 
obtained : 

log.  K'  =  2.2011  —  04  log.  ft 
(Equation  A) 
The  curves  in  Figs.  1  and  2  show  the 
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Fig.  I.  Chart  for  Pumps,  Showing  V.alues  of  Constant  K'  for  Heads  fro.m 
5  TO  40  Ft. 


Substituting    equations    (1),    (2)    and 
(3)    in  equation    (4), 


^n1^  U-h 


Pu 


Simplifying, 


si"  ay 


.V  X  r  p  X  /iiT 

l/7\  X  h\ 


relations  between  the  quantity  in  gallons 
per  minute  and  K'  for  various  heads  in 
feet  of  water.  These  are  calculated  sim- 
ilarly to  equation  A. 

Fig.  3  shows  a  similar  relation  be- 
tween the  quantity  of  air  in  cubic  feet 
per  minute  and  K'  for  different  heads 
in    inches   of  water,   where 

100  ]/  air  horsepower 


K' 


Headi 
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Suppose  an  engineer  wishes  to  cor- 
rectly compare  a  number  of  pumps  for 
some    specific    conditions;    for    example, 

I 
9 


Taking  data  of  a  well  known  turbine, 
at  random  steam  conditions,  the  water 
rates    corresponding   to    the    speeds    are 


TABfLATIilN  OF  Itl^SULTS. 
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Fic.  2.  Chart  for  Pumps,  Showing  Values  of  Constant  K'  for  Heads  from 
40  TO  400  Ft. 


25,000  gal.  per,  minute  against  a  40-ft. 
head.  From  the  curves  in  Fig.  1  it  will 
be  found  that  conditions  give  a  value  of 
K'  =   15.8. 

Nov/  suppose  several  pumps  have  been 
tested  and  the  efficiencies  obtained,  also 
that  the  quantities  have  been  substituted 
in  the  foregoing  formula  for  the  value 
of  K.  Let  these  be  as  follows: 
Pump 


as  shov/n,  and  with  the  efficiencies  given, 
the  water  rates  in  pounds  of  steam  per 
water  horsepower-hour  are  calculated  as  ■ 
in  the  last  column. 

Pump  A  is  thus  seen  to  be  best,  al- 
though It  is  not  evident  from  a  considera- 
tion  of  the   pump   efficiencies  alone. 

Blowers 

The  use  of  the  curves  for  a  blower 
problem  will  now  be  shown.  Assume 
that  it  is  desired  to  obtain  45,000  cu.ft. 
of  air  per  minute  at  a  pressure  corre- 
spondin,^  to  5.6  in.  These  conditions 
call  for  a  constant  K'  of  73.2  at  100  r.p.in. 
From  the  information  given  in  a  catalog 
and  proceeding  as  in  the  case  of  the 
pump,  it  is  found  possible  to  obtain  a 
constant  of  if  =  590.  It  would  then  be 
possible  to  operate  at  807  r.p.m.  with  an 
efficiency  of  60  per  cent.,  as  shown  in 
the  following  tabulations.  For  the  given 
conditions,  the  turbine  water  rate  would 
vary  with  the  speed,  as  shown,  and  it 
would  be  known  at  once  that  1  air  horse- 


K 

T'^flticiency 

174 

60 

147 

55 

124 

60 

118 

69 

134 

70 

Reducing  all  to  25,000  gal.  at  a  40-ft. 
head,  it  would  be  right  to  expect  speeds, 
as  follows: 


K  for  pump  A   =    174 
K'  at   100  r.p.m.   =    15.8 


But, 


and 


R.p.m.}      water  horsepower 

~  Headi 


... loo  I     water  horsepower 

Headi 
Henr-e 

K_  _  R.p.m. 
K  loo 

Therefore,  the  revolutions  per  minute  for 
the  given  conditions  equal 

lOo  X  K loo  X  174 


K' 


15.8 


Quantify,  Cubic  Feet  per  Minute 
Fig.  3.  Chart  for  Blowers,  Showing  Values  of  K' 
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power  ciuld  be  expected  for  133.3  lb.  of 
steam  per  hour. 


|£ 
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cc  a 
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SO 
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73.2 

590 

1000 

70 

133.3 

52.5 

73.2 

732 

:<• 

1200 

62 

133.3 

46.5 

73.2 

S7S 

4 

1500 

54 

133.3 

40.5 

73.2 

1098 

Hoiv  much  the  efficiency  could  be 
sacrificed  for  speed  to  keep  as  good  re- 
sults is  answered  by  the  foregoing  com- 
parisons. The  engineer  would  be  inclined 
to  investigate  blowers  of  higher  speed, 
and  from  Fig.  4  it  will  be  seen  that  it  is 
possibl;^  to  better  the  economy  shown 
by  the  standard   blower  A. 


■^I — r" 
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Fic.  4.  Blower  Efficiency  Curve 


In  conclusion,  the  writer  would  urge 
all  engineers  buying,  selling  or  operating 
centrifut;al  machinery  to  use  such  curves 
as  shown  in  Figs.  1,  2  and  3  for  calculat- 
ing constants  for  operating  conditions, 
and  then  to  refer  to  the  efficiencies  as 
derived  from  tests  for  comparisons. 
Then,  by  taking  data  from  one  turbine 
builder,  the  best  pump  or  blower  for  the 
work  could  be  selected,  leaving- the  selec- 
tion of  the  turbine  as  a  separate  problem. 


There  is  no  doubt  that  such  investiga- 
tion would  bring  to  light  the  great  value 
of  larger  constants  K,  or  unit  speeds  as 
they  are  called,  for  turbine-driven  units 
where  low  pressures  are  required. 

The  theory  of  unit  speeds  for  water 
turbines  is  given  in  a  paper  by  Chester 
W.  Larner,  entitled  "Characteristics  of 
Modern  Hydraulic  Turbines,"  and  printed 
in  the  Transactions  of  the  American  So- 
ciety of  Civil  Engineers,  volume  66,  page 
306. 


Peculiar  Steam-Engine  Design 

If  one  but  had  the  time  to  hunt  them 
up,  many  curiosities  in  engine  and  boiler 
designs  could  be  brought  to  light.  The 
textile  mills  in  small  towns  are  par- 
ticularly notable  in  this  respect,  which 
is  probably  because  such  enterprises 
were  originated  by  an  individual,  and  that 
the  power  equipment  has  been  made  to 
do  its  work,  even  though  it  may  be  obso- 
lete and  uneconomical. 

But  when  these  enterprises  fall  into 
the  hands  of  large  companies,  these  obso- 
lete designs  of  power  units  are  dis- 
carded and  modern  equipment  is  in- 
stalled. A  notable  example  is  shown 
in  the  accompanying  illustration  which 
pictures  an  old-time  steam  engine  that 
was  installed  at  the  Dutchess  mill  of 
the  Garner  Print  Works,  Wappinger 
Falls,  N.  Y.  At  this  plant  extensive  al- 
terations are  being  made  in  the  power 
equipment,  an  electric  drive  being  in- 
stalled and  the  old  steam  installation  be- 
ing discarded  as  fast  as  the  improve- 
ments will  permit. 

In  Fig.  1  is  shown  one  of  the  engines 
on  its  original  foundation.  The  steam 
valve-gear  mechanism  is  placed  above 
the  steam  chests,  which  are  on  the  in- 
side   of    the    cylinder,    and    each    valve- 


gear    and    cylinder    is    equipped    with    a 
separate  governor. 

In  Fig.  2  is  shown  a  near  view  of  the 
valve-gear  and  the  governor.  A  close  ex- 
amination shows  that  as  the  governor 
balls  rotate,  in  a  higher  plane  than 
shown,  the  arm  attached  to  the  fly-ball 
arm  will  force  the  governor  spindle 
down,  and,  through  lever  connections, 
move  the  rod,  which  extends  to  either 
end  of  the  cylinder,  in  and  out,  thus 
actuating  a  catch-block  arm,  and  regulat- 
ing  the    cutoff   as   the   load    varies. 


Fig.  2.  View  of  the  Valve  Gear 

The  valve-gear  is  operated  by  means 
of  an  eccentric  and  detachable  reach  rod. 
As  the  crank  at  each  end  of  the  cylinder 
is  moved  back  and  forth  it  engages  and 
becomes  disengaged  with  the  catch  block 
on  the  valve  stem,  and  being  under  the 
control  of  the  governor,  steam  is  thus 
admitted  to  and  cut  off  from  the  steam 
cylinder.  The  two  D-exhaust  valves  are 
operated  by  a  single  eccentric  and  valve 
stem,  both  valves  being  attached  to  the 
same  stem  as  indicated. 

It  is  unfortunate  that  the  writer  was 
not  able  to  view  this  interesting  engine 
before  it  had  been  demolished,  in  order 
that  a  more  comprehensive  description 
of  the  valve-gear  and  its  operation  could 
have    been    obtained. 

If  any  of  our  readers  are  familiar  with 
this  old  type  of  engine  it  would  be  in- 
teresting to  have  more  detailed  informa- 
tion   on    its    design    and    operation. 


Fig.  1.   Odd  Make  of  Engine  Recently  Demolished 


It  is  the  policy  of  the  University  of 
Toronto  to  compel  its  mechanical  and 
industrial  students  to  spend  at  least  eight 
months'  actual  work  in  manufactories 
under  workmen's  conditions.  Training 
given  in  university  shops,  it  is  con- 
tended, falls  short  of  fulfilling  the  prac- 
tical requirements  when  the  student  en- 
ters the   field   of   actual   endeavor. 
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Combined  Ash  and  Coal  Storage 


One  of  the  interesting  features  of  the 
Hazard  Manufacturing  Co.'s  new  plant, 
CC'ilkes-Barre,  Penn.,  a  description  of 
ivhich  was  published  in  a  recent  issue, 
s  the  manner  in  which  the  coal  and 
ishes  are  handled. 

Coal  Bins 

Facing  the  boiler  front  is  a  concrete 
partition,  behind  which  a  coal  bin  has 
Deen  constructed.  This  bin  is  made  in 
:wo  sections;  one  is  for  the  storage  of 
;oal,  the  other  to  contain  coal  that  is 
for  immediate  use.  The  upper  section, 
which    is    located    midway    of    the    bin. 


By  W.  O.  Rogers 


Coal  and  ash  are  handled  by 
the  same  conveyor. 

The  coal  bin  consists  of  two 
sections,  one  having  a  capacity 
of  1000  tons,  the  other  250  tons; 
the  large  bin  holds  an  emergency 
supply. 

Another  bin  holds  the  ashes 
until  a  carload  has  accumulated. 


is    delayed,    the    reserve    supply    can    be 
drawn   from  to  tide  over  the  emergency. 


Fic.  1.    Conveyor  in  Monitor  over  Coal  Bin 


As  the  bottom  of  the  coal  bin  is  on  a 
level  with  the  basement  floor,  the  same 
openings  to  the  conveyor  that  are  used 
for  disposing  of  the  ashes  are  used  in 
transferring  the  coal  from  the  large  to 
the    small    bin. 

Conveyor 

The  conveyor  machinery  consists  of  a 
10-hp.  induction  motor  operating  on  a 
440-volt  circuit,  and  is  located  in  the 
monitor  over  the  boiler  room.  It  drives 
a  bucket  conveyor  consisting  of  162 
buckets;  these  are  capable  of  handling 
40  tons  of  coal  per  hour.  It  is 
shown  in  Fig.  1.  The  tripping  or  dump- 
ing device  is,  under  ordinary  conditions 
and  circumstances,  so  placed  that  the 
buckets  will  dump  their  loads  into  the 
small  or  250-ton  coal  bin.  There  are 
four  dumping  devices  over  the  1000-ton 
storage  bin. 

At  the  far  end  of  the  coal  bin  a  sep- 
arate compartment  has  been  built  in 
which  the  ashes  are  stored.  From  this 
bin  the  ashes  are  loaded  into  wagons  on 
cars  and  are  conveyed  away ;  wagons  are 
mostly  used. 

The  coal  is  brought  to  the  plant  by 
rail  and  is  unloaded  through  the  bot- 
tom of  the  cars  into  a  concrete  hopper 
built  under  the  track  surface,  the  coal 
passing  through  a  grating  to  prevent 
foreign  substances  from  going  in  with 
the  coal  supply.  The  bottom  of  the 
liopper  is  fitted  with  a  spout,  as  shown 
in  Fig.  2,  and  the  coal  is  allowed  to  run 
through  this  spout  to  fill  'the  buckets, 
when  it  is  conveyed  to  either  of  the  two 


has  a  slanting  bottom,  so  that  coal  will 
Flow  by  gravity  through  a  chute  into  a 
weighing  machine  that  runs  on  a  sus- 
pended track  in  the  boiler  room. 

The  main  bin  is  15  ft.  wide,  96 
ft.  long  and  is  40  ft.  high  at  the  far 
end  and  20x30  ft.  on  the  section  of  the 
second  bin.  This  upper  bin  is  sup- 
ported ty  six  9-in.  iron  columns  sur- 
rounded by  cement,  making  the  columns 
11  in.  square.  The  coal  from  the  upper 
or  small  bin  is  carried  to  the  coal  weigher 
by  means  of  a  coal  chute.  When  the 
weigher  is  full  it  is  pushed  to  whatever 
boiler  requires  fuel  and  the  contents 
dumped  on  the  floor;  then  it  is  hand 
fired  to  the  furnaces.  At  the  bottom  of 
the  main  storage  coal  bin  in  the  basement 
are  openings  through  which  the  coal 
can  be  obtained  and  supplied  to  the  con- 
veyor which  runs  under  the  concrete 
floor.  The  coal  is  thus  elevated  and 
dumped  into  the  smaller  bin. 

This  is  not  the  regular  practice,  but 
the  arrangement  has  been  provided  so 
that  in  case  the  coal  supply  in  the  smaller 
bin  runs  short,  or  the  shipment  of  coal 


Hopper  through  Which  Coal  Is    Unloaded  from  Coal  Car  into 
Conveyor 
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coal  bins.     A  general  view  of  the  coal 
bins  and  boiler  room  is  shown  in  Fig.  4. 

Handling  the  Ash 

In  Fig.  3  is  shown  the  general  arrange- 
ment of  the  basement  and  the  method 
of  handling  the  ashes  from  the  ashpits 
of  the  boilers  located  on  the  floor  above. 


ing.  These  openings  are  supplied  with 
covers,  so  that  when  ashes  are  not  being 
conveyed  the  floor  presents  a  smooth 
surface  and  any  danger  of  injury  from 
falling   into  the  opening   is   avoided. 

The  basement  concrete  flooring  is 
slanted  so  that  all  drippings  flow  to  a 
sewer  and  thence  to  a  sump  or  cesspool. 


Fig.  3.   Ash  Hoppers  under  Boilers,  Ash  Cart  and  Concrete  Flooring 
ABOVE  Conveyor 


Under  each  ashpit  there  is  a  concrete 
storage  receptacle  with  a  slanting  bot- 
tom, on  one  side  of  which  is  a  metal  door 
over  the  discharge  outlet.  This  ashpit 
is  built  so  that  an  ash  cart  can  be  run 
under  it  as  shown.  When  it  is  desired 
to  remove  the  ashes  from  the  ashpit 
under  any  particular  boiler,  the  cart  is 
placed  under  the  opening  in  the  bottom 
and  the  door  is  opened,  when  the  ashes 
run  into  the  cart. 


After  the  ashes  have  been  moved,  the 
floor  surface  is  washed  off  with  a  hose, 
leaving  the  basement  clean  and  neat. 

A  feature  of  the  ash  conveyor 
is  that  the  concrete  flooring  has 
been  built  over  the  conveyor  tun- 
nel, so  that  .it  overlaps  the  buckets 
and  there  is  no  chance  of  the  ash  and 
clinker  getting  into  the  wheels  and  bear- 
ings of  the  conveyor.  The  buckets  can- 
not be  overloaded,  as  a  scraper  plate  has 
been  arranged  so  that  if  one  bucket  gets 
too  much  the  top  surface  is  scraped  off 
into  the  next  bucket  and  the  load  is  thus 
equalized. 


Fig.  4.    Elevation  of  Coal  Bins  and 
Boiler  Room 

The  load  is  then  wheeled  to  the  con- 
crete flooring  over  the  conveyor,  dumped 
and  the  ashes  shoveled  over  the  grated 
openings  which  are  shown  over  the  con- 
veyor that  runs  under  the  concrete  floor- 


ting  off  the  damaged  ends  and  brazing 
a  new  piece  to  the  good  portion  of  the 
tube. 

For  this  purpose  a  gas  torch  is  em- 
ployed, air  pressure  being  supplied  by  a 
foot-operated  bellows  shown  at  the  bot- 
tom of  the  tank  in  Fig.  1.  The  tank  acts 
as  a  reservoir  to  maintain  the  air  sup- 
ply under  pressure.  The  small  stovepipe 
at  the  back  provides  a  place  for  the 
torch  when  not  in  actual  use  for  brazing. 

The  ends  of  the  tubes  are  scarfed  in 
the  same   way   as   when   repairing  boiler 


Repairing  Condenser  Tubes 
at  Cuban  Plant 

By  F.  H.  CoLviN 

One  of  the  large  power  houses  of  the 
Havana  Central  Ry.  is  located  at  Luyano, 
a  few  miles  distant  from  Havana.  This 
is  a  turbine  plant  of  5000  kw.  capacity 
containing  several  large  surface  con- 
densers. 

Owing  to  local  conditions,  frequent  re- 
newals of  condenser  tubes  are  necessary, 
and  as  the  tubes  cost  $2  each,  delivered 
to  Havana,  this  proved  to  be  a  serious 
item  of  expense.  Consequently  the  com- 
pany set  about  to  devise  a  .method  of 
repairing  the  tubes  themselves,  by  cut- 


FiG.  1.   Brazing  Outfit  Complete 

tubes  and  the  piece  to  be  brazed  on  is 
clamped  as  shown,  so  that  the  end  pro- 
jects over  a  bed  of  fireclay  (see  Fig.  2). 
The  tube  to  be  repaired  is  held  in  posi- 
tion against  the  new  piece  while  the  flame 
from  the  torch  is  applied,  keeping  the 
temperature  at  the  brazing  point.  The 
usual  brazing  spelter  is  used. 


Fig.  2.   Tube  in  Process  of  Brazing 

The  operator  has  become  so  efficient 
in  the  use  of  this  device  that  instead 
of  the  company  being  compelled  to  buy 
new  tubes  at  $2  each,  the  old  ones  are 
repaired  at  a  cost  of  about  S34  per 
thousand. 
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The  Smoke  Abatement  Conference 


The  International  Smoke  Abatement 
Exhibition  and  Conference  held  in  Lon- 
don on  Mar.  23  to  Apr.  4  marked  another 
step  in  the  campaign  which  is  being 
carried  on  along  educational  lines  for 
abolishing  the  smoke  nuisance.  Within 
the  past  few  years  a  number  of  similar 
conferences  have  been  held  in  the  United 
Kingdom,  bearing  largely  upon  local  con- 
ditions. This  conference,  however,  was 
international  in  scope;  papers  were  read 
by  representatives  from  a  number  of 
manufacturing  centers  in  different  coun- 
tries and  an  opportunity  was  ffffered  for 
comparing  the  various  means  by  which 
the   smoke   nuisance    is   being   combated. 

The  exhibition  covered  all  classes  of 
factory  and  domestic  appliances  for  mini- 
mizing or  reducing  smoke.  Although  the 
exhibits  relating  to  household  smoke,  due 
to  their  popular  character,  somewhat 
overshadowed  those  relating  to  factory 
smoke,  there  was,  nevertheless,  a  credit- 
able exhibit  of  mechanical  stokers,  gas 
producers  and  smoke-consuming  devices. 
Among  the  latter  were  a  number  of  de- 
vices for  automatically  controlling  the 
secondary    air   supply. 

The  conference  of  delegates  from  local 
authorities  and  scientific  societies  was 
held  on  Mar.  26  to  28,  and  was  attended 
by  city  councillors,  medical  officers  of 
health,  smoke  inspectors  and  independent 
smoke  reformers.  It  was  stated  by  the 
secretary  of  the  Smoke  Abatement  So- 
ciety that  71  organizations  were  repre- 
sented at  the  conference,  21  being  dele- 
gates from  the  London  Borough  councils 
and  9  from  foreign  municipalities,  in  ad- 
dition to  which  there  were  official  repre- 
sentatives from  the  governments  of 
Sweden  and  Holland.  A  program  of  28 
papers  was  arranged  for  the  three  days. 

The  nine  papers  read  on  Mar.  26  dealt 
with  the  effects  of  a  smoke-polluted 
atmosphere,  upon  buildings,  paintings, 
statuary  and  plants.  Details  relating  to 
the  injury  arising  from  the  soot,  dust 
and  acid  vapors  contained  in  the  air, 
and  to  the  best  methods  of  preserving 
stone  work,  metal  work  and  paintings, 
were  given  by  Sir  Arthur  Church,  H. 
Redfern,  Mr.  Ruston,  Miss  Agar  and 
others.  As  Walter  Reid  (representing 
the  Society  of  Chemical  Industry)  pointed 
out  in  the  discussion,  competent  archi- 
tects ought  to  choose  their  materials  with 
regard  to  the  atmospheric  and  climatic 
influences  to  which  they  will  be  exposed, 
and  not  indulge  in  marble  and  bronze 
combinations  for  the  center  of  large 
cities. 

On  Mar.  27,  sixteen  papers  relating  to 
the  work  done  in  organizing  preventive 
action  and  to  the  practical  methods  of 
securing  the  abatement  of  both  domestic 
and  factory  smoke  were  down  for  read- 
ing  and    discussion.      Reports    upon    the 


At  the  International  Smoke 
Abatement  Exhibition  and  Con- 
ference, held  in  London  from 
March  23  to  April  4,  papers  were 
read  by  representatives  from  the 
world's  manufacturing  centers, 
siiowing  what  is  being  done  in 
different  localities  to  overcome 
the  smoke  nuisance. 

A  full  line  of  exhibits  was 
shown,  covering  smoke  consum- 
ers, mechanical  stokers  and  va- 
rious domestic  appliances. 


progress  of  the  smoke-abatement  move- 
ment in  Germany,  England  and  America 
were  presented  respectively  by  Herr 
Ing.  Nies,  of  Hamburg,  J.  B.  C.  Ker- 
shaw, of  Liverpool,  and  Thomas  E.  Don- 
nelly, of  Chicago.  These  reports  illus- 
trated the  widely  different  methods  of 
attacking  the  smoke  problem  in  the  three 
leading  manufacturing  countries.  At  the 
afternoon  session  the  subjects  of  stok- 
ing, wasteful  power  production,  and  solid 
smokeless   fuels  were  dealt  with. 

The  "Present  Law  and  Prospective 
Legislation  Relating  to  Smoke  Abate- 
ment" engaged  the  attention  of  the  dele- 
gates on  Thursday,  Mar.  28,  when  four 
papers  were  presented  dealing  with  this 
side  of  the  subject. 

The  conferences  ended  on  Thursday 
evening.  Mar.  28,  with  the  passing  of  a 
number  of  resolutions  relating  to  ( 1 )  the 
proposed  bill  amending  the  existing  laws 
in  relation  to  smoke;  (2)  the  adoption 
of  a  standard  method  of  measuring  the 
atmospheric  soot  and  dust  fall  and  of 
recording  the  density  of  smoke;  (3)  the 
education  and  training  of  stokers  and 
the  granting  of  certificates  for  efficiency 
in  their  work;  (4)  the  appointment  of  a 
royal  commission  by  Parliament  for  the 
purpose  of  inquiring  into  the  whole  sub- 
ject of  smoke  abatement,  and  the  amend- 
ment of  the  existing  laws  against  smoke; 
and  (5)  the  cooperation  of  smoke-abate- 
ment societies  in  other  countries  with 
the  proposed  inquiry  of  the  Pittsburgh 
University  into  the  economic  aspects  of 
smoke  abatement. 

Abstracts  of  Selected  Papers 

"The  Growth,  Aims  and  Work  of  the 
Hamburg  Smoke  Abatement  Society"  was 
the  title  of  a  paper  by  Herr  Nies,  who 
stated  that  this  society  was  founded  in 
1902,  and  is  a  voluntary  association  of 
fuel-users,  located  in  and  around  the 
city  of  Hamburg.  Its  operations  have 
been  extended  to  cover  a  large  part  of 
the  industrial  districts  in  the  neighbor- 
hood of  Hamburg,  and  its  work  has  been 
well  received  even  oiitside  of  Germany 
itself. 


The  parent  society  has  now  328  mem- 
bers who  use  boilers,  besides  102  other 
members  who  support  its  work.  The  so- 
ciety controls  1345  boilers  in  the  in- 
terests of  its  members,  and  there  are 
three  engineers  and  five  instructors  for 
stokers  engaged  in  this  work  under  the 
direction  of  a  chief  engineer.  Boiler 
plants  in  Hamburg  or  its  immediate 
vicinity  are  inspected  three  times  a  year, 
the  object  being  to  instruct  stokers,  to 
test  the  existing  apparatus  for  the  con- 
trol of  stoking,  and  to  examine  the  struc- 
tural conditions  of  the  plant  with  re- 
gard to  economy  and  smoke  abatement. 

As  a  rule,  a  written  report  is  made 
for  each  inspection,  covering  suggestions 
for  improvements  and  advising  with  re- 
gard to  the  purchase  of  fuel,  procuring 
furnace  parts,  etc.  Furthermore,  a  spe- 
cial chemical  department  has  been  created 
in  Hamburg  by  the  society  for  the  chem- 
ical and  calorimetrical  examination  of 
the  fuel  used. 

Herr  Nies  then  passed  on  to  discuss 
the  factors  of  most  importance  in  the 
reduction  of  smoke,  stating  that  the  ex- 
perience of  the  Hamburg  society  had 
been  that  it  was  not  lack  of  tempera- 
ture, but  the  inadequate  air  supply  and 
lack  of  a  proper  mixture  of  this  air 
with  the  gases  given  off  by  the  burning 
fuel,  that  was  the  chief  cause  of  factory 
smoke.  It  is  for  this  reason,  that  with 
hand-flred  boilers  the  society  recommends 
the  adoption  of  automatic  devices  for 
regulating  the  supply  of  air  to  meet  the 
varying  demands  of  the  furnace. 

The  author  concluded  with  the  follow- 
ing plea  for  the  formation  of  societies 
similar  to  the  Hamburg  society  in  other 
cities   and   countries: 

It  is  our  endeavor  to  base  the  arg^u- 
ments  for  smoke  prevention  upon  tech- 
nical grounds.  We  do  not  wish  to  wait 
for  the  pressure  of  public  opinion,  aroused 
by  a  general  propaganda  for  the  aboli- 
tion of  smoke,  but  we  wish  to  gain  par- 
tisans for  our  views  among  technical 
men  themselves,  and  the  recognition  on 
their  part  that  a  smoky  chimney  must 
now  be  considered  as  a  symptom  of  in- 
efficiency and  bad  management.  No  em- 
ployer can  desire  that  his  works  should 
be  recognized  e.xternally  as  being  badly 
managed.  He  will,  therefore,  in  his  own 
interests  endeavor  to  remove  a  defect  so 
plainly  visible  as  the  emission  of  clouds 
of  black  smoke,  the  more  so  when  he  is 
convinced  that  there  is  a  remedy  at  hand 
which  is  in  accordance  with  his  economic 
interests.  We  look  forward  to  a  solu- 
tion of  the  smoke  question  with  the  aid 
and  cooperation  of  factory  owners  and 
not  in  opposition  to  their  wishes  or  de- 
sires. 

Smoke  Abatement  in  Germany 

Dr.  Kobbert,  manager  of  the  gas 
works  at  Konigsberg,  Germany,  stated 
that  the  first  real  progress  in  the  cam- 
paign  against   black   smoke   in   Germany 
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dates  from  the  promulgation  of  the  Prus- 
sian State  regulations  on  the  subject. 
These  were  copied  by  all  the  pther  states 
of  the  German  Empire.  The  next  step 
in  advance  was  the  interest  aroused  by 
Dr.  Ascher's  investigation  upon  the  re- 
lation between  the  purity  of  the  air  sup- 
ply and  the  diseases  of  the  throat  and 
lungs,  carried  out  in  1905  in  Konigsberg. 
This  investigation  led  to  a  claim  that 
the  purity  of  the  air-supply  ought  to 
be  of  equal  importance  to  that  of  water 
supply  and  drainage,  and  to  the  found- 
ing in  1906  in  Konigsberg,  of  a  society 
for  smoke  prevention  which  publishes 
annual  reports  upon  the  subject. 

The  following  principles  have  been 
generally  recognized  in  Germany  as  gov- 
erning all  attempts  to  minimize  smoke: 
Chemical  and  calorific  examination  of 
the  fuel  ought  to  precede  its  selection 
for  any  purpose.  The  type  of  furnace 
and  method  of  firing  should  then  be 
chosen,  with  an  eye  to  the  cheapest  and 
must  easily  transported  coal  available  in 
the  locality  of  the  works  where  it  is  to 
be  used.  Having  selected  a  type  of 
furnace  and  fuel  suited  to  one  another, 
the  question  of  the  best  method  of  sup- 
plying and  regulating  the  primary  and 
secondary  air  must  be  worked  out  by 
actual  trials.  For  this  purpose  C0=  test- 
ing apparatus  must  be  installed,  and  if 
possible  a  continuous  recording  apparatus 
also,  in  order  to  indicate  the  smoke  emis- 
sion. 

The  importance  of  employing  a  thor- 
oughly competent  fireman  was  next 
touched  upon,  and  the  author  stated  that 
automatic  apparatus  for  regulating  the 
secondary  supply  must  be  installed  when 
such  a  man  is  not  available. 

The  difficulty  of  avoiding  smoke  with 
household  fires  and  with  bakers'  ovens 
was  next  dealt  with,  and  it  was  stated 
that  these  together  cause  the  larger  por- 
tion of  the  smoke  in  German  towns  and 
cities.  It  has  been  recognized  in  Ger- 
many, however,  that  there  comes  a  point 
when  the  attempt  to  obtain  the  smoke- 
less combustion  of  bituminous  fuel  be- 
comes unprofitable,  and  that  the  only 
real  solution  of  the  bituminous  smoke 
problem  is  to  forbid  its  use  for  manu- 
facturing or  domestic  purposes.  This 
opinion  favors  the  substitution  of  anthra- 
cite, coke  or  oil  for  bituminous  fuel;  or 
if  the  latter  must  be  employed,  the  com- 
bustion of  the  volatile  constituents  of 
the  coal,  separate  from  the  solid.  The 
slow-combustion  stove,  burning  coke,  or 
the  earthenware  stove,  burning  coal,  are 
both  smokeless  methods  of  heating 
houses.  Hot-water  heating  is  also  be- 
ing widely  employed  in  Germany  for 
dwelling-rooms  and  flats.  The  use  of 
oil    for  heating  purposes  is   extending. 

Recent  Progress  against  Black  Smoke 
IN    THE    United   Kingdom 

This  was  the  subject  of  a  paper  by 
J.    B.   C.    Kershaw,   who   contended   that 


the  most  direct  proof  that  the  soot  and 
dirt  suspended  in  London's  atmosphere 
were  diminishing  rather  than  increasing 
in  amount,  was  to  be  found  in  the  fig- 
ures relating  to  the  duration  of  fog  in 
London,  published  in  the  1910  report  of 
the  Coal  Smoke  Abatement  Society. 
These  figures,  representing  the  annual 
averages  for  three  successive  periods  of 
nine  years  each,  are  reproduced  below. 

Average  per 
year. 
Days  with 
Period  tog 

1SS3-4    to    1891-2 2!l.9 

1892-3    to   1900-1 20.7 

1901-2    to    1909-10 10.6 

The  Steadily  increasing  purity  of  Lon- 
don's atmosphere  indicated  by  these  fig- 
ures was  confirmed  by  more  recent  fig- 
ures obtained  from  Dr.  Norman  Shaw 
for  the  period  1902  to  1911.  These 
showed  a  gain  of  84  hours  of  sunlight 
per  annum,  and  a  reduction  of  10  days 
for  fog,  when  the  averages  for  the  two 
corresponding  five-year  periods  were 
compared. 

The  author  stated  that  the  increased 
attention  which  was  now  being  devoted 
by  public  authorities  and  voluntary  so- 
cieties in  the  United  Kingdom  to  the 
subject  of  smoke  abatement  was  most 
strikingly  reflected  in  the  extension  of 
educational  work,  which  was  regarded  by 
many  as  the  most  useful  and  hopeful 
line  of  attack  upon  the  black-smoke  evil. 
The  classes  for  stokers,  promoted  by  the 
Coal  Smoke  Abatement  Society  and 
started  at  the  London  Borough  Polytech- 
nic Institute  in  the  winter  of  1906-1907, 
had  been  followed  by  the  inauguration 
of  similar  lectures  in  Glasgow,  Liver- 
pool, Manchester  and  other  manufactur- 
ing  centers. 

To  show  how  rapidly  gas  is  displacing 
solid  fuel  for  cooking  and  heating  pur- 
poses, Mr.  Kershaw  cited  figures  from 
the  Gas  World  Year  Book,  showing  the 
increase  in  the  total  number  of  gas  cook- 
ers in  use  in  the  United  Kingdom  during 
the  period  1902-1912,  to  be  998,878  for 
1902  and  2,921,299  for  1912,  an  increase 
of  1,922,421  in  the  10  years.  This,  of 
course,  does  not  include  gas  fires.  Also 
the  steel  manufacturers  in  Sheffield  have 
appointed  a  committee  to  investigate  the 
possibilities  of  gas  and  electric  furnaces, 
as  substitutes  for  the  smoke-producing 
reheating  furnaces  of  that  city. 

In  conclusion,  the  author  drew  atten- 
tion to  the  fact  that,  although  bitumi- 
nous coal  can  be  utilized  now  for  all 
industrial  purposes  without  the  produc- 
tion of  any  smoke,  by  aid  of  well  known 
appliances  and  methods  of  work,  it  by 
no  means  follows  that  changes  will  not 
be  introduced  into  the  methods  of  em- 
ploying this  type  of  fuel  for  heating  and 
steam-raising  purposes  in  the  near  future. 
He  was  of  the  opinion  that  the  gas  en- 
gine and  oil  engine  will  gradually  sup- 
plant the  steam  engine  as  a  prime  mover, 
and    with    this    change    the    burning    of 


bituminous  coal  under  steam  boilers  will 
give  place  to  its  utilization  in  the  gas- 
producing  plant.  Gas-fired  boilers  and 
furnaces  will  also  take  the  place  of  those 
now  heated  by  solid  fuel,  and  in  this 
new  development  Prof.  Bone's  system  of 
surface  combustion  will  play  a  leading 
role. 

Smoke  Abatement  in  America 

Thomas  E.  Donnelly,  chairman  of  the 
smoke-abatement  commission  of  Chicago, 
stated  that  the  active  movement  to  im- 
prove the  atmosphere  of  Chicago,  as  re- 
gards smoke  contamination,  dates  froin 
1907,  when  the  commission  upon  smoke 
abatement  was  appointed,  with  the  author 
as  chairman.  The  commission  was  com- 
posed of  business  men,  and  powers  were 
obtained  to  inspect  all  plans  of  new  power 
and  heating  installations,  together  with 
plans  for  the  alteration  of  existing  plants, 
and  to  reject  them  if  it  was  considered 
likely  that  a  smoke  nuisance  would  be 
caused.  The  commission  was  also  au- 
thorized to  inspect  and  report  upon  all 
steam-raising  and  heating  plants,  and  to 
make  recommendations  for  their  better 
working,    if  .this    appeared    necessary. 

When  an  owner  proved  obstinate  about 
carrying  out  the  suggested  alterations, 
fines  could  be  imposed,  but  as  a  rule 
it  was  not  found  necessary  to  resort  to 
this. 

The  official  staff  of  the  commission 
consists  of  22  engineers  and  clerks,  with 
a  numerous  body  of  smoke  inspectors. 
It  is  claimed  that  the  smoke  nuisance 
in  Chicago  has  been  reduced  one-third, 
and  in  some  individual  cases  by  75  per 
cent.,  as  the  result  of  the  work  of  this 
commission — and  the  message  from  Chi- 
cago to  the  International  Smoke  Abate- 
ment Conference  was  that  the  smoke 
evil  can  be  best  attacked  and  abolished 
by   administrative   methods. 

Another  paper  upon  the  smoke  prob- 
lem in  America  was  read  by  J.  A.  Wil- 
lard,  of  Boston.  The  author's  remarks 
were  confined  specially  to  that  region 
in  which  soft  bituminous  fuel  is  mined 
and  sold,  at  the  very  low  rate  of  about 
$2  per  ton.  From  the  eastern  slope  of 
the  Rocky  Mountains  to  the  western  slope 
of  the  Alleghany  Mountains,  railroads 
and  all  industries  requiring  power  are 
forced  to  use  bituminous  coal.  This  coal 
is  for  the  most  part  low  grade,  cheap 
and   smoky. 

The  smoke  conditions  in  all  this  re- 
gion are  atrocious.  In  the  great  manu- 
facturing cities,  such  as  Pittsburg,  Chi- 
cago, St.  Louis  and  Cleveland,  the  in- 
jury to  health  and  property  has  been  so 
great  as  to  provide  public  inquiry  into  the 
causes  of  smoke,  and  determination  on 
the  part  of  the  authorities,  aided  by  pub- 
lic opinion,  to  reduce  and  finally  end 
the    nuisance. 

In  Boston  there  has  been  a  constant 
fight  for  the  prevention  of  smoke  wherein 
the  smoke  producers  have,  up  to   1910, 
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had  all  the  advantage.  In  1901,  the 
Massachusetts  legislature  passed  a  law 
forbidding  smoke  from  any  source,  but 
exempting  locomotives.  In  1902,  this  law 
was  amended  to  exempt  brick-kilns  in 
addition  to  locomotives.  In  1905  it  was 
further  amended  by  exempting  all  pub- 
lic-service corporations  and  wood-burn- 
ing plants.  In  1908  pottery-kilns  were 
added  to  the  exemptions.  It  will  thus 
be  seen  that  all  the  smoke-producing 
plants  were  exempt  by  law,  the  public 
being  left  unprotected  and  entirely  at  the 
mercy   of  the   offenders. 

The  author  then  gives  the  history  of 
the  repeated  attempts  of  the  citizens  of 
Boston  to  obtain  some  amendment  of  the 
law.  Having  failed  in  these  attempts  to 
obtain  legislative  action,  the  citizens' 
committee  proceeded  to  gather  evidence 
of  the  losses  resulting  both  to  the  man- 
ufacturers and  the  community  from  the 
emission  of  black  smoke,  and  of  the 
practical  methods  by  which  these  losses 
could  be  minimized.  The  sequel  is  best 
told  in  Mr.  Willard's  own  words: 

It  was  definitely  decided  that  so  long 
as  bituminous  coal  was  used  as  fuel,  the 
only  relief  from  the  smoke  nuisance  was 
in  the  education  of  the  fireman,  and  that 
the  managrement  of  a  fire  was  as  much 
a  science  as  any  other  problem  of  chem- 
istry. Armed  with  these  facts,  every 
smoke-producing  industry  was  inter- 
viewed in  the  friendliest  manner:  the 
tacts  were  exhibited,  and  today  Boston 
can  boast  of  as  little  smoke  annoyance 
as  any  city  of  its  size  in  America. 

"Smoke  Abatement  in  Pittsburgh"  was 
discussed  by  Dr.  R.  C.  Benner,  of  the 
Pittsburgh  University,  who  began  by  stat- 
ing that  it  is  strange  when  one  stops  to 
consider  the  breadth  of  interest  and  im- 
portance of  this  problem,  together  with 
the  fact  that  so  many  thousands  have 
worked  on  its  various  phases  and  that 
so  much  has  been  written  on  the  subject, 
that  no  coordinated  effort  of  one  group 
of  men  has  been  made  to  undertake  a 
scientific  study  of  the  problem  as  a  whole. 
This  is  the  aim  at  the  University  of 
Pittsburgh.  The  author  then  described 
the  various  branches  of  investigation 
that  are  being  pursued  by  the  small 
comm'ssion  of  scientists  who  are  under- 
taking the  work.  These  include  inquiries 
into  the  increased  cost  of  living  and  the 
losses  to  manufacturers  due  to  smoke, 
the  relation  of  smoke  to  health,  the  ef- 
fects of  smoke  upon  plant  life,  the  ef- 
fects of  smoke  upon  buildings,  statuary 
and  paintings,  and  the  influence  of  smoke 
upon  the  meteorological  data  relating  to 
sunshine   and   fog. 

From  this  brief  outline  it  will  be  seen 
that,  while  the  investigation  will  be  of 
great  service  to  this  locality  under  any 
conditions,  still,  if  the  cooperation  of 
people  in  other  parts  of  the  world,  like- 
wise affected  by  this  nuisance,  can  be 
secured,  comparative  results  can  be  ob- 
tained  which   will   enlarge  the  sphere  of 


usefulness,  not  only  to  the  immediate 
benefit  of  Pittsburg,  but  as  well  to  that 
of  the  world  at  large. 


Abuse    of  Valves 
By  C.  D.  Eldredge 

In  our  power-plant  work  we  get  to- 
gether occasionally  and  discuss  features 
of  practical  operation.  During  one  of 
these  engine-room  conferences  a  fireman 
told  of  a  man  who  had  very  powerful 
hands;  he  took  particular  delight  in  clos- 
ing ordinary  globe  valves  so  tight  that 
the  stem  would  be  twisted  off  in  trying 
to  open  them,  if  he  did  not  accomplish 
the  same  thing  in  closing  the  valve. 

This  incident  Svft  me  to  thinking  about 
the  power  exerted  by  the  screw  and  the 
pressure  put  upon  the  valve  seat  in  or- 
dinary practice.  A  simple  experiment, 
which  the  sketch  will  make  plain  to  the 
reader,  was  then  performed.  The  stem 
and  bonnet  were  taken  out  of  a  fi-in. 
globe  valve  and  fitted  into  a  hole  in  an 
iron  bar,  which  was  placed  over  an  or- 
dinary platform  scales  as  shown.  Run- 
ning the  valve  stem  down  till  it  touched 
the  platform,  a  lever  was  attached  to  the 
handwheel  and  with  a  spring  balance  a 
pull  P  of  5  lb.  on  a  6-in.  radius  was  ap- 
plied. This  proved  just  sufficient  tc  bal- 
ance the  200-Ib.  weight  on  the  scales,  the 
screw  having  a  pitch  of  '  „  in.  Varying 
conditions  make  a  wide  difference  as  to 
the  efficiency  of  the  screw,  and  by  actual 


Measuring   Force  Applied  to   Hand- 
wheel  OF  Valve 

experiment  in  our  case  this  efficiency 
was  found  to  be  unusually  low.  The 
following  formula  was  used  to  determine 
the    force    exerted    at    the    wheel: 


ir  =  ■ 


P 


in   which 

F=  Force  applied  in  pounds; 
W  =  Weight   or   pressure   resulting; 
P  =  Pitch   of  screw; 
r  =  Radius  on  which   force  acts. 
Substituting  the  numerical  values  in  this 
formula   gives 

2  X  3'4'6  X  6  X  3  _ 


w 


1244  ">• 


pressure  of  200  lb.  is  surely  enough  to 
close  a  f4-in.  valve  under  ordinary  con- 
ditions. 

Taking  the  above  example  as  a  basis 
of  calculation,  it  may  be  interesting  to 
work  out  one  or  two  more  problems. 
The  man  who  grips  a  '4 -in.  globe  valve 
and  screws  it  down  hard,  applies  the 
force  on  a  radius  of  about  12  in.,  the 
length  of  the  fore-arm,  and  suppose  the 
force  applied  is  20  lb.;  then  the  formula 
will   give   the    following   result: 

X  ,vi4'6  X  IJ  X  20. 


ir  =- 


Xo.i6  = 


2654  lb. 

This  would  seem  to  be  an  excessive  pres- 
sure to  apply  to  the  seat  of  a  ^-in.  valve. 
A  2-in.  globe  valve  with  a  screw  pitch 
of  V;  in.  will  next  be  considered.  On 
the  supposition  that  a  man  would  grasp 
the  handwheel  with  both  hands  and  ex- 
ert a  pull  of  50  lb.  on  a  12-in.  radius, 
the  problem  works  out  thus: 

3 . 1 4 1 6  X   12 


ir=- 


X  0.16  = 


4222/;.. 

This  may  be  enough  to  spring  a  valve 
body  out  of  shape.  Then  the  only  remedy 
is  to  regrind  the   valve. 

A  short  time  ago  I  siw  a  boiler-room 
attendant  take  a  36-in.  iron  bar,  insert 
it  into  the  handwheel  of  an  8-in.  boiler 
stop  valve  to  screw  it  down  "tight"  so 
it  would  not  leak  steam.  He  must  have 
pulled  at  least  200  lb.  on  that  bar,  for 
he  was  a  strong  fellow.  Here  is  what 
he  was  doing  to  the  valve,  which  had  a 
screw  pitch  of  J^   in.: 

/  3.1416  X  36  X  200. 


ir  =- 


Xo.25  = 


45.^39  ">• 


or   16   per   cent,   efficiency   of  screw.     A 


and  this  was  not  the  total  pressure  on 
the  valve  seat.  The  disk  had  an  area 
cf  about  50  sq.in.,  with  135  lb.  per  square 
inch  steam  pressure  upon  it  as  well, 
v.hich  made  6750  lb.  more,  or  a  total  of 
51.989  lb.  Dividing  by  50  would  give  a 
pressure  of  a  little  over  1000  lb.  per 
square  inch.  It  may  be  noticed  that  in 
this  problem  an  efficiency  of  25  per  cent, 
was  used,  and  for  this  case  the  efficiency 
taken  is  considered  a  conservative  esti- 
mate. 

The  condition  of  the  screw  and  its 
lubrication  will  influence  the  results  ob- 
tained in  actual  practice,  but  these  three 
problems  will  give  a  general  idea  of 
the  treatment  forced  upon  thousands  of 
valves  every  day  in  the  year,  and  yet 
the  valves  themselves  are  blamed  because 
they  do  not  hold  steam  or  water. 

If  a  valve  does  not  close  tight  with 
reasonable  pressure,  there  is  no  occasion 
for  trying  one's  strength  upon  it.  Such 
treatment  is  apt  to  ruin  the  valve.  A 
careful  examination  will  generally  show 
the  trouble  and  a  way  to  remedy  it, 
nam.ely,  grinding  in  or  reseating. 
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Conducted  to  be  of  service  to  the  men  in  charge  of  electrical  equipment  in  the  power  house 


Small  Direct-current  Turbine- 
Generators 

The  accompanying  illustrations  indi- 
cate the  practice  of  the  Westinghouse 
companies  in  the  construction  of  turbine- 
driven  direct-current  dynamos  of  10  to 
300  k\v.  rating.  The  steam  end  is  a 
single-wheel  impulse  turbine  through  the 
blades  of  which  the  steam  is  passed  two 
or  more  times  before  reaching  the  ex- 
haust outlet.  The  dynamo  is  a  multi- 
polar  machine    with   commutating   poles 


When  the  main  poles  are  compound- 
wound,  the  series  winding  encircles  the 
shunt  winding  as  shown  in  Fig.  2.  This 
construction  is  so  clearly  shown  as  to 
render  description  unnecessary.  Fig.  3 
shows  one  of  the  commutating  poles  and 
its  coil. 

The  armature  disks  are  mounted  di- 
rectly on  the  shaft,  but  ventilating  open- 
ings are  stamped  in  the  disks  next  to 
the  shaft  hole.  These  cooperate  with 
radial  yentilating  ducts  between  disks  to 
promote  air  circulation  and  thereby  the 


The  high  speed  incidental  to  turbine 
drive  makes  it  imperative  to  take  special 
precautions  for  maintaining  the  struc- 
tural integrity  of  the  commutator.  Refer- 
ence to  Fig.  1  will  show  that  three  rings 
of  approximately  square  cross-sectipn  en- 
circle the  commutator  barrel,  one  at  each 
end  and  one  around  the  center.  These 
are  of  steel,  shrunk  on  over  mica  strips, 
the  latter  being  necessary  to  prevent 
short-circuiting  the  commutator  bars.  In 
larger  sizes  four  rings  are  provided. 

At  the  extreme  outer  end  of  the  com- 


FiG.  1.    Direct-current  Turbine-generator  Unit  of  100  k\v. 


and  embodying  special  armature  and 
commutator  construction. 

Fig.  1  shows  a  100-kw.  unit  with  the 
top  half  of  the  turbine  casing  and  dynamo 
field  magnet  removed.  The  turbine  run- 
ner overhangs  one  of  the  main  bearings 
in  this  and  smaller  sizes,  and  also  in 
the  200-  and  300-kw.  sizes  when  the 
turbine  runs  noncondensing.  The  wheel 
and  blading  are  of  the  usual  Westing- 
house  type,  and  embody  no  special  fea- 
tures. 

The  dynamo  field  magnet  is  built  with 
a  split  cast-iron  yoke  ring  to  the  inner 
circle  of  which  are  bolted  laminated  main 
poles  and  solid  steel  commutating  poles. 


dissipation  of  heat.  The  armature  disks 
are  clamped  between  bronze  end-plates 
which  are  cast  each  with  an  axial  flange 
or  short  barrel  to  support  the  project- 
ing portions  of  the  armature  winding  at 
each  end  of  the  core.  This  barrel  or 
flange  is  heavily  insulated  and  the  coil 
projections  are  bound  tightly  down  on 
it  by  means  of  steel  wire. 

After  the  coils  are  all  in  place,  all 
openings  between  the  wires  at  both  ends 
are  packed  full  of  a  fibrous  material 
soaked  in  insulating  compound.  The  pro- 
jecting portions  of  the  coils  are  then 
covered  with  tape,  to  give  a  mechanically 
smooth  finish. 


mutator,  beyond  the  shrink  ring,  may  be 
seen  a  series  of  radial  vanes  resembling 
fan  blades;  these  are  heat-dissipating 
blades  of  copper,  set  into  the  ends  of 
the  commutator  bars.  The  tips  of  the 
blades  are  cooled  by  their  motion  through 
air,  and  heat  therefore  flows  to  them  from 
the  commutator  bars  and  is  thrown  off. 
Shields  are  provided  which  protect  at- 
tendants from  contact  with  the  blades, 
but  these  are  not  closed  in  against  air 
circulation. 

The  commutator  is  built  up  of  hard- 
drawn  copper  bars,  as  usual,  with  the 
mica  between  bars  cut  down  slightly  be- 
low the  surface  of  the  copper.    The  lugs 
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or  connectors  between  the  commutator 
bars  and  the  winding  are  of  soft  copper 
having  greater  current-carrying  capacity 
than  the  bars.  "Le  Carbone"  graphite 
brushes  are  used. 

The  unit  here  illustrated  was  built  for 
supplying  a  three-wire  system  balanced 
by     an     external     autotransformer.      For 


Fig.  2.    Main  Magnet  Coils 

connecting  the  latter  to  the  armature 
winding,  slip  rings  and  brushes  are  pro- 
vided, which  may  be  seen  next  to  the  in- 
ner end  of  the  journal  housing  at  the 
commutator  end,  in  Fig.   I. 

The   machine   here    illustrated   runs   at 


Fig.  3.    Interpole  and  Coil 

2400  r.p.m.  The  diameter  of  the  tur- 
bine runner  is  3  ft.  4'/j  in.;  that  of  the 
armature  is  16  in.,  and  the  commutator 
barrel  is  8'A  in.  in  diameter.  From  these 
dimensions,  the  peripheral  velocities  fig- 
ure out  at  25,450  ft.  per  minute  for  the 
runner,  10,000  ft.  for  the  armature  and 
5340    ft.    for   the    commutator. 


Mr.    Insull    on    Concentrated 
Power  Generation 

In  an  address  delivered  before  the 
American  Institute  of  Electrical  Engi- 
neers, on  Apr.  5,  Samuel  Insull,  presi- 
dent of  the  Chicago  Edison  Co.,  ex- 
pressed the  opinion  that  great  economies 
might  be  effected  if  railways  of  all 
classes  would  purchase  their  power  from 
central  lighting  and  power  stations  in- 
stead of  building  and  operating  their  own 
power  houses. 

The  amount  of  energy  required  to  op- 
erate the  terminal  and  suburban  systems 
of  all  the  trunk  lines  centering  in  or 
near  New  York  City,  Mr.  Insull  stated, 
is  less  than  the  aggregate  energy  re- 
quired  to   operate   the   isolated   electric- 


lighting  plants  in  the  same  territory.  It 
is  not  a  serious  proposition,  he  said;  that 
load  is  of  less  consequence  to  the  prop- 
erly operated  electricity-supply  company 
than  the  isolated-plant  business  was  to 
the  electric  light  and  power  companies 
through  the  country  20  years  ago,  or 
even    10  years   ago. 

The  problem  of  the  relation  of  the  cen- 
tral station  to  the  generation  and 
Iirimary  distribution  of  energ^y,  so  far  as 
the  steam  railroads  are  concerned,  is  a 
(luestion  of  economics.  It  cannot  prop- 
erly be  considered  without  taking  into 
account  the  entire  question  of  genera- 
tion and  primary  distribution  for  any 
given  center  of  population.  If  you  con- 
sider steam-railroad  electrification  by 
itself,  the  amount  of  energy  required 
seems  to  be  very  great  indeed.  If  you 
consider  it  merely  as  an  incident  of  the 
supply  of  energy  required  by  a  com- 
munity for  all  kinds  of  purposes,  it  is 
found  to   be  simply  an  incident. 

The  concentration  of  the  production  of 
energy  for  all  purposes  required  in  a 
given  area  of  population  would  result  in 
such  a  saving  in  capital,  and  such  a, 
saving  in  operating  expenses,  as  to  suf- 
ficiently provide  for  the  generating  capa- 
city and  primary  transmission  systems 
necessary  to  electrify  the  terminal  sys- 
tems and  suburban  service  of  all  the 
trunk  lines  centering  in  and  around  any 
large  center  of  population,  particularly 
New  York. .  and  yield  very  large  profits 
to  the  engineers  and  financiers  having 
the  courage  to  handle  so  great  a  prob- 
1,-m. 

The  percentage  of  saving,  he  said,  is 
comparatively  small.  On  a  percentage 
basis,  the  possible  saving  in  Greater  New 
York,  including  that  part  of  the  Jersey 
shore  that  would  naturally  be  associated 
with  New  York,  is  comparatively  small 
and  somewhat  disappoiriting,  owing  to 
peculiar  local  conditions,  but  it  would 
amount  to  a  return  on  such  a  vast  sum 
of  money  that  he  could  not  see  how  it 
was  possible,  whatever  might  be  the 
jealousies  of  management  and  the  in- 
dividual interests  of  the  financial  people 
operating  the  various  properties,  that 
either  the  engineers  or  the  financiers 
could  neglect  the  subject. 

Mr.  Insull  then  presented  a  large  chart 
showing  the  aggregate  load  curve  of  the 
New  York  Edison  Co.,  the  Public  Service 
Corporation  of  New  Jersey,  the  Inter- 
borough  Rapid  Transit  Co.  and  the  sta- 
tion of  the  Hudson  tunnel  system.  This 
chart  showed  a  maximum  load  of  678,- 
000  kw.,  and  Mr.  Insull  stated  that  if 
this  load  were  all  supplied  from  one 
system  the  "diversity"  factor  would  re- 
duce it  to  630,000  kw.  and  the  load  fac- 
tor would  be  40  per  cent,  instead  of  36.9 
per  cent.,  which  it  averaged  for  the 
several  independently  operated  systems 
during  the  winter  just  ended. 

[Mr.  Insull's  diversity  factor  was  ap- 
parently the  percentage  of  the  combined 
maximum  by  which  that  maximum  is 
exceeded  by  the  present  aggregate  of  in- 
dividual maximums.] 

He  then  presented  charts  showing  the 
load  curves,  separately,  of  the  New  York 


Edison  Co.,  the  electric  railway  systems 
and  the  Brooklyn  Edison  Co.  and  showed 
that  the  diversity  of  maximum  load  per- 
iods was  such  that  combination  supply 
would  reduce  the  maximum  load  by  about 
15  per  cent.,  the  diversity  factor  being 
17 ',2  per  cent. 

Charts  showing  various  other  load 
curves  were  also  shown  and  analyzed 
in   support  of  the  argument. 

Reverting  to  the  situation  in  New  York, 
he  said  that  if  the  power-generating  sys- 
tems of  the  whole  city  and  its  environs 
were  consolidated  into  one;  the  reduction 
in  investment  would  amount  to  $18,000,- 
000  or  $20,000,000  and  the  operating  ex- 
penses would  be  reduced  about  $1,000,- 
000  a  year. 


LETTERS 

Commutator    Lubrication 

Having  used  several  different  prepara- 
tions on  commutators  for  lubricating  pur- 
poses and  not  finding  anything  that  gave 
good  service  excepting  a  common  light 
grade  of  machine  oil  applied  to  com- 
mutators with  a  piece  of  cloth,  I  would 
like  to  hear  what  other  readers  of  Power 
have   found  that  gave  good  results. 

I  have  used  machine  oil  on  the  com- 
mutator of  a  direct-current  generator  for 
some  time  and  it  seems  to  give  very  good 
service.  The  brushes  do  not  cause  any 
trouble  from  sparking,  neither  do  they 
show  excessive  wear.  The  commutator 
also  keeps  very  smooth. 

I  take  the  brushes  off  about  once  a 
month  and  clean  them  up;  then,  while 
the  machine  is  running  slowly,  I  polish 
the  commutator  with  ordinary  sandpaper. 
This'keeps  both  brushes  and  commutator 
in  good  condition. 

Has  anyone  any  suggestions? 

G.    Alton    Barrick. 

Kenmare,  N.  D. 


High  Mica 

Upon  visiting  a  friend  recently  I  found 
him  and  two  assistants  working  over  a 
direct-current  dynamo  which  he  said  had 
been  out  of  commission  for  five  days — 
would  not  pick  up  its  field  magnetism  at 
all.  He  said  he  had  tested  every  con- 
nection and  circuit  on  the  machine  and 
found   them   all   right. 

A  little  investigation  convinced  me  that 
his  trouble  was  due  to  high  mica  between 
the  commutator  bars,  and'  after  con- 
siderable argument  I  persuaded  him  to 
cut  it  down  slightly  below  the  surface 
of  the  bars  with  a  narrow  chisel.  When 
this  was  done  and  the  commutator 
smoothed  up  with  sandpaper,  the  ma- 
chine picked  up  promptly.  It  has  been 
running  smoothly  ever  since. 

J.  G.   Koppel. 

Montreal,   Can. 
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Worth-while  gas-engine  and  producer  information  treated  in  a  way  that  can  be  of  practical  use 


A  Few  Problems  in  Bituminous 
Suction  Producer  Plants 

By  Frank  Fielden 

The  specifications  issued  by  builders 
of  suction  producers  show  that  in  most 
cases  guarantees  as  to  fuel  consumption 
and  quality  of  gas  are  based  on  the  use 
of  anthracite  coal  of  a  certain  size.  So 
widespread  has  become  the  use  of  this 
class  of  fuel  that  the  cost  has  naturally 
increased  to  such  an  extent  as  to  pre- 
clude the  possibility  of  obtaining  the 
high  plant  economy  of  eight  or  nine 
years  ago.  The  limited  areas  in  which 
suitable  anthracite  can  be  profitably 
mined  and  sold,  and  the  widespread  dis- 
tribution of  bituminous  coal  seams 
throughout  the  world,  are  further  strong 
incentives  to  the  engineer  to  construct 
a  suitable  suction-type  generator  for  the 
satisfactory  gasification  of  native  coals 
which  have  hitherto  been  useless  for  the 
purpose. 

It  is  not  too  much  to  expect  that  event- 
ually even  such  coal  as  is  found  to  be 
unprofitable  and  unsuitable  for  steam 
raising  in  boilers,  on  account  of  the  high 
percentage  of  ash  contained,  will  be  sat- 
isfactorily and  profitably  gasified  in  this 
class  of  gas  producer.  At  present,  makers 
of  pressure-type  gas  producers  of  the 
external  tar-extractor  class  are  finding 
this  a  profitable  field  of  exploitation, 
coal  containing  almost  as  much  as  40 
per  cent,  of  ash  being  successfully  and 
profitably  gasified  for  the  driving  of  gas 
engines.  The  value  of  such  a  coal  for 
steam-raising  purposes  is  practically  nil; 
hence  such  a  fuel  is  at  present  either 
left  unmined  or  is  dumped  on  to  the 
waste   heaps   around   pit-mouths. 

.^s  the  volumetric  proportion  of  carbon 
contained  in  anthracite  coal  is  in  excess 
of  that  of  any  other  fuel  commercially 
obtainable,  it  stands,  by  virtue  of  this 
quality  alone,  above  all  other  coals  for 
use  in  suction  gas  producers.  The  ex- 
tremely low  percentage  of  ash  and  vola- 
tile matter  of  a  tarry  nature  contained 
in  anthracite  coal  also  conduces  very 
materially  to  its  preeminent  suitability 
for  the  generation  of  suction  gas. 

Within  the  last  seven  or  eight  years 
gas  coke  has  been  used  for  fuel  with 
varying  success,  and  makers  have  adapted 
their  gas  plants  where  required  to  suit 
the  different  conditions  imposed  by  this 
fuel.  The  lower  specific  gravity  of  the 
coke  demands  a  generator  of  greater 
cubical  capacity,  while  the  increased  per- 
centage of  ash  it  contains,  amounting  in 


some  cases  to  as  much  as  20  per  cent., 
as  compared  with  1  to  5  per  cent,  in 
anthracite,  necessitates  increased  facili- 
ties for  removing  clinker  and  ash.  The 
increased  amount  of  tarry  volatile  mat- 
ter given  off  by  the  coke  requires  larger 
scrubbers  and  more  extensive  filtering  to 
insure  the  gas  being  clean  at  the  en- 
gine  valves. 

The  proportions  of  ash  and  tar  in  gas 
coke  vary  considerably.  In  some  dis- 
tricts it  may  be  obtained  almost  equal 
to  oven  coke,  and  in  other  districts  it 
approximates  bituminous  coal  with  re- 
spect to  these  two  qualities.  Even  from 
the  same  gas  works  the  fuel  often  varies. 
Owing  to  insufficient  carbonization  the 
coke  leaves  the  gas  works  in  some  in- 
stances in  such  a  condition  as  to  pre- 
\ent  actual  commercial  success  being  ob- 
tained in  an  ordinary  anthracite  type  of 
suction  plant.  The  writer  has  seen  a 
deposit  of  tar,  equal  in  bulk  to  a  walnut, 
on  the  inlet  valve  of  a  gas  engine  after 
a  10-hour  run,  from  gas  coke  in  a  plant 
containing  double  the  amount  of  scrub- 
bing apparatus  necessary  for  anthracite. 
It  is  not  surprising  then  that  early  at- 
tempts at  gasifying  bituminous  coal  in  a 
suction  plant  have  failed  to  reach  a  com- 
mercial standard  of  success. 

In  the  classification  of  coals,  bituminous 
coals  come  between  lignites  at  one  end 
of  the  scale  and  anthracite  at  the  other. 
Various  methods  of  classification  have 
been  adopted,  but  after  an  extensive  sys- 
tem of  analysis  and  investigation  of  ex- 
isting methods  and  results,  Seyler  states 
that  with  coal  containing  over  84  per 
cent,  of  carbon  the  proportion  of  the 
total  hydrogen  obtained  by  analysis  is 
the  most  correct  index,  and  for  coals 
below  this  percentage  of  carbon  the  basis 
of  classification  is  the  percentage  of 
carbon  alone. 

SEYLER'S  CL.\SSIFICATIOX 

.Approxi- 
mate 
Volatile 
Hydrogen      Matter 

-\nthracite  genus Up  to  4'7      Up  to  10'^ 

Carbonaceous  genus.  ..  4  to  45'^  lOtoie"^ 
.Semi-bituminous genus  .      4.5  to  5'^      16  to  24'^ 

Bituminous  genus ,5  to  5  8 '"J      Over  24'"; 

Per-bituminous  genus.  .      .5.8'";  and  over 

A  more  general  classification  as  to 
volatile   matter   is   as   follows: 

.\mhracite Up  to  8"";  volatile  matter 

Semi-anthracite 8  to  10"";  volatile  matter 

Dr.v  steam  coaUnavy)  10  to  14'";  volatile  matter 

Semi-bituminous 14  to  20*";  volatile  matter 

Bituminous 20  to  10'^  volatile  matter 

Gasification  of  Bituminous  Coals 

When  bituminous  coal  is  fed  into  r;n 
ordinary     anthracite     suction     plant     the 


hydrocarbons  are  distilled  by  the  heat 
given  off  from  the  incandescent  fuel, 
and  these  hydrocarbons  are  drawn 
through  the  plant  by  the  suction  of  the 
engine,  and  are  deposited  in  the  pipes, 
cleaning  vessels,  and  on  the  gas-engine 
inlet  and  exhaust  valves,  and  even  the 
inside  of  the  cylinder,  resulting  in  a 
gradual  choking  up  of  the  gas-supply 
pipe  with  tar  and  soot  and  the  sticking 
of  the  valves  and  piston  of  the  engine. 
It  has  been  thought  that  by  altering 
the  position  of  the  gas  outlet  of  the  gen- 
erator from  near  the  top  to  near  the 
bottom,  the  hydrocarbons  would  be  all 
drawn  through  the  incandescent  fire  and 
issue  at  the  outlet  as  fixed  gases,  such 
a  type  of  plant  being  known  as  down- 
draft  as  distinguished  from  the  ordinary 
up-draft  of  the  anthracite  plant.  The 
problem  of  successfully  gasifying  bitumi- 
nous coal  in  a  suction  plant  is  very 
closely  akin  to  the  much  older  prob- 
lem of  the  smokeless  combustion  of 
bituminous  coal  and  the  more  or  less 
successful  results  accomplished  in  the 
latter  problem  should  be  of  considerable 
assistance  in  the  solution  of  the  former, 
it  being  clearly  understood  that  there 
are  other  difficulties  to  overcome  perti- 
nent to  the  gas  producer  itself. 

Air  and  Stea.m  Supply 

It  is  common  knowledge  that  a  certain 
minimum  amount  of  oxygen  is  neces- 
sary for  the  complete  combustion  of  a 
certain  definite  amount  of  carbon,  and  in 
the  case  of  bituminous  coal  it  may  be 
stated  in  general  terms  that  the  com- 
bustible constituents  require  a  certain 
minimum  amount  of  atmospheric  air  for 
the  complete  combustion  of  the  carbon 
and  lighter  hydrocarbons  given  off  dur- 
ing distillation  and  combustion. 

In  the  case  of  the  steam  boiler,  regu- 
lar stoking  and  devices  for  regulating 
the  amount  of  air  entering  the  furnace, 
and  also  the  particular  point  of  air  ad- 
mission, have  been  effectual  in  reducing 
the  amount  of  smoke  passing  to  the 
chimney.  Mechanical  stokers  have  suc- 
cessfully demonstrated  the  advantage  of 
a  regular  rate  of  feed  of  coal  with  a 
view  to  the  combustion  of  the  hydro- 
carbons as  and  when  formed,  and  it 
would  seem  self-evident  that  to  suc- 
cessfully cope  with  the  hydrocarbons  dis- 
tilled from  the  bituminous  coal  in  a  gas 
producer,  the  coal  must  be  fed  at  a  regu- 
lar rate,  preferably  mechanically,  means 
being  provided  to  admit  and  regulate  the 
amount  of  air  necessary   for  combustion 
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at  such  a  point  as  to  insure  the  hydro- 
carbons distilled  from  the  coal  being 
mixed  with  the  necessary  amount  of  air, 
and  the  whole  passing  together  through 
the  hottest  zone  with  a  view  to  the  com- 
plete carbonization  of  the  raw  coal.  To 
this  end  the  air  for  carbonization  should 
not  be  mixed  with  vapor,  as  this  would 
have  a  cooling  effect,  and  retard  the 
effectual  combustion  of  the  hydrocarbons 
given  off  during  distillation. 

In  the  earlier  experiments  with  the 
down-draft  suction  plants  the  air  for 
combustion  was  charged  with  vapor  in 
exactly  the  same  way  as  now  holds  with 
the  anthracite  plants;  but  it  was  found 
that,  although  a  sufficient  heat  was  at- 
tained for  making  gas  of  effective  and 
explosive  power,  yet  the  tarry  volatiles 
and  soot  were  deposited  in  the  gas- 
supply  pipes,  and  eventually  found  their 
way  to  the  engine. 

Since  it  is  necessary  to  pass  a  suffi- 
cient amount  of  vapor  through  the  gen- 
erator in  order  to  produce  good  gas  with- 
out the  formation  of  an  excessive  amount 
of  clinker,  and  to  prevent  the  firebrick 
lining  being  burnt  away,  it  becomes  nec- 
essary to  divide  the  functions  of  the 
suction  bituminous  producer  into  two  dis- 
tinct processes. 

First,  the  coal  must  be  coked,  and, 
second,  the  coked  fuel  must  be  fed  with 
the  necessary  air  and  vapor  to  produce 
good  gas.  The  latter  function  is  al- 
ready completed  in  most  suction  plants 
now  on  the  market.  The  former  function 
is  the  one  to  which  thought  and  in- 
ventive skill  are  now  being  directed,  and 
as  in  the  commercially  successful  bitumi- 
nous suction  generator,  both  functions 
should  be  combined,  together  with  means 
for  treating  satisfactorily  widely  diver- 
gent qualities  of  coal,  both  caking  and 
noncaking,  containing  quantities  of  ash 
varying  from  5  to  40  per  cent.,  and  vola- 
tile matter  varying  from  16  to  40  per 
cent.,  some  idea  of  the  difficulty  of  the 
problems  can  be  formed. 

The  amount  of  vacuum  at  disposal  for 
the  separate  functions  of  coking  and  gas 
making  is  regulated  by  the  load  on  the 
engine  which  the  producer  supplies,  and 
since  a  definite  amount  of  air  charged 
with  vapor  is  necessary  to  keep  the  coked 
fuel  in  a  suitable  condition  for  gas 
making  proper,  it  is  reasonable  to  expect 
that  the  air  supply  for  coking  only  should 
be  used  to  the  best  advantage.  Where 
large  quantities  of  coal  are  fed  at  ex- 
tended intervals  into  a  gas  producer  at 
normal  working  temperature,  the  tarry 
volatiles  are  quickly  given  off  durmg  dis- 
tillation, and  for  the  major  portion  of 
the  interval  the  fuel  is  in  a  more  or 
less  fully  coked  condition. 

Assuming  a  regular  constant  load  on 
the  engine,  then  the  air  supply  is  con- 
stant also,  and  the  amount  of  air  drawn 
into  the  generator  during  the  coking  per- 
iod is  no  more,  but  is  actually  less,  than 
when  the   fuel   is   fully  coked,   the  effect 


being  exactly  similar  to  that  produced 
by  irregular  stoking  in  a  steam-boiler 
furnace.  Not  only  is  the  air  supply  in- 
sufficient to  produce  complete  combus- 
tion of  the  tarry  volatiles,  but  the  heat 
of  the  generator  is  considerably  reduced 
during  the  heating  up  of  the  cold  mass 
of  coal,  and  this  reduction  of  heat  in 
the  generator  is  further  accentuated  by 
the  refrigerating  action  of  the  volatiliza- 
tion of  the  coal  during  distillation. 

The  amount  of  heat  absorbed  in  the 
volatilization  of  the  coal  is  considerable, 
consisting  not  only  of  the  sensible  heat 
necessary  to  raise  the  temperature  of  the 
solid  carbon,  but  also  the  latent  heat 
possessed  by  the  volatiles.  In  the  case 
of  highly  bituminous  coals  this  latent 
heat  amounts  to  about  50  per  cent,  of 
the  total  heat  evolved,  with  the  result 
that  the  tarry  gases  pass  through  the 
generator  unconsumed. 

Again,  since  complete  combustion  of 
the  volatile  gases  given  off  during  dis- 
tillation is  only  attained  through  the 
thorough  and  complete  mixture  of  these 
gases  with  the  necessary  oxygen  of  the 
air  induced  by  the  suction  of  the  gas 
engine,  anything  which  tends  to  reduce 
the  vacuum  available  for  this  air  supply 
will  of  necessity  reduce  the  possibility 
of  the  complete  combustion  of  these 
volatile  gases.  In  the  case  of  the  gen- 
erator containing  fully  coked  fuel,  it  can 
be  assumed  that  the  air  supply  is  a 
maximum;  whereas,  on  the  other  hand, 
if  a  large,  or  even  moderately  large, 
amount  of  bituminous  coal  be  placed  in 
the  generator,  the  distillation  commences 
immediately,  and  the  volatile  gases  given 
off  at  once  tend  to  reduce  the  available 
vacuum,  with  the  result  that  less  oxygen 
is  supplied  to  the  generator  at  the  time 
when  the  maximum  quantity  is  most  de- 
sirable and  necessary. 

Oxidation  of  the  Fuel  Elements 

That  an  intimate  diffusion  with  the  nec- 
essary amount  of  oxygen  is  a  necessity 
in  the  complete  combustion  of  bitumi- 
nous fuel  has  been  thoroughly  estab- 
lished in  furnace  practice  as  confirming 
the  results  of  the  chemical  laboratory. 
To  insure  this  complete  diffusion  of  oxy- 
gen with  the  fixed  carbon  of  the  fuel  is 
comparatively  simple;  it  is,  however,  es- 
sential that  the  hydrocarbons  also  should 
be  subject  to  a  thorough  diffusion  with 
the  necessary  amount  of  oxygen  in  order 
to  complete  their  combustion.  The  igni- 
tion temperature  of  the  hydrocarbons 
given  off  from  bituminous  coal  during 
distillation  ranges  from  1100  to  1250  deg. 
F.,  when  intimately  mixed  with  the  nec- 
essary amount  of  oxygen;  and  since  car- 
buretted  hydrogen  requires  twice  the  vol- 
ume of  air  for  combustion  that  is  re- 
quired for  the  combustion  of  carbon, 
means  must  be  provided  for  supplying  a 
sufficient  amount  of  pure  air  at  the  point 
where  the  hydrocarbons  are  evolved.  The 
ignition  temperature  of  carbon  being  1240 


deg.  F.,  all  the  hydrocarbons  must  pass 
through  a  zone  of  such  a  minimum  tem- 
perature to  effectually  prevent  the  ulti- 
mate deposition  of  soot  and  tar  in  the 
gas  pipes  and  cleaning  vessels.  The  car- 
bon residue  remaining — in  other  words, 
the  fully  coked  coal — is  then  in  a  suit- 
able state  for  forming  the  necessary  basis 
for  gas  production  proper,  it  being  un- 
derstood that  the  products  of  primary 
combustion  are  passed  through  this  coked 
fuel. 

The  importance  of  a  high  tempera- 
ture for  primary  combustion  shows  the 
advisability  of  preventing  at  such  a  point 
in  the  evolution  of  the  process  the  admis- 
sion of  vapor  used  for  gas  making  proper, 
while  a  suitable  method  of  supplying 
the  air  in  a  heated  state,  as  by  regen- 
eration, would  promote  efficiency  in  the 
combustion  of  the   hydrocarbons. 

To  have  universal  application,  a  suc- 
tion bituminous  plant  should  be  capable 
of  satisfactorily  dealing  with  both  free 
burning  coal  and  caking  coal.  It  is  a 
natural  question  to  ask  what  constitutes 
a  caking  coal.  While  there  is  no  sim- 
ple relation  between  coking  or  caking 
power  and  chemical  composition,  it  may 
be  stated  generally  that  coals  which  are 
either  very  rich  or  very  poor  in  hydrogen 
and  oxygen  do  not  melt  or  cake.  The 
coking  property  is  probably  determined 
by  the  presence  in  greater  or  less  amount 
of  certain  compounds  of  carbon,  hydro- 
gen and  oxygen,  which  at  high  tempera- 
tures are  decomposed  into  volatile  sub- 
stances and  carbon,  the  latter  serving 
as  a  cement  to  bind  the  particles  of 
the  residue  together.  This  caking  power 
is  in  some  cases  lost  very  soon  after 
the  exposure  to  air,  on  account  of  the 
rapid  weathering  of  the  coal.  The  cak- 
ing power  also  varies  inversely  with  the 
percentage  of  ash  contained  by  the  coal, 
so  that  a  good  caking  coal  has  a  mini- 
mum amount  of  ash  in  its  composition. 

Fuel  Characteristics 

When  caking  coal  is  fed  into  the  top 
of  a  generator,  whether  of  the  suction 
or  pressure  type,  it  is  fused  together 
by  the  heat,  and  unless  means  are  pro- 
vided by  agitating  or  breaking  up  the 
caked  masses  while  in  the  generator,  the 
air  for  combustion  and  gas  making  is  not 
equally  consumed  through  the  full  area 
of  the  fire,  resulting  in  the  formation 
of  holes  and  spaces,  through  which  the 
air  passes  at  an  accelerated  rate  and  pro- 
duces intense  local  temperatures,  with  a 
corresponding  variation  in  the  quality  of 
gas  produced. 

Although  coal  loses  one-tenth  fts  weight 
in  coking,  it  increases  its  volume  by  one- 
third.  The  effect  of  this  is  that  when 
fed  from  the  top  of  the  generator  arch- 
ing over  of  the  fuel  occurs,  particularly 
in  those  generators  where  the  inner 
diameter  gradually  diminishes,  and  it  has 
been  observed  also  in  generators  with 
parallel   walls,  the   fuel   near  the  bottom 
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of  the  generator  being  almost  entirely 
consumed,  and  the  combustion  zone  grad- 
ually working  upward,  leaving  a  hollow 
space  below  the  arch  thus  formed.  The 
writer  has  seen  this  occur  in  plants  using 
anthracite  coal  as  fuel.  With  caking  coa', 
however,  the  trouble  is  greatly  exag- 
gerated; the  fusing  of  the  coal  together 
completes  the  effect  of  the  natural  ex- 
pansion through  heat,  and  any  additional 
weight  from  above  due  to  adding  more 
fuel  increases  the  thrust  on  the  sides  of 
the  generator  exerted  by  the  arch. 

In  most  cases  this  arching  over  of  the 
caking  coal  is  prevented  by  regular  hand 
poking  from  above;  but  one  or  two  pat- 
ents have  been  granted  for  mechanically 
worked  pokers,  which,  projecting  into  the 
fuel  bed,  are  given  a  constant  agitating 
motion.  In  one  American  patent  means 
are  provided  for  continuously  revolving 
one  section  of  the  generator  with  a  view 
to  prevent  the  adhesion  of  the  fuel  to 
the  interior  of  the  firebrick  lining.  Other 
methods  of  overcoming  this  caking 
trouble  consist  in  treating  small  portions 
of  coal  at  a  time,  with  a  view  to  sup- 
plying each  portion  with  the  requisite 
amount  of  air,  and  also  affording  facili- 
ties for  the  natural  expansion  and  cak- 
ing before  the  fuel  is  fed  into  the  main 
body  of  the  generator.  Thus  eventually 
the  coal  reaches  the  main  column  of 
fuel  in  the  generator  in  a  fully  coked 
condition.  As  a  satisfactory  means  of 
dealing  with  either  the  caking  property 
of  coal  or  the  successful  combustion  of 
the  hydrocarbons  given  off  by  any  bitumi- 
nous coal,  such  a  method — that  is,  the 
separate  treatment  of  each  portion  of 
fuel  previous  to  being  passed  into  the 
main  fuel  bed^would  seem  to  contain 
the  elements  of  success. 

Tar  and  Ash  Difficulties 

It  has  been  suggested  by  some  engi- 
neers that  the  tar  from  bituminous  coal 
should  be  extracted  from  the  gas  at  some 
point  between  the  generator  and  the  en- 
gine, as  is  accomplished  in  pressure-type 
plants  by  means  of  extensive  condensers, 
scrubbers,  and  tar  extractors,  mechanical- 
ly operated  and  otherwise.  As  the  rea- 
sons for  the  existence  of  the  suction 
plant  are  its  simplicity  and  the  minimum 
amount  of  attendance  and  skilled  super- 
vision required,  together  with  the  small 
amount  of  space  occupied,  such  a  solu- 
tion can  be  hardly  expected  to  have  uni- 
versal application.  A  number  of  plants 
are,  however,  working  on  this  system, 
but  it  is  extremely  difficult  to  find  a  profit- 
able market  for  the  tar  thus  extracted, 
owing  to  the  impurities  it  contains;  and 
as  municipal  authorities  object  very 
naturally  to  its  being  run  into  the  sewers, 
its  disposal  is  a  matter  of  some  moment, 
particularly  in  towns  and  cities.  Cer- 
tainly for  ship  propulsion  such  a  method 
would  be  prohibitive,  since  the  question 
as  to  space  occupied  is  a  very  vital  fac- 


tor  in   these   days   of  the   steam    turbine 
and  the  more  recent  Diesel  oil  engine. 

Another  trouble  which  has  been  ex- 
perienced by  the  makers  of  suction  gas 
plants  for  anthracite  and  coke  fuel — ash 
and  clinker — is  intensified  considerably 
with  bituminous  coal.  Most  suction  gas 
plant  attendants  have  experienced  annoy- 
ing stoppages  of  the  engine  at  one  time 
or  another  through  the  opening  of  doors 
in  the  generator  during  the  clinkering  and 
clearing  of  the  ash  from  the  fire  in  solid- 
botlom  generators,  the  reason  for  such 
stoppages  being  that  while  the  ash  door 
was  opened  the  vacuum  was  insufficient 
to  induce  the  necessary  amount  of  vapor 
required  for  the  generation  of  good,  rich 
gas  to  drive  the  engine  on  load.  Indeed 
to  such  an  extent  has  this  possibility  of 
stoppage  been  prevalent  that  some 
makers  have  advocated  and  installed  twin 
generators  for  services  demanding  ex- 
tended  running  periods. 

With  three  or  fourfold  increase  in 
the  amount  of  ash  as  obtains  in  bitumi- 
nous coal,  then,  it  becomes  absolutely 
essential  that  means  shall  be  provided 
for  removing  such  ash  and  clinker  with- 
out causing  an  undue  effect  on  the  en- 
gine. The  composition  of  the  ash  as  it 
exists  in  the  raw  coal  varies  consider- 
ably, and  its  behavior  inside  the  generator 
is  no  less  variable,  depending  largely 
on  the  temperature  to  which  it  is  sub- 
ject. 

If  the  temperature  of  the  generator  is 
kept  fairly  low,  then  the  formation  of 
clinker  is  a  minimum,  but  to  get  good, 
rich  gas  it  is  ngcessary  to  work  at  a 
fairly  high  temperature — say,  at  2000 
deg.  F.,  and  at  this  temperature  a  con- 
siderable amount  of  the  ash  is  fused  and 
forms  clinker.  In  some  cases  this  is  of 
a  highly  vitreous  nature,  having  an  af- 
finity for  the  firebrick  lining  and  being 
extremely  difficult  to  remove  without 
bieaking  away  portions  of  the  brickwork 
to  which  it  clings.  Unless  it  is  removed 
periodically,  it  causes  arching  over  of 
the  fuel  similar  to  the  action  of  caking 
coal,  and  poor  gas  is  the  inevitable  re- 
sult. 

It  is  imperative,  then,  that  with  coal 
of  a  high  ash  percentage  every  facility 
should  be  provided  for  the  thorough 
searching  of  the  generator  and  the  ef- 
fectual removal  periodically  of  the  ash, 
where  anything  like  continuous  running 
is  required.  In  most  anthracite  plants 
the  poking  of  the  fire  and  clinker  has  to 
he  done  radially  from  a  door  or  doors 
in  the  side  of  the  generator  shell,  near 
the  bottom,  but  when  clinker  is  ad- 
hering to  the  brickwork  it  is  next  to  im- 
possible to  remove  it  without  damaging 
the  firebrick  lining. 

The  position  of  the  vaporizer  in  most 
suction  plants  is  at  or  near  the  top  of 
the  generator,  making  difficult  the  best 
arrangement  of  poking  the  fire,  namely, 
in    a    direction    parallel    to    the    wall    of 


the  generator.  In  one  or  two  generators 
poke-holes  are  found  in  or  adjacent  to 
the  fuel  hopper,  but  even  in  this  case 
the  poker  must  point  at  an  angle  to  the 
brickwork,  although  the  angle  is  con- 
siderably smaller  than  in  the  case  of 
radial  poking  near  the  bottom.  To  any- 
one, however,  who  has  had  the  running 
of  a  suction  gas  generator  on  full  load 
with  a  depth  of,  say,  5  ft.  of  fuel,  the 
great  advantage  of  being  able  to  push 
the  poker  through  the  fire  parallel  to 
the  firebrick  lining  and  close  up  to  the 
brickwork  is  at  once  apparent. 

Anthracite  plants  of  fairly  large  units, 
say  of  200  brake  horsepower  and  upward, 
are  fitted  with  a  water-luted  ash  tube, 
by  means  of  which  the  ash  and  clinker 
after  being  poked  down  can  be  removed 
without  seriously  interfering  with  the 
quality  of  the  gas  produced.  Since  there 
is  in  most  common  slack  steam  coal  a 
much  higher  percentage  of  ash  than  in 
anthracite,  a  similar  means  of  remov- 
ing the  ash  and  clinker  will  be  neces- 
sary for  even  smaller  units  than  those 
mentioned,  unless  recourse  is  made  to 
other  means,  such  as  mechanically  op- 
erated slicers  similar  to  those  now  made 
for  pressure  producers  gasifying  coal 
high    in    ash. 

There  are,  of  course,  a  large  number 
of  other  combustibles  which  may  be  sat- 
isfactorily gasified  in  suction  gas  plants, 
from  dried  barnyard  refuse  up  to  char- 
coal, including  a  number  of  more  or 
less  waste  products,  such  as  sawdust, 
etc.,  but  as  these  have  only  a  limited 
sphere  of  distribution  the  greatest  de- 
sideratum is  a  suction  gas  plant  which 
will  produce  gas  commercially  success- 
fully from  a  wide  and  extremely  vari- 
able class  of  bituminous  coal. 

To  summarize,  then,  the  ideal  suction 
plant  will  consume  all  the  volatile  mat- 
ter contained  in  the  coal  in  addition  to 
the  solid  carbon,  and  to  effect  this  re- 
quires an  intimate  mixture  of  air  with 
each  portion  of  the  coal  at  a  suitable 
temperature,  to  fulfill  which  duty  some 
means  of  mechanical  feeding  of  the  fuel 
at  a  regular  rate  to  suit  the  load  on 
the  engine  would  seem  desirable. 

Caking  coal  will  be  so  treated  as  to 
prevent  arching  over  and  consequent  ob- 
struction to  an  equable  air  and  vapor 
supply  in  the  main  fuel  column  of  the 
generator. 

Suitable  facilities  for  the  effectual  re- 
moval of  ash  and  clinker  formed,  with- 
out interfering  with  the  qiiality  of  gas 
produced,  will  have  to  be  provided  for 
coal  with  a  high  percentage  of  ash,  and, 
in  fact,  for  all  coal  used  on  extended 
periods  of  running. 

The  amount  of  space  occupied,  sim- 
plicity of  construction,  with  minimum 
amount  of  attention  and  reasonable  first 
cost,  are  factors  the  stating  of  which, 
perhaps,  savors  of  triteness. — Engineer- 
ing, London. 
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Heating  and  Ventilation 

Considered  as  power-plant  problems.     Layout  and  operation  of  systems  and  apparatus 


Hot    Water    Heating   for 
the   Central  Station* 

By  Ira  N.  Evans! 

In  an  article  published  Sept.  12,  1911, 
the  subject  of  the  arrangement  of  heat- 
ers and  pumps,  etc.,  as  well  as  the 
economies  of  hot-water  heating  were  dis- 
cussed. This  applies  to  central-station 
heating  for  cities  and  towns  as  well  as 
to  the  requirements  of  large  institutions 
and   manufacturing   plants. 

Many  central-station  companies  where 
condensing  conditions  are  favorable,  have 


nomical  operation  of  the  plant   for  elec- 
tric-power purposes. 

In  the  case  of  large  institutions  and 
private  plants  the  heating  has  to  be  pro- 
vided and  paid  for  by  the  institution  or 
corporation  itself,  and  it  is  a  question 
simply  of  what  is  the  most  economical 
system  both  as  to  first  cost  and  operation 
and  no  dividends  are  required.  In  com- 
mercial town  heating  the  conditions  are 
entirely  different.  These  installations  are 
made  generally  in  connection  with  an 
existing  electric-lighting  station  and  the 
heating  plant  is  required  to  pay  a  rea- 
sonable  return   on   the   investment.     The 


Many  promoters  have  advocated  the 
installation  of  heating  plants,  stating  that 
there  was  money  in  live-steam  opera- 
tion. Neither  heating  nor  power  should 
be  considered  as  a  byproduct.  The 
heating  plant  should  be  made  to 
stand  alone  and  pay  a  reasonable  re- 
turn on  the  investment.  The  heating 
cannot  be  accomplished  unless  some 
economy  is  sacrificed  on  the  power  end. 
All  excess  steam  utilized  for  heating  over 
what  is  required  for  power  under  the 
most  economical  conditions  is  a  charge 
against  the  heating  plant  as  well  as  the 
interest,     depreciation,     maintenance     of 


Fig.l 


Fig. 3 


Methods  of  Arranging  Street  Mains 


refused  to  consider  heating  on  account 
of  the  possible  interference  with  the  eco- 
nomical operation  of  the  engines  for 
power;  therefore  central  heating  has  to 
a  certain  extent  been  limited  to  noncon- 
densing  plants  that  were  paying  small 
returns  or  no  dividends  at  all.  The  fact 
that  the  hot-water  system  can  be  operated 
successfully  and  economically  in  con- 
nection with  condensing  engines  and  tur- 
bines should  broaden  the  field.  The  ap- 
plication of  hot-water  heating  enables  the 
exhaust  steam  from  a  large  turbine  to  be 
utilized  under  partial  vacuum  without 
interfering    appreciably    with    the    eco- 


*Copyrighted,   1912,   by  Ira  N.   Evans. 
tConsulting:    engineer,     156     Broadway 
New   York    City. 


companies  are  not  obligated  to  enter  the 
heating  business  unless  an  increase  in 
net  revenue  on  the  entire  plant  is  as- 
sured. Besides,  the  customers  have  to 
be  attracted  by  a  rate  low  enough  to 
compete  with  the  cost  of  heating  by  do- 
mestic coal. 

It  is  very  necessary  to  operate  a  heat- 
ing plant  in  connection  with  the  power 
load  of  an  electric  plant  so  as  to  ar- 
range to  use  the  exhaust  steam  and 
eliminate  the  boiler  investment  as  far  as 
the  heating  system  is  concerned. 

In  cases  where  the  margin  between 
the  cost  of  domestic  and  steam  coal  is 
large,  the  heating  plant  might  pay  by  it- 
self and  even  then  the  power  load  would 
greatly   increase   the   revenue. 


heaters,  mains,  etc.,  and  the  space  oc- 
cupied by  the  heating  plant  in  the  boiler 
and   engine    rooms. 

In  a  temperate  climate  there  are  only 
seven  months  when  revenue  can  be  ob- 
tained for  heating,  while  the  interest 
charge  covers  the  entire  year.  The  first 
consideration  is  the  price  of  domestic 
coal  and  its  heat  value  as  compared  with 
the  price  paid  for  the  coal  used  in  the 
central  plant,  as  this  will  indicate  what 
charge  may  be  made  for  heating  dwell- 
ings. The  power  load  on  the  plant,  its 
duration  and  amount  are  also  to  be  con- 
sidered. Heating,  if  sold  commercially, 
is  required  24  hr.  per  day.  The 
ordinary  electric-lighting  plant  has  a 
widely  fluctuating  load  and  is  sometimes 
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inoperative  Sundays  and  at  times  during 
week  days;  at  such  times  live  steam  has 
to  be  used  for  heating. 

It  is  a  great  advantage  to  be  able  to 
furnish  both  heat  and  power  from  the 
same  plant  and  many  customers  can  be 
obtained  at  fair  rates.  If  the  heating 
were  not  furnished,  isolated  plants  would 
be  operated  in  many  instances,  and  the 
power  load  would  not  be  obtainable  for 
the  central  station. 

In  the  consideration  of  the  best  system 
to  adopt  in  any  individual  case  the  fol- 
lowing requirements  should  be  fulfilled: 

1.  The  system  should  be  flexible,  with 
as  wide  a  range  of  temperature  of  the 
heating  medium  as  possible  to  meet  the 
varying  outside  weather  conditions.  This 
will  enable  the  system  to  be  operated  on 
the  minimum  average  temperature  and 
steam  consumption,  without  depending 
on  customers  to  shut  off  the  heating 
surface,  thus  eliminating  waste  by 
overheating.  This  is  especially  important 
when  live  steam  has  to  be  used  during 
periods  of  light  power  loads.  The  water 
system  can  be  absolutely  controlled  at 
the  plant  and  a  given  amount  of  exhaust 
steam  can  be  made  to  cover  a  greater 
territory  due  to  the  average  lower  tem- 
perature of  the  heating  medium  than 
when  steam  is  used  directly  in  the  sys- 
tem. From  a  previous  issue  a  table  is 
given  showing  that  the  extreme  weather 
in  temperate  climates  only  occurs  about 
25  per  cent,  of  the  heating  season.  The 
steam  per  hour  required  for  the  remain- 
ing 75  per  cent,  of  the  time,  or  average 
weather,  is  only  60  per  cent,  of  what 
would  he  required  in  zero  weather. 
Where  steam  is  utilized  at  212 
deg.  and  a  constant  pressure,  and 
the  radiation  is  not  automatically 
controlled,  the  steam  consumption  does 
not  vary  more  than  15  per  cent,  between 
the  maximum  and  minimum  temperature 
outside  during  the  heating  season.  The 
hot-water  system  shows  a  variation  in 
steam  requirements  of  100  per  cent,  be- 
tween the  minimum  and  maximum  out- 
side weather  requirements,  and  a  change 
in  the  temperature  of  the  hot-water  sys- 
tem may  be  readily  effected  as  the  out- 
side temperature  varies. 

2.  The  system  should  be  so  capable 
of  arrangement  as  to  absorb  the  heat 
from  any  source  with  economy,  and  in 
the  case  of  the  use  of  exhaust  steam 
with  a  minimum  increase  in  steam  con- 
sumption for  power  and  the  least  inter- 
ference with  the  operation  of  the  en- 
gines over  summer  conditions,  when  no 
heating  is  required. 

3.  The  capacity  should  be  ample  to 
do  the  heating  at  all  times  without  ex- 
cessive temperature  of  the  medium,  and 
admit  of  arrangement  so  that  different 
sections  can  be  independently  controllec* 
at  the  power  house  within  reasonable 
limits. 

4.  There  should  be  a  minimum  loss 
in    transmission    and    the   system    should 


be    independent    of    grades    as    regards 
circulation. 

5.  The  power  of  circulation  should  be 
independent  of  the  temperature  of  the 
medium;  that  is,  it  should  be  capable  of 
maintaining  the  same  rapidity  of  circula- 
tion with  the  medium  at  any  temperature. 
It  should  not  be  necessary  to  lower  the 
temperature  and  pressure  of  the  medium 
at  the  end  of  the  line  merely  to  produce 
more  rapid  circulation. 

6.  The  probable  repairs  and  cost  of 
maintenance  should  be  low. 

7.  The  cost  of  the  different  systems 
should  be  compared  as  well  as  the  prob- 
able operating  expense;  any  excess  in 
expenditure  in  first  cost  of  one  system 
over  another  should  show  at  least  10 
per  cent,  gross  saving  of  that  amount 
as  an  offset. 

8.  The  number  of  kilowatts  obtained 
per  pound  of  exhaust  steam  when  utilized 
on  the  heating  system  for  different  out- 
side temperatures  should  be  determined. 
A  heating  system  might  be  economical 
in  the  use  of  steam,  as  far  as  the  radia- 
tion is  concerned,  and  the  increase  in 
steam  consumption  on  the  engine  units 
due  to  the  manner  of  utilizing  the  ex- 
haust on  the  heating  apparatus  be  ex- 
cessive. 

In  the  case  of  small  plants  where  the 
distances  are  comparatively  short  and 
all  existing  installations  steam,  it  might 
be  inadvisable  to  use  a  water  system. 
It  is  comparatively  inexpensive  to  change 
a  first-class  low-pressure  steam  system 
to  hot-water  unless  steam  radiators  with- 
out top  connections  are  used,  in  which 
case  the  radiators  have  to  be  replaced. 
Where  hot-water  radiators  or  coils  are 
already  installed,  the  only  requisite  is 
the  enlargement  of  the  return  pipes,  and 
in  the  case  of  a  single-pipe  steam  job 
the  addition  of  the  return  connection  to 
the  radiators   from  the  riser. 

It  will  be  found  in  practice  where  ex- 
haust steam  is  to  be  used  under  very 
low  pressures  that  considerable  expense 
will  have  to  be  incurred  to  adapt  existing 
steam  systems  of  customers  to  operate 
successfully  from  a  central  plant.  One 
installation  with  poor  circulation  may 
cause  an  excessive  back  pressure  on  the 
engines  and  make  the  entire  system 
more  uneconomical,  due  to  the  increased 
pressure  and  temperature  of  the  steam. 

In  many  cases  the  wasting  of  the 
condensation  is  considered  more  eco- 
nomical than  the  maintenance  of  an  ex- 
pensive system  of  return  mains  with  at- 
tendant   traps,    pumps,   etc. 

Where  the  grades  are  favorable,  so  as 
to  eliminate  pumps  or  traps,  the  condi- 
tions warrant  the  return  of  the  condensa- 
tion by  gravity,  but  they  are  seldom  met 
in  practice.  These  conditions  are  elimi- 
nated entirely  on  the  hot-water  system, 
as  no  steam  is  taken  outside  of  the  plant. 
The  exhaust  steam  is  utilized  under 
partial  vacuum  between  the  engine  and 
condenser   in    an    exhaust-steam    heater. 


The  heating  system  is  utilized  as  a  con- 
denser to  the  extent  of  its  capacity  at 
any  time,  reducing  the  load  on  the  regu- 
lar condenser  by  that  amount.  All  units 
not  required  to  furnish  exhaust  steam 
are  turned  into  the  condenser  under  full 
vacuum. 

It  has  been  found  by  experiment  that, 
with  a  given  amount  of  radiation  on  a 
heating  system,  the  steam  requirements 
in  temperature  and  amount  will  exactly 
balance  a  given  constant  load  on  a  tur- 
bine by  simply  changing  the  vacuum  to 
suit  the  outside  weather  conditions  ac- 
cording to  a  prearranged  schedule.  That 
is,  with  70,000  sq.ft.  of  direct  radiation 
on  a  town  heating  plant  and  400  kw. 
load  on  a  turbine,  the  exhaust  steam  un- 
der vacuums  from  0  to  28  in.  will  exact- 
ly balance  the  heating  requirements  be- 
tween 0  and  60  deg.  outside  temperature. 
The  same  power  load  may  be  carried  on 
the  turbine  throughout  the  entire  heat- 
ing season,  the  heating  system  acting 
as  a  condenser  and  reducing  the  steam 
rate  per  kilowatt-hour  as  the  vacuum 
is  increased.  All  live  steam  may  be 
utilized  under  boiler  pressure  in  a  sep- 
arate live-steam  heater,  the  condensation 
being  returned  by  gravity  to  the  boilers. 
The  pumps  should  be  of  the  turbine 
type,  of  sufficient  capacity  to  keep  the 
maximum  drop  in  temperature  of  the 
water  in  the  system  below  20  deg. 

If  the  radiation  were  increased  10  per 
cent,  over  the  requirements  of  a  low- 
pressure  steam  or  vacuum  system,  the 
lowest  vacuum  in  extreme  weather  would 
not  be  below  4  or  5  in.  and  with  two 
pumps  in  series  the  turbine  would  never 
have  to  be  operated  on  no  vacuum  or 
back  pressure  above  atmosphere.  Where 
a  steam-heating  system  is  considered  in 
connection  with  a  turbine  installation, 
the  100  per  cent,  increase  in  steam  con- 
sumption for  power  due  to  the  total  loss 
of  vacuum  at  all  times  may  be  fatal  to 
its   financial  success. 

There  is  a  mistaken  notion  that  a 
pump  alone  on  the  end  of  a  steam  line 
will  produce  a  vacuum.  This  is  not  true 
unless  the  steam  is  actually  condensed. 
If  the  heating  apparatus  has  not  suffi- 
cient condensing  capacity,  cold  water  has 
to  be  added  to  increase  the  cooling  effect. 
This  water  is  allowed  to  overflow  and 
is  wasted  unless  make-up  water  is  needed 
for  feed  purposes. 

One  of  the  first  requisites  for  a  proper 
vacuum  system  is  a  thermostatic  or  float 
trap  01  check  valve  introduced  between 
the  steam  in  the  system  and  the  vac- 
uum in  the  return  so  that  bypassing  will 
be  prevented  and  steam  will  not  enter 
the  return  system.  The  vacuum  on  any 
heating  system  is  therefore  limited  to 
the  degree  to  which  the  piping  system 
can  be  made  air-tight,  and  by  the  con- 
densing capacity  of  the  heating  sur- 
face at  any  time.  When  extensions  are 
required  on  a  steam  system  which 
is    loaded    to    its    capacity,    a    new    line 
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of  larger  pipe  has  to  be  installed  or  the 
pressure  has  to  be  raised  on  the  exist- 
ing line.  Increasing  the  initial  pressure 
on  the  line  raises  the  back  pressure  and 
corresponding  temperature  of  the  heating 
steam  on  the  near-by  radiation,  causing 
extra  expense  in  addition  to  that  involved 
by  adding  the  new  heating  surface. 

It  may  be  readily  seen  that  1000  sq.ft. 
of  heating  surface  2000  ft.  away  on  a 
steam  system  will  require  a  larger  main 
or  greater  pressure  than  the  same  radia- 
tion 200  ft.  distant  from  the  source.  The 
extra  distance  on  a  hot-water  plant  does 
affect  the  pumping  capacity,  requiring 
greater  power,  but  does  not  affect  the 
vacuum  or  back  pressure  under  which 
the  engine  units  are  operating. 

The  question  of  back  pressure  and  size 
of  main  practically  limits  the  distance 
covered  on  a  steam  system  with  economy, 
while  the  only  limiting  condition  on  a 
hot-water  system  is  the  cost  of  mains 
against  another  plant  nearer  by.  A  vac- 
uum produced  on  the  end  of  a  steam  line 
would  increase  the  velocity,  but  at  the 
same  time  the  volumes  of  steam  at  low 
pressures  increase  very  rapidly,  offset- 
ting the  advantages  and  increasing  the 
size  of  mains  for  a  given  output.  There 
are  26.8  cu.ft.  of  steam  per  pound  at 
atmospheric  pressure  or  212  deg.,  and 
19.4  cu.ft.  per  pound  at  5  lb.  pressure 
above  atmosphere  and  230  deg.  tempera- 
ture. Forty  per  cent,  more  area  would 
be  required  at  atmospheric  pressure  for 
the  same  output  and  drop  in  pressure 
than  would  be  required  for  5  lb.  pres- 
sure; also  12  per  cent,  more  heat  would 
be  radiated  by  the  heating  surface  at 
the  higher  steam  temperature  and  pres- 
sure. 

The  mains  of  a  steam  system  radiate 
the  heat  at  a  temperature  of  at  least  212 
deg.,  while  that  of  the  water  system  varies 
from  100  to  200  deg.,  averaging  about  40 
deg.  less,  depending,  of  course,  upon  the 
installation.  The  removal  of  condensa- 
tion from  the  steam  mains  through  traps 
is  necessary  to  prevent  water-hammer 
and  involves  considerable  loss  that  does 
;aot  occur  with  the  water  system.  Cus- 
tomers do  not  have  to  bother  with  valves 
or  air  valves  on  the  radiators  and  the 
disagreeable  odor  of  cylinder  oil  so  much 
in  evidence  when  exhaust  steam  is  used 
directly  in  the  system  is  eliminated.  The 
snapping  and  cracking  of  pipes  so 
familiar  to  all  is  absent  and  also  keeps 
the  repair  bill  of  the  water  system  low. 
To  make  a  central  heating  plant  suc- 
cessful, every  corner  must  he  guarded, 
and  frequently  it  is  the  small  economies 
that  place  the  plant  on  a  profitable  basis. 

A  hot-water  system  may  be  extended 
by  adding  mains,  heaters  or  pumps  with- 
out abandoning  existing  apparatus.  Sep- 
arate mains  may  be  extended  to  new  dis- 
tricts and  the  distance  will  not  increase 
the  size  of  the  main  on  the  water  sys- 
tem in  anywhere  near  the  ratio  that 
would   be   necessary   in   a   steam   system. 


Where  a  section  is  overloaded  the  cir- 
culation may  be  increased  by  a  small 
booster  pump  placed  in  that  particular 
circuit  out  on  the  line  and  operated  by 
current  from  the  main  station.  The  in- 
creased velocity  will  carry  the  extra  heat- 
ing surface  at  slight  expense  without 
enlarging  the  mains. 

The  central  hot-water  heating  plant 
should  have  recording  thermometers  on 
the  supply  and  return  mains  and  on  the 
steam  spaces  of  the  heaters,  as  well  as  a 
recording  venturi  meter;  with  these  in- 
struments an  exact  record  can  be  ob- 
tained of  the  output  of  the  heating  sys- 
tem in  heat  units.  With  an  exact  knowl- 
edge of  the  cost,  a  flat  rate  per  square 
foot  of  heating  surface  per  season  can 
be  charged,  which  is  more  satisfactory 
than   meters   or  other  devices. 

All  heating  surface  should  be  so  care- 
fully proportioned  that  a  few  radiators 
will  not  require  that  the  whole  system 
be  operated  on  higher  water  tempera- 
tures. All  pipes  and  connections  in  the 
power  house  should  be  arranged  so  as 
to  make  it  easy  and  convenient  to  change 
the  vacuum  and  water  temperatures  or 
the  economy  will  suffer.  A  careful 
schedule  of  operation  and  a  recording 
thermometer  for  the  outside  temperature 
should  be  provided,  the  schedule  being 
checked  with  the  required  temperature 
of  typical  rooms  on  the  system  at  fre- 
quent intervals.  The  water  in  the  system 
should  be  changed  as  little  as  possible 
and  all  leaks  should  be  investigated  and 
repaired  at  once,  as  an  exchange  of 
water  in  the  system  is  likely  to  cause 
the  piping  to  pit  and  deteriorate.  The 
use  of  a  cooling  tower  and  the  furnishing 
of  domestic  hot-water  supply  utilizing 
the  same  water  is  liable  to  cause  de- 
terioration, due  to  the  introduction  of 
new  make-up  water. 

All  condensing  apparatus  should  be 
entirely  independent  of  the  heating  sys- 
tem as  far  as  water  connections  are  con- 
cerned. Pumping  against  the  static  head 
of  the  system  is  bad  practice,  as  even 
when  the  apparatus  is  not  very  high  it 
adds  just  so  much  unnecessary  head. 

Placing  the  expansion  tank  in  the 
power  house  is  the  most  satisfactory  ar- 
rangement, inasmuch  as  any  change  in 
head  or  loss  of  water  in  the  systrm  is 
immediately  detected. 

The  central-station  man  considering 
the  addition  of  a  heating  plant  cannot 
study  the  situation  too  closely,  keeping 
in  mind  the  important  fact  that  the  invest- 
ment must  be  kept  as  low  as  is  consistent 
with  good  worknianship  and  first-class 
construction.  Spreading  promiscuous- 
ly all  over  the  town  must  be  avoided  and 
only  just  sufficient  mains  should  be  in- 
stalled to  utilize  the  available  exhaust 
steam  to  the  best  advantage.  The  use  of 
hot-water  boilers  should  be  avoided  and 
the  live-steam  heater  should  not  be  elimi- 
nated by  introducing  the  live  steam  into 
the   exhaust-steam   heater  through   a   re- 


ducing valve,  as  this  method  is  uneco- 
nomical in   operation. 

It  is  impossible  to  regulate  with  great 
accuracy  the  temperature  of  the  water 
in  the  case  of  hot-water  boilers,  as  the 
grate  surface  necessary  to  heat  sufficient 
water  in  zero  weather  would  be  40  per 
cent,  too  much  when  the  temperature 
ranged  between  30  and  40  deg.  F.  Con- 
sequently the  water  would  be  too  hot 
or  too  cold,  and  by  attempting  to  cut 
boilers  in  or  out  of  the  system  coal  is 
wasted.  Besides,  there  would  be  an  extra 
investment  in  boilers.  A  motor-driven 
pump  and  a  steam-driven  pump  should 
be  used,  either  capable  of  carrying  the 
entire  plant,  with  connections  in  series 
so  that  both  can  be  operated  in  extreme 
weather  if  desired.  The  motor-driven 
pump  may  be  operated  with  current  from 
the  large  unit  furnishing  steam  for  heat- 
ing at  a  cost  of  not  over  25  lb.  of  steam 
per  kilowatt-hour.  The  ordinary  vac- 
uum pump  on  a  steam  system  requires 
about  150  to  160  lb.  per  kilowatt-hour 
and  the  exhaust  from  these  pumps  can- 
not be  used  on  the  heating  system  to 
the  same  advantage  as  the  steam  from 
the  pump  on  the  water  system.  This 
means  that  six  times  the  power  can  be 
used  for  circulating  the  water  system  at 
the  same  steam  consumption  as  would 
be   required   for  a   vacuum   system. 

It  is  very  bad  practice  to  regulate  the 
temperature  of  the  water  system  by 
varying  the  speed  of  the  pump,  as  it 
simply  means  a  higher  initial  tempera- 
ture of  the  outboard  water,  thus  reduc- 
ing the  amount  of  vacuum  and  reducing 
the  power  obtained  from  the  steam  used 
for  heating. 

All  underground  work  should  be  in- 
stalled in  a  thoroughly  first-class  manner. 
The  mains  should  grade  up  in  the  di- 
rection of  the  flow,  with  proper  provision 
for  the  relief  of  the  air  automatically 
at  all  high  points. 

If  the  ground  is  dry  and  the  subsurface 
well  drained,  wood  stave  covering  may 
be  used  for  conduit.  If  the  ground  is 
wet  or  moist,  this  type  of  conduit  will 
deteriorate  in  a  very  short  time.  Tile 
pipe  with  chairs  and  rolls  with  hub  and 
spigot  joints  set  with  cement  make  the 
best  construction.  The  pipes  may  be 
packed  with  cheap  nonconducting  ma- 
terial, and  as  there  are  no  drips,  traps, 
etc.,  required,  the  space  around  the  pipe 
can  be  kept  perfectly  dry.  Manholes  of 
brick  with  cast-iron  covers  should  be 
used  at  each  expansion  joint,  anchor  and 
house  connection.  Expansion  joints 
should  be  placed  every  200  ft.  with  an 
anchor  between,  of  a  channel  or  I-beam 
laid  on  its  side  and  bricked  in  solidly 
into  the  brick  walls  of  the  manholes. 

House  connections  can  generally  be 
combined  with  the  anchors  and  expan- 
sion joints  in  the  same  manholes.  Packed 
sleeve  expansion  joints  are  apt  to  give 
trouble  unless  the  bolts  are  gone  over 
frequently    to    take    up    on    the    packing. 
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When  the  pipe  contracts,  it  compresses 
the  packing,  and  when  it  expands,  the 
joint  leaks,  as  the  packing  is  not  suffi- 
ciently resilient.  This  can  be  overcome 
by  using  a  joint  with  a  double  sleeve, 
one  held  by  heavy  springs  which  keep 
the  packing  compressed  under  all  con- 
ditions; this  joint,  however,  is  very  ex- 
pensive. The  wear  on  an  expansion  joint 
in  a  hot-water  system  is  far  greater  than 
when  steam  is  used,  as  the  temperature 
of  the  water  is  varied  continually  with 
the  outside  weather  while  the  tempera- 
ture of  the  steam  is  fairly  constant.  U- 
bends  or  a  break  across  the  street  and 
back  at  intervals  have  been  used  with 
success  and  this  method  is  inexpensive. 

Flanges  should  not  be  used  on  under- 
ground work  except  in  manholes  as  pro- 
vision has  to  be  made  for  the  movement 
of  the  pipe;  good  wrought-iron  couplings 
are  preferable.  In  many  town  heating 
plants  the  shunt  system  has  been  found 
very  advantageous  as  it  only  requires  a 
single  pipe  and  the  entire  distance  up 
to  its  capacity  can  be  utilized  for  service 
connections,  especially  where  the  pipe 
supplies  through  one  street  and  returns 
through  another.  It  is  sometimes  cus- 
tomary when  house  connections  are 
large  to  reduce  the  main  one  size  be- 
tween the  supply  and  return  house  con- 
nection, introducing  friction.  This  will 
materially  reduce  the  size  of  pipes  re- 
quired for  the  house  connection  by  in- 
creasing the  velocity  in  the  shunt.  Care 
must  be  exercised,  however,  that  the 
capacity  of  the  main  for  the  remainder 
of  the  plant  is  not  interfered  with  by  re- 
ducing the  size  of  the  main  at  too  many 
points.  Y-branches  have  proved  of  no 
advantage  ir  this  work  and  only  com- 
plicate the  construction.  Long-turn  el- 
bows and  bends  and  double-sweep  tees 
are  of  advantage  on  the  mains,  especial- 
ly where  high  velocities  are  maintained. 
Reducing  fitting  with  cored  outlets  should 
be  avoided  due  to  the  loss  in  head. 
Radiator  connections  may  be  made  with 
short-turn  ells  as  the  velocities  are  com- 
paratively low;  extra-heavy  nipples 
should  be  used  in  all  cases  on  water 
systems,  especially   for  small   sizes. 

The  price  of  heating  in  most  parts 
of  the  United  States  cannot  exceed  25c. 
per  square  foot  of  radiation  per  sea- 
son without  prohibiting  its  use  by  cus- 
tomers who  do  not  feel  able  to  pay  for 
the  convenience. 

Fig.  I  shows  an  arrangement  of  street 
mains  which  will  work  out  very  eco- 
nomically for  a  compact  district,  and  the 
arrangement  permits  readily  of  future 
extensions.  If  the  supply  and  return 
are  installed  to  B  and  B',  the  full  length 
of  the  main  is  available  for  shunt  con- 
nections and  C  and  C  can  he 
added  later.  The  branches  L  need  not  be 
installed  until  customers  require  con- 
nections. This  system  gives  a  pipe  in 
each  street  and  supply  and  return  con- 
nections   can    be    made    where    a    large 


amount  of  surface  may  be  required  to  be 
added  for  any  individual  customer,  re- 
ducing the  size  of  the  house  main  over 
what  would  be  required  if  operated  on 
a   shunt   system. 

Fig.  2  shows  a  system  with  a  supply 
and  return  in  each  street.  The  house 
connections  here  can  be  made  smaller 
and  lower  velocities  can  be  used  on  the 
main,  reducing  the  friction  head  on  the 
pump. 

Fig.  3  shows  a  shunt  circuit  for  a 
small  installation  where  only  a  portion 
of  the  town  is  covered  and  some  of  the 
service  is  a  considerable  distance  from 
the  plant.  A  valve  at  D  forces  the  water 
around  the  branch  circuit.  All  house  con- 
nections would  be  made  in  shunt.  A 
smaller  main  would  be  required  than 
for  a  supply  and  return  system  and  a 
higher  head  would  be  required  on  the 
pump,  due  to  the  greater  velocity.  Where 
the  exhaust  steam  from  the  circulating 
pump  can  be  utilized  the  operating  ex- 
pense is  less  than  the  interest  on  the 
investment  in  long  mains  of  greater 
diameter.  Where  a  proper  velocity  is 
maintained  on  the  main,  a  2-in.  pipe 
will  take  care  of  1000  to  1200  sq.ft.  of 
surface  on  a  shunt  circuit.  All  branches 
to  buildings  should  be  covered  with  sec- 
tional covering.  An  efficient  and  cheap 
method  is  to  use  :;'L-in.  asbestos  paper 
cut  in  rolls  6  in.  long  and  wrap  it  around 
the  pipe  spirally  until  there  are  sev- 
eral   thicknesses. 

The  following  data  were  obtained  from 
a  plant  installed  some  time  ago  which 
has  been  very  successful  financially  and 
was  arranged  similarly  to  the  system 
shown  in  Fig.  3.  This  plant  is  run  non- 
condensing  and  has  a  capacity  of  200  hp. 
The  engine  is  of  the  Corliss  type,  using 
about  28  lb.  of  steam  per  horsepower- 
hour.  There  are  28.000  sq.ft.  of  heating 
surface  on  a  5-in.  circuit,  all  connections 
being  in  shunt.  There  are  three  3-in. 
shunts  off  the  main,  which  is  about  V^ 
mile  in  length.  A  12_-hp.  pump  is  used 
to  circulate  the  water  and  the  usual 
exhaust  and  live-steam  heaters  are  in- 
stalled. The  pump  maintains  a  differ- 
ence in  head  on  the  circuit  of  20  lb. 

A  charge  of  15c.  per  square  foot  of 
radiation  per  season  is  charged  to  all  cus- 
tomers and  coal  costs  SI. 69  per  ton  de- 
livered in  the  boiler  room.  The  total 
income  from  the  heating  plant  is  S4200 
on  28,000  sq.ft.  of  surface.  The  amount 
of  coal  chargeable  to  the  heating  ser- 
vice, including  Sundays,  when  the  en- 
gines are  shut  down,  is  about  300  tons 
per  season,  which  would  amount  to  $500 
and  leave  $3700  to  cover  the  interest  on 
an  investment  of  $15,000,  depreciation, 
etc. 

The  question  of  extending  this  plant 
came  up  and  it  was  decided  not  to  in- 
crease the  plant  further  than  there  was 
exhaust  steam  from  the  power  load  to 
supply  heat.  The  investment  in  mains 
and  extra  boilers  for  live  steam  for  heat- 


ing purposes,  unless  additional  power 
load  was  available  at  the  same  time, 
made  it  inadvisable. 

It  is  very  important  to  obtain  a  day 
load,  and  in  many  small  towns  manufac- 
turers can  be  induced  to  locate  if  they 
can  obtain  both  power  and  heat  from 
an  outside  plant.  A  considerable  day 
load  can  be  attracted  by  lowering  the 
rate  somewhat.  Electric  power  should 
not  be  sold  at  a  loss  simply  to  obtain  ex- 
haust steam  for  heating,  and  the  heat- 
ing should  not  be  placed  below  cost 
simply  because  the  exhaust  steam  may 
be  a  byproduct.  In  any  case,  consider- 
able live  steam  has  to  be  used  on  per- 
iods of  light  power  load  to  supplement 
the  exhaust  steam,  and  this  charge  be- 
comes greater  with  the  size  of  the  sys- 
tem. On  the  plant  referred  to  there  is 
an  average  day  load  of  150  hp.,  which 
takes  care  of  the  heating  until  the  weather 
gets  below   10  deg.  outside. 

The  buildings  may  be  piped  from  a 
supply  main  looping  the  basement,  with 
the  first-floor  radiators  shunted  off  di- 
rect and  the  two  upper  floors  supplied  by 
separate  risers.  For  buildings  over  three 
or  four  stories  an  overhead  system  is 
preferable,  with  single  risers  connected 
to  the  return  in  the  basement.  The  radi- 
ators may  be  shunted  off  the  riser  from 
two  tees  2  ft.  apart.  In  Figs.  1  and  2 
proper  circulation  is  effected  without  the 
use  of  choke  valves  on  house  connec- 
tions. These  should  be  avoided  and  will 
not  be  required  in  the  building  mains 
if  the  piping  system  is  designed  prop- 
erly. 


LETTER 

Cause  of  Pump  Racing 

I  have  had  trouble  similar  to  that  de- 
scribed by  Mr.  Moulton  in  the  Apr.  2 
issue  -and  I  believe  it  is  due  to  genera- 
tion of  vapor  in  the  water  cylinder  of  the 
pump  during  a  quick  reduction  in  pres- 
sure in  the  heating  system.  I  would 
suggest  that  he  reduce  the  steam  pres- 
sure on  the  system  very  gradually  when 
cutting  it  off,  and  in  that  manner  keep 
the  temperature  of  the  water  cylinder 
and  the  system  more  uniform;  in  other 
words,  let  the  pump  cylinder  cool  down 
with  the  system. 

C.  H.  Wilson. 

East  Orange,  N.  J. 


The  comparative  fuel  cost  at  the  Port 
Henry  (N.  Y.)  power  plant,  according  to 
the  Engineering  and  Mining  Journal,  is 
as  follows:  11  tons  of  No.  2  buckwheat 
(anthracite)  worth  $2.65  per  ton  at  the 
plant,  is  equal  in  heating  value  to  10 
tons  of  bituminous,  at  $3.92  per  ton,  or 
$29.15  worth  of  anthracite  equals  $39.20 
worth  of  bituminous  coal,  thus  making 
the  cost  of  operating  with  bituminous 
1.345  times  more  than   for  anthracite. 
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Give  Authority  to  the   Public 
Service  Commission 

Destructive  competition  in  public  utili- 
ties is  manifestly  a  bad  thing,  but  in 
return  for  a  franchise  virtually  grant- 
ing a  monopoly  in  any  city,  a  public- 
service  corporation  should  willingly  sub- 
mit to  regulation  by  the  proper  author- 
ities. 

Hearings  in  the  rate  case  against  the 
New  Yorlc  Edison  Co.  have  been  drag- 
ging on  before  the  Public  Service  Com- 
mission for  several  months  and  now  that 
a  new  petition  has  been  introduced  (as 
announced  by  us  two  weeks  ago)  the 
indications  are  that  another  equally  long 
period  will  be  required.  At  the  first 
hearing  under  the  new  petition,  in  an- 
swer to  a  request  for  the  number  of 
consumers  in  each  class  and  the  amounts 
received  from  each  class  during  the  past 
three  years,  Mr.  Hemmens,  counsel  for 
the  New  York  Edison  Co.,  announced  that 
the  company  did  not  intend  to  give  out 
any  information  further  than  that  in- 
cluded in  its  annual  reports  to  the  Pub- 
lic Service  Commission.  As  is  well  known 
by  anyone  who  has  attempted  to  make 
use  of  these  reports,  they  are  not  in 
such  form  as  to  permit  of  definite  de- 
ductions. 

If  this  is  the  attitude  of  the  New  York 
Edison  Co.,  it  would  seem  almost  useless 
to  proceed  further  with  the  hearings  un- 
til the  status  of  the  commission,  rela- 
tive to  its  power  to  compel  witnesses  to 
answer  pertinent  questions,  is  determined. 
Repeatedly  during  the  former  hearings 
the  commissioner  ordered  the  witnesses  to 
answer  certain  questions,  whereupon 
counsel  for  the  defendant  instructed  them 
not  to  answer.  Needless  to  say,  the 
witness  always  followed  the  dictation 
of  the  counsel  in  defiance  of  the  com- 
missioner, and  the  latter  was  apparently 
powerless  to  take  any  action. 

The  New  York  Public  Service  Com- 
mission for  the  first  district  alone  costs 
the  state  over  one  million  dollars  an- 
nually, an  amount  in  return  for  which 
the  people  have  reason  to  expect  results. 


If  the  commission  is  to  be  of  real  ser- 
vice to  the  state,  it  should  be  granted 
full  powers  to  investigate  and  get  at 
the  bottom  of  all  facts  pertaining  to  com- 
plaints brought  before  it. 

The  good  work  that  has  been  accom- 
plished by  the  Wisconsin  Railway  Com- 
mission forms  a  precedent  and  siiows 
what  can  be  accomplished  in  the  regula- 
tion of  public  utilities  where  the  com- 
mission is  vested  with  the  necessary  au- 
thority. Why,  then,  should  not  New  York 
follow  the  excellent  example  set  by  Wis- 
consin ? 


Competition 

In  the  power  plant,  as  in  all  nature, 
the  struggle  for  existence  is  daily  be- 
coming more  and  more  acute.  Usually, 
the  fittest  survive  and  the  weaker  perish, 
the  individuals  who  exert  little  progres- 
sive effort  being  soon  relegated  to  in- 
significance. 

The  plants  that  through  mismanage- 
ment are  high  in  operating  costs  must 
sooner  or  later  be  displaced  by  central- 
station  service.  There  is  perhaps  no  other 
good  reason  for  central-station  service 
shutting  down  an  isolated  plant  of  or- 
dinary output.  Local  conditions,  such 
as  close  proximity  to  a  hydro-electric 
station,  where  the  cost  of  current  gen- 
eration is  exceedingly  low,  may  deter- 
mine the  advisability  of  closing  down 
an  isolated  plant,  but  generally  the 
properly  managed  isolated  plant  can  sur- 
vive the  persistent  competition  of  any 
central  station. 

Deep  in  the  consciousness  of  most 
engineers  lies  the  knowledge  that  cen- 
tral-station service  would  mean  a  great 
decrease  in  the  operating  costs  of  hun- 
dreds, even  thousands,  of  power  plants. 
Central-station  men  also  clearly  realize 
this,  and  hence  the  logic  of  their  argu- 
ments in  their  relation  to  such  plants. 
Engineers  in  charge  of  these  excessively- 
high  cost  plants  know,  or  surely  ought 
to  know,  that  it  is  only  a  matter  of  time 
when  the  forcible  talk  of  the  central-sta- 
tion   solicitor,    substantiated    by    figures. 
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and  other  data,  will  convince  the  man- 
agement that  its  power  division  is  a 
source  of  heavy  loss  and  a  contributory 
cause   of  low  dividends. 

Once  convinced,  the  isolated  plant 
must  go  because  modern  business  can- 
not, and  will  not,  tolerate  a  remedial 
loss.  The  erigineer's  only  hope  then 
is  to  prevent  the  management  from  be- 
coming convinced.  He  must  not  expect 
to  achieve  this  by  mere  emotional  or 
persuasive  argument.  That  day  is  past. 
Argument  by  conviction,  which  calls  for 
worthy  evidence,  must  be  made  to  be  ef- 
fective. 

To  obtain  such  evidence  means  a  close 
study  of  modern  power-plant  manage- 
ment, the  systematizing  of  the  operat- 
ing work,  and,  above  all,  the  use  of 
records  particularly  adapted  to  each  de- 
partment of  the  plant.  While  this  adds 
to  the  duties  of  the  engineer,  the  con- 
ditions demand  it,  and  the  key  to  survival 
is  in  adapting  the  plant  to  the  conditions. 


Unnecessary  Risks 

While  sometimes  in  power-plant  prac- 
tice it  is  necessary  for  the  continuation 
of  service  to  assume  grave  risks,  more 
often  it  is  foolhardy.  It  should  be  re- 
membered that  men  who  assume  these 
risks  not  only  jeopardize  their  own  lives 
and  lirnbs,  but  in  most  cases  those  of 
others  in  the  immediate  vicinity  are  also 
endangered.  The  man  in  charge  should 
therefore  use  much  discretion  in  allow- 
ing his  subordinates  to  do  such  work. 

For  instance,  an  exceedingly  long- 
handled  wrench  should  not  be  used  to 
tighten  the  defective  and  leaky  caps  on 
water-tube  boilers  under  high  pressure. 
No  harm  will  be  done  if  all  the  parts 
are  sound  but  too  often  they  are  defective. 

The  practice  of  assuming  that  the 
physical  condition  of  the  boiler  will  ad- 
mit of  more  heavily  loading  the  safety 
valve  and  that  it  and  the  steam  gage  are 
correct,  is  poor  engineering;  such  things 
should  be  accurately  ascertained,  not 
taken  for  granted. 

It  is  also  unjustifiable  to  risk  putting 
water  into  a  boiler  in  which  the  at- 
tendant does  not  know  how  far  below  the 
bottom  gage-cock  the  water  has  gone. 
Happily,  this  is  done  but  infrequently. 
It  is  better  in  such  cases  to  cover  the 
fires,  taking  no  dangerous  chance  just 
because  the  attendant  fears  being  dis- 
charged, which  is  his  only  reason  for  as- 


suming the  risk.  His  life  and  that  of 
others  are  more  valuable  to  the  commun- 
ity than  his  job.  It  is  also  wrong  to  send 
men  into  a  hot  boiler  shell  into  which 
a  great  volume  of  steam  is  pouring 
through  the  dry-pipe,  without  posting 
someone  on  the  outside  to  play  cold 
water  into  the  boiler  and  to  observe  and 
assist  them  if  they  collapse. 

No  meager  amount  of  discretion  should 
he  exercised  in  deciding  how  long  a  seri- 
ous leak  on  a  high-pressure  line  of  any 
kind  should  be  allowed  to  continue  be- 
fore its  repair.  The  practice  of  enter- 
ing the  ashpits  under  a  bright  fire  to  re- 
pair a  section  of  the  broken  grate  bars 
is  also  to  be  condemned.  To  work  on 
a  closed  high-tension  electric  circuit 
"just  to  save  time"  is  nothing  short  of 
suicidal,  but  it  is  done  now  and  then. 

All  of  these  things  are  commonplace, 
but  it  is  just  as  criminal  to  assume  un- 
necessary risks  in  performing  them  as 
it  is  to  allow  an  intoxicated  man  to  take 
charge  of  the  equipment. 

Perhaps  most  important  of  all  to  con- 
servative practice  is  to  keep  uptodate 
and  be  at  all  times  conscious  that  op- 
erating engineers  are  in  charge  of  the 
basic  thing  upon  which  all  modern  in- 
dustry depends  for  its  existence  and 
continuity — power. 


yond  him  to  the  manager.  With  this  type 
of  men  much  can  be  accomplished  if  they 
are  properly  handled. 


Commendable  Loyalty 

Disregard  for  the  peculiarities  of  hu- 
man nature  is  often  responsible  for  the 
complete  failure  of  ideas  that  might 
otherwise  have  proved  productive  of  good 
results,  as  the  follow-ing  case  well  illus- 
trates. 

The  plant  is  one  of  the  largest  in  the 
East,  its  management,  all  things  con- 
sidered, is  admirable,  and  the  chief  engi- 
neer is  thoroughly  competent  as  the  suc- 
cess of  his  department  attests. 

As  the  manager  desired  more  coopera- 
tion on  the  part  of  the  men,  he  requested 
that  if  any  of  the  employees  had  ideas 
which  they  thought  would  improve  the 
plant's  operation,  he  wished  that  they 
would  report  them  to  him.  No  mention 
was  made  of  the  chief  engineer. 

One  by  one  the  men  read  the  notice, 
smiled,  and  walked  away.  The  manager 
did  not  receive  one  reply  to  his  request, 
and  perhaps  he  is  still  wondering  why. 
The  only  comment  of  the  men  was  that 
they  would  not  ignore  their  superior,  the 
chief,  by  carrying  their  suggestions  be- 


The  Smoke  Inspector  in 
Trouble 

The  labor  difficulties  in  the  coal  fields 
both  here  and  abroad  have  made  the 
smoke  inspector's  task,  which  at  no  time 
is  a  sinecure,  particularly  arduous.  The 
strike  in  England  has  led  to  the  ex- 
portation of  practically  all  the  better- 
grade  coal  mined  in  the  vicinity  of  the 
seaboard.  Because  'of  the  threatened 
trouble  here  the  balance  of  such  coal 
has  been  bought  either  by  the  railroads 
or  by  the  large  consumers  and  as  a  re- 
sult none  can  be  secured  in  the  open 
market. 

This  makes  it  necessary  to  burn  low- 
grade  fuel  in  a  large  number  of  plants 
not  suitably  equipped.  The  consequence 
is  much  smoke  which  the  inspector  is 
helpless  to  prevent,  for  it  would  be  un- 
reasonable to  require  a  change  of  equip- 
ment because  of  this  temporary  condi- 
tion of  the  market.  On  the  other  hand, 
the  general  public,  entirely  ignorant  or 
thoughtless  of  the  underlying  cause,  rails 
at  the  dirty  condition  of  the  city's  at- 
mosphere and  unjustly  condemns  the 
smoke  inspector  as  incompetent  or  worse. 


Returns  to  Engineering 

Cecil  P.  Poole,  for  the  past  seven  years 
junior  editor-in-chief  of  Power,  has  re- 
signed that  position  in  order  to  engage 
in  consulting  engineering.  He  will  en- 
ter into  partnership  on  May  1  with  Lamar 
Lyndon,  of  New  York,  and  the  head- 
quarters of  the  new  firm  will  be  located 
at  Atlanta,  Ga.  Mr.  Lyndon's  New  York 
office  will  be  continued  as  heretofore  and 
will  cooperate  with  the  Atlanta  office, 
which   will   be  conducted  by  Mr.   Poole. 

During  the  past  12  years  Mr.  Poole 
has  specialized  in  the  design  and  con- 
struction of  electrical  machinery  and  in 
gas-power  engineering  in  general,  and 
the  information  and  experience  accumu- 
lated during  that  period  should  be  of 
much  value  to  him  in  the  line  of  work 
he  is  now  entering. 

He  carries  with  him  the  best  vi'ishes 
of  Power,  and  of  the  members  of  the 
staff  with  whom  he  has  been  so  pleasant- 
ly associated,  for  an  abundant  success 
in  his  new  field. 
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Readers  with  Something  to  Say 

A  letter  good  enough  to  print  will  be  paid  for.     Ideas,  not  mere  words,  wanted 


Stud  Extractor 

The  accompanying  illustration  shows  a 
lome-made  stud  extractor  and  driver, 
"his  device  will  be  valuable  to  any  power 
ilant. 

In  the  illustration,  A  is  a.  bushing  nut. 


Stud  Extractor 

?  is  a  wedge,  C  is  an  oval  hole,  and  D 
ire  teeth  on  the  wedge  to  prevent  slip- 
)age  between  the  stud  and  the  wedge. 

With  this  extractor  three  sizes  of  studs 
nay  be  extracted  or  driven  with  one 
vedge. 

J.   G.    KOPPEL. 

Montreal,  Can. 


thinlsing  of  the  reason  why,  just  as  we 
often  do.  As  the  cylinders  were  tapped 
for  the  indicator,  I  proceeded  to  investi- 
gate. Diagrams  were  taken  from  the 
high-pressure  cylinder,  but  they  shed  no 
light  on  the  subject,  but  on  shifting  the 
indicator  to  the  low-pressure  cylinder  the 
i-eason  for  gieater  steam  consumption 
was  apparent. 

The  diagram  taken  with  the  cross  ex- 
haust closed  is  shown  in  Fig.  1 ;  that  with 
the  exhaust  valve  open  is  shown  in  Fig.  2. 

With  the  valve  closed  the  low-pressure 
cylinder  gets  steam  only  from  the  high- 
pressure  cylinder  on  that  side,  but  with 
the  valve  open  it  got  more  steam  from 
the  other  side,  when  near  the  end  of 
the  stroke.  This  produced  a  longer  pis- 
ton stroke,  due  to  the  higher  pressure, 
and  a  higher  exhaust  pressure  when  the 
exhaust  port  was  opened  to  the  atmos- 
phere; consequently  a  higher  steam  con- 
sumption. 

E.  J.  Saxe. 

Christopher,  111. 


Steam  Consumption    of 
Compound   Pump 

An  ergineer  asked  me  why  a  duplex 
lompound  pump  took  more  steam  when 
unning  with  the  cross  exhaust  open  than 
vhen  running  with  it  closed.  I  replied 
hat  I  did  not  know  that  it  did. 

He  then  stated  that  when  running  a 
arge  elevator  pump,  and  the  boilers 
Ired  with  gas,  he  found  that  when  the 
;age  indicated   100  lb.  pressure  with  the 


Fic.  1.  Valve  Closed 

cross  exhaust  of  the  pump  open,  the 
steam  pressure  would  increase  to  the 
blowing-off  point  if  the  cross  exhaust 
were  closed.  This  had  been  tried  over 
and  over  again,  and  he  got  the  same 
result  each  time. 

I  determined  to  find  out  if  this  were 
so  and  went  over  and  had  a  look  at  the 
old  10,  16  and  10  by  10  pump  ihat  I 
had  been  running  for  years,  I  knew  that 
when  I  closed  the  valve  in  the  cross  ex- 
haust the  pump  made  a  shorter  stroke 
than  when  the  valve  was  opened.  I  had 
been  told  to  run  with  the  valve  one- 
quarter  open  and  I  had  done  so  without 


Why  Two  Engineers  Did  Not 
Get  the  Positions 

In  a  certain  town  of  about  5000  people 
the  lighting  plant  employed  three  engi- 
neers. The  chief  had  the  shift  from  7 
a.m.  until  5  p.m.,  and  did  his  own  firing, 
but  the  load  was  light  and  he  had  plenty 
of  time   for  the  other  work. 

The  company  paid  good  wages  but  the 
manager  did  not  believe  that  paying  a 
$"75  man  SIOO  would  make  a  SlOO  man  of 
him. 

The  manager  was  looking  for  the  latter 
priced  man,  but  had  the  place  temporarily 


Fic.  2.   Valve  Open 

filled  by  an  S85  man.  On  one  occasion 
this  man  was  ill  and  an  ice-plant  engi- 
neer was  secured,  his  plant  being  tem- 
porarily shut  down.  He  came  highly 
recommended  and  the  manager  was  glad 
of  an  opportunity  to  learn  more  of  his 
ability. 

It  was  customary  to  weight  the  coal 
used  and  report  the  quantity  consumed 
during  each  six-hour  period.  The  coal 
was  unloaded  from  the  cars  and  piled 
near  the  boiler  house  and  each  engi- 
neer wheeled  his  own  coal.  The  manager 
required  the  engineers  to  always  use 
from   the  oldest  pile,   and  by   unloading 


each  new  car  of  coal  on  a  separate  pile 
the  manager  was  able  to  check  the  engi- 
neer's weights  against  the  mine  weights, 
and  also  tell  within  a  ton  the  amount 
of  coal  on  hand. 

The  ice-plant  engineer,  although  know- 
ing of  this  rule,  used  from  the  new  car- 
load while  there  was  still  some  left 
on  the  old  pile,  because  the  former  was 
nearer  and  he  was  not  going  to  wheel 
coal  any  farther  than  he  had  to  for  any- 
body. 

There  was  another  engineer  in  this 
town  who  had  asked  the  manager  for  a 
position  and  his  application  was  put  on 
file.  In  the  meantime  this  man  obtained 
a  position  that  would  only  last  a  few 
months,  running  a  new  engine. 

Shortly  after  this,  two  vacancies  oc- 
curred at  the  light  plant.  Remembering 
the  incident  of  the  coal  pile,  the  manager 
promptly  turned  down  the  ice-plant  en- 
gineer's application  for  the  position  of 
chief  engineer,  and  on  visiting  the  other 
engineer  he  found  the  new  engine  covered 
with  dirt  and  the  floor  wet  with  oil.  Other 
men  got  the  positions,  and  no  wonder. 
G.  E.  Miles. 

La   Jara,   Colo. 


Boiler  Washing  Tool 

An  old  hose  nozzle  cut  off  near  the 
big  end  and  tapped  out  for  a  J^-in.  pipe, 
which  can  be  supplied  of  a  suitable 
length  to  fit  the  conditions,  makes  one  of 


Boiler  Washing  Tool 

the   handiest    tools    for   washing   return- 
tubular  boilers. 

I  use  one  with  the  end  of  the  pipe 
bent  to  an  angle  of  90  deg.,  as  shown  in 
the  illustration,  and  can  reach  almost 
any  part  of  the  boiler. 

A.  G.  Knight. 

Omaha,  Neb. 
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Eliminating   Joints  Cutting  and  Applying  Gaskets 


'  The  arrangement  of  steam  piping  in 
many  power  plants  leads  to  the  belief 
that  the  engineer  or  someone  connected 
with  its  general  plan  has  some  interest 
in  the  manufacture  and  sale  of  fittings. 
The  accompanying  illustration  is  an  ex- 
ample  of   such   steam   mains. 

As   shown,   there   are   21    joints  made 
by  flanges  in  a  distance  of  12  ft.     Like 


In  applying  a  gasket  to  a  flanged  joint, 
[  find  it  better  to  cut  the  gasket  to  fit  in- 
side of  the  bolt-holes  when  possible.  This 
will  give  a  better  chance  to  draw  the 
flanges  together  and  the  gasket  will  not 
be  as  liable  to  injury,  caused  by  the  cut- 
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foundation  for  the  larger  pump;  then 
the  anchor  bolts  were  placed  in  position 
and  the  form  surrounding  the  old  foun- 
dation was  filled  with  concrete.  After  the 
concrete  had  set,  the  timbers  and  form 
were  removed  and  the  foundation  was 
smoothed  off  with  a  trowel  and  mortar 
to  give  it  a  finished  appearance. 

James  G.  Sheridan. 
Brooklyn,  N.  Y. 


POWEH 


Showing  Superfluous  Jointl 


many  lines,  the  covering  is  only  put  on 
the  steam  pipe,  the  uncovered  flanges 
acting  as  a  "radiator."  Many  of  the 
joints  could  be  omitted  and  a  'special 
bend  could  be  made  as  shown  at  B,  which 
could  reach  from  the  point  £  to  points  M 
and  D.  The  same  could  be  done  from 
the   flange   A    to   C. 

C.  R.  McGahey. 
Baltimore,  Md. 


Costly  Negligence 

My  experience  may  serve  to  illustrate 
the  importance  of  a  thorough  inspection 
of  the  interior  of  boilers  before  they 
are  closed  up  and  put  into  service  after 
undergoing  cleaning  or  repairs. 

I  had  been  in  charge  of  this  plant 
only  a  few  days  when  I  saw,  in  the  fur- 
nace of  a  return-tubular  boiler,  a  bag 
about  2  ft.  from  the  girth  seam  in  the 
front  fire  sheet.  The  boiler  was  taken 
off  the  line  as  soon  as  another  boiler 
could  be  connected.  The  next  day,  on 
entering  the  damaged  boiler  I  was  sur- 
prised to  find  a  burst  sack  of  sand  lying 
across  the  tubes  about  one- fourth  the 
distance  from  the  front  head. 

The  circulation  had  scattered  it  more 
or  less,  but  there  was  a  fair-sized  pile 
over  and  surrounding  the  place  where 
the  bagging  had  occurred.  The  bag  was 
so  bad  that  I  had  the  piece  cut  out  and 
a  hard  patch  put  on  rather  than  try  to 
hammer  it  up. 

Robert    Tomlinson. 

Chicago,  111. 


ting  of  bolt-holes,  which  are  hard  to 
get  exactly  in  line  with  the  holes  in  the 
flange.  If  the  holes  are  not  in  line,  the 
gasket  will  be  strained  in  places,  caus- 
ing weakness. 

One  should  always  be  very  careful 
to  use  as  thin  a  gasket  as  possible;  it 
will  give  less  chance  for  the  action  of 
steam  or  water  on  the  joint. 

When  a  joim  is  to  be  broken  often, 
one  should  appiv  a  mixture  of  graphite 
and  cylinder  oil  to  the  one  side  of  the 
joint  to  keep  the  gasket  from  sticking 
to  both  surfaces. 

J.    Alton    Barrick. 

Kenmare,  N.   D. 


Remodeled  Pump  Foundation 

taken  for  the  proper  fittings;  then  the 
old  pump  was  removed  and  the  new  one 
was  placed  on  timbers  ready  for  it,  as 
shown  in  the  side  and  end  elevations. 

The  old  foundation  was  left  standing 
and  a  wooden  form  was  built  around  it 
large   enough   to   accommodate   the   new 


Eliminating  Belt  Troubles 

Having  experienced  much  trouble  with 
belts  laced  as  shown  in  No.  1,  a  relief 
was  sought  by  lacing  all  belts  as  shown 
in  No.  2. 


Ordinary        ,  Improved''"'"''^ 

Arrangement  of  Belt  Lacing 

When  laced  as  in  No.  1,  the  lace 
holes  in  the  belt  persisted  in  tearing  out, 
especially  on  the  left  side.  When  the 
improved  method  was  tried  this  trouble 
ceased. 

Harry   D.   Everett. 

Fort  Apache,  Ariz. 


Removing  Broken  Pipe  Ends 

The  removal  of  broken  pipe  ends  from, 
fittings,  which  is  usually  a  troublesome 
job,  is  made  quite  easy  by  driving  a 
cape-chisel  into  the  broken  end,  but  in- 


Pump  Foundation 

In  one  plant  a  new  service  pump  was 
installed,  as  the  old  one  was  too  small 
to  supply  the  increased  needs.  When  the 
new    pump    arrived    measurements    were 


I  hc'i^"'!  I 


Position  of  Chisel  and  Fitting  in  the 
Vise 

stead  of  placing  the  fitting  in  the  vise, 
the  point  of  the  chisel  is  so  placed  and 
the    fitting   is   turned. 

With  fittings  where  the  point  of  the 
chisel  cannot  be  grasped,  the  vise  should 
be  opened  wide  enough  to  have  one  jaw 
press  against  the  head  of  the  chisel  and 
the  other  jaw  against  the  fitting,  as 
shown  in  the  illustration.  I  have  used 
both  methods  with  excellent  results. 

A.    T.    Kasley. 

Swissvale,  Penn. 
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Troublesome  Condenser 

The  accompanying  illustration  shows 
3  condenser  and  engine  in  an  electric- 
light  plant.  The  condenser  was  recently 
installed  but  it  fails  to  work;  it  will  not 
hold  the  vacuum  when  the  engine  is  run- 
ning and  will  only  pull  24  in.  with  the 
sngine  cut  off  from  the  condenser. 

It  is  300  ft.  from  the  condenser  to  the 
lake,  and  the  lift  is  24  ft.  There  is  no 
automatic  relief  valve  to  the  atmosphere, 
iust  a  common  disk  valve.     What  would 


excessive  fluctuation,  and   the  pump   can 
he  run  steadily  and  without  noise. 

H.  L.  Burns. 
Mayville,   N.   D. 


Loose  Locknut  Causes  Wreck 

The  piston  rod  screwing  out  of  the 
crosshead  caused  the  piston  to  butt  out 
the  cylinder  head  and  break  a  piece 
out  of  the  cylinder  and  steam  chest  about 
4  in.  long  and  about  one-third  the  way 
around  the  upper  side. 


''Atmospheric  Valine 


Pump   Drip  Piping 

A  few  days  ago  I  was  called  to  look 
at  a  feed  pump  that  would  not  pump 
water  into  the  boiler,  but  would  pump  it 
into  a  tank.  The  pump  was  new,  and  for 
the  first  two  or  three  weeks  it  worked  all 
right.  I  told  the  engineer  to  start  it 
up  and  let  me  see  what  it  would  do.  He 
started  pumping  into  the  tank.  After  it 
was  running  he  reached  down  and  closed 
the  drips  on  the  steam  cylinder,  but  he 
only    shut    one    valve.      I    looked    at    his 


Arrangement  of  Condenser  Piping 


Piping  of  Drips 


be  the  result  if  the  condenser  should 
lose  its  vacuum  while  the  engine  was 
running?  I  would  like  to  hear  from 
Power  readers  on  this  subject. 

B.   A.  Jacobs. 
Frankfort,   Mich. 


Pump  Governor  Trouble 

A  duplex  pump,  with  a  suction  pipe 
125  ft.  long,  gave  a  very  uneven  dis- 
charge which  seriously  affected  the  op- 
eration of  the  throttling  governor. 

To  overcome  the  trouble  the  governor 


Piping  to  Governor 


connections  to  the  discharge  were  changed 
to  the  arrangement  shown  in  the  illustra- 
tion. The  water  then  had  a  free  passage 
to  the  governor  cylinder  through  the 
check  valve,  but  in  returning  it  must 
pass  through  the  M-m.  line  and  angle 
valve.  By  adjusting  the  valve  the  gov- 
ernor  can    be   made    to    operate    without 


The  engineer  had  taken  out  the  piston 
the  day  before  the  wreck  to  replace  a 
broken  ring  and  failed  to  make  the  lock- 
nut  tight  enough  on  the  rod  next  to 
the  crosshead.  The  engine  ran  smoothly 
for  four  hours  up  until  about  a  minute 
before  the  wreck,  when  it  began  to 
pound,  the  piston  striking  harder  every 
revolution.  The  engineer  ran  to  the  throt- 
tle and  closed  it  just  as  the  wreck  hap- 
pened. 

The  engine  is  an  8xl2-in.  slide-valve, 
running  about  240  r.p.m.  at  130  lb.  gage 
and  was  used  for  threshing  grain  and 
running  a  portable  sawmill.  It  had  been 
in  service  about  four  years. 

M.  W.   Utz. 

Minster,  Ohio. 


What   Causes   the   Sediment  ? 

We  have  been  experiencing  much 
trouble  with  our  feed  water,  which  con- 
tains a  large  amount  of  very  fine  red 
sediment.  Before  being  heated  in  the 
boilers  the  water  is  clear,  but  when  it 
is  heated  the  sediment  settles  and  is  very 
hard  to  wash  from  the  boilers.  When 
the  blowoff  is  opened  the  water  issuing 
forth  is  almost  blood  red.  Surface  water 
is  used. 

The  boilers  are  blown  down  every 
morning  and  washed  thoroughly  every 
week.  As  we  do  not  know  the  cause  of 
our  trouble,  we  trust  some  fellow  engi- 
neer may  help  us. 

W.  V.  King. 

Seymour,  Iowa. 


piping  and  found  that  he  had  connected 
all  of  the  drips  to  one  pipg  with  a  valve 
on  the  main  drip  pipe. 

I  put  a  valve  on  the  drip  of  each 
cylinder.  After  the  change  the  pump 
worked   properly. 

Frank    H.    Coroner. 

Bradford,  R.   I. 


Where  Should  the  Coil 
Be   Placed? 

I  would  like  to  hear  from  Power  read- 
ers who  have  had  experience  with  a  coil 
placed  at  the  rear  end  of  a  horizontal 
tubular  boiler,  for  the  purpose  of  heating 
water  for. domestic  use,  such  as  washing 
and  cooking. 

What  material  should  be  used,  and  is 
there  any  danger  of  explosion  of  the 
pipe;  also,  what  precautions  should  be 
taken,  and  what  method  used  in  piping  it 
up?  What  is  the  best  location  for  the 
coil  to  obtain  the  best  results? 

Stewart,  Nev.       Angelo  Belmonte. 


Priming  Centrifugal  Pumps 

In  our  plant  we  have  two  turbine- 
driven  centrifugal  pumps  which  are  lo- 
cated above  the  hotwell  from  which  they 
take  the  discharge  from  the  condenser 
and  raise  it  to  a  tank  on  the  roof.  An 
injector  is  used  to  prime  both  pumps  and 
proves  much  more  practicable  than  the 
small  service  pumps  formerly  used. 

Herbert  Leigh. 

North    Andover,    Mass. 
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Questions  Before  the  House 

Comment,  criticism,  suggestions  and  debate  upon  various  articles, 
letters   and   editorials    which  have  aopeared  in  previous  issues 


EfFect  of  Air  in  Steam 

Referring  to  W.  A.  FuUgraf's  question 
in  the  issue  of  Mar.  26,  my  experience 
has  been  that  a  leaky  suction  on  the 
boiler-feed  pump  will  greatly  impair  the 
vacuum  in  a  condenser.  I  had  one  case 
where  the  vacuum  dropped  to  22  in.  and 
after  searching  for  the  cause,  I  found 
a  leak  in  the  valve  stem  of  a  globe  valve 
located  in  the  suction  pipe  of  the  feed 
pump.  Shortly  after  tightening  the  gland 
nut  the  vacuum  rose  to  25  in. 

I  think  a  leak  here  gives  more  inter- 
ference with  the  condenser's  operation 
than  one  of  the  same  proportion  in  the 
condenser  air  pump,  owing  to  the  air 
increasing  in  volume  on  account  of  the 
higher  temperature  in  the  boiler. 

H.  R.  Rockwell. 

Alton,  111. 


Too  much  air  in  the  steam  would  de- 
stroy the  vacuum.  The  amount  neces- 
sary to  seriously  interfere  with  the  op- 
eration of  the  condenser  will  depend  en- 
tirely upon  the  type  of  condenser  and 
the  conditions  under  which  it  works. 

It  is  doubtful  if  enough  air  could  enter 
the  feed  pipe  to  give  trouble,  especially 
if  the  pump  had  to  lift  its  water;  if 
the  leak  was  great  enough  the  feed  pump 
would  not  lift  the  water.  If  the  water 
flowed  to  the  pump  by  gravity  the  water 
would  leak  out  and  the  air  could  not 
leak  in.  Under  such  conditions  the  pump 
would  pound  so  badly  that  it  would  be 
necessary  to  stop  it. 

Condensers  will  not  work  satisfactorily 
if  a  large  volume  of  comparatively  cold 
air  is  admitted  to  them,  as  in  the  case 
where  a  freshly  fired  boiler  in  which  the 
air  has  not  escaped  is  cut  into  service. 
L.  Johnson. 

Exeter,   N.    H. 


Air  in  the  steam  will,  when  steam  is 
discharged  into  the  condenser,  turn  it  in- 
to water,  leaving  the  air  in  the  con- 
denser, and  partially,  or  wholly,  accord- 
ing to  the  amount  of  air,  destroy  the 
vacuum. 

Pumping  air  into  the  boiler  because 
of  a  leaky  feed-pump  suction,  means  the 
enlargement  of  the  original  volume  of 
the  air  in  proportion  to  the  temperature 
to  which  it  would  be  raised,  which  would 
be  the  temperature  of  the  steam. 

A  leaky  circulating  pump  would  have 
no  effect  on  the  vacuum  at  all,  unless 
it  were  large  enough  to  prevent  the 
pump     from     delivering     the     required 


amount  of  circulating  water.  On  the 
other  hand,  if  there  was  a  leak  in  the 
air  pump,  it  could  have  no  direct  effect 
on  the  vacuum,  as  it  would  not  admit 
air  into  the  condenser,  but  would  simply 
minimize  or  totally  destroy  the  service- 
ability of  the  air  pump,  thus  preventing 
the  air  from  being  removed  from  the 
condenser  and  consequently  destroying 
the  vacuum. 

Victor  Bonn. 
New  York  City. 


The  most  annoying  leaks  affecting  the 
vacuum  in  condensers  are  those  in  the 
valve  stems  and  flanges  of  the  exhaust 
main  leading  to  the  condensers.  These 
leaks  are  easy  to  find  by  applying  a 
candle  flame  at  the  joints,  as  the  flame 
will   be   drawn  inward   if  a  leak  exists. 

In  cutting  in  a  boiler  where  no  pro- 
vision is  made  for  the  air  to  escape  as 
the  steam  pressure  begins  to  rise,  it 
will  be  noticed  that  the  vacuum  will 
quickly  drop  from  5  to  10  in.,  depending 
on  the  amount  of  air  in  the  boiler  and 
on  the  kind  of  condensing  system. 

I  cannot  see  how  an  air  leak  in  the 
suction  pipe  of  a  feed  pump,  the  leak 
not  being  sufficient  to  prevent  the  work- 
ing of  the  pump,  could  reduce  the  vac- 
uum in  the  condenser  more  than  1  in. 
at  the  most,  as  it  would  immediately  pass 
from  the  boiler  with  the  steam  and  in 
such  a  small  quantity  that  the  average 
jet  condenser  could  take  care  of  it. 

A  surface  condenser  having  an  air 
pump  in  addition  to  the  circulating 
pump  could  take  care  of  a  considerable 
volume  of  air  without  any  noticeable  ef- 
fect on  the  vacuum.  I  have  had  a  large 
duplex  pump  feeding  eight  boilers  where 
the  suction  pipe  leaked  so  badly  at  the 
joints  that  if  it  were  slowed  down  to 
half  speed  it  would  lose  the  water  and 
have  to  be  primed  to  get  it  started  again. 
A  jet  condenser  was  used  and  the  gages 
indicated  25  in.  of  vacuum,  while  the 
highest  vacuum  obtained  under  full  load 
and  normal  conditions  was  26  in. 

R.    A.    CULTRA. 

Cambridge,    Mass. 


Air  in  a  condenser  is  the  chief  ob- 
stacle to  obtaining  a  high  vacuum,  re- 
gardless of  the  manner  in  which  it  found 
its  way  in.  If  it  comes  in  with  the 
steam,  it  is  at  a  high  temperature,  but 
not  any  higher  than  that  of  the  steam  in 
the  condenser.  If  it  enters  through  a 
leaky   circulating  pump   it  mingles   with 


the   steam    and    reaches   the   same   tem- 
perature in  a  very  short  time. 

A  leaky  air  pump  would  be  a  greater 
source  of  trouble  because  it  could  not 
be  depended  upon  to  remove  the  air 
from  the  condenser  and  maintain  a  high 
vacuum.  If  the  feed  pump  lifting  the 
feed  water  leaked  to  any  extent,  it  would 
soon  show  by  refusing  to  lift  the  water, 
especially  if  the  feed  was  rather  warm, 
thus  making  the  chances  of  carrying  a 
large  quantity  of  air  over  with  the  feed 
rather    doubtful. 

M.  S.  Weil. 

Philadelphia,   Penn. 


Valve  Locking  Device 

The  locking  devices  described  by  John 
Thorn  in  the  Mar.  12  issue  remind  me 
of  a  locking  device  that  I  have  used  with 
success  on  blowoff  valves  and  feed  lines. 

I  had  been  having  considerable  trouble 
with  the  engineer  boys  that  were  in 
charge  of  the  different  plants  under  my 
supervision.     They   would   first   flood   the 


boilers  and  then  some  of  them  would 
naturally  open  the  blowoff  valve  in  order 
to  drain  off  some  of  the  water.  Other 
boys  would  run  to  notify  me  and  they 
would  sometimes  get  me  up  in  the  mid- 
dle of  the  night.  Finally,  one  night  they 
ran  one  boiler  dry.  Of  course,  this  meant 
extra  work  for  me,  expanding  tubes  and 
calking  seams.  Right  after  that,  I  got 
busy  scheming  up  a  locking  device.  The 
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one  I  use  is  shown  in  the  accompany- 
ing figure  and  consists  of  an  iron  strap 
bent  into  a  U-shape.  This  passes  around 
the  body  of  the  valve  and  through  the 
handle.  A  lock  at  each  end  keeps  it  in 
place. 

Angelo   Belmonte. 
Carson  Indian  School,  Stewart,  Nev. 


Gage-Glass  Fracture 

The  gage-glass  fracture  described  by 
Richard  Swartz  in  the  Mar.  26  issue  has 
happened   many  times. 

:n  blowing  steam  through  the  glass 
to  clear  it  of  sediment,  it  is  possible  that 
a  small  piece  of  scale  or  other  hard  sub- 
stance is  detached  from  the  pipe  leading 
to  the  column,  and,  as  the  steam  as- 
sumes a  circular  movement  in  rushing 
through  the  glass,  it  carries  the  hard  sub- 
stance in  question  with  it.  The  prob- 
abilities are  that  the  substance  will  fol- 
low the  inner  surface  of  the  glass,  slight- 
ly scratching  it,  and  engineers  know  what 
a  slight  scratch  is  required  to  cause  a 
gage-glass   to   crack. 

John  Thorn. 

London  Junction,  Ont. 

Gage-Glass  Background 

In  making  a  background  for  a  water 
gage-glass,  I  have  found  the  following 
method   to    give    good    results: 

Cut  a  piece  of  tin  or  other  bright  metal 
to  fit  in  back  of  the  gage-glass.  Then 
polish  the  surface  that  is  next  to  the 
glass,  after  which  paint  black  strips  ;4 
in.  wide  and  '4  in.  apart  so  as  to  stand 
about  45  deg.  with  the  plate  in  a  ver- 
tical position.  The  space  above  the  water 
line  will  then  show  the  correct  angle 
of  the  stripes,  but  those  below  the  water 
level  will  appear  at  a  different  angle. 

Another  good  way  is  to  paint  a  '4 -in. 
stripe  running  the  full  length  of  ihe 
background,  and  located  directly  back  of 
the  glass.  Above  the  water  line  the 
stripe  will  appear  normal,  while  below  it 
the  stripe  will  widen  to  the  size  of  the 
glass. 

O.  L.  Sherman. 
Duluth,  Minn. 


Comparative  Efficiency  of 
Boilers 

To  my  mind,  in  considering  the  above 
subject  in  the  Feb.  13  issue,  the  ques- 
tion of  efficiency  may  be  divided  into  two 
distinct  lines;  one  is  the  narrow  ques- 
tion as  to  the  boiler  which  will  evaporate 
the  most  water  per  pound  of  coal,  and 
is  probably  the  efficiency  which  is  most 
commonly  used.  The  other  is  the  effi- 
ciency, meaning  coal  cost,  interest,  main- 
tenance and  depreciation. 

Along  the  first  line,  there  is  a  decided 
difference  of  opinion  as  to  these  two 
types  of  boilers.  Many  believe  that  so 
long  as  the  pressure  is  within  the  range 
of  a  horizontal   return-tubular  boiler,   it 


is  more  efficient  than  the  water-tube  up 
to  sizes  where  a  boiler  of  this  type  can 
be  ecrnomically  built.  What  this  size 
is,  depends  largely  upon  personal  opin- 
ion. There  seems  to  be  no  reason  why 
boilers  of  this  character  cannot  be  built 
up  to  84  in.  in  diameter  with  perfect 
success  and  carry  steam  pressures  as 
high  as  175  lb.  Above  this  size  and 
pressure,  the  water-tube  boiler  is  bet- 
ter adapted,  not  because  of  greater  effi- 
ciency but  because  of  greater  safety. 

Water-tube  boilers  are  as  a  rule  set 
to  accommodate  the  coal  which  may  be 
used  under  them,  and  thus  are  arranged 
for  the  utmost  efficiency,  but  this  is  by 
no  means  the  case  when  horizontal  re- 
turn-tubular boilers  are  set;  the  location 
of  the  grate  with  reference  to  the  shell 
is  as  a  rule  fixed  and  varies  but  little 
from  the  original  settings  developed  many 
years  ago.  It  is  believed  by  many  that 
this  character  of  setting  is  by  no  means 
satisfactory  when  it  comes  to  expecting 
the  highest  efficiency;  I  here  refer  to  effi- 
ciency in  the  narrow  sense.  All  of  the 
developments  and  improvements  in  the 
settings — such  as  the  lowering  of  certain 
types  of  patented  gratebars,  the  instal- 
lation of  extra  arches,  and  many  other 
expedients — are  for  the  sole  purpose  of 
removing  one  of  the  great  objections  to 
the  present  setting.  It  is  done  for  the 
express  purpose  of  thoroughly  mixing 
the  gases  which  may  be  distilled  off  the 
coal,  with  enough  air  to  make  them  ignite 
properly  and  thoroughly  burn  them  in 
the  firebox.  When  boilers  of  the  return- 
tubular  type  are  properly  set,  and  using 
good  water  and  having  good  care,  even 
higher  efficiency  may  very  often  he  ob- 
tained from  them  than  from  any  of  the 
water-tube  type.  The  same  condition 
holds  true  as  regards  thorough  efficiency, 
meaning  the  cost  of  steam  in  dollars  and 
cents. 

Recently  it  became  necessary  to  install 
a  considerable  increase  in  capacity  in  a 
power  plant.  The  pressure  required  was 
150  lb.  By  installing  two  84-in.  boilers, 
it  was  possible  to  get  596  hp.  in  the 
same  space  that  was  required  for  500 
hp.  of  water-tube  boilers.  It  seems  to 
be  general  practice  also  to  underrate 
tubular  boilers  to  a  greater  extent  than 
is   common   with   water-tube   boilers. 

Taking  these  factors  into  consideration, 
it  is  hard  to  conceive  why,  with  moderate 
pressures,  anyone  can  claim  that  a  water- 
tube  boiler  is  more  efficient  than  a  fire- 
tube  in  either  the  broad  or  narrow  sense. 
So  far  as  output  is  concerned,  there 
seems  to  be  no  reason  why,  if  desired, 
the  same  amount  of  coa!  per  square  foot 
of  grate  surface  could  not  be  burned 
under  a  horizontal  return-tubular  boiler 
as  under  a  water-tube.  It  all  depends 
upon  the  draft  which  may  be  obtained, 
and  whether  the  heat  can  be  removed 
from  the  gases  before  they  reach  the 
stack.  This  relates  to  a  question  of  de- 
sign, and  my  practice  leads  to  the  opin- 


ion that  it  can  be  accomplished  with 
the  return-tubular  type  without  involving 
difficulties  of  installation  or  operation. 
When  it  comes  to  higher  pressure,  the 
marine  type  of  Scotch  boiler  has  in  many 
instances  shown  as  high  efficiency  as  the 
best  types  of  water-tube  boilers. 

The  water-tube  boiler  is  only  ad- 
vantageously adapted  to  service  where 
it  has  to  meet  very  sudden  fluctuations 
in  load  and  where  the  pressures  are  very 
high.  Return-tubular  boilers  can  be  built 
up  to  any  press".re,  but,  owing  to  the 
extreme  thickness  of  plate  required,  it  is 
doubtful  if  they  are  quite  as  efficient 
and,  owing  to  the  strains  to  which  they 
are  subjected,  they  are  far  more  dan- 
gerous under  these  conditions  than  water- 
tube   boilers. 

Henry    D.   Jackson. 

Boston,  Mass. 


Grease    for     Valve     Stem 
Bearings 

Replying  to  G.  Berna's  letter  in  the 
Mar.  19  issue  under  the  above  title,  I 
say  his  plan  is  a  good  one.  I  make  a 
practice  of  using  cylinder  oil  for  lubricat- 
ing the  valve-stem  supports  and  also 
for  lubricating  all  other  parts  of  a  Cor- 
liss or  similar  valve-gearing;  I  believe 
engine  oil  is  entirely  too  light  to  do  much 
lubricating  where  it  is  affected  by  heat 
rad'ating  from  the  steam  ports  and  cyl- 
inder. 

Engine  oil  smokes  and  burns  off  about 
as  fast  as  it  reaches  the  bearings,  where- 
as if  grease  or  cylinder  oil  is  used  on 
all  wearing  parts,  it  will  have  body 
enough  to  stand  the  heat  and  keep  the 
bearings  and  rubbing  surfaces  well  lub- 
ricated. 

Thomas   Baker. 

New  York  City. 


Low   Water  in  a  Boiler 

Here  is  what  one  fireman  did  to  a  boiler 
under  my  charge.  We  sunk  a  well  out- 
side the  power  house  and  when  water 
was  reached  it  was  necessary  to  keep  a 
pump  going  night  and  day,  so  the  con- 
tractors agreed  to  furnish  a  man  to  keep 
steam  up  at  night  in  the  power-house 
boiler. 

The  new  man  arrived  and  for  five 
nights  all  went  well.  One  morning  when 
I  came  in  I  found  that  one  of  the  as- 
sistant engineers  had  pulled  the  fire,  as 
the  fusible  plug  had  'blown  out.  The 
assistant  said  he  had  found  the  fireman 
excitedly  walking  the  floor.  There  was 
about  10  lb.  of  steam  in  the  boiler  but 
no  water  showed  anywhere  in  the  glass 
and    the    fire    was    partly    banked. 

The  fireman  said  that  he  could  not  get 
water  into  the  boiler,  but  the  blowoff 
valves  showed  evidences  of  having  been 
opened  and  the  blowoff  tank  was  full 
of  water,  which  proved  that  he  had 
blown  a  large  quantity  of  water  out  of 
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(he  boiler;  whatever  he  had  done,  he 
could  give  no  lucid  account  of  his  ac- 
tions. 

After  the  boiler  had  cooled  sufficiently, 
the  engineer,  being  satisfied  that  there 
was  considerable  water  in  it,  allowed 
more  to  run  in  very  slowly  until  it  showed 
in  the  glass,  and  then  he  built  up  the 
fire.  When  there  were  about  20  lb.  of 
steam,  the  fusible  plug  blew  out,  which 
showed  that  it  had  been  partially  melted 
before,  it  then  being  necessary  to  pull 
the  fire.  After  a  new  plug  had  been 
put  in,  a  water  pressure  of  about  45  lb. 
was  put  on  the  boiler,  at  which  the  seams 
showed  leaks  on  the  under  side  of  the 
drums  and  they  had  to  be  calked.  There 
were  no  other  signs  of  overheating  or 
ft  arping  of  the  parts,  and  after  the  calk- 
ing was  finished  steam  was  raised  and 
everything  seemed  all  right. 

From  the  evidence  it  would  appear  that 
the  water  rose  high  enough  to  fill  the 
gage-glass  and  then  the  fireman  went  to 
blow  it  down  and  allowed  so  much  to 
run  out  that  he  was  not  sure  whether 
he  had  any  water.  The  feed  pump  and 
other  apparatus  were  in  perfect  working 
condition,  and  in  addition  there  was  an 
independent  supply  of  water  under  the 
city  pressure  with  which  he  could  have 
fed  the  boiler  by  dropping,  the  steam  to 
40  lb.  The  valve  on  the  feed  pipe  was 
also  found  closed,  which  showed  that 
he  was  at  loss  to  know  what  to  do. 

G.   H.   Kimball. 

East  Dedham,  Mass. 

Why    Does   the  Pump  Race? 

I  have  had  the  same  experience  as 
related  by  W.  T.  Moulton  in  the  Apr.  2 
issue  under  the  above  heading.  To  un- 
derstand the  reason  for  the  pump's  ac- 
tions it  is  necessary  to  take  into  con- 
sideration the  relation  between  the  tem- 
perature and  the  pressure  of  steam.  In 
(he  open  atmosphere  water  boils  at  212 
(leg.  F.,  but  at  a  pressure  of  4  lb.  gage 
the  boiling  point  is  about  225  deg.,  and 
with  his  dry  return  the  water  in  the  re- 
ceiver will  probably  not  be  much  below 
this   temperature. 

When  the  steam  pressure  is  shut  off 
from  the  heating  system,  the  pressure 
in  the  receiver  immediately  drops  and 
ebullition  of  the  water  will  take  place, 
due  to  the  extra  heat  it  contains,  and 
the  pump  becomes  steam-bound  as  a  re- 
sult. If  Mr.  Moulton  will  insert  a  ther- 
mometer in  the  suction  pipe  of  his  pump 
I  think  he  will  find  that  the  water  is 
above  212  deg.  F. 

The  equalizing  pipe  referred  to  is  an 
excellent  and  very  important  feature,  as 
it  insures  a  steady  return  and  constant 
speed  of  the  automatic  pump,  and  pre- 
vents any  tendency  of  the  steam  to 
short-eircuir  through  any  part  of  the 
system.  What  he  calls  the  equalizing 
tank  is  simply  a  pump  governor,  and 
could  be  eliminated  by  placing  the  float 
in  the  main  receiver. 


As  a  remedy  for  his  trouble  it  is  only 
necessary  to  take  the  precaution  to  close 
the  throttle  of  the  pump  before  shutting 
steam  off  the  system.  After  a  few  min- 
utes the  water  will  cool  sufficiently  to 
pump  out  the  receiver. 

Mr.  Moulton  may  be  interested  in  my 
letter  on  this  same  subject  which  ap- 
peared on  page  649  of  the  issue  of  Oct. 
24,  1911. 

E.  W.  Clinehens. 

Troy,  Ohio. 


When  the  valve  controlling  the  steam 
heating  is  closed,  Mr.  Moulton's  pump  will 
run  all  right  so  long  as  some  pressure 
remains  on  the  system.  As  soon  as  he 
opens  his  vacuum-breaker  he  relieves  the 
pressure  in  the  return  tank  and  the  vac- 
uum formed  in  there  due  to  the  steam 
condensing  prevents  the  water  from  run- 
ning by  gravity  to  his  pump  and  causes 
it  to  race  and  pound. 

If  he  will  place  a  sw-inging  check  valve, 
open  to  atmosphere,  in  a  horizontal  pipe 
in  place  of  his  vacuum-breaker  valve,  the 
vacuum  will  automatically  break  when 
the  pressure  falls  and  prevent  the  pump 
from  racing. 

W.  J,  Bailey. 

Bedford,  Ind. 


which  caused  it  to  be  discontinued.  The 
principal  reason  for  giving  it  up  was  be- 
cause of  the  danger  of  cutting  the  hands 
in  shifting  the  belts  and  in  replacing 
those  that  had  come  off  the  pulleys. 

The  same  fault  can  be  found  with 
most  metal  fasteners;  while  such  fast- 
eners can  be  used  to  good  advantage  on 
belts  that  do  not  have  to  be  handled 
while  running,  I  believe  the  old-fashioned 
leather  lace  is  best  for  lathe  belts  and 
others  that  have  to  be  shifted  while  in 
motion. 

C.    E.   HOLLEY. 

Bessemer,   Mich. 


It  would  seem  that  the  receiver  tank 
is  not  high  enough  above  the  pump;  4 
lb.  pressure  in  the  heating  system  acts 
on  the  pump  the  same  as  a  head  of 
water  about  9.25  ft!  The  pump  there- 
fore handles  the  hot  returns  as  the 
water  is  forced  to  the  suction  chamber. 

When  the  heating  system  is  shut  off, 
all  this  is  changed.  The  pump  no  longer 
has  pressure  in  the  system  to  force  the 
water  to  it,  but  only  the  head  due  to  the 
height  of  the  receiver  tank,  which  is 
not  sufficient  to  overcome  the  tension  of 
the  suction-valve  springs.  The  pump 
must  create  a  vacuum  in  the  plunger 
chamber  to  allow  the  water  to  enter. 

The  boiling  point  of  water  in  a  vac- 
uum is  much  lower  than  at  atmospheric 
pressure,  and  as  the  plunger  moves  away 
to  create  a  vacuum,  the  water  in  the 
clearance  space  of  the  chamber  tends 
to  break  the  vacuum  as  fast  as  it  is 
created.  This  condition  will  exist  until 
the  temperature  of  the  water  in  the  re- 
ceiver and  piping  has  dropped  consider- 
ably. 

The  remedy  is  to  lower  the  pump  or 
elevate  the  tank  above  its  present  posi- 
tion. 

WiLMER    R.    Hersey. 
Mil  ford,  Mass. 


Joining  Leather  Belts 

Commenting  on  the  letter  by  F.  S. 
Rise  on  the  above  subject,  in  the  issue 
of  Apr.  2,  I  have  seen  wire  used  for  join- 
ing belts  in  a  machine  shop,  and  while 
it  held  the  belts  in  good  shape  and  in 
some  respects  was  better  than  leather 
laces,    there    were    some    disadvantages 


Damper  Regulator 

Answering  Mr.  Smith's  inquiry  in  the 
Mar.  26  issue  as  to  the  economy  of 
using  a  damper  regulator,  my  experience 
has  been  that  its  use  has  shown  a 
marked  economy. 

In  one  plant  there  was  a  regulator,  but 
no  means  of  checking  the  results  from 
its  use.  In  another,  the  coal  was  weighed 
and  a  thorough  account  kept  of  all  water 
evaporated  and  work  done.  By  testing 
with  and  without  the  damper  regulator 
in  service,  the  results  were  easily  ob- 
tainable. 

These  tests  showed  an  increase  of 
about  3  per  cent,  in  economy  when  the 
regulator  was  used  over  that  obtained 
when  it  was  out  of  service.  The  steam 
pressure  was  much  more  uniform,  too, 
as  was  shown  by  the  recording  steam 
gage. 

The  opening  of  the  damper  by  the 
regulator  is  of  great  assistance  to  the 
fireman  in  maintaining  a  uniform  furnace 
temperature,  as  when  it  operates  to  open, 
it  is  the  surest  indication  that  the  fires 
need   attention. 

Victor  Jump. 

Caledonia,   Ohio. 


When  proper  facilities  and  good  man- 
agement are  used  in  conjunction  with  a 
damper  regulator  there  is  a  decided  econ- 
omy in  the  plant  operation. 

In  plants  where  there  are  a  number 
of  stand-by  boilers  connected  to  the 
line  with  the  firing  boilers,  taking  care 
of  steam  and  load  fluctuations,  there  may 
be  eight  or  ten  boilers  being  coaled  at 
one  time.  Under  such  conditions  it  is 
next  to  impossible  to  maintain  a  uniform 
COs.  When  the  damper  opens  there  is 
an  excess  of  air  admitted,  but  the  fires 
become  hotter  more  quickly,  and  a  uni- 
form steam  pressure  is  obtained.  Short- 
ly after  the  damper  closes  the  CO:  rises 
to  a  maximum,  and  soon  the  stand-by 
boilers  are  making  steam. 

Such  conditions  may  be  improved  and 
a  greater  economy  realized  if  each  set 
of  firing  boilers  is  provided  with  a 
damper  regulator,  and  each  regulator  set 
to  operate  at  about  3  lb.  greater  pres- 
sure than  that  on  the  adjoining  set  of 
boilers. 

Lebanon,  Penn.       N.  Auchenbach. 
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Armstrong  Shaft  Governor 

What  is  the  function  of  the  slot  in 
the  end  of  the  lever  of  an  Armstrong 
shaft  governor? 

L.   J.   I. 

The  slot  in  the  end  of  the  lever  is  for 
adjusting  the  regulation.  For  closer  regu- 
lation and  more  sensitiveness,  move  the 
pin  in  the  slot  closer  to  the  shaft  cen- 
ter, to  make  the  regulation  more  slug- 
gish, to  put  a  stop  to  racing,  move  the 
pin  toward  the  rim   of  the  wheel. 


ers   with   iron   tubes   a  good   average   fig- 
ure  is    120  B.t.u. 


Reversal  of  Current 

What  prevented  the  circuit-breaker  of 
a  60-hp.  motor  from  tripping  when  the 
generator  that  supplied  current  *o  it 
"reversed"? 

B.   J.   C. 

Reversal  occurred  so  quickly  that  the 
motor  did  not  have  time  to  slow  down 
far  enough  to  take  sufficient  accelerating 
current   to   trip   the   circuit-breaker. 


Cutoff  af  a  Slide  Valve 

On  what  part  of  the  stroke  should 
the  cutoff  of  a  slide  valve  occur? 

H.  W.  C. 

Usually  the  slide  valve  is  designed  to 
cut  off  at  about  five-eighths  of  the  stroke; 
by  adding  lap  to  the  valve,  the  cutoff  will 
be  earlier,  but  the  eccentric  must  be  ad- 
vanced to  give  the  same  admission,  which 
makes  the  cutoff  earlier  still.  It  is  im- 
possible to  get  full  port  opening  with  a 
cutoff  earlier  than  half  the  stroke. 


Feed  Water  Heaters 

What  is  the  heat  transmission  per  de- 
gree difference  in  temperature  per  square 
foot  between  the  steam  temperature  and 
the  actual  average  temperature  of  the 
feed  water  of  a  feed-water  heater? 
W.  H.  C. 

It  depends  upon  the  velocity  of  the 
water  passing  through  the  heater,  whether 
the  water  or  the  steam  passes  through 
the  tubes  and  the  material  of  which  the 
tube  is  made.  A  good  average  figure 
for  water-tube  multi-flow  heaters  is  250 
B.t.u.  per  square  foot  per  hour  for  plain 
brass  or  copper  tubes,  and  300  B.t.u. 
for  corrugated  tubes  with  a  water  veloc- 
ity of  50  ft.  per  minute;  for  single-flow 
heaters,  175  B.t.u.  for  plain  brass  tubes 
with  a  water  velocity  of  12.5  ft.  per  min- 
ute, and  for  coil  heaters,  300  B.t.u.  for 
copper  tubes  with  a  water  velocity  of 
150  ft.  per  minute.    For  steam-tube  heat- 


Horsepower   Required  h\  a 
Motor  Driven   Crane 

What  would  be  the  load  in  amperes  of 
a  240-volt  direct-current  motor  operating 
a  crane  and  raising  a  load  of  four  tons, 
175  ft.  in  one  minute;  the  efficiency  of 
the  motor  being  85  per  cent,  and  of  the 
crane  65  per  cent.  ? 

D.  B.  A. 

The  work  required  to  raise  the  load  is 
8000    X     175    =    1,400,000   ft. -lb. 
As    the    efficiency    of   the    crane    is    only 
65  per  cent.,   the  'work   required   by   the 
motor  would   be 

1,400,000  o     £    Ji     ;t 

p^ — =  2, 153,846 /(.-/6. 

One  watt  is  equivalent  to  44.265  ft. -lb. 
per  minute;  therefore  since  the  weight 
is  lifted  in  one  minute,  the  power  ex- 
pressed in  watts  delivered  by  the  motor 


2,15.^. 


=:  486,579.9  watts 


44.265 

and  the  ampere  load  required  by  the 
crane  would  be  the  watts  divided  by  the 
volts,   or 

■      48,692 


240 


=:  202.74  amp. 


As  the  efficiency  of  the  motor  is  85  per 
cent.,  the  ampere  load  required  by  the 
motor   would   be 

202.74 


To   Obtain    the    Temperature   oj 
the  Furnace 

What  apparatus  is  necessary  and  what 
is  the  rule  to  obtain  the  temperature  of  a 
furnace  with  a  metal  ball? 

K.  C.  G. 

A  large  pail  three-quarters  full  of 
water  having  a  tight-fitting  cover  in 
which  a  hole  is  bored  and  a  perforated 
tube  as  long  as  the  pail  is  deep  in- 
serted, a  metal  ball  and  a  thermometer 
are  required. 

Heat  the  ball  to  the  temperature  of  the 
furnace,  and  before  removing  note  the 
temperature  of  the  water  by  the  ther- 
mometer fixed  in  the  tube.  Remove  the 
ball  from  the  fire  and  quickly  immerse 
the  ball  in  the  water,  replace  the  cover, 
and  note  the  highest  reading  of  the  ther- 
mometer. To  calculate  the  temperature 
of  the  furnace,  divide  the  weight  of  the 
water  in  pounds  by  the  weight  of  the  ball. 


and  multiply  the  result  by  the  difference 
between  the  highest  reading  of  the  ther- 
mometer, and  the  reading  before  the  ball 
was  immersed;  divide  the  product  by  the 
specific  heat  of  the  ball  and  add  the  final 
temperature  of  the  water.  Example: 
Weight  of  ball,  4.2  lb.;  weight  of  water, 
38  lb. ;  temperature  oftthe  water  before  im- 
mersion, 64  deg.  F. ;  after  immersion, 
108  deg.  F.  Substituting  figures,  the 
rule  would  be  thus  expressed  ar  a  for- 
mula: 

("— ^  X  (108  —  64)  ^   0.166)  +  108  = 
2506.7  deg.  F . 

The  specific  heat  of  cast  iron  at  the  tem- 
perature of  the  boiler  furnace  may  be 
taken   at   0.166. 


Coal  Required  to  Run  an  Engine 

If  a  steam-engine  plant  converts  9  per 
cent,  of  the  available  energy  in  the  coal 
into  mechanical  work,  how  many  pounds 
of  coal  per  hour  will  be  required  for  a 
plant  with  an  output  of  500  hp.  ? 

A.  W.  N. 

The  foot-pounds  of  work  developed  by 
the  engine  per  hour  is 
500  X  33,000  X  60  =  990,000,000  it.-lb. 
and  the   heat  units  required   would  be 
990,000,000 


778 


=  1,272,493  B.t.u. 


This  is  9  per  cent,  of  the  heat  energy 
which  the  coal  must  furnish.  One  hun- 
dred per  cent.,  or  the  heat  required, 
would  be 

1,272,493  X  100  „  „       „, 
■ — ^^^^ ^    14,138,811   B.t.u. 

Assuming  each  pound  of  coal  to  contain 
14,000  B.t.u.,   there  would  be 
14,138.811 


14,000 
cf  coal   required. 


1009.9  lb. 


Grate  Surface  of  Steam  Boilers 
Which  would  be  the  most  desirable  of 
two  boilers,  alike  in  every  respect,  with 
the  exception  that  one  has  a  larger  grate 
surface  than  the  other? 

P.  A.  R. 
With  other  things  equal,  the  boiler  with 
the  larger  grate  surface  is  to  be  pre- 
ferred. The  boiler  may  be  driven,  should 
the  occasion  require,  and  it  will  give  the 
rated  capacity  with  a  poorer  grade  of 
coal  than  the  other.  Too  large  a  grate 
surface  can  be  overcome  by  shortening 
the  grate:  too  small  a  grate  surface  neces- 
sitates using  a  high-priced  fuel  and  more 
frequent  cleaning  of  fires. 
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Answers  to  Study  Questions 

The  following  are  answers  to  the  ques- 
tions asked  in  the  issue  of  Apr.  23: 

1.  Cast  iron  weighs  0.2604  lb.  per 
cubic  inch.  The  weight  of  the  ball  will 
be 

64  — 3  =  61  lb. 
and    its   volume   will    be 

61   H-  0.2604  =  234.25  cu.in. 
To  find  the  diameter  of  a  sphere,  divide 
its    volume    by    0.5236    and    extract    the 
cube   root  of  the   quotient.     Substituting 
figures,  the  rule  is  expressed  as  follows: 


j: 


1      447-4  =  7.646  in. 


in  diameter. 

2.  The  heat  contained  in  1  lb.  of  steam 
at  90  lb.  gage  pressure,  or  105  lb.  abso- 
lute, is  1187.2  B.t.u.  above  32  deg.  F. 
The  engine  is  capable  of  heating  the 
feed  water  to  212  deg.  F.  and  that  amount 
of  heat  should  be  credited  to  the  en- 
gine. Water  at  212  deg.  contains  180 
deg.  above  32;  therefore  the  net  heat 
supplied  to  the  engine  per  pound  of 
steam   is 

1187.2  —   180   =    1007.2  B.i.u. 
and   28  lb.   of  steam    will   deliver  to   the 
engine 

28    X    1007.2   =   28,201.6  B.t.u. 
A    horsepower-hour   is   equivalent   to 
33,000    X    60    =    1,980,000  ft.-lb. 
and    an    ideal    engine    will    require    per 
horsepower  per  hour  ■ 

1,980,000  ^  778   =   2545  B.t.u. 
To  produce  1  hp.  per  hour  28,201.6  B.t.u. 
are   required.     The  thermal   efficiency  of 
the  engine  is 

B.i.u.  value  of  hp.   2545     

B.t.u.  used  by  engine      28,201.6 
0.09024  =  9024  per  cent. 

3.  A  draft  is  created  by  the  difference 
in  weight  between  the  hot  gases  in  the 
chimney  and  the  cold  air  outside.  The 
cold  air,  being  heavier  than  the  hot  gases, 
will  flow  into  the  furnace  and  force  up 
the  column  of  lighter  hot  gases.  The 
draft  will  vary  according  to  the  difference 
in  weight  between  the  hot  gases  and  the 
cold  air,  which  depends  upon  the  differ- 
ence in  temperature  between  the  hot 
gases  and  the  entering  air,  and  the  height 
of  the  column. 

4.  To  find  the  diameter  of  the  ma- 
terial in  an  open-link  chain  to  safely 
carry  a  given  load,  divide  the  weight  to 
be  carried  by  13,350  and  obtain  the 
square  root  of  the  quotient.  The  con- 
stant 13,350  is  good  for  general  condi- 
tions; it  varies  from  experiments  made 
by  different  authorities  from  13,440  to 
13,750.  Substituting  figures,  the  rule 
would  be  expressed  thus: 


4 


=  1.6 1 2  or  ij  in. 


34.700  _ 
13.350' 
diameter. 

5.     To  determine  the  centrifugal  force 


F  = 


of  the  balls  in  pounds,  multiply  the 
weight  of  one  of  the  balls  in  pounds  by 
the  square  of  the  velocity  of  the  ball  in 
feet  per  second  and  divide  the  result  by 
the  product  of  32.16  and  the  radius  of 
the  path  described  by  the  balls.  Ex- 
presesd  as  a  formula,  it  would  be 
II  r- 

gi' 

where 

F  =  Centrifugal  force  in  pounds; 
W  =  Weight  of  the  body  in  pounds; 
V  =  Its  velocity  in  feet  per  second; 
r  =  Radius  of  the  path  in  feet; 
g  =  Acceleration  due  to  gravity,  or 
32.16  ft.  per  second. 
Substituting   figures,    the    formula    would 
be    expressed    as    follows:    282    ft.    per 
minute   would   be 

282  H-  60  =  4.7  ft. 
per  second. 

12  X  4- 


32.16  X  1.25 


-.  =  6.594  lb. 


Portland  Regrade  Operation 

Eastern  cities  may  well  look  to  some 
of  their  Western  sisters  for  progressive 
ideas  in  civic  improvement.  It  is  well 
known  that  Seattle,  Wash.,  has  in  recent 
years  veritably  remodeled  herself.  From 
a  city  of  steep  hills  she  has  been  changed 
to  one  of  gentle  grades.  This  great  pro- 
ject was  eminently  successful,  largely 
because  of  the  use  of  modern  electrical 
and   mechanical   hydraulic   apparatus. 

Portland  is  now  following  suit  by  hy- 
draulically  reducing  an  abrupt  prominence 


now  being  used  to  drive  the  pumps  in 
the   regrading  there. 

The  composition  of  Goldsmith's  Hill 
is  especially  gravelly.  The  streams, 
therefore,  are  directed  by  large  nozzles 
so  as  to  undermine  the  lower  part  of 
the  bank,  and  the  weight  of  the  material 
above  brings  down  the  sand  and  gravel 
from  the  working  face.  From  here  it 
is  washed  through  the  sluice  way  into 
Guild's  Lake.  In  some  places  the  height 
of  the  bank  to  be  reduced  was   140  ft. 

It  is  expected  that  by  the  spring  of 
1913  the  hill  will  be  leveled  and  its 
site  will  be  suitable  for  no  less  than 
300  residences,  while  the  operation  will 
reclaim  to  the  city  several  acres  of  land 
from  Guild's  Lake,  half  a  mile  away. 

The  motors  are  of  Westinghouse  make 
and  rated  at  650  hp.,  690  r.p.m.,  2300 
volts,  two-phase,  60  cycles,  each  being 
direct-connected  to  two  Worthington  five- 
stage  turbine  pumps.  The  pumping  ser- 
vice is  amplified  by  the  addition  of  a 
booster  unit  consisting  of  a  volute  pump 
directly  connected  to  a  900-hp.  induc- 
tion motor. 

The  pumping  plant  is  capable  of  sup- 
plying 500,000  gal.  of  water  an  hour  at 
a  pressure  varying  between  200  and  300 
lb.  per  square  inch  according  to  the  de- 
mand. Electric  energy  is  supplied  by 
the  Portland  Railway,  Light  &  Power 
Co.'s  plant. 


Device  for  Preventing  Smoke 

The    Furnace    Gas   Consumer   Co.,   of 
Matteawan,  N.  Y.,  has  recently  placed  on 


Fig.  1.    Device  Applied  to  Return-Tubular  Boiler 


within  her  limits  known  as  Goldsmith's 
Hill.  Because  of  the  great  satisfaction 
given  by  the  motors  used  to  operate  the 
pumps  which  washed  the  hills  of  Seattle 
into  the  sea,  these  same  motors  were 
later  taken  to   Portland   where  they   are 


the  market  a  device  for  eliminating 
smoke  when  burning  bituminous  coal. 
Its  operation  involves  nothing  new  or 
mysterious  but,  instead,  it  is  an  applica- 
tion of  well  established  principles,  in 
which    connection    it   would    perhaps    be 
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more  correct  to  designate  it  as  a  "smoke 
preventer"  rather  than  a  smoke  con- 
sumer. 

It  is  well  understood  that  when  bitumi- 
nous coal  is  burned,  heavy  hydrocarbons 
are  at  first  distilled  off.  In  order  that 
these  may  be  consumed,  two  conditions 
are  necessary :  sufficient  air  must  be 
supplied  for  complete  combustion  and  a 
sufficiently    high    temperature    must    be 


faces,  they  will  not  burn  again  unless 
mingled  with  air  at  a  temperature  suffi- 
ciently  high   to   effect   ignition. 

This  is  just  what  the  device  under  con- 
sideration is  designed  to  accomplish.  It 
consists  of  a  series  of  refractory  tubes 
set  in  the  path  of  the  gases  just  back 
of  the  bridge-wall,  in  such  a  manner 
that  the  gases  arising  from  primary  com- 
bustion pass  through  them  before  reach- 


FiG.  2.   Device  Applied  to  Water  Tube  Boiler  Having  Horizontal  Baffles 


maintained;  cooling  of  the  gases  before 
the  combustion  is  complete  will  result 
in  smoke.  A  simple  experiment  will 
perhaps  serve  best  to  illustrate  this. 

Consider  an  ordinary  kerosene  lamp. 
When  burning  freely  with  sufficient  air 
the  flame  is  bright  and  clear,  without  a 
sign  of  smoke,  but  by  gradually  cutting 


ing  the  boiler  flues.  The  tubes,  which 
are  12  in.  long,  are  placed  end  to  end 
in  four  or  five  sections  and  are  held  in 
place  without  any  mortar  by  blocks  of 
suitable  shape.  The  total  free  area 
through  the  tubes  forms  about  45  per 
cent,  of  the  area  across  the  furnace  and 
is  slightly  greater  than  the  area  through 


comparative  results  of  tests  with  bituminous  coal 


Heat  value  of  fuel,  B.t.u.  per  pound 

Duration  of  trial,  hours 

Steam  pressure,  gage 

Temperature  of  feed  water,  deg.  F 

Average  temperature  of  gases  at  back  of  boiler 

Maximum  temperature  of  gases  at  back 

Average  temperature  of  gases  leaving  boiler 

Maximum  temperature  of  gases  leaving  boiler 

Draft  in   uptake   inches 

Draft  at  back  of  boiler,  inches  

Draft  over  fire,  inches 

Boiler  horsepower  developed 

Equivalent  evaporation  from  and  at  212  deg.  per  pound  of 
dry  coaL  pounds* 


Test  No.   1  Test   No.   2  Test   No.   3 


Ordinary 
Setting 


105 
32 
1,390 
1,600 
513 
565 
0.4 
0.3 
0.3 
178.1 


Two  Sec- 
tions of 
Tubes  in 
Place 


Four  Sec- 
tions of 
Tubes  in 
Place 


1,544 

1,800 

511 

545 

0 

4 

0. 

■' 

0. 

I 

191. 

1 

*Uncorrected  for  quality. 


off  the  supply  of  air  the  lamp  will  begin 
to  smoke.  Furthermore,  if  the  chimney 
be  removed  and  a  cold  body  be  intro- 
duced into  the  flame,  smoke  and  soot 
will  result.  This  is  analogous  to  the 
hot  gases  in  a  boiler  coming  in  contact 
with  the  colder  tubes  before  combustion 
is  complete.  Once  the  distilled  gases 
from  the  coal  have  come  into  contact 
with   the   comparatively   cool    boiler  sur- 


the  boiler  flues.  As  the  tubes  form  a 
continuous  passage  from  end  to  end,  ac- 
cumulations of  dust  are  easily  blown  out. 
Furthermore,  no  changes  are  required  in 
the  boiler  setting,  the  device  merely  oc- 
cupying space  heretofore  wasted  behind 
the   bridge-wall. 

Fig.  1  shows  it  applied  to  a  return- 
tubular  boiler  and  Fig.  2  to  a  water-tube 
boiler  having  horizontal   baffies.     In  the 


present  form  it  cannot  be  applied  to  a 
water-tube   boiler  with  vertical   baffles. 

Besides  aiding  in  a  more  perfect  com- 
bustion of  the  gases  and  thus  elimi- 
nating srrsoke,  the  device  provides  a 
means  for  storing  heat  which  helps  the 
steaming  capacity  over  periods  of  load 
fluctuation  and  also  tends  to  keep  up 
the  steam  pressure  while  the  fires  are 
being  cleaned.  During  the  latter  opera- 
tion the  hot  refractory  tubes  prevent  any 
cold   air   from   reaching   the   boiler  flues. 

This  heat-storage  value  is  very  forcibly 
illustrated  by  the  fact  that  when  the 
fires  are  hanked  over  night  the  steam 
gage  will  work  up  to  the  blowing-off  point 
within  a  few  hours  and  after  being  re- 
duced about  10  lb.  by  the  introduction  of 
cold  feed  water,  it  will  remain  at  about 
that  pressure  till  morning. 

One  of  these  devices  is  installed  under 
a  6xl6-ft.  return-tubular  boiler  at  the 
plant  of  the  EUrodt-Lynch  Co.,  of.  Mat- 
teawan,  and  has  been  tried  out  very 
completely.  During  February  a  series  of 
three  tests,  each  covering  four  days, 
were  made  on  this  boiler.  Each  test  con- 
sisted of  four  runs,  the  first  three  at 
normal  load  with  anthracite  coal  and 
the  fourth  day  at  maximum  load  with 
bituminous  coal. 

The  first  test  was  made  without  the 
smoke-preventing  device  installed,  the 
second  with  two  sections  in  place  and 
the  third  with  four  sections.  A  very 
noticeable  result  of  these  comparative 
tests  was  that  the  loss  of  draft  through 
the  refractory  tubes  was  practically  the 
same  with  two  and  four  sections  in- 
stalled; namely,  about  0.1  in.  The  prin- 
cipal results  of  the  tests  with  bituminous 
coal  are  given  in  the  accompanying 
table. 

Numerous  observations  have  been 
made  for  smoke  and  it  is  claimed  that 
only  for  two  to  three  minutes  at  the 
time  of  firing  is  smoke  visible. 


Bill    to    Regulate    Hydro- 
electric Developments 

A  bill  to  regulate  the  development  of 
hydro-electric  power  in  American  navi- 
gable waterways  was  recently  introduced 
in  Congress  under  which  those  desiring 
to  construct  or  operate  plants  must  first 
obtain  Government  sanction. 

It  is  proposed  that  an  annual  rental 
of  SI  per  horsepower  developed  be  paid 
to  the  Government,  this  rate  to  be  sub- 
ject to  readjustment  every  10  years.  If, 
however,  a  disagreement  arises  over  this 
rate,  that  for  the  next  10-year  period 
shall  be  double  that  of  the  preceding 
period;  a  reasonable  rate  will  then  be 
fixed  by  the  courts. 

This  bill  would  also  permit  the  Secre- 
tr.ry  of  War,  when  authorized  by  Con- 
gress, to  purchase  the  buildings  and 
equipment  of  the  grantee  at  the  expira- 
t'on  of  the  term  for  which  the  permit 
was  issued.  No  permit  would  be  issued 
for  a  longer  period  than  50  years. 
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Portable  Induction  Meter 

Several  types  of  G.  E.  flow  meters  have 
been  described  in  these  columns  (see 
page  1015,  June  27,  and  page  154,  Jan. 
25,  1911,  issues).  The  type  F  W-2  meter 
oiperates  with  the  same  design  of  pilot 
tube  that  is  used  with  the  types  R  W-2  and 
F  W-2  meters  previously  described. 

The  meter,  illustrated  herewith,  is  a 
portable  indicating  instrument  giving  in- 
stantaneous values  of  the  rate  of  flow 
in  gallons  per  minute.  It  can  be  adopted 
by  the  operator  to  measure  the  flow  in 
pipes  of  any  diameter  at  any  temperature 
within  its  range.  On  account  of  its  sim- 
plicity, light  weight  and  flexibility,  it  is 
especially  useful  for  general  testing 
work,  locating  leaks,  etc. 

The  meter  consists  of  a  U-tube  with 
glass  legs,  which  are  filled  for  part  of 
their  height  with  mercury.     Located  cen- 


the  meter.  The  two  sights  are  set  to  co- 
incide with  the  meniscuses  of  the  mer- 
cury in  the  glass  U-tube.  The  indication 
of  the  pointer  on  the  chart  multiplied  by 
a  constant  depending  upon  the  inclina- 
tion of  the  meter  from  the  vertical  and 
by  the  area  of  the  pipe  in  square  inches 
will  give  the  total  rate  of  flow  in  gal- 
lons per  minute. 

The  meter  may  be  used  to  measure 
the  flow  under  normal  conditions  in  any 
number  of  different  pipe  lines  if  they 
are  more  than  2  in.  in  diameter.  It  is 
only  necessary  to  provide  the  pipe  with 
a  nozzle  plug  of  the  proper  length  to 
which  plug  the  meter  can  be  connected. 

The  meter  is  calibrated  to  read  in  gal- 
lons per  minute  at  39.1  deg.  F.  This  in- 
strument is  manufactured  by  the  Gen- 
eral Electric  Co.,  Schenectady,  N.  Y. 


has  a  flange  at  the  top  which  when  placed 
into  position  rests  on  the  asbestos  pack- 
ing, and  in  this  way  forms  with  A  an 
air-tight  joint.  There  is  no  rigid  me- 
chanical connection  between  A  and  B 
rnd  there  is  sufficient  clearance  to  al- 
low the  latter  to  move  both  lengthwise 
and  sidewise  to  the  boiler  so  that  it  can 
adjust  itself  to  the  damper.  This  casting 
also  forms  a  stufFmg-box  in  which  a 
length  of  woven  asbestos  packing  is 
placed  which  entirely  surrounds  the 
damper.  Four  lugs  attached  to  bolts 
passing   through   the   frame   A   and   fixed 


Non-Leaking  Damper  Frame 

Owing  to  the  fact  that  a  good  deal 
of  latitude  must  be  given  to  expansion 
and  contraction,  there  can  be  no  such 
thing  as  a  close  mechanical  fit  between 
the  damper  and  the  damper  frame  of  a 
steam  boiler.  One  source  of  appreciable 
loss  is  the  leakage  of  cold  air  from  the 
outside  through  the  crevices  surrounding 
the  damper  plate.  This  is  a  most  diffi- 
cult matter  to  deal  with  successfully. 

A  simple  device,  however,  has  been 
in  use  for  some  time,  particularly  in 
the  Manchester  district  in  England, 
where  problems  of  economy  are  closely 
studied  in  the  large  cotton-mill  power 
plants,  which  appears  to  afford  a  satis- 
factory solution.  It  is  made  by  the 
Courts-Turner  Engineering  Co.,  of  Man- 


iNDicATiNC  Flow  Meter 

frally  with  respect  to  the  glass  tube  is 
a  cylindrical  chart  from  which  is  read 
the  rate  of  flow  in  gallons  per  minute. 
Suitable  auxiliary  scales  are  provided  so 
that  the  indication  is  correct  at  any  con- 
dition of  temperature  and  for  pipes  of 
various  diameters  within  the  range  of 
the  meter. 

The  U-tube  system  can  be  inclined 
from  a  vertical  to  a  nearly  horizontal 
position  by  revolving  it  about  its  point 
of  support.  If  the  velocity  of  the  water 
is  high,  the  meter  may  be  set  in  the 
vertical  position;  if,  on  the  other  hand, 
the  velocity  is  low  it  may  be  inclined 
toward  the  horizontal.  In  this  manner 
the  meter  ca.n  be  readily  adjusted  to  ac- 
curately measure  very  high  or  very  low 
velocities. 

The  adjustments  of  the  meter  for  the 
proper  pipe  diameter  and  temperature 
of  the  water  at  the  point  where  the  noz- 
zle plug  is  installed  are  made  by  rotating 
the  graduated  scales  at  the  lower  end  of 


C^ 


:^ 


Damper  Frame—-' 


Fic.  I.  Construction  of  Non-leaking 
Damper 

Chester,  and  is  shown  Fig.  1.  U  will 
be  seen  that  the  dampt  frame  consists 
of  a  combination  of  three  castings  the 
bottom  one  of  which.  A,  is  an  oblong 
frame  with  a  flange  cast  all  around  the 
top.  The  lower  part  of  this  casting  is 
let  into  the  brickwork  surrounding  the 
damper  to  a  depth  of  2'j  in.,  so  that  the 
flange  rests  on  the  top  of  the  brickwork 
and  is  grouted  in  with  cement.  The 
upper  or  horizontal  face  of  the  flange  has 
a  groove  cast  in  it  all  the  way  around, 
and  into  this  groove  ordinary  asbestos 
packing  is  inserted. 

The   second    casting,    B,    is   somewhat 
similar  in  form  to  the  first  one,  and  also 


Fig.  2.    An  Installation  of  Non-leak- 
ing Dampers 

in  the  brickwork  of  the  boiler  setting 
keep  the  second  casting  from  rising  with 
the  damper  when  it  is  worked. 

The  third  casting,  C,  is  similar  to  an 
ordinary  gland,  and  brings  a  slight  pres- 
sure to  bear  on  the  packing  surrounding 
the  damper  so  as  to  make  the  joint  air- 
tight. The  damper  can  be  moved  up  or 
down  quite  freely  and  there  is  no  fear  of 
its  binding  in  any  way.  The  wear  on 
the  asbestos  packing  in  the  gland  is  in- 
significant, and  therefore  the  leakage  of 
air  from  the  outside  of  the  boiler  setting 
to  the  Rues  past  the  edges  of  the  damper 
is  avoided. 

Fig.  2  shows  an  installation  of  these 
dampers.  It  is  not  possible  to  give  any 
data  as  to  the  possibilities  of  the  sav- 
ing to  be  effected  as  the  results  vary 
in  accordance  with  the  boilers  to  which 
the  device  is  applied.  Where  economizers 
are  employed,  however,  its  installation 
should  be  well  worth  while  as  it  helps 
to  keep  up  the  temperature  of  the  en- 
tering gases  and  this  means  just  so  much 
more  heat  recovered  from  the  waste 
gases 


Revolution  Counter  and 
Stop  Watch 

The  instrument  shown  herewith  con- 
sists of  a  revolution  counter  and  pre- 
cision nonmagnetic  stop  watch.  The  two 
instruments  are  so  connected  that  they 
will  simultaneously  start  to  work  the 
moment  a  slight  pressure  is  applied  to 
the  center  spindle.  As  soon  as  the  pres- 
sure is  released  both  the  counter  and 
watch  will  stop  at  the  same  time,  thus 
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indicating  on  the  dials  the  number  of 
revolutions  made  hy  the  object  under 
test  in  the  time  elapsed. 

The  instrument  is  especially  recom- 
mended for  high  numbers  of  revolutions 
and  it  can  be  used  for  any  rotating  shaft 
or  spindle  up  to  30,000  r.p.m. 

The  duration  of  the  test  is  indicated 
in  minutes,  seconds  and  fractions  there- 
of; the  small  pointer  on  the  watch  dial 
records  up  to  30  min.  and  then  repeats. 

The  revolution  counter  has  three  point- 
ers which  indicate  from  1  to  100,  100  to 
1000  and  1000  to  10,000  r.p.m.,  re- 
spectively. 

A  short  test  lasting  6  sec,  multiplied 
by  10,  is  sufficient  to  ineasure  the  speed 
of  any  machine. 


Revolution  Counter  and  Stop  Watch 

The  instrument  is  equally  useful  for 
right-  or  left-hand  revolutions.  It  can 
be  applied  to  the  shaft  to  be  tested  with- 
out previous  knowledge  of  the  direction 
of  rotation.  No  adjusting  or  setting  is 
required.  The  appearance  of  either  a 
red  or  a  black  disk  on  the  counter  dial 
(shown  as  a  black  spot  on  the  dial)  in- 
dicates whether  right  or  left  rotations 
are  being  counted. 

The  dial  figures,  which  correspond  in 
color  to  the  disk,  are  used  in  the  reading. 
The  counter  as  well  as  the  stop  watch 
can  be   instantly   set  back   to  zero. 

The  instrument  is  strong  and  has  a 
fine  grade  movement.  It  is  manufac- 
tured by  Schuchardt  &  Schiitte,  90  West 
St.,   New   York   City. 


Boiler  Connections 

By    Evesard    Brown 

In  a  boiler  house  the  question  of  safety 
should  come  first,  and  all  supports,  pipe 
lines,  connections,  etc.,  should  be  so  de- 
signed and  constructed  that  an  ample 
factor  of  safety  will  exist.  It  is  possible 
in  most  all  cases  to  so  locate  the  steam 
headers,  valves  and  piping  and  arrange 
the  various  connections  that  the  whole 
equipment  will  present  an  appearance 
which  will  at  once  dissipate  any  fear  for 
personal  safety,  for  it  usually  follows 
that   if  proper  care   and    attention   have 


been  given  to  these  things  one  can  rest 
assured  that  the  whole  installation  has 
been  made  in  a  similar  manner. 

As  is  well  known,  there  are  three  im- 
portant factors  to  be  considered  in  con- 
necting up  a  boiler;  namely,  all  connec- 
tions must  be  of  su.fficient  strength  (with 
some  in  reserve)  to  withstand  the  in- 
ternal pressure;  they  should  be  so  lo- 
cated that  no  undue  strains  will  result 
from  expansion  or  contraction;  and  ade- 
quate drainage  should  be  provided. 

To  insure  the  utmost  safety,  all  pipe 
connections  to  the  boiler  shell,  unless 
they  are  not  over,  say,  1  in.  in  diameter, 
should  be  made  by  means  of  pressed  or 
rolled  steel  flanges  oi  carefully  annealed 
steel  castings  riveted  to  the  plates.  For 
connections  12  in.  or  larger,  even  the 
steel  castings  are  being  replaced  to  a 
large  extent  by  the  pressed  or  forged 
flanges.  The  smaller  connections  are 
usually  made  by  tapping  holes  and  screw- 
ing the  pipe  into  the  shell. 

Under  no  circumstances  is  it  advisable 
to  use  cast  iron.  The  steam  header 
should  be  placed  at  a  sufficient  distance 
from  the  nozzle  of  the  boiler  to  permit 
the  use  of  a  gooseneck  connection  hav- 
ing a  large  enough  radius  to  be  capable 
of  considerable  expansion  without  bring- 
ing about  dangerous  strains  on  the 
flange  connections  or  the  nozzle.  This 
gooseneck  should  be  vertical  and  should 
be  connected  to  the  top  of  the  steam 
header.  If  local  conditions  make  this 
impossible,  a  connection  on  the  side  of 
the  header  may  be  made  but  in  all  cases 
a  bottom  connection  should  be  avoided. 
A  stop  valve,  preferably  of  the  gate 
type,  with  an  outside  screw  and  yoke,  is 
usually  located  in  the  gooseneck  as  close 
to  the  steam  header  as  possible  and  a 
nonreturn  valve  of  the  triple-acting  type 
should  also  be  set  in  the  gooseneck  but 
close  to  the  boiler  nozzle.  Under  usual 
operating  conditions  it  is  seldom  neces- 
sary to  operate  the  stop  valve  and  it 
need  be  closed  only  when  someone  is 
inside  the  boiler  so  that  there  will  be  a 
double  protection  against  steam  coming 
over  from  the  other  boilers. 

The  nonreturn  valve  will  automatically 
connect  the  boiler  with  the  steam  header 
as  soon  as  the  required  pressure  has 
been  reached  and  when  taking  off  a 
boiler  this  valve  should  be  tripped  by 
hand.  In  this  way  the  valve  is  tested  at 
certain  intervals,  thus  precluding  any 
danger  of  its  becoming  inoperative  with- 
out the  knowledge  of  the  attendant. 

In  order  to  prevent  any  pocketing  of 
water  when  the  valve  is  closed,  it  is  well 
to  connect  a  drain  pipe  to  each  goose- 
neck at  the  proper  place.  These  drain 
pipes  should  lead  to  receivers  or  traps 
which  will  automatically  remove  the  col- 
lected water.  Sometimes  a  check  valve 
is  put  in  these  drain  pipes  to  prevent  any 
backward  flow  of  steam  when  the  boiler 
is  out  of  service. 


Brooklyn  Fire  Bursts  Boiler 

A  stubborn  fire  under  iron  cover  on 
a  long  pier  at  the  foot  of  Pacific  St., 
Brooklyn,  practically  wrecked  the  Dow's 
Stores  six-story  grain  elevator  on  Apr. 
21. 

Three  fireboats  made  little  impression 
imtil  a  boiler  explosion  in  the  elevator 
tore  holes  in  its  side  and  fioor  and  gave 
them  access.  The  flight  of  iron  and 
timber  caused  the  fireboats  to  back  away 
several   times.     A   laborer   was   injured. 


Chicago  Boiler  Explosion 
Maims  Several 

By  the  explosion  of  a  boiler  in  a  five- 
story  brick  building  at  9  Michigan  St., 
Chicago,  on  Apr.  15,  several  persons  were 
injured;  one,  the  fireman,  may  die.  About 
150  workmen  in  the  building  rushed  in  a 
panic  to  the  street,  and  a  telephone  opera- 
tor on  the  first  floor  was  thrown  from  her 
chair. 

The  explosion,  according  to  the  daily 
piess,  wrecked  the  boiler-room  and  set 
fire  to  the  upper  floors,  which  required  a 
general  alarm  before  it  was  extinguished. 
No  reason  is  given  for  the  accident. 


Two  Boiler  Explosions  in 
Pennsylvania 

On  Apr.  17,  two  boiler  explosions  were 
reported  to  have  occurred  in  Pennsyl- 
vania, one  in  an  oil-well  plant,  at  Can- 
onsburg,  in  which  a  man  was  perhaps 
fatally  injured.  No  cause  is  given  in 
the  press  report. 

The  other  explosion  happened  at  the 
fertilizer  plant  at  Seven-Stars,  near  Potts- 
ville.  The  shell  went  straight  up  to  the 
roof  and  narrowly  missed  several  work- 
men standing  near  by.  One  man  was  in- 
jured and  is  in  a  critical  condition.  The 
cause  is  unknown. 


Boiler  and  Flywheel  Accidents 

.According  to  the  April  bulletin  of  the 
Fidelity  &  Casualty  Co.,  from  Feb.  10  to 
Mar.  7  there  were  25  boiler  explosions, 
and  from  Feb.  12  to  Mar.  18,  six  flywheel 
explosions. 

There  were  15  persons  killed  and  26 
injured  by  the  boiler  explosions.  In  the 
flywheel  accidents  three  persons  were 
killed  and  two  were  injured. 


Middlesboro     Plant    Wrecked 
by  Boiler  Explosion 

Press  dispatches  state  that  two  men 
were  killed  and  several  others  seriously 
injured  on  Apr.  19  when  the  boiler  in 
the  lumber-milling  plant  of  the  Powell's 
River  Co.,  near  Middlesboro,  Ky.,  ex- 
ploded. The  force  of  the  explosion  was 
sufficient  to  wreck  the  entire  plant.  The 
cause  is  given  as  low  water  in  the  boiler. 
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"Titanic' s"  Rescued  Firemen 

As  was  to  be  expected,  the  boiler-room 
crew  of  the  "Titanic"  had  its  full  shar-e 
of  suffering  and  death. 

The  29  boilers  and  159  furnaces  de- 
manded a  force  of  about  180  men;  13 
of  the  survivors  are  shown  in  the  ac- 
companying engraving.  Every  means 
were  taken  to  provide  them  with  money 
and  clothing,  and  send  them  home  or 
get   them   places   on   other   ships   if  they 


sea,  into  which  they  had  jumped  a  few 
minutes  before  the  "Titanic"  went  down. 
It  is  through  the  courtesy  of  the  even- 
ing adition  of  the  New-Yorker  Staats- 
Zeitung  that  we  are  enabled  to  give 
the  picture  of  these  rescued  firemen. 


SOCIETY  NOTES 

Rudolph  Diesel,  D.  E.,  D.Sc,  director 
of  the  Verein  Deutscher  Ingenieure  and 
the   inventor  of  the   Diesel   engine,  was 


Diesel  delivered  an  illustrated  lecture  on 
"The  Development  of  the  Diesel  Engine." 

Dr.  Diesel,  it  will  be  recalled,  recent- 
ly came  to  this  country  to  investigate  the 
progress  which  is  being  made  here  with 
oil  fuel  and  on  business  connected  with 
the  Busch-Sulzer  Bros.  Diesel  Engine 
Co.,  St.  Louis,  Mo.,  of  which  he  is  a 
director.  The  doctor  has  expressed  him- 
self as  of  the  belief  that  America  is 
destined  to  lead  the  world  in  the  de- 
velopment of  oil-fuel  motive  power. 

Our  issue  of  May  7  will  contain  a 
full   account  of  his  paper. 


Lexington,  Ky.,  is  to  have  a  station- 
ary engineers'  association.  It  will  rep- 
resent the  engineers  of  central  Ken- 
tucky, including  those  in  Lexington, 
Georgetown,  Paris,  Nicholasville  and 
Versailles.  The  first  meeting,  in  which 
plans  were  discussed,  was  held  in  Lex- 
ington on  Apr.  9.  Officers  will  be  elected 
shortly. 


"TiTANic's"  Firemen  Survivors 


Marine  Engineering  Publi- 
cations Consolidated 

The  Aldrich  Publishing  Co.,  with  a  cap- 
ital stock  of  $100,000,  all  paid  in,  has 
been  organized  under  New  York  laws  to 
take  over  under  one  management  the  en- 
gineering publications  of  Herbert  L.  Aid- 
rich,  which  have  hitherto  been  separate 
organizations. 

These  include  International  Marine  En- 
gineering, which  he  founded  15  years  ago 
in  the  interests  of  shipbuilding,  also  a 
publication  of  the  same  name  which  he 


desired,  only  a  few  men  having  been 
detained  to  give  evidence  before  the 
Senate  Investigating  Committee. 

Many  acts  of  bravery  and  heroic  sacri- 
fice were  related  by  the  surviving  fire- 
men. Thomas  Andrews,  the  designer  and 
Harland  &  Wolff's  representative;  Mr. 
Cummings,  the  builder  of  the  engines, 
and  ten  supervising  engineers  who  stood 
by  to  watch  the  engines'  maiden  per- 
formance, refused  to  leave  the  ship  and 
rendered  great  assistance  to  the  women 
and  children  in  getting  them  into  the 
boats. 

James  Thompson,  a  fireman  who  is  in 
a  New  York  hospital  recovering  from  his 
injuries,  declares  that  he  knew  the 
"Titanic"  was  running  at  77  revolutions 
(22  knots)  on  Saturday,  and  that  this 
speed  was  increased  on  Sunday  to  near- 
ly 23  knots,  which  was  maintained  up  to 
the  time  she  struck  the  iceberg.  It  has 
never  been  disputed  that  the  "Titanic" 
was  not  under  full  speed  when  she 
struck.  Thompson  further  said  that  af- 
ter three  days  he  "hardly  saw  anything 
else  but  the  215  lb.  on  the  gages  as 
the  engineers  were  driving  the  firemen 
to    do    their   utmost." 

Most  of  the  men  did  not  leave  the 
boiler  rooms  until  the  incoming  water 
forced  them  out.  Some  of  these  men 
were   afterward   picked   up    in   the   open 


made,  on  Apr.  30,  an  honorary  member 
of  the  American  Society  of  Mechanical 
Engineers,  in  the  auditorium  of  the  Engi- 
neering Societies  Building,  New  York 
City.  During  the  evening,  under  the 
auspices  of  the  Gas  Power  Section,  Dr. 


Dr.  Rudolph  Diesel 

Copyright.    1!I12.   Edwin  T-eviek,  N.  Y. 

established  in  London,  England,  in  1906. 
Another  publication  is  The  Boiler  Maker, 
covering  the  design  and  construction  of 
steam  boilers  for  locomotives,  steamships 
and  all  other  uses.  Besides  these  maga- 
zines Mr.  Aldrich  publishes  several  tech- 
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nical  books  devoted  tn  engineering  sub- 
jects of  interest  in  the  industries  covered 
by  the  magazines. 

The  head  offices  of  the  new  company 
will  continue  as  heretofore  in  the  White- 
hall Building,  l'7  Battery  Place,  New  York 
City. 


OBITUARY 

Benjamin  Guggenheim 

The  first  definite   information   received 
of  the  death  of  Benjamin  Guggenheim, 


founder  of  the  great  firm  having  mining 
interests  all  over  the  world,  young  Benja- 
min, at  20,  took  charge  of  the  company's 
mining  properties  in  Leadville,  Colo.,  and 
to  his  shrewdness  and  energy  is  largely 
due  the  concern's  success  in  after  years. 
Later,  he  came  East  and  managed  a  plant 
at  Perth  Amboy,  N.  J. 

In  1903,  Mr.  Guggenheim  erected  a 
large  machinery  plant  in  Milwaukee, 
Wis.,  which  was  later  merged  in  the  In- 
ternational Steam  Pump  Co.,  of  which  he 
was  elected  president  in  1909.  With  his 
brothers,    he    was    also     the     controlling 
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whose  life  was  lost  in  the  going  down 
of  the  ill-fated  "Titanic"  on  Apr.  14,  was 
received  by  his  widow  in  a  message  from 
Mr.  Guggenheim,  delivered  by  an  assist- 
arft  steward  who  was  with  him  until  a  fev/ 
minutes  before  the  "Titanic"  sank.  The 
message  was:  "If  anything  should  hap- 
pen to  me,  tell  my  wife  in  New  York  that 
I've  done  my  best  in  doing  my  duty." 
In  these  words  lies  the  keynote  of  Benja- 
min  Guggenheim's' whole    life. 

Born  on  Oct.  26,  1865,  the  fifth  of  the 
seven   sons   of   Meyer   Guggenheim,    the 


factor  in  the  American  Smelting  &  Refin- 
ing Co.        ,^ 

Today,  the  International  Steam  Pump 
Co.'s  products  are  limited  only  by  the 
confines  of  industry  in  this  country  and 
abroad.  It  has  seven  plants,  each  large 
in  itself,  which  operate  in  the  United 
States,  and  one  in  England,  at  Simpson. 
The  company  employs  10,000  men. 

Mr.  Guggenheim  married  Miss  Floretta 
Seligman,  a  daughter  of  James  Seligman, 
the  banker,  who  survives  him  with  three 
daughters. 


PERSONAL 

James  O.  Westberg,  formerly  chief  en- 
gineer of  the  isolated  plant  at  Feltman's, 
Coney  Island,  has  accepted  a  position  as 
erecting  engineer  with  the  Shipley  Con- 
struction &  Supply  Co.,  the  New  York 
representative  of  the  York  Manufacturing 
Co.,  York,  Penn.,  builders  of  ice-making 
and  refrigerating  machinery.  Mr.  West- 
berg is  a  member  of  the  Modern  Science 
Club,  the  N.  A.  S.  E.,  and  was  the  founder 
and  first  president  of  the  Combined  En- 
gineers, Brooklyn,  N.  Y. 


Examinations  for  Inspection 
Service  at  Chicago 

The  Illinois  Civil  Service  Commission 
announces  that  an  examination  will  be 
held  in  Chicago  on  May  17  to  fill  present 
and  future  vacancies  in  the  department 
of  factory  inspection  in  each  of  the  fol- 
lowing branches: 

Electrical:  Applicant  must  have  prac- 
tical knowledge  of  electrical  generating 
apparatus  and  of  the  methods  used  in 
wiring  and  installation. 

Ventilation:  Must  have  both  technical 
and  practical  training  in  ventilation  and 
sanitation,  understand  the  occupational 
disease  law,  and  be  able  to  locate  and 
analyze  industrial  poisons. 

Mechanical:  Must  be  especially  ex- 
perienced in  shop  work  and  be  able  to 
detect  infringements  of  laws  governing  the 
protection  of  workmen  about  machinery. 

These  positions  pay  SlOO  per  month 
and  all  necessary  traveling  expenses;  the 
age  is  limited  between  25  and  50  years. 

Copies  of  the  laws  may  be  had  by  writ- 
ing to  the  State  Factory  Inspection  De- 
partment, Security  Building,  Chicago.  W. 
R.  Robinson,  of  the  Civil  Service  Com- 
mission, Springfield,  111.,  will  furnish  ap- 
plication blanks.  The  aplication  must  be 
filed  with  the  commission  at  Springfield 
prior  to  9  a.m..  May  10. 


Doubtful  Economy 

Hans  Schmidt,  proprietor  of  a  western 
Minnesota  sawmill,  used  for  fuel  the 
sawdust  from  the  factory.  It  cost  him 
nothing,  but  it  kept  four  men  busy  shovel- 
ing it.  Recently  he  was  persuaded  to 
put  in  a  new  equipment  which  would  re- 
duce the  amount  of  fuel  one-half. 

After  the  machinery  had  been  in- 
stalled, the  agent  called,  expecting  to  be 
congratulated.  But  the  German  eyed 
him  gloomily. 

"Doesn't  the  new  plant  do  all  I 
claimed?"  he  asked. 

"Yah;  but  I  oberlooks  sometings,"  re- 
plied  Hans. 

"What  was  that?" 

"Veil,  it  dakes  only  dwo  mens  to  handle 
de  fuel,  but  it  dakes  de  udder  dwo  mens 
to  haul  away  what  we  don't  use  und  a 
team   pesides." — Hampton's  Magazine. 
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Moments  with  the  Ad.  Editor 


If  good  advertising  is  anything  it  is  informa- 
tive and  helpful. 

We  have  heard  some  people  make  caustic 
remarks  about  the  quantity  of  advertising 
in  a  technical  paper  and  we  remember  hearing 
a  publisher  of  a  trade  paper  wax  hysterical 
over  putting  an  advertisement  on  the  front 
cover.  He  thought  that  the  front  cover 
should  be  devoid  of  advertising  and  would 
substitute  a  pretty  picture  for  a  well  written 
and  well  displayed  advertisement. 

Any  wise  engineer  can  get  more  out  of  a 
good  ad.  than  he  can  out  of  the  best  painting 
the  world  ever  saw — and  the  average  front 
cover  "picture"  is  far  from  that. 

Here,  in  any  event,  is  what  E.  S.  Wylde, 
of  Pinerolo,  Italy,  thinks  about  ads.  and 
especially  the  value  of  Po-\\'Er's  advertising 
to  its  foreign  readers: 

There  are  just  one  or  two  things  I  should  Hke  to 
mention  and  which  I  thought  might  interest  readers 
of  Power.  On  page  416  of  your  issue  of  March  19th 
you  say;  Power  never  makes  much  of  a  "holler" 
about  its  foreign  circulation,  but  it's  "there,"  etc. 
Well,  I  don't  know  about  the  "holler,"  but  I  do  know 
about  its  being  there,  all  the  same,  so  I  thought  per- 
haps a  little  personal  experience  might  show  some 
of  your  readers  what  those  on  the  outskirts,  as  it  were, 
of  your  circulation  think  about  and  how  they  make 
use  of  "Moments  With  the  Ad.  Editor"  and  the  Ad. 
section  of  Power. 

I  started  to  take  Power  some  four  or  five  years 
ago  when  stationed  in  Mexico,  and  from  the  very 
first  it  both  interested  and  instructed  me,  but  it  was 
only  when  I  came  here  some  three  years  ago  and 
foimd  myself  up  against  some  tough  propositions 
that  I  decided  to  test  for  myself  some  of  the  many 
ads.  that  seemed  to  fit  my  case.  Well,  firstly  the 
system  of  lubrication  in  the  mill  was  both  wasteful 
and  inefficient  under  the  old  system  of  oiling,  so  I 
decided  to  try  what  Albany  Grease  would  do,  and 
I  am  pleased  to  say  that  it  turned  out  A-i.  and  now 
we  have  no  more  oil  dropping  about  and  no  trouble 
with  hot  bearings,  and  one  man  looks  after  all  the 
mill    in    place    of    three    employed    formerly.      Then 


again  we  had  trouble  with  the  separator  on  one  of 
our  engines  of  200  hp.  on  accoimt  of  the  face  of  the 
bottom  flange  having  several  blow  holes  in  it,  which 
made  it  very  difficult  indeed  to  keep  a  tight  joint, 
so  I  decided  to  see  what  "Smooth-On  Cement"  would 
do.  I  obtained  a  tin  and  after  having  had  the  joint 
carefully  cleaned  I  applied  the  cement  according  to 
instructions  and  found  I  had  a  tight  joint  and  I  have 
not  had  to  have  it  touched  since,  and  that  is  eighteen 
months  ago.  Thirdly,  we  have  several  belt  drives 
in  the  mill  which  are  subjected  to  very  severe  service. 
They  are  fast-running  belts  with  very  short  centers  and 
small  arcs  of  contact,  which  caused  them  to  slip  a 
good  deal,  particularly  on  Monday  mornings,  after 
the  machinery  had  become  cold  and  stiff  by  standing 
over  Sunday.  So  I  wrote  for  a  can  of  "  Cling  Sur- 
face" and  again  the  ad.  made  good  and  we  have  had 
no  further  trouble  with  those  belts,  and  that  is  over 
a  year  ago.  When  one  considers  what  a  very  heavj' 
freight  charge  we  have  here  I  think  it  may  be  fairly 
said  that  PowER  ads.  "make  good."  And  lastly  it 
was  in  the  Ad.  section  of  Power  that  I  first  saw  about 
the  International  Correspondence  Schools  and  con- 
vinced myself  that  it  was  a  good  thing,  so  I  joined 
the  Steam  Electric  coiu-se  and  have  and  am  deriving 
both  pleasure  and  profit  out  of  it,  and  have  been  able 
to  give  our  engineer  some  tips  that  have  proved  to  be 
to  our  mutual  benefit.  It  has  also  enabled  me  to 
appreciate  more  fully  the  various  articles  appearing 
in  Power. 

So  you  see,  Mr.  Editor,  even  if  it  is  not  making 
a  great  deal  of  noise  about  it,  Power  is  doing  a  good 
work,  and  its  ads.  are  making  good  in  perhaps  very 
many  places  outside  the  United  States.  I  rather 
think  if  you  were  to  invite  some  letters  from  these 
friends  of  yotu-s  abroad  you  would  find  them  mighty 
interesting  reading  if  nothing  else. 

Wishing  you  and  your  paper  every  success. 

When  the  Selling  Section  brings  real  help 
to  a  man  located  far  from  the  source  of  sup- 
ply, it  has  proved  itself  worth  while. 

By  the  same  token,  those  of  its  readers 
who  are  close  to  "headquarters,"  to  whom 
freight  charges  are  no  handicap,  can  well 
profit  by  reading  the  ads.  and  buying  adver- 
tised goods. 
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Engineers  All  Dead" 


THIS  sentence  was  a  part  of  the  official 
report  sent  to  the  White  Star  Company 
in  England  regarding  the   recent  "Ti- 
tanic "  disaster. 

No  mention  of  brave  acts,  of  heroic 
rescues  or  of  fidehty  to  duty,  just  "Engineers 
All  Dead." 

The  "  Titanic  "  carried  a  regular  engine- 
room  force  of  34;  with  the  stokers,  coal  passers 
and  trimmers,  a  total  of  approximately  290 
men.  Not  an  engineer  was  saved ,  and  with  the 
exception  of  a  few  firemen,  all  of  these  are  dead. 

Two-thirds  of  these  men  were  off  duty 
when  the  ship  struck  the  iceberg.  They  at 
least  had  a  fighting  chance,  but  the  rules 
governing  their  actions  were,  in  case  of  acci- 
dent every  man  to  his  post. 

Not  on  deck  where  there  was  a  chance 
to  cling  to  floating  wreckage,  but  down  in  the 
ship's  bottom,  122  ft.  below  the  boat's  deck. 
Not  to  stations  where  the  gradual  settling 
of  the  hull  in  the  icy  water  could  be  seen, 
but  down  below  where  the  desperate  nature 
of  the  damage  to  the  ship  was  evident. 

Down  where  they  could  note  the  rapidly 
rising  water,  the  failure  of  the  pumps  to  keep 
it  down,  and  know  with  a  certainty  that  the 
ship  was  doomed. 

But  for  these  men  the  lights  of  the  "Ti- 
tanic" would  not  have  glowed  until  shortly 
before  she  sank;  but  for  the  lights  a  panic 
among  the  passengers  would  have  occurred, 
with  a  still  greater  appalling  loss  of  life. 

These  engineers  were  not  deceived.  They 
knew  that  when  they  had  done  their  duty ,  death 
awaited  them.  And  they  performed  that 
duty;  we  know  it,  for  the  dispatch  "Engi- 
neers All  Dead"  is  conclusive  evidence. 


Marine  engineers  have  scant  chance  of 
being  saved  when  large  ships  are  wrecked, 
for  duty  demands  that  they  stay  at  their 
station.  No  chance  to  escape  in  charge 
of  a  ship's  boat  loaded  with  passengers,  no 
opportunity  to  hear  the  order,  "every  man 
for  himself."  They  stand  by  obeying  signals 
until  it  is  too  late  to  gain  the  deck,  and  then 
they  die  like  men — heroes  every  one. 

Two  hours  is  an  eternity  under  such 
circumstances  as  surrounded  the  sinking  of 
the  "  Titanic."  Within  ten  minutes  after  the 
ice  tore  through  the  ship's  side,  these  men 
knew  that  they  were  doomed.  They  had 
two  hours  to  decide  whether  they  would 
die  doing  their  duty,  or  whether  they  would 
attempt  to  escape  in  one  of  the  few  life  boats. 

They  chose  to  die.  No  excuses  are 
being  made  by  them  as  to  how  they  were  saved. 

It  is  hard  to  die  in  the  light,  but  more 
so  in  the  dark  interior  of  a  sinking  ship,  where 
the  bubbling  of  the  inrushing  water  sounds 
the  funeral  dirge. 

Carnage?  Yes,  and  then  some.  Love 
of  life  and  family  would  almost  drag  them 
away  from  their  post,  but  fidelity  to  duty 
was  the  stronger,  and  won  the  battle. 

And  when  they  had  done  all  that  humans 
could  do,  had  kept  the  lights  bright  and  the 
pumps  going  until  the  fatal  plunge,  they 
clasped  hands  in  a  last  farewell  and  went 
down  with  their  ship. 

We  pay  tribute  to  the  heroism  of  these 
engineers  who  died  that  others  might  live, 
and,  when  the  Recording  Angel  squares  ac- 
counts, what  more  fitting  entry  could  be 
written,  regardless  of  creed  or  belief,  than 
the  significant  words,  "Engineers  All  Dead"? 


646 


POWER 


Vol.  35,  No.   19 


Power   Plant    Recording   System 


The  value  of  a  system  for  recording, 
together  with  the  printed  forms  and  mode 
of  procedure,  whether  employed  for 
material,  costs,  kilowatts,  revenue  or  the 
miscellanea  connected  with  the  lighting 
and  power  business,  lies  in  its  ability 
to  render  positive  service  at  minimum 
expense  and  indirectly  netting  pecuniary 
value   in   its  performance. 

There  are  in  use  almost  countless 
dispositions  for  registering  stock  and  ma- 
terial required,  purchased  and  supplied, 
with  which  the  engineer  is  expressly 
interested  for  continuous  operation.  From 
the  verbal  orders  of  the  operator  in  the 
small  isolated  plant  to  the  formal  printed 
blanks  of  a  public-utility  company  whose 
plants  may  be  located  at  distances  from 
a  main  center,  there  are  many  methods 
which  are  essentially  wanting  in  actual 
value. 

No  competent  requisition  or  store  sys- 
tem has  been  devised  in  a  day  and  neither 
has  it  been  a  product  of  but  one  mind. 
Jt  is  perfected  by  a  gradual  growth;  it 
is  the  result  of  experiments  and  trials 
of  collective  association,  and  is  founded 
upon  the  demands  of  the  plant  in  har- 
mony with  the  office  establishment. 

In  power-plant  work  the  system  must 
necessarily  fit  the  conditions  of  the  busi- 
ness; it  must  offer  accurate  and  prompt 
service  to  the  engineer  and  at  the  same 
time  protect  the  company  from  all  need- 
less expense. 

Within  a  score  of  years,  the  Pacific 
Light  and  Power  Company,  of  Los 
Angeles,  Cal.,  has  grown  to  such  pro- 
portions  as   to   affect   generating   plants 


By  L.  R.  W.  Allison 


Forms  used  in  making  requi- 
sition for  material  and  routine 
employed  to  keep  complete  and 
accurate  record  of  all  material 
issued. 

Manner  of  indexing  material 
received,  on  hand  and  issued. 

Manner  of  recording  informa- 
tion concerning  motor  and  meter 
installations,  etc. 


augmentation  has  come  the  need  for  a 
store  and  supply  system  entirely  within 
the  jurisdiction  of  the  main  offices.  The 
accompanying    features    of    the    process 


Engineer  Superintendent 

Requisition  of  Generation. 

,-^^  3  Copies __  ,^^File5  Reg.-Ccpy  I 


Storekeeper [^k\  File5,"Reg.Copy  C" 


Requisitions  for  Material  in  Stock 

Requisition  books  containing  the  form 
shown  in  Fig.  1  are  supplied  to  the  chief 
engineer  and  chief  operator  in  charge  at 
each  of  the  various  stations.  Each  requisi- 
tion is  numbered  as  shown,  and  is  in 
triplicate,  a  blue,  white  and  yellow  sheet, 
lettered  A,  B  and  C  respectively,  one 
original  and  two  carbon  copies. 

Space  is  provided  for  notation  in  the 
upper  right  corner  for  the  designation  of 
the  job  for  which  the  material  is  re- 
quired, as  follows:  "superintendent's  or- 
der number,"  for  such  work  ordered  by 
the  superintendent  of  generation,  who  has 
direct  charge  of  all  steam  and  hydraulic 
plants;  "estimate  number,"  for  such  spe- 
cial construction  work  as  has  been  esti- 
mated in  cost  and  approved  by  the  gen- 
eral manager;  "standing-order  number," 
for  regular  maintenance  and  repair  work. 
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Fig.   1.    Requisition   for  Material   in  Stock 


Fig.   4.     Purchasing    Agent's    Order 


from  Borel,  on  Kern  river,  to  Redondo 
beach,  and  serve  territory  in  Los  Angeles 
and  San  Bernardino  counties  with  en- 
ergy for  lighting  and  power.     With  this 


employed  have  been  in  satisfactory  use 
for  some  time  and  have  served  all  depart- 
ments. Only  the  power-plant  end  will 
be  considered  here. 


each  class  being  segregated  for  the  par- 
ticular station  and  a  number  given,  as 
"maintenance  of  generators  and  exciters, 
5365,"   "maintenance   of  steam   engines. 
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5379,"  and  the  like.  The  "account"  line 
is  for  recording  purposes  at  headquarters. 
Each  item  of  material  needed,  with  its 
quantity  and  what  it  is  to  be  used  for, 
together  with  necessary  shipping  direc- 
tions, is  listed  in  the  sections  provided. 
The  columns  at  the  right,  marked  "quan- 
tity," "price,"  etc..  are  for  the  use  of  the 
storekeeper.     All   requisitions  must  bear 


proved  by  the  superintendent,  it  follows 
the  routine  noted  in  Fig.  3.  In  this  in- 
stance, the  storekeeper,  retaining  copy  C, 
as  before,  relists  the  material  on  a  "pur- 
chasing-agent's requisition,"  this  being 
identical  with  the  form  in  Fig.  1  except 
for  the  omission  of  the  five  vertical  col- 
umns at  the  right  and  the  accompanying 
notations;    it    is    likewise    in   triplicate. 


Report   for  Material   Received  by 
Engineer 

When  material  is  received  by  the  en- 
gineer in  charge  directly  from  the  dealer 
without  passing  through  the  storeroom, 
as  where  direct  shipment  is  made  to  a 
station  at  an  isolated  point  from  the 
main  office,  the  "material  received" 
blank,  shown  in  Fig.  5,  is  employed.  This 
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Fig.  5.   "Material  Received"  Blank 


Fig.  6.   Blank  for  Material  Returned  to   Storeroom 


the  signature  of  the  engineer  or  op- 
erator in  charge  on  the  line  designated 
"foreman"  and  must  be  approved  by  the 
superintendent.      The    disposition    of   the 


The  purchasing  agent's  order.  Fig.  4, 
is  issued  to  the  manufacturer  with  the 
original  requisition  number  and  an  order 
number  to  afford  record  for  the  invoice. 


is  made  out,  by  use  of  carbon,  in  quad- 
ruplicate, notated  as  A,  B,  C  and  D,  in 
pink,  yellow,  white  and  blue  respective- 
ly.    The  engineer,  retaining  the  C  copy, 
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three  requisition  copies,  and  the  supply  of 
material,  takes  a  course  as  shown  in  Fig.  2. 

Requisitions   for  Material  to  Be 
Purchased 

When  special  material  is  to  be  pur- 
chased, the  requisition  is  additionally 
marked,  if  necessary,  with  the  type  of 
manufacture    desired.      After   being    ap- 


This  is  made  out  in  duplicate  to  the 
recipient  of  the  order,  one  copy  to  be 
returned  to  the  purchasing  agent  as  ac- 
ceptance for  the  material  specified.  Ad- 
ditional copies  are  made,  of  individual 
colors,  for  the  general  manager,  general 
storekeeper,  storekeeper,  superintendent 
and  the  engineer  who  signed  the  requisi- 
tion. 


forwards  the  additional  three  to  the 
superintendent,  which,  being  approved 
by  him,  are  distributed  to  the  storekeeper, 
chief  storekeeper  and  price  clerk.  This 
serves  to  protect  the  engineer  and  affords 
the  company  an  absolute  check  on  ex- 
penses for  inaterial  so  received,  as  no 
remittance  is  made  for  the  invoice  until 
a  report  from  the  operator  is  on  record 


648 


POWER 


Vol.  35,  No.   19 


and  found  to  tally  therewith.  A  "call  for 
the  receipt  of  goods"  is  issued  by  the 
price  clerk  to  the  engineer  in  charge, 
passing  by  way  of  the  superintendent 
when  this  report  is  not  received  in  due 
time. 

Material  Returned  to  Storeroom 
For  such  material  as  may  be  received 
from  the  storeroom  by  the  engineer  and 
not  placed  in  service,  provision  is  made 
for  its  formal  return  and  the  proper 
credit   is   given  by  use   of  the   form   in 


The  various  colors  assist  in  definite 
disposal  as  each  has  its  respective  de- 
partment for  filing,  with  the  purpose  of 
such,  whether  for  material  desired,  ma- 
terial returned,  etc.,  easily  noted. 

Records  of  Stock 
Records  of  stock  on  hand,  additions  to, 
withdrawals    from,   etc.,   are   made    in   a 


4 ',2x9^ -inch  card  in  the  form  given  in 
Fig.  10  are  employed.  The  record  is  com- 
plete, from  the  consumer,  location  and 
purpose  for  which  used,  to  test  the  data 
and  the  equipment  installed  for  proper 
connection.     These  cards  are  especially 
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Fig.  9.    Transfor.mer  Installation 

Fig.  6.  This  is  issued  in  triplicate  by 
the  engineer,  one  copy  being  retained 
for  his  record,  the  others,  after  approval 
by  the  superintendent,  going  to  the  store- 
keeper and  the  general  storekeeper  as 
in  the  case  of  the  requisition  for  stock 
articles. 


Fig.   11a.     Meter   Card 

loose-leaf  ledger,  with  10'4xl6-inch 
sheets,  and  ruled  as  in  Fig.  7.  Recapitu- 
lation of  stock  is  recorded  on  an  8'jx 
1 4^4 -inch  form.  Fig.  8,  all  "returns  to 
stock"  being  noted  in  red  for  quick  refer- 


Fic.    lib.     Reverse  Side 

valuable  for  reference  when  trouble  is 
manifested  in  operation  long  after  the 
date   of   installation. 

Meter  Records 

The  form  shown  in  Fig.  11,  printed  on 
a   4x6-inch   card,   is    for   recording   data 


INSTALLATION  DATA 


Fig.  10a.   Front  of  Motor  Installation  Record  Card 


Fig.   lOfc.    Installation  Data  on  Back  of  Card 


Material  Returned  by  Storeroo.m 

Material  placed  in  the  storeroom  or 
held  in  reserve  by  the  storekeeper  for 
a  particular  station  through  special  cir- 
cumstances and  later  delivered  to  the 
engineer,  is  cared  for  by  means  of  a 
blank  practically  identical  with  the   form 


tnce.  These  forms  give  the  company  an 
accurate  record  of  stock  disposition  and 
stock  on  hand  at  minimum   labor. 

Transformer  and  Motor  Installation 

A  record  of  transformers  installed  or 
removed  is  made  on  the  cards  shown  in 
Fig.  9;  these  are  of  light-weight  4.>4x8- 


connected  with  the  installation  of  meters 
for  consumers.  The  card.  Fig.  12,  gives 
on  one  side  information  regarding  the 
circuit,  the  meter  and  the  meter  load,  and 
on  the  reverse  side  a  record  of  incan- 
descent- or  tungsten-lamp  renewals.  This 
form  is  5x8  inches  in  size. 
All   cards   for  transformer,  motor  and 
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Fig.  12a.    Information  on  Circuits,  Meters  and  Meter  Load 


Fig.   12ft.    Lamp  Renewals 


shown  in  Fig.  6  and  designated  "ma- 
terial returned  by  storeroom  to  foreman." 
Three  copies  are  prepared  and  pass  in 
the  routine  as  indicated. 

All  forms  are  uniformly  7'-<x8'<  inches. 


inch  stock.  Consumers  supplied,  the 
capacity  and  load  on  the  transformer, 
together  with  other  information  as  will 
be  noted,  are  kept  on  file. 

For  motor  installation,  both  sides  of  a 


meter  installations  and  operating  data  are 
filed  vertically  in  cabinet  drawers  in  card- 
index  style.  They  are  arranged  alpha- 
betically, according  to  name  or  location, 
as  conditions  warrant. 


May  7,  1912 


POWER 


649 


A  Heavy  Blooming-Mill  Engine 


The  engines  driving  the  blooming  and 
billet  mills  of  the  Pittsburgh  Steel  Co., 
at  Monessen,  Penn.,  exhibit  a  number  of 
interesting   features. 

The  engine  room  is  a  separate  build- 
ing completely  cut  off  from  the  mill 
by  a  steel  and  glass  partition,  and  is  thus 
kept  as  clean  as  any  electric  station. 
The  several  mills  are  driven  by  spindles 
reaching  through  the  partition.  The 
blooming  mill  weighs  4,000,000  lb.  ^d 
was  built  by  the  Mackintosh  &  Hemp- 
hill Co.,  of  Pittsburg.  It  reduces  24x24- 
in.  ingots  to  dUxGH-in.  blooms  in  nine 
passes  through  the  rolls.  This  mill  is 
driven  by  a  48  and  84  by  60-in.  angle- 
compound  Corliss  engine,  built  by  the 
Southwark  Foundry  &  Machine  Co. 


By  Edward  T.  Child 


Description  of  an  exceptionally 
heavy  angle-compound  Corliss 
engine  which  drives  the  bloom- 
ing-mill at  the  plant  of  the  Pitts- 
bvirgh  Steel  Co. 

This  engine  frequently  devel- 
ops more  than  7000  hp. 


sure  cylinder  at  one  end;  at  the  other 
end  it  supports  a  bell  housing  which 
carries  the  vertical  low-pressure  cylinder. 
The  shaft,  crank  and  crankpin  are 
forged  in  one  piece,  of  fluid  compressed 


not  be  used,  for  there  would  not  have 
been  enough  metal  left  between  the  two 
holes  in  the  crank.  This  solid-forged 
shaft  was  an  exceedingly  expensive  fea- 
ture, but  the  only  way  to  avoid  it  would 
have  been  to  have  lengthened  the  stroke 
of  the  engine,  thus  not  only  making  the 
cost  of  the  engine  greater,  hut  requiring 
the  erection  of  a  higher  building. 

A  distinctive  feature  of  this  engine  is 
its  valve-gear,  which  is  shown  in  Figs. 
3  and  4.  This  is  of  the  Corliss  straight- 
line  type  without  wristplates,  but  with 
two  eccentrics  for  each  cylinder,  thus 
permitting  an  extended  cutoff.  The  steam 
valves  are  double-ported  and  of  unusual- 
ly large  area  as  compared  with  the  areas 
of    the    pistons.     Very    massive    valve 


Fig.  1.   Engine  Erected  in  Steel  Works 


This  engine  is  of  exceptionally  heavy 
design.  Its  bedplate  is  shown  in  Fig,  2, 
as  it  appeared  when  loaded  on  the  spe- 
cial car  that  was  necessary  to  transport 
it.  This  bed  has  guides  of  the  four-bar 
type,  and  holds  the  horizontal  high-pres- 


nickel  steel,  both  the  shaft  and  the  pin 
being  hollow-forged.  The  former  is  36 
in.  in  diameter  in  the  middle,  reduced 
to  30  in.  in  the  two  bearing?,  each  of  which 
is  54  in.  long.  Since  the  crankpin  is 
24  in.  in  diameter,  a  built-up  crank  could 


stems  are  carried  beyond  the  tee-heads 
so  as  to  be  supported  by  sockets  in  the 
valves  themselves.  The  outer  ends  of 
these  valve  stems  are  supported  in 
spherical  adjustable  bearings  carried  by 
large  brackets  of  box  section.     The  valve 
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stems  are  thus  entirely  independent  of 
the  holes  in  the  bonnets,  and  do  not 
bear  against  the  sides  of  these  holes. 

Even.'  lever  in  the  valve-gear  is  double, 
and  the  center  of  pull  coincides  with 
the  center  of  support,  so  that  there  is 
no  tendency  to  twist  any  part  of  the 
gear.  There  are  no  overhanging  pins 
carrying  a  load.  Consequently,  no  part 
of  the  valve-gear  has  any  tendency  to 
wear   crooked,   and    in    the   clean    engine 


Rate  of  Combustion  at   Dif- 
ferent  Stoker   Speeds 

By  D.  McGregor 
The  operation  of  boilers  equipped  with 
chain-grate  stokers  suggested  to  the 
V,  riter  the  advisability  of  having  some 
tabulated  data  whereby,  at  a  glance,  it  can 
be  ascertained  whether  the  firemen  are 
working  the  fires  to  the  best  advantage 
for    the    load    carried.    Accordingly    the 


tion  per  square  foot  of  grate  surface, 
which  corresponds  to  an  output  of  1512 
kw.  at  the  rate  of  2'S  lb.  of  coal  per 
kilowatt-hour. 

It  will  be  noted  that  practically  this 
same  rate  of  combustion  can  be  had  by 
running  at  2  in.  per  minute  with  a  lli- 
in.  fire,  at  3  in.  per  minute  with  a  5-in. 
fire,  or  at  3><  in.  per  minute  with  a  4^- 
in.  fire,  and  it  becomes  the  duty  of  the 
engineer  in  charge  to  decide  which  rate 


Fig.  3.    High  Pressure  Valve  Gear 


Fig.  4.  Low  Pressure  Valve  Gear 


room  where  the  engines  are  situated, 
there  should  be  very  little  wear  at  all. 
The  clips,  being  supported  at  both 
ends,  are  about  twice  as  long  as  those 
usually  provided  on  Corliss  engines. 
With  this  great  length,  and  with  no  ten- 


table  herein  shown  was  figured  out  on  the 
basis  of  bituminous  coal  weighing  55  lb. 
per  cubic  foot,  burning  on  a  grate  1 1  ft. 
wide,  at  an  economy  of  2'j  lb.  per  kilo- 
watt, giving  the  pounds  per  square  foot, 
and   the  corresponding  kilowatts   at   five 


is  the  most  efficient.  This  can  best 
be  decided  by  a  careful  study  of  the 
character  of  the  coal  and  of  the  ash 
discharged  from  the  grate,  together  with 
the  analysis  and  temperature  of  flue 
gases  and  the  regulation  of  draft. 

From  this  table  has  been  deducted  the 
following  rule  for  finding  approximately 
the  rate  of  combustion:  Multiply  the 
depth  of  the  fire  less  Yi  in.  by  twice  the 
rate  of  feed  in  inches  to  get  the  pounds' 
per  square  foot. 

POUNDS  OF  COAL  PER  SQUARE  FOOT  OF 

GR.\TE  SURFACE  AND  EQUIVALENT 

KILOWATTS  AT  2i   LB.  PER 

KILOT\'.\TT-HOUR 


Fig.  2.   Bedplate  on  Flat-car 


dency  for  the  clips  to  get  out  of  line,  the 
edges  wear  much  longer  than  is  the 
case  in  an  ordinary  Corliss  gear. 

The  engine  is  provided  with  a  flywheel 
weighing  225.000  lb.  and  made  in  eight 
pieces.  With  a  steam  pressure  of  150 
lb.  per  square  inch  and  a  27-in.  vac- 
uum, this  engine  frequently  develops 
more  than  7000  hp. 


different  rates  of  stoker  .ravei,  and  at 
depths  of  fuel  ranging  in  half  inches 
from  4  to  9  in. 

Suppose,  for  instance,  that  the  grate 
is  traveling  at  the  rate  of  2' I-  in.  per 
minute,  with  a  6-in.  fire.  In  the  column 
headed  "2'j  in.  per  min."  and  on  the 
line  representing  a  6-in.  fire,  will  be 
found  28.59  lb.  as  the  rate  of  combus- 


■3S 

Speed  of  Gr.^te 

C*"* 

H"  per 

2"  per 

2V  per 

3'  per 

3i"  per 

mm. 

mm. 

mm. 

mm. 

|H 

7i'  per 

10'  per 

12i'per 

15'  per 

17i'per 

Hfa 

hour 

hour 

hour 

hour 

hour 

(603) 

(805) 

(1008) 

(1210) 

(1360) 

4 

11.44 

15.27 

19.09 

22.88 

25  70 

(6S0) 

(907) 

(1134) 

(1360) 

(1530) 

a 

12  S9 

17   IS 

21.47 

25.74 

28  92 

(757) 

(1010) 

(1260) 

(1510) 

(1700) 

5 

14.30 

19  09 

23.84 

28  60 

32  13 

(S34) 

(1112) 

(13S6) 

(1660) 

(1870) 

5* 

15.73 

21  00 

26  22 

31   46 

35  34 

(911) 

(1214) 

(1512) 

(1810) 

(2040) ■ 

6 

17.16 

22.91 

•^S  59 

34  32 

38  55 

(988) 

(1316) 

(1638) 

(I960) 

(2210) 

6i 

18  59 

24 .  82 

30  97 

37.18 

41    76 

(1065) 

(1418) 

(1764) 

(2110) 

(2380) 

7 

20  02 

26.73 

33.34 

40  04 

44.97 

(1112) 

(1520) 

(1890) 

(2260) 

(2550) 

V} 

21.45 

28.64 

35  72 

42.90 

48.18 

(1219) 

(1602) 

(2016) 

(2410) 

(2770) 

S 

22.88 

30.55 

38.10 

45.76 

51   40 

(1296) 

(1714) 

(2142) 

(2560) 

(2940) 

Si 

24  31 

3-'  46 

40  47 

48  61 

54   62 

(1373) 

(1S16) 

(2268) 

(2710) 

(3110) 

9 

25.74 

34.37 

42.85 

51    48 

57.83 

Figures  in  parentheses  indicate  load  in  kilowatts. 
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Closed  Heaters,  Surface  Condensers 


The  engineer  is  frequently  confronted 
vvitfi  the  problem  of  determining  the 
proper  tube  surface  in  a  closed  feed- 
water  heater  or  a  surface  condenser.  Al- 
though there  are  a  number  of  empirical 
formulas  used  for  this  purpose,  the  re- 
sults obtained  by  them  are  not  consistent 
under  all  conditions  of  temperature  of 
steam  and  water.  The  heat  transmitted 
through  the  tubes  is  affected,  among 
other  things,  by  the  material  of  which 
the  tubes  are  composed,  the  size  of  the 
tubes,  velocity  of  the  water  through  or 
around  the  tubes,  the  period  of  contact  be- 
tween the  water  and  the  tubes,  the  tem- 
perature of  the  steam,  temperature  of 
the  water  into  and  out  of  the  tubes,  and 
the   quantity    of   water   used. 

Regardless  of  all  the  variable  quan- 
tities entering  into  the  design  of  a  heater 
or  condenser,  there  is  one  law  which 
can  be  depended  upon,  namely,  the  heat 
transmitted  through  the  tubes  is  prac- 
tically proportional  to  the  mean  tempera- 
ture difference  between  the  steam  and 
the  water.  However,  few  experiments 
have  been  made  to  determine  the  quan- 
tity of  heat  transmitted  per  hour  per  de- 
gree mean  difference  in  temperature  be- 
tv,  een  the  steam  and  the  water  under 
the  actual  conditions  met  with  in  prac- 
tice. A  fair  assumption  for  this  factor, 
and  one  which  is  found  to  be  about  right 
in  practice,  is  300  to  350  B.t.u.  per 
hour. 

The  curves  shown  on  the  accompany- 
ing chart  are  based  upon  the  following: 
Let 

T  =  Temperature    of    the    steam    in 

the  heater  or  condenser; 
Ti  =  Temperature     of    the    entering 

water; 
7:  =  Final  temperature  of  the  water; 
di  =  Initial     temperature     difference 
between    the    steam    and    the 
water ; 
dn  =  Final     temperature     difference 
between    the    steam    and    the 
water; 
dm=  Mean     temperature     difference 
between    the   steam    and    the 
water; 
Q  =  Weight  of  water  in  pounds  per 

hour; 
F  =  Square  feet  of  tube  surface  per 

pound   of  water; 
A  =  total    tube    surface    in    square 

feet; 
H  =  Heat    transmitted    through    the 
tubes  per  degree  mean  differ- 
ence  in   temperature  between 
the  steam   and   the   water   (in 
these    calculations   300    B.t.u. 
is  assumed). 
The  heat  transmitted  through  the  tubes 
if;   equal    to   the    heat    absorbed    by   the 
water. 


By  Edward  T.  Turner 


A  chart  for  readily  calculating 
the  necessary  surface  in  a  sur- 
face condenser  or  closed  heater, 
when  the  initial  and  final  tem- 
perature differences  between  the 
steam  and  water  are  known,  also 
the  amount  of  circulating  water. 


Heat  transmitted  through  the  tubes   = 
A   X  300  X  dm  (1) 

Heat  absorbed  by  the  water   = 

2(7"=— r,)  (2) 

Equating    (1)    and    (2), 
A   X  300  X  d,n  =  Q  ( T,  —  7, ) 


{T,-T,)  ,/, 

' 7^ tTt  =  0.00767  log.  — 

300  (T;  —  Ti)  di 

2-ilog.-^ 


F  =  0.00767  log.  d,  —  0.00767  log.  d. 

Plotting  F  as  ordinates  and  log.  di  as 
abscissa,  for  various  values  of  A,  a 
series  of  parallel  curves  is  obtained  with 
a  slope  equal  to  0.00767. 

To  use  the  curves,  first-  calculate  the 
Initial  temperature  difference  between 
the  steam  and  the  water,  and  locate  this 
point  on  the  abscissa.  Next,  move  ver- 
tically to  the  slanting  line  which  rep- 
resents the  final  temperature  difference 
between  the  steam  and  the  water  and 
horizontally  to  the  scale  at  the  left,  show- 
ing the   square   feet  of  tube  surface   re- 


15"        ^0'    25'    30"  55"40"45-50"  60'  7O'8O"9O"l0l)"i£0"  14O"IWI80"E00      '^-"< 
Initial  Temperature  Difference  between  Steum  anj  Wetter 
130"  Fahrenheit 

Chart  for  Determining  the  Amount  of  Condensing  Surface  Required 


Q        300  X  dm 


dm  =  ^ 


-3'o3.V 


Therefore, 


•Common  logarithms 


quired  per  pound  of  water  run  into  the 
heater  or  condenser  per  hour.  Then  to 
obtain  the  total  tube  surface  required, 
multiply  this  constant  by  the  quantity  of 
water  to  be  used  per  hour. 

Examples 
Determine   the   tube   surface   required 
in  a  feed-water  heater  to  heat  30,000  lb. 
of  water  per  hour  from  62  to  202  deg. 
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-with  steam  at  15  lb.  pressure,  absolute. 
In  this  case  the  initial  temperature  dif- 
ference between  the  steam  and  the  water 
is  150  deg.,  and  the  final  temperature 
difference  between  the  steam  and  the 
water  is   10  deg. 

Locate  150  on  the  abscissa,  as  at  A. 
Move  vertically  to  the  slanting  line 
marked  10,  as  at  B,  then  horizontally  to 
the  scale  at  the  left;  this  shows  a  con- 
stant of  0.009.  Multiplying  0.009  by 
30,000  lb.,  270  sq.ft.  is  obtained  as  the 
required  tube  surface. 

Again,  assume  that  it  is  desired  to  find 
the  tube  surface  in  a  surface  condenser 
to  maintain  a.  28-in.  vacuum  in  a  plant 
of  1000  boiler  horsepower,  when  the 
initial  temperature  of  the  circulating 
water  is  60  deg. ;  all  the  steam  generated 
■  being  condensed.  The  circulating  water 
required  is  940,000  lb.,  the  initial  tem- 
perature difference  between  the  steam 
and  the  water  is 

100  —  60  =  40  deg. 
and  the  final  temperature  difference  be- 
tween   the    steam    and    the    water   is    15 
deg. 

From  the  diagram  the  square  feet  of 
tube  surface  per  pound  of  water  per  hour 
is  0.0033.  Multiplying  this  by  940,000 
gives  3100  sq.ft.  of  tube  surface  for  the 
condenser. 

The  tube  surfaces  determined  by  the 
lise  of  these  curves  are  for  multi-current 
heaters  and  surface  condensers.  If  the 
heater  is  the  ordinary  U-tube  type,  with 
the  water  flowing  around  the  tubes,  the 
surface  as  given  by  these  curves  should 
be  multiplied  by  two. 


3.  The  next  efficiency  depends  en- 
tirely upon  the  local  conditions,  such  as 
cylinder  proportions,  steam  leakages 
through  ports,  valves,  stuffing-boxes,  etc. 
This  really  shows  how  closely  the  en- 
gine approaches  the  Rankine  ideal  en- 
gine, which  is  nonconducting  and  in 
v/hich  leakages  do  not  exist.  This  effi- 
ciency is  equal  to 

Efficiency  of  real  engine 

^       Efficiency  of  ideal  engine 

4.  Mechanical  efficiency,  which  is  the 
ratio  of  the  brake  horsepower  to  the  in- 


Work  done 


BCFGB 


^  ~  Heat  supplied  ~~  A  BCFGHA 

If  the  boiler  pressure  be  increased, 
keeping  the  back  pressure  the  same,  the 
additional  work  represented  by  the  area 
CDEFC  will  be  performed,  and 


E,  = 


BCDEFGB 
A BCFGHA 


which  is  greater  than  in  the  first  case ; 
in  other  words,  increasing  the  boiler 
pressure  or  decreasing  the  back  pressure 
will  increase  £2.  In  the  tests  quoted  there 


Steam 
Pres- 

Gage 

Va- 
cuum 

Feed 
Water 
Tem^., 

Steam 

per 
I.H.P. 

Super- 
heat, 
De- 
grees F. 

Efficiencie.o,  Per  Cent. 

Kind  of  Kngine 

Bi 

E,         E, 

Et 

E 

1880 

.Simple,    noncondensing, 

iiigli  speed 

1890 
Triple-e.xpansion      jack- 
eted condensing 

1S9S-98 
Compound  jacketed, 

100 

160 

160 
165 

189.  a 

27 

26 
28.5 

28 

212 
100 

lis 

1.50.7 

42 

17 

13 
10.45 

125 
92.8 

65 

84 

77.5 
72 

83 

14.95 

25.2 

24.2 
30.7 

31   2 

40.1 
43.4 

46.6 

62.7 

54.9 

85 

88 

94 
96 

94.75 

3.32 
8.1 

8.24 

1905 
8000-kw.  turl.ine 

1905 
Compounding    condens- 

13.4 
13.45 

5000-kw,  plant  oil  fuel  , 

dicated   horsepower.     It  varies  with   the 
design  and  workmanship,  and  in  modern 
engines    is    almost    independent    of    the 
load.     Let  this  be  designated  by  £,. 
Then  the  overall  efficiency  £  is  equal 

to    £,     X     £.     X     £::     X     £4. 

In   the   accompanying  table  of  engine 
performances,    it    should    be    noted    that 


Efficiencies  in  the  Production 
of  Power 

By   H.   J.   Macintire 

Although  decided  improvements  have 
been  made  within  the  past  25  or  30  ye-.i's 
in  the  design  of  power-plant  eo'iipinent, 
the  fact  still  remains  that  there  is  con- 
siderable loss  of  energy  between  the 
grate  and  the  busbars;  this  loss  is  due 
to  incomplete  combustion,  radiation  and 
conduction,  cylinder  condensation,  fric- 
tion, etc.  In  making  a  study  of  these 
losses  they  can  best  be  separated  into 
four  divisions: 

1.  Efficiency  of  the  boiler  and  fur- 
nace £1.  This  is  represented  by  the 
ratio  of  the  heat  given  up  to  the  water 
in  the  tubes  to  the  heat  value  of  the  coal. 

2.  Thermodynamic  efficiency  £=,  which 
shows  how  near  the  actual  engine  ap- 
proaches the  ideal  engine.  This  is  repre- 
sented by  the  Rankine  cycle  and  is  the 
ratio  of  the  actual  indicated  work,  ex- 
pressed in  heat  units,  to  the  heat  sup- 
plied. The  thermodynamic  efficiency 
shows  the  maximum  efficiency  that  can 
possibly  be  obtained  with  the  pressure 
and  quality  limits  in  the  problem.  This 
loss  in  efficiency  is  unavoidable  under 
Ihe  circumstances. 


D/ \E 

I '^ 

b/ G 


Elementary  Temperature-Entropy 
Diagram 

the  first  test  is  the  report  of  one  about 
30  years  ago,  while  the  last  is  but  a  few 
years  ago,  the  others  having  about  equal 
lapses  of  time  between.  As  E.  depends 
on  the  upper  and  the  lower  limits  of 
steam  temperatures,  the  figures  show 
how  this  has  increased  in  recent  years. 
Referring  to  the  entropy  diagram,  the 
beat  supplied  is  represented  by  the  area 
ABCFGHA,  and  the  work  done  by  the 
area  BCFGB. 


has  been  a  decided  improvement  from 
14.95  per  cent,  in  the  case  of  a  simple 
noncondensing  high-speed  engine  to  30.7 
per  cent,  in  the  case  of  a  8000-kw.  tur- 
bine. The  value  of  £3,  however,  is  the 
real  test  of  improvement.  This  shows 
the  advance  in  making  pistons  and  valves 
tight,  in  proportioning  the  cylinder  diam- 
eters and  stroke,  in  the  use  of  steam 
jackets  and  superheat,  etc.  These  last 
are  all  means  for  reducing  cylinder  con- 
densation and  reevaporation. 

The  expression  E,  is  a  measure  of  the 
degree  of  perfection  of  the  real  engine 
to  the  ideal  represented  by  the  Rankine 
nonconducting  engine.  This  ideal  engine 
is  supposed  to  have  nonconducting  pis- 
tons, cylinder  heads  and  walls,  and  per- 
fectly tight  pistons,  valves,  packing,  etc. 
Referring  to  the  table,  it  will  be  seen 
that  a  gain  has  been  made  of  22.6 
per  cent.;  that  is,  from  40.1  to  62.7  per 
cent,  in  the  last  quarter  of  a  century. 
Advance  in  lubrication  design  and  ma- 
chine work  are  indicated  by  £4,  which 
has    increased    from   85   to   96   per   cent. 

The  overall  efficiency  £  is  being  ob- 
tained from  the  expenditure  for  coal.  The 
increase  in  this  factor  has  been  from 
3.32  in  the  first  case  to  13.45  in  the  last. 

There  are  records  of  better  tests,  es- 
pecially in  the  case  of  triple-  or  quad- 
ri.ple-expansion  pumping  engines  having 
steam  jackets  and  heaters.  With  all 
these,  however,  it  is  possible  only  to  ob- 
tain less  than  one-fifth  of  the  total 
amount  of  heat  from  the  coal.  From 
this  it  would  seem  that  the  steam  engine, 
at  its  best,  is  a  very  wasteful  and  un- 
economic appliance. 
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Tom  Hunter,  Hoisting  Engineer 


Hoisting  1200  tons  of  coal  during  a 
single  shiift  is  an  everyday  performance 
for  many  hoisting  engineers.  After  a 
man  has  been  throwing  reversing  and 
throttle-valve  levers  for  hours  at  a  time, 
it  is  no  wonder  that  occasionally  he  gets 
confused  and  makes  mistakes.  It  must 
be  a  good  deal  like  trying  to  pat  the 
top  of  one's  head  with  one  hand  and  at 
the  same  time  perform  a  circular  motion 
on  the  chest  with  the  other.  I  put  this 
up  to  Hunter  one  morning  after  break- 
fast and  he  agreed  that  there  was  a 
chance  for  confusion  in  signals. 

"That  is  why  automatic  engine  stops 
have  been  made  for  hoisting  engines," 
said  he.  "When  you  come  to  consider 
that  one-fifth  of  1  per  cent,  of  the  total 
number  of  men  employed  in  the  anthra- 
cite-coal fields  are  killed,  it  is  evident 
that  too  much  attention  cannot  be  paid 
to  safety  devices. 

Record   Hoisting 

"While  1200  tons  of  coal  is  a  good 
day's  work,  I  recently  read  of  a  mine 
where  2840  tons  of  coal  were  hoisted  630 
ft.  in  7' J  hours.  That  beats  any  record 
that  I  have  ever  heard  of  for  a  single 
shaft." 

"Must  have  have  had  some  mighty  big 
cars,"  I  observed,  flicking  the  ashes  from 
my  cigar. 

"The  mine  cars  had  a  capacity  of  three 
tons,  about  the  ordinary  size,  which 
means  that  for  the  entire  1V2  hours  of 
working  time,  the  cars  had  to  be  dumped 
at  the  rate  of  two  a  minute,  or  one  every 
30  seconds.  Maintaining  this  speed  means 
that  the  cage  must,  through  7'j  hours, 
travel  1260  ft.  every  60  seconds,  and 
stop  twice,  once  to  take  on  a  loaded 
car  and  at  another  time  to  dump  that 
car.  Including  the  stop,  the  traveling 
speed  of  the  cage  must  he  21  ft.  per 
second  in  the  shaft;  excluding  the  stop, 
it  must  be  twice  that  amount,  which  is 
going  some." 

"I  don't  see  how  the  loaded  and  un- 
loaded cars  are  taken  off  the  cage  at 
such  a  speed,"  I  said.  "It  is  so  near  beinp 
an  automatic  operation  that  I  should 
suppose  there  would   be  an  accident." 

"There  are  accidents,"  replied  Hunter, 
"lots  of  them.  You  see,  one  motion  will 
both  move  an  empty  off  and  put  a  loaded 
car  on  the  cage.  In  fact,  as  the  cage 
checks  its  speed  before  slopping  com- 
pletely at  the  bottom  of  the  shaft,  the 
loaded  car  is  set  in  motion.  Thus,  in- 
stantly the  cage  comes  to  a  standstill, 
the  loaded  car  moves  into  place,  throwing 
the  empty  one  off  on  the  opposite  side. 

Danger  from   Fast  Work 

"That  is  where  the  danger  comes  from 
such  fast  work.  The  fact  is,  the  signal 
is   given   to   hoist   before   the   cage   has 


By  W.  O.  Rogers 


In  which  Hunter  describes  the 
Nicholson  engine  stop  for  pre- 
venting overwinding. 

By  means  of  this  device  it  is 
impossible  for  the  engineer  to 
hoist  when  he  should  run  the 
engine  in  the  other  direction. 

The  stop  is  designed  to  operate 
on  shafts  having  several  levels. 


reached  the  bottom  of  the  shaft.  The 
footmen  figure  that  the  loaded  car  can 
be  pushed  onto  the  cage  while  the  en- 
gineer is  shifting  his  levers  and  getting 
started  again.  If  the  footmen  have  been 
slow  and  the  car  is  but  part  way  on 
when  the  cage  starts,  it  is  jaught  be- 
tween the  bottom  of  the  cage  and  the 
top  of  the  parting  roof.  Then  some- 
thing is  going  to  smash.  In  the  case 
I  have  in  mind  it  would  have  been  found 


quotation,  'To  him  that  hath  shall  be 
given.'  It  means  that  in  most  cases,  and 
the  owner  of  the  mine  now  wants  the 
men  to  see  if  they  can't  work  a  record 
of  three  cars  per  minute,  or  nine  tons  of 
coal  per  minute  for  one  hour.  This  would 
mean  an  output  of  540  tons  per  hour, 
or  4400  tons  of  coal  for  an  eight-hour 
?hift.  There  isn't  an  engineeriiving  who 
could  stand  such  going,  but  I  have  no 
doubt  that  it  will  be  tried,  and  it  will 
probably  result  in  smashing  something." 
"One  of  these  safety  stops  you  speak 
of  w'ould  come  in  handy  under  such  con- 
ditions, I  should  judge,"  I  said,  as  I 
arose  and  stretched  myself,  preparatory 
to  taking  a  walk. 

They  Visit  an  Engine  Room 
"If  you  have  nowhere  in  particular  to 
go,"  said  Hunter,  "I'll  take  you  to  a 
hoisting  plant  equipped  with  one  of  these 
automatic  stops,  and  you  can  see  how 
it  operates." 

I  jumped  at  the  proposi;ioi.,  and  in  a 


that  a  single  car  can  be  caged,  hoisted 
630  ft.,  then  dropped  and  returned  to 
the.  shaft  bottom  in  20  seconds,  which,  if 
duplicated  over  and  over  again,  means 
that  three  cars  could  be  hoisted  in  one 
minute  instead  of  two,  and  that  means 
nine  tons  of  coal  a  minute  instead  of 
six." 

Want  More  Work 

"That  is  going  some  for  a  fact,  but 
I'll  venture  to  say  the  owners  of  that 
mine  are  not  satisfied  with  the  fast  work 
of  their  men,  and  that  they  will  soon 
be  looking  about  for  ways  and  means  of 
increasing  this  record  output."  I  said 
this  more  from  my  knowledge  of  the  way 
most  good  and  willing  workers  are  usual- 
ly treated  than  from  any  knowledge 
of  coal   mining. 

"Sure  they  will,"  answered  Hunter. 
"It  is  simply  a  repetition  of  the  biblical 


hr's  Operating  Levers 


short  time  we  entered  an  engine  room 
in  which  an  automatic  stop  had  been 
installed.  Jones,  the  engineer,  was  a 
jovial  fellow,  and  at  noon  time,  when 
the  engine  was  shut  down,  he  took  us 
down  beneath  the  engine-room,  floor  and 
showed  us  the  mechanism  of  the  de- 
vice. It  was  a  Nicholson  automatic  en- 
gine stop,  and  the  engineer  said  that  it 
worked  to  perfection.  In  fact,  when  he 
started  up  again,  after  dinner,  he  per- 
mitted it  to  operate,  which  demonstration 
showed  the  great  value  of  the  device. 
While  examining  the  stop.  Hunter  ex- 
plained its  operation  and  construction  in 
detail. 

Nicholson  Engine  Stop 

"The  Nicholson  engine  stop,"  said  he, 
"is  constructed  in  two  styles,  that  of  the 
single-shift  type  for  use  where  hoisting 
is  done  from  one  level,  and  that  of  the 
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double-shift  type  where  tight  and  loose 
drums  are  used  and  the  hoisting  is  done 
from  any  number  of  levels.  It  auto- 
matically adjusts  itself  and  so  removes 
any  chance  of  failure  on  the  part  of  the 
engineer  to   make   any   adjustments. 

"The  stop  has  control  of  the  engine  at 
each  and  every  hoist  and  at  any  speed, 
and  gradually  cuts  off  the  steam  supply 
from  the  main  or  slide  valve  of  the  en- 
gine when  the  cage  approaches  the  land- 
ing or  dump,  and  so  weakens,  the  power 


other  reasons,  the  stop  will  do  it  for  him. 
"There  are  cases  where  a  speed  limit 
is  required  in  hoisting  and  provision  has 
been  made  whereby  it  is  set  automatically 
by  the  stop  when  the  increased  speed 
limit  is  reached,  and  to  automatically  al- 
low the  engines  to  resume  their  normal 
speed  again  when  brought  under  control. 

Engineer  Can't  Go  Wrong 

"By   the   use   of   this   stop   it   is   abso- 
lutely   impossible    for    the    engineer    to 


Fig.  2.    Showing  Arrangement  of  Engine  Stop  under   Flooring 
OF  Engine  Room 


of  the  engine,  the  slow  application  of 
the  steam  brake  acting  at  'he  same  time. 
It  also  does  away  with  the  danger  of 
knocking  the  engine  to  pieces  by  con- 
tinuous 'plugging,'  as  it  is  called,  which 
is  the  favorite  method  of  stopping." 

Acts  at  Any  Speed 

"Will  it  answer  at  any  speed?"  I  in- 
quired. 

"Yes,  no  matter  how  fast  or  how  slow," 
replied  Hunter,  "as  the  movement  of 
the  drum  in  either  direction  actuates  the 
stop  mechanism  at  a  prearranged  time, 
suitable  to  the  hoisting  conditions.  The 
stop  acts  at  every  hoist  on  the  main 
valve  and  does  not  interfere  with  the  re- 
versing of  the  engine  at  any  time,  as 
you  might  think.  In  fact,  its  action  is 
always  a  positive  warning  to  the  engineer 
that  the  cage  is  approaching  the  land- 
ing, and  if  he  is  heedless  of  the  warn- 
ing by  the  action  of  the  stop,  the  engine 
will  be  brought  to  a  standstill  before 
reaching  the  danger  limit,  making  it  nec- 
essary for  him  to  manipulate  his  engine 
in  order  to  reach  the  landing.  The  en- 
gineer usually  has  his  hand  on  the  lever 
in  regular  hoisting  work,  and  when  the 
lever  begins  to  move  he  has  warning 
that  the  cage  is  approaching  the  end  of 
the  hoist.  If  he  fails  to  control  the  en- 
gine,   because    of    a    faulty    throttle    or 


hoist  up  when  he  intends  to  go  down, 
the  machine  having  control  of  the  en- 
gine in  this  respect,  as  the  revolving 
disks  are  always  operated  at  the  danger 
point. 


tions.  Hunter's  explanation  will  be  easily 
understood. 

"On  the  ends  of  the  wormwheel  shaft 
is  a  disk  having  two  adjustable  springs 
which  press  tappets  (Fig.  4)  against  the 
face  of  the  disk.  These  tappets  arc 
placed  at  a  position  equal  to  the  travel 
desired.  The  tappets  and  disk  revolve  in 
either  direction  and  come  in  contact  with 
the  extended  end  of  the  reversing  lever, 
which  moves  toward  the  center  of  the 
quadrant.  This  hooks  up  the  links  of 
the  engine  and  brings  the  steam  valve 
to  the  cutoff  position,  thus  closing  the 
steam  ports  of  the  engine.  At  the  same 
time  the  brake  mechanism  works  in 
unison  with  the  cutting  off  of  the  steam. 
The  tappets  are  held  against  the  revers- 
ing lever,  and  it  can  only  be  operated 
in  the  opposite  direction." 

"You  mean  that  the  engine  cannot  be 
started  to  hoist  again  until  the  link  mo- 
tion has  been  changed,  and  the  engine 
run  in  an  opposite  direction  to  the  first 
motion   of  rotation?" 

"Just  that.  It  is  impossible  for  the 
cage  to  go  up  when  it  should  go  down. 
Under  this  shaft  there  is  a  disk  for  op- 
erating this  steam  valve,  which  shuts  the 
brake  slowly  and  takes  up  the  momentum 
of  the  drum  before  the  final  application 
of  the  brake.  This  is  adjusted  so  as 
to  bring  the  engine  to  a  stop  before  the 
danger  limit  is  reached  at  either  end  of 
the  hoist  in  case  of  a  runaway." 

Engineer  Controls  the  Engine 

"If  this  stop  controls  the  engine,  as 
you  say,  and  as  I  have  seen  it  do,  I 
should  think  that  it  would  interfere  with 
the  engineer  in  controlling  the  engine," 
said  I. 

"It  doesn't,"  replied  Hunter.  "The  en- 
gineer can  always  reverse  his  lever  and 
give  steam  at  the  opposite  end  of  the 
cylinder  when  drifting  or  coming  up  un- 
der the  momentum  of  his  engine  and  load 


Fig.  3.    Elevation  of  Engine,  Stop  and  Auxiliary  Steam  Cylinder 


"The  stop  is  operated  by  a  sprocket 
wheel  and  chain,  which  works  a  worm 
and  worm  gear,  and  is  arranged  as  shown 
in  this  sketch."  And  Hunter  proceeded 
to  sketch  Fig.  3. 

I  afterward  obtained  photographs  of 
the  device,  which  are  shown  in  Figs.  2, 
4   and   5.     By   referring   to   the   illustra- 


to  the  landing,  just  the  same  as  he  does 
with  engines  not  equipped  with  these 
stop  motions." 

"Well,  how  about  lifting  the  cage  from 
the  fans,  after  it  has  rested  upon  them?" 
I  next  inquired;  "there  has  to  be  some 
leeway  for  that." 

"The  mechanism  is  adjusted  so  as  to 
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allow  the  engineer  to  lift  the  cage  from 
the  fans,  and  then  reverse  and  go  down. 
It  works  equally  well  when  dumping 
cages  are  used.  As  the  cage  nears  the 
curved  guide  it  gradually  slows  up  as 
the  travel  of  the  engine  valve  is  dimin- 
ished, and  the  steam  brake  gradually  set 
for  the  prearranged  limit  of  the  hoist. 
It  is  only  necessary  to  throw  a  lever  to 
shut  off  the  steam  supplied  to  the  brake. 
If  it  is  necessary  to  give  a  little  more 
valve  opening  after  the  reverse  lever  be- 
gins to  move  toward  the  center,  a  special 
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Fic.  4.    Details  of  Automatic 
Engine  Stop 

device  allows  the  engineer  to  give  the 
engine   a   little   more   steam." 

"How  about  the  cage  that  is  nearing 
the  bottom  of  the  shaft?"  I  asked.  I 
did  not  quite  understand  how  the  stretch 
of  the  rope,  due  to  the  load  on  the 
cage  nearing  the  top  of  the  hoist,  could 
be  taken  care  of  and  at  the  same  time 
have  the  stop  so  adjusted  as  to  take 
care  of  the  empty  cage  at  the  bottom  of 
the  shaft,  which  had  practically  no  stretch 
in  the  rope. 

"Well,"  laughed  Hunter,  "the  rope  on 
the  empty  cage  will  be  the  same  on  both 
sides  of  the  hoist,  so  if  the  rope  on  the 
loaded  car  is  stretched  more  than  that  on 
the  empty  car,  the  conditions  will  be  re- 
versed on  the  next  trip.  For  that  rea- 
son the  cage  will  always  reach  the  bottom 
of  the  shaft  at  the  same  time  the  engine 
is  stopped." 

A   Good   Investment 

"Of  course,  that  is  so  simple  I  wonder 
I  did  not  think  of  it  before.  It  seems  to 
me  that  there  are  so  many  accidents  to 
hoisting  machinery  that  it  would  be  a 
safe  investment  to  install  a  stop  on 
every  hoisting  engine  at  the  mine, 
whether  used  on  shaft  or  slope  work." 

"Well,  I've  seen  smashes  that  would 
take  considerably  more  money  to  repair 
than  an  engine  stop  would  cost,  but  it 
is  a  good  deal  like  locking  the  stable 
door  after  the  horse  has  been  stolen. 
Some  people  do  not  learn  by  experience. 


They  seem  to  think  that  all  of  the  ac- 
cidents will  occur  with  the  other  fellow, 
and  act  surprised  when  something  hap- 
pens to  their  own  outfit.  You  know  some 
men  are  called  'lucky.'  People  have 
applied  that  term  to  me,  but  I  do  not 
consider  it  as  luck  at  all;  it  is  merely 
the  result  of  forestalling  accidents  by 
removing  the  cause  as  far  as  possible 
by  using  safety  devices,  keeping  the  ma- 
chinery in  repair,  and  watching  for  weak 
spots  and  defects.  One  can  learn  a  whole 
lot  by  noting  the  causes  of  accidents  to 


Men  Killed."  "Another  instance  of  use- 
less slaughter,  when  a  simple  little  de- 
vice would  have  prevented  it,"  I  whis- 
pered under  my  breath  as  I  entered  the 
elevator  and  went  to  my  room. 


Fig.  5.   Stop  for  Use  with  a  Number  of 
Levels 

others,  and  then  looking  ever  his  own 
plant  to  see  if  the  same  condition  exists 
there." 

Another  Smash 

We   finally  bid  good-by  to  Jones,  the 
engineer,  and,  jumping  on  a  passing  trol- 


A  Modern  Pumping  Plant  in 
Mexico 

By  Kirby  Thomas 

Herewith  is  shown  a  view  of  a  "mod- 
ern pumping  installation"  in  Mexico, 
which  device  is  intended  to  raise  water 
about  60  ft.  Power  is  derived  from  a 
mule  attached  to  a  sweepstake  that  is 
direct-connected  to  the  horizontal  drive 
wheel.  Note  the  "accuracy"  of  the  mesh- 
ing between  the  drive  wheel  and  the  ver- 
tical load  carrier. 

A  double  rope  arrangement  with  leather 
buckets  of  about  2  gal.  capacity  each 
passes  over  the  vertical  drum  wheel  and 
empties  the  water  when  at  the  top  of  the 
wheel  into  the  wooden  trough,  which  is 
set  under  the  rim  of  the  drum,  by  an  ar- 
rangement of  the  spokes  on  the  side. 

This  "installation"  is  new,  but  it  is  an 
exact  duplication  of  another  pumping 
equipment  on  the  same  hacienda  which 
bears  on  the  rock  work  of  the  building 
the  date  1787,  and  a  later  inscription, 
"remodeled  1830."  The  longevity  of  the 
device    is   thus   attested   to   authentically. 

This  "modernism"  in  mechanics  is  in 
sight  of  a  trunk  line  of  railroad  and 
near  one  of  the  large  cities  of  the  north- 
ern  part  of  Mexico. 


Swedish   water-power  developments  in 
1911    were    increased    some    80,000    hp. 


Modern  Pumping  Plant  in  Mexico 


ley,  were  soon  back  at  the  hotel.  Pick- 
ing up  an  evening  paper,  I  saw  the  head- 
lines, "Engine  Gets  Away  from  Engi- 
neer.     Head    Work    Demolished,    Three 


Of  this  increase,  70,000  hp.  was  made 
available  by  privately  owned  plants  and 
10,000  hp.  to  the  state-owned  Trolhattan 
plant. 
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Results  from  Burning  Screenings 


It  is  the  purpose  of  the  writer  to  show 
what  may  be  accompHshed  with  a  very 
low-grade  fuel,  when  conditions  are  kept 
right.  In  this  case  the  fuel  was  bypro- 
duct colte  breeze,  or  screenings,  contain- 
ing nearly  20  per  cent,  of  moisture  and 
having  a  heat  value  of  less  than  10,000 
B.t.u.  as  fired.  In  addition  to  this  handi- 
cap, the  fuel  was  so  small  that  it  was 
impossible  to  burn  it  under  ordinary 
conditions,  much  of  it  looking  like  dirt, 
and  the  greater  part  would  have  passed 
through  a  ni-in.  screen. 

The  prevailing  opinion  has  been  that 
it  is  as  easy  to  burn  sand  as  this  kind 
of  fuel,  until  it  was  tried  with  a  bal- 
anced draft.  The  results  obtained  are 
encouraging,  as  this  byproduct  can  now 
be  burned  with  economy  when  hereto- 
fore it  has  been  considered  worthless. 

The  boiler  tested  was  a  Stirling  and 
the  balanced  draft  was  had  by  sealing 
the  ashpit  and  forcing  air  into  it  with 
steam  blowers;  then  regulating  the 
damper  until  the  pressure  in  the  com- 
bustion chamber  was  zero.  The  pres- 
sure in  the  ashpit,  corresponding  to  a 
given  steam  pressure  at  the  blowers,  was 
determined  by  the  rate  of  firing.  That  is, 
the  harder  the  boiler  was  forced,  the 
greater  was  the  steam  pressure  required 
at  the  blowers.  A  6-in.  bed  of  fuel  was 
maintained  by  frequent  light  firing. 
Every  two  or  three  minutes  the  fire  was 
stirred  up  on  top  and  leveled  off.  This 
treatment,  which  was  found  essential  to 
satisfactory  operation,  exposed  new  sur- 
faces of  the  coke  to  the  air,  and  hastened 
combustion.  It  was  necessary  to  clean 
the  fires  every  two  hours,  but  as  no  cold 
air  was  drawn  into  the  furnace,  there 
was  little  loss  from  this  source. 

The  remarkable  part  of  these  tests  was 
the  large  amount  of  water  evaporated 
and  the  ease  of  regulating  the  air  sup- 
ply. As  will  be  seen,  the  boiler  dur- 
ing the  two  tests  developed  141.1  and 
153.4  per  cent,  of  its  rating,  with  effi- 
ciencies of  54.31  and  53.48  per  cent., 
which,  considering  the  poor  grade  of 
fuel  and  the  high  rate  of  evaporation. 
are  good ;  and  are  largely  because  the 
excess  air  was  kept  at  a  minimum.  Dur- 
ing the  first  test  it  was  52  per  cent,  and 
at  the  second  only  31  per  cent.  Another 
factor  in  maintaining  the  efficiency  was 
that,  due  to  the  balanced  draft,  no  cold 
air  was  drawn  into  the  boiler  during  the 
frequent  cleanings.  With  so  many,  the 
cooling  effect  would  have  been  unde- 
sirable, had  natural  draft  been  used. 

It  seems  probable  that  satisfactory  re- 
sults might  be  attained  by  applying  this 
method  to  burning  low  grades  of  slack 
coal,  as  there  is  little  trouble  with  clink- 
ers, as  the  body  of  the  fire  is  undisturbed 
during  leveling,  and  the  steam  from  the 
blowers  keeps  the  clinkers  soft. 


By  J.  F.  Mow  at 


Showing  the  highly  satisfac- 
tory results  of  burning  screen- 
ings with  the  aid  of  a  balanced 
draft. 

Screenings  were  formerly  not 
only  useless  but  entailed  much 
expense  tor  their  disposal. 


The  following  are  the  observations 
and  results  of  the  tests,  the  amount  of 
steam  used  by  the  blowers,  which  was 
determined  by  actual  trial,  being  de- 
ducted. 

The  water  was  measured  in  calibrated 
barrels,  the  fuel  was  weighed  on  plat- 
form scales  that  had  been  tested  just 
before  the  boiler  tests,  and  all  the  in- 
struments used  were  calibrated.  The  tests 
were  run  by  the  alternate  method. 

RESULTS  OF  BOILER  TESTS 

Kind  of  lioiler Stirling 

Duration  of  tests,  hours 8 

Water  heating  surface,  sq.ft 3080 

Grate  surface,  sq.ft 62 . 4 

Ratio  of  water-heating  surface  to  grate 

surface 49.4:1 

AVERAfiE    PRESSITIES 

Steam  pressure  by  gage,  lb. 

per  sq.in 

Draft  in  furnace,  inches  of 

water 

Draft  in  stack,  inches  of 

water 

Pressure  in  ashpit,  inches  of 

of  water 

Temperature  of  stack  gases, 

deg.  F 

Temperature  of  feed   water, 

deg.  F 

Temperature  in  calorimeter, 

deg.  F 

Steam  pressure  at    blowers, 

lb.  per  sq.in 

Fuel 
Total  weight  of  coke  breeze 

fired,  lb  .  , 

Moisture  in  coke,  per  cent. .  . 
Total  weight  of  dry  coke,  lb. 
Total  weight  of  refuse,  lb.  .  . 

Per  cent,  of  refuse 

Total  weight  of  combustible, 


Temper.\tures 
First  Second 


100  3 
0  00 

0  643 

0.S77 
390 
48  .T 

245  9 
94.3 


114   6 
0.00 


0  972 
64fi.0 


lb. 


22.901 
19.37 

18,465 
4,602 
24.92 

13,863 

2,308 

36  98 


ft.  of  grate  per  hr.. 

Water 

Total  weight  of  water 
pumped  into  boiler,  lb. . .  . 

Quality  of  steam,  per  cent . . 

Weight  of  water  actually 
evaporated  per  hr.,  cor- 
rected  

Factor  of  evaporation 

Equivalent  weight  of  water 
evaporated  to  dry  steam 
per  hour  from  ana  at  212 
deg.  F.,  lb 

Kouivalent  water  used  per 
hour  by  blowers,  assummg 
30  deg.  superheat,  lb 

Percentage  of  steam  gener- 
ated used  by  blowers 

Net  equivalent  water  evap- 
orated to  dry  steam  per 
liour  from  and  at  212  deg. 
F.,  lb 


ECOXOMIC    Ev.\PORATION 

Water    evaporated     to    dry 
steam  per  lb.  moist  coke, 


359  5 
2  34 


1(1,091 
386   5 


Net   e(iuivalent   water  evap- 

orated    from   and  at   212 

deg.  per  lb.  moist  coke,  lb. 

5   24 

5.  11 

Xet  equivalent  water  evap- 

orated   from  and  at   2l> 

deg.  per  lb.  drj-  coke,  lb. .  , 

6.50 

6  61 

Co.msierciai.  KATijjf; 

Builders'  ratii^,  at  10  sq^.ft. 

of  heating  surface,  boiler 

horsepower 

308 

Commercial   horsepower  de- 

veloped   

434.7 

472.7 

Per  cent,  of  builders'  rating 

developed 

141.1 

153.4 

Efucie.vcy 

Efficiency  of  boiler  and  fur- 

COAL    A.VALYSES 

Coke: 

Volatile  matter,  per  cent. 

1.76 

1    61 

Fbced  carbon,  per  cent 

64.77 

66.  14 

Ash,  per  cent 

14    10 

14.16 

Moisture,  per  cent 

19.37 

18.09 

B.t.u.,  dry 

11.613 

12.001 

B.tu.,  as  fired 

9,375 

9,S30 

Clinker: 

Combustible,  per  cent .... 

29.13 

28 .  78 

Ash,  per  cent 

70,87 

71,22 

Stack  gas: 

Co,,  per  cent 

12  60 

15,40 

Co,  per  cent 

0.17 

0.25 

Oj,  per  cent 

7  30 

5.05 

N.,  per  cent ... 

79,93 

79  .30 

Excess  air.  per  i-t-ii' 

,>2 

31 

Grinding  Tube  Caps 

By  William  Dunn 

The  accompanying  illustration  shows  a 
device  for  grinding  tube  caps  of  a  Bab- 
cock  &  Wilcox  boiler.  All  that  is  nec- 
essary is  a  'i-in.  machine  bolt  12  or  14 
in.  long,  threaded  4  or  5  in.  at  the  ends, 
and  a  piece  of  1-in.  pipe  tapered  to  fit 
the  bolt  hole  in  the  cap.  A  spring  and 
nut  are  used  to  get  different  tensions 
while  grinding  the  cap  with  emery  and 
oil.  it  the  header  is  hot,  machine  oil 
should  be  used;  if  cold,  use  kerosene. 

My  idea  is  to  have  the  caps  ground  on 


11. 


Water  evaporated  to  drj' 
steam  per  lb.  dry  coke.  lb. 

Water  evaporated  to  dry 
steam  per  lb.  combustible, 
lb 


Device  for  Grinding  Tube  Caps 


their  respective  seats;  then  coat  with 
graphite  and  cylinder  oil.  One  should 
be  sure  to  cover  the  whole  seat  with 
this  preparation  as  it  will  keep  the  ex- 
posed portion  of  the  seat  from  wasting 
away.  I  prefer  to  use  cylinder  oil  for 
such  work  instead  of  boiler  linseed  oil,  as 
the  latter  makes  it  too  hard  to  remove 
the  cap  nut. 

I  also  had  experience  in  replacing 
tube  caps  of  a  Babcock  &  Wilcox  boiler 
which  had  on  several  previous  occasions 
been  ground  by  applying  them  to  a 
wooden  board  smeared  with  emery.  Con- 
sequently the  caps  were  almost  ruined 
as  the  face  had  been  beveled  toward  the 
outside  edge;  as  a  result  paper  gaskets 
had  to  be  used  to  keep  the  cap  tight. 
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Electrical     Department 

Conducted  to  be  of  service  to  the  men  in  charge  of  electrical  equipment  in  the  power  house 


Transformer  Connections 

Single-phase  transformers  are  more 
widely  used  than  polyphase  transform- 
ers, even  in  polyphase  systems,  for  the 
reason  that  greater  flexibility  and  inter- 
changeability   are   thereby   obtainable. 

Single-phase  distribution  is  generally 
used  for  a  lighting  system,  but  for  power 
transmission    and    distribution    either   the 
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Primary  Circuit 


formers,  because  of  disproportional  load 
division  between  them;  when  it  is  done, 
all  of  the  transfonners  should  be  of  the 
same   make,   size    and    type. 

Transformer  leads  are  generally  con- 
nected to  the  windings  so  that  the  in- 
stantaneous direction  of  flow  of  the  cur- 
rent in  certain  selected  leads  is  the  same 
in  all  transformers  of  the  same  type. 
For    example,    referring    to    Fig.    3,    the 


Secondary  Circuiis-- 


Fic.    1.    Single-phase   Distribution 


mm 


To  make  sure  that  a  transformer  is 
identical  in  this  respect  with  other  trans- 
formers of  a  different  make,  a  polarity 
test  is  necessary.  This  is  advisable  to 
avoid  the  possibility  of  connecting  the 
transformers  in  such  a  way  as  to  short- 
circuit  the  windings.  The  polarity  may 
be  tested  in  the  following  manner:  In 
Fig.  3  the  primary  lead  A  should  be  of 
the    same    instantaneous   polarity    as   the 

Primary  Circuit 


Secondary 


Fig.  2.    Four  Transformers  "Banked". 
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two-phase   or  the   three-phase   system   is 
usually  preferable. 

Single-phase  Connections 

A  typical  single-phase  circuit  for  fur- 
nishing current  to  lamps  and  motors  is 
shown  diagrammatically  in  Fig.  1.  The 
primary  windings  of  the  transformers  T 
are  connected  in  parallel  to  the  high- 
voltage  primary  circuit  and  the  current- 
receiving  devices  are  connected  in  paral- 
lel across  the  low-voltage  distribution 
circuits  connected  to  the  secondary  wind- 
ings of  the  transformers.  This  system 
automatically  maintains  almost  constant 
electromotive  force  in  the  secondary  cir- 
cuits and  permits  great  flexibility  of  dis- 
tribution from  those  circuits. 

When  a  large  load  is  concentrated  at 
one  place,  the  transformers  may  be 
"banked";  that  is,  the  primary  windings 
of  several  transformers  are  connected  in 
parallel  across  the  primary  circuit  and 
the  secondary  windings  are  similarly 
connected  across  the  secondary  circuit, 
the  load  being  thereby  divided  between 
the  several  transformers.  Fig.  2  shows 
four  transformers  connected  in  this  way. 
It    is    preferable    not    to    "bank"    trans- 


transformer  shown  is  connected  inside 
so  that  when  the  current  flows  inward  in 
the  primary  lead  A  it  flows  outward  in 
the  secondary   lead   C.     Some  such  sys- 
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Fig.  3.    Instantaneous  Polarities 

tern  is  advisable  in  order  that  transform- 
ers may  be  readily  connected  in  paral- 
lel; by  this  means  it  is  only  necessary 
to  connect  similar  primary  and  secondary 
leads  on  different  transformers  for  paral- 
lel operation. 


secondary  lead  C.  The  primary  lead  B 
IS  connected  to  the  secondary  lead  C, 
and  an  electromotive  force  of  approxi- 
mately 100  volts  is  applied  to  the  primary 
leads  A  and  B.  The  voltage  measured 
from  A  to  fl  should  be  greater  than  the 
applied  voltage  if  the  transformer  is  cor- 
rect in  polarity;  if  it  is  less,  then  the 
leads    A    and    C    are    not    of    the    same 

Primary  Circuit ^___ 

1100  Volts  I 


55  V—-A^--S5  V' 


110  Vo/t5 


5^.<.ondary  Circuit  power 

Fig.  4.   Transformers  in  Series  on  Sec- 
ondary  Side 

polarity,  and  either  the  primary  or  the 
secondary  leads  should  be  "crossed"  if 
the  transformer  is  connected  in  parallel 
with  others  which  have  the  standard  rela- 
tive polarities. 
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Sometimes  it  is  desirable  to  connect 
two  transformers  with  ttieir  secondary 
windings  in  series  across  tiie  distribution 
circuit,  as  indicated  in  Fig.  4.  By  tliis 
arrangement  of  connections,  twice  the 
secondary  voltage  is  secured  that  would 
be  obtained  if  the  secondary  windings 
were  connected  in  parallel  as  usual.  In 
connecting  the  secondary  windings  in 
series,  those  leads  must  be  connected  to 
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former  to  be  used  on  either  of  two  volt- 
ages, one  twice  the  other.  For  example, 
if  each  half  of  the  primary  winding 
is  designed  for  1100  volts,  with  the  two 
halves  connected  in  parallel,  the  trans- 
former can  be  used  on  an  11 00- volt  pri- 
mary line,  and  by  connecting  the  primary 
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obtain  the  secondary  voltage  (110)  of 
each  transformer  between  the  neutral  and 
each  of  the  main  wires.  This  method  of 
connection  gives  a  system  which  is  al- 
most the  exact  equivalent  of  the  regular 
direct-current  three-wire  system.  The 
secondary  windings  of  the  transformers 
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Fic.  9.    Three-wire  Circuit  Balanced   by  Autotransformer 
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Fig.  5.  Series  Sec- 
ondary Connec- 
tion 


Fig.  6.    Parallel 
Secondary 
Connection 


windings  in   series   the  transformer  may 
be    used    on    a   2200-volt   line. 

Three-wire  Distribution 
In    Fig.    7   two   separate   transformers 
are   represented,  each  wound   for  a  volt- 
age ratio  of  10  to   1    (that  is,   1100  volts 
at  the  primary  terminals  and  110  volts  at 


each  other  which  are  of  opposite  polarity 
at  any  given  instant.  Otherwise  the  two 
transformers  will  oppose  each  other  and 
no  secondary  current  will  be  delivered. 

Transformers  are  usually  built  with 
the  secondary  winding  divided  into  two 
equal  sections,  and  some  have  both 
primary  and  secondary  windings  divided. 
With  a  transformer  having  a  divided  sec- 
ondary winding  it  is  possible  to  obtain 
either  one  or  two  secondary  voltages 
without  banking,  because  the  sections  of 
the  secondary  winding  can  be  connected 
either  in  series  or  in  parallel.  Fig.  5  is  a 
diagram  of  a  transformer  with  two  sec- 
ondary windings  connected  in  series, 
which  gives  a  secondary  voltage  twice 
as  high  as  that  obtained  when  the  sec- 
ondary windings  are  connected  in  paral- 


WM  WM 


POWER 

Fig.  8.    Three-wire  Circuit  Supplied 
FROM  One  Transformer 

the  secondary)  and  connected  at  the  sec- 
ondary leads  so  as  to  supply  a  three- 
wire  system  with  a   voltage  of  220  be- 
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correspond  to  the  armatures  of  the  di- 
rect-current dynamos.  The  only  point  in 
which  similarity  fails  is  in  the  voltage 
regulation.  Both  of  the  direct-current 
dynamos  can  be  regulated,  and  inde- 
pendently of  each  other,  but  the  trans- 
former voltage  cannot  be  regulated  at 
all  except  by  the  use  of  very  special,  com- 
plex arrangements. 

Fig.  9  shows  still  another  method  of 
connecting  transformers  for  supplying  a 
three-wire  secondary  circuit.  The  main 
transformer  7"  is  connected  to  the  outside 
wires  of  the  three-wire  system  and  a 
balancing  transformer  B  is  connected  to 
all  three  wires  near  the  center  of  dis- 
tribution. The  current  capacity  of  the 
balancing  transformer  need  be  only 
enough  to  carry  one-half  of  the  greatest 
difference  in  load  between  the  two  divi- 
sions of  the  system. 

A  balancing  transformer  for  this  pur- 
pose is  merely  an  autotransformer  with 
an  intermediate  tap  midway  between  the 
terminals  of  its  single  winding;  this  tap 
is  connected  to  the  neutral  wire,  as 
shown.  If  one-half  of  the  three-wire 
system  is  loaded  more  than  the  other 
half,  there  will  be  a  corresponding  in- 
crease in  voltage  drop  on  the  heavily 
loaded  side.  The  half  of  the  balancing 
transformer  connected  to  the  lightly 
loaded  side  of  the  system  will  aid  the 
halt  connected  to  the  heavily  loaded  side 
and  tend  to  raise  the  voltage  to  normal. 
Its  operation  corresponds  to  that  of  the 
balancing  set  used  on  a  three-wire  direct- 
current  system  supplied  by  one  dynamo. 
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Fig.  7.   Three-wire  Circuit  Supplied 
from  Two   Transformers 


lei  as  represented  in  Fig.  6.     In  connect-     tween  the  outside  conductors.     The  see- 
ing the  secondary  sections  in  parallel,  the     ondary  windings  are  therefore  connected 


same  precaution  against  short-circuiting 
the  windings  must  be  observed  as  when 
separate  transformers  are  banked. 

The    object    of    providing    a    divided 
primary   winding   is  to  allow  the  trans- 


in  series,  giving  220  volts  between  the 
outside  leads.  A  lead  is  carried  from  the 
point  where  the  secondary  leads  are  con- 
nected together  to  the  neutral  conductor 
of   the    three-wire    system,    in    order   to 
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Treatment  of  Commutators 

My  experience  with  small  dynamos 
running  15  hours  out  of  24  has  shown 
me  that  they  will  warm  up  considerably, 
especially  if  they  are  loaded  to  their  ca- 
pacity, and  the  brushes  will  spark  if  no 
preparation  or  lubricant  is  used  on  the 
commutator;  refined  paraffine  is  the  best 
spark  cure  I  have  ever  used.  I  would 
like  to  know  if  other  engineers  have  used 
paraffine  for  this  purpose  or  if  anyone 
knows   of   something   better? 

J.   E.    Flash. 

Crowley,  La. 
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Gas   Power   Department 

Worth-while  gas-engine  and  producer  information  treated  in  a  way  that  can  be  of  practical  use 


Dugald    Clerk   on    the  Diesel 
Engine 

In  the  issue  of  Apr.  9  we  printed  an 
abstract  of  a  paper  which  was  read  re- 
cently by  Dr.  Rudolph  Diesel  before  the 
Institution  of  Mechanical  Engineers  of 
Great  Britain.  As  stated  in  the  abstract, 
the  paper  consisted  largely  of  a  historical 
review  of  the  development  of  the  Diesel 
engine.  The  discussion  of  the  paper  was 
opened  by  Mr.  Dugald  Clerk,  the  well 
known  English  authority  on  internal-com- 
bustion   engines,    who    paid    Dr.    Diesel 


Diameter  of  Cylinder  in  Inclies  " 

Fic.    1.    Comparative   Weights  of   Dif- 
ferent Single-cylinder  Engines 

a  warm  tribute  for  his  originality  and  his 
perservering  struggles  during  the  pioneer 
period.  He  regarded  Dr.  Diesel  as  one 
of  the  greatest  living  inventors. 

Mr.  Clerk  then  pointed  out  that  the 
idea  of  compressing  air  alone  in  the 
cylinder  and  then  injecting  fuel  into  that 
air,  in  either  a  gaseous  or  a  liquid  state, 
was  not  a  new  one  at  the  date  when  Dr. 
Diesel  took  up  his  work.  Some  twenty- 
five  years  ago  (in  1887)  he  (Mr.  Clerk) 
had  built  an  engine  in  Birmingham  of 
the  two-stroke-cycle  type,  in  which  air 
was  sent  into  the  motor  cylinder,  com- 
pressed in  the  compression  space,  and  a 
separate  pump  for  compressing  gas 
forced  gas  into  the  cylinder,  this  gas 
igniting  as  it  entered  the  cylinder;  this 
was  a  constant-pressure  type  of  engine. 
In  1888  he  had  built  two  engines  of  that 
type.  Thinking  that  Dr.  Diesel  would  like 
to  see  some  of  the  indicator  diagrams 
taken  in  1887  and  1888,  he  brought  a 
few  of  these  diagrams  showing  the  ac- 
tion of  the  injection,  and  also  some  dia- 
grams showing  the  action  of  the  flame 
in  the  cylinder.  From  a  running  point 
of  view  the  engines  were  very  good,  but 
as  he  could  obtain  greater  economies 
with   explosions,   he  had   not  carried   the 


matter  further.  It  had,  however,  led  him 
to  take  a  great  interest  in  the  theory  of 
the  constant-pressure  engine. 

In  an  early  paper,  contributed  to  the 
Institution  of  Civil  Engineers  in  1882, 
he  had  developed  the  theory  of  the  in- 
ternal-combustion constant-pressure  en- 
gine very  fully,  and  had  shown  the  laws 
it  was  necessary  to  observe  in  order  to 
obtain  in  theory  the  highest  efficiencies 
possible.  On  the  formula  developed  by 
him  in  1882,  and  explained  in  his  book 
in  1886,  he  had  worked  out  the  air-cycle 
efficiency  of  the  Diesel  engine.  He  had 
found  that  calculating  the  air-cycle  effi- 
ciency of  the  Diesel  engine  from  its 
compression  space,  if  it  lost  no  heat  at 
all,  and  had  air  alone  as  a  working  fluid, 
the   theoretical   efficiency   would   be  0.56. 

Diesel  Efficiency 

It  appeared  to  him  that  some  of  the 
results  obtained  by  Dr.  Diesel  or  others 
for  indicated  efficiencies  were  too  high. 
That,  however,  was  merely  a  scientific 
criticism.  He  had  always  regarded  the 
published  indicated  efficiencies  of  the 
Diesel  engine  as  being  almost  all  too 
high,  for  the  reason  that  in  calculating 
the  indicated  power  of  the  engine  the 
positive  diagram  above  the  compression 
was  taken  for  the  mean  pressure.  That 
positive  diagram,  however,  included  a 
certain  proportion  of  work  given  by  the 
high-pressure  compressed  air  coming 
from  the  compressors.  Continental  engi- 
neers had  considered  that  this  was  a 
friction  loss,  and  should  enter  into  me- 
chanical efficiency  computation.  He  dif- 
fered from  this  view;  it  should  not  be 
calculated  in  the  mechanical  efficiency  at 
all,  but  should  be  considered  one  of  the 
thermodynamic  elements.  Calculated  in 
that  way,  it  would  be  found  that  the 
Diesel  diagram  would  give  something 
under  40  per  cent,  indicated  efficiency. 
He  could  not  agree  that  48  per  cent, 
indicated  efficiency  had  ever  been  ob- 
tained; it  did  not  in  the  least  affect 
brake  results,  but  it  did  affect  the  pure 
thermodynamics  point  of  view. 

Taking  0.56  as  the  highest  air  effi- 
ciency, with  the  expansions  used,  then, 
according  to  a  great  many  experiments 
made  by  English  engineers,  a  higher 
economy  than  0.7  could  not,  by  theory, 
be  obtained.  Multiplying  0.56  by  0.7, 
the  result  was  0.39.  Dr.  Diesel  had 
actually  got  the  very  high  efficiency  of 
about  39  to  40  per  cent.,  but  he  con- 
sidered as  erroneous  the  48  per  cent, 
which   was   mentioned   in  the  paper. 


By  the  final  method  that  all  must  ulti- 
mately take — the  brake  power  developed 
for  a  given  oil  consumption  and  given 
heat  units — the  Diesel  engines  gave 
somewhere  about  0.30. 

The  Carels  engine  in  1905  showed  an 
oil  consumption  at  not  quite  full  load 
of  0.444  lb.  per  brake  horsepower.  From 
the  thermal  value  of  the  oil  given  at  the 
same  time,  he  calculated  a  brake  thermal 
efficiency  of  29 'l.  per  cent.  Then  the  in- 
dicated thermal  efficiency  came  out  as 
SS'd  per  cent. — a  very  notable  efficiency. 
In  1908  an  American  Diesel  engine  gave 
29.2  per  cent,  brake  thermal  efficiency, 
while  another  gave  28.1.  Recent  tests 
of  Mirrlees  engines,  made  at  Stockport, 
gave  31;/'  per  cent.  He  thought  he 
might  say  that  the  usual  maximum  brake 
thermal  efficiency  of  a  Diesel  engine 
ranged  from  29  to  32  per  cent. 

Comparison  with  Gas  Engines 

Mr.  Clerk  then  stated  that  from  any 
good  gas  engine  with  a  compression  ratio 
of  about  5;/;  it  was  possible  to  get,  in 
brake  horsepower,  30  per  cent,  of  the 
heat  given  to  the  engine  cylinder  with 
any  form  of  gas;  as  much  as  35  per 
cent,  might  be  got — supposing  the  mix- 
ture were  not  compressed  high  enough 
to  preignite.  If,  however,  certain  little 
precautions  were  taken,  such  as  putting 
in  a  little  exhaust  gas   (as  he  had  often 
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Fig.  2.  Comparative  Weights  of  Differ- 
ent Types  of  Engine 

done),  efficiencies  up  to  33  per  cent, 
and  34  per  cent,  might  be  reached  and 
maintained.  No  commercial  gas  engines, 
however,  gave  34  per  cent.,  because  the 
compression  was  a  little  too  high  and 
required  the  use  of  carbonic-acid  gas  to 
keep  down  preignition.  About  32  per 
cent,  was  the   regular  thing. 

He  differed  from  Dr.  Diesel  in  think- 
ing that  there  was  any  special  efficiency 
from   a  thermodynamic  ooint  of  view  in 
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the  Diesel  type  of  engine.  The  great 
advantage  of  the  Diesel  engine  did  not 
lie  in  that.  He  said  he  would  under- 
take to  build  a  compression  engine  with 
an  expansion  sufficiently  long  to  give 
any  thermal  efficiency,  either  indicated 
or  brake,  which  Dr.  Diesel  might  get 
with  his  type;  he  would  use  the  explo- 
sion type  and  leave  the  other  to  Dr. 
Diesel.  To  carry  out  such  a  proposition, 
however,  it  would  be  necessary  to  make 
a  very  much  heavier  engine  than  he  was 
accustomed  at  present  to  build.  As  Dr. 
Diesel  had  said,  the  Diesel  engines  were 
much  heavier  than  the  ordinary  type; 
bearing  the  weight  of  500  !b.  to  600  lb. 

T.\BLE    I.     WEIGHTS    OF    LARGE    CONTI- 

NENT.\L  GAS  ENGINES   OF  THE 

TANDEM  DOUBLE-ACTING 

FOUR-STROKE  TYPE 


Net 

Weight  of 

Engine 

Weight 

with 

Net 

of  Fly- 

Fittings, 

Weight 

Weight 

wheel 

without 

of  Fly- 

of  Engine 
per  B.hp. 

per 

B.hp. 

Flywheel 

wlieel 

B.hp. 

tons 

tons 

lb. 

lb. 

2000      . 

•'66 . 5 

298.5 

1500    ^  . 

162  3 

34.5 

242.5 

51.3 

1060    , . 

109.3 

231  0 

1000    . . 

120.0 

269.0 

950    .  . 

95.1 

25.0 

224.0 

58.8 

soo    . 

85.0 

238.0 

750      . 

68.5 

17.7 

204.5 

52.6 

700      . 

81.7 

15.7 

261.0 

.50.2 

630    .. 

66.5 

237.0 

in  mind,  he  presented  in  Table  1  par- 
ticulars of  a  number  of  Continental  en- 
gines, varying  from  237  lb.  per  brake 
horsepower  at  630  hp.  up  to  298  lb.  at 
2000  hp.  [The  figures  for  the  750-hp. 
engine  appear  to  be  inconsistent. — Edi- 
tor.] 

A  characteristic  of  the  gas  engine,  he 
said,  is  that  as  the  cylinder  diameter  is 
increased  there  is  an  increase  in  weight 
per  brake  horsepower.  The  diagram  re- 
produced as  Fig.  I  herewith  shows  this 
characteristic  plotted  in  the  case  of  a 
number  of  recent  horizontal  single-cyl- 
inder gas  engines.  The  points  represent 
different  makes  of  engines;  at  the  top 
right-hand  corner  a  point  represents  one 
of  the  great  Cockerill  engines,  with  51 J4- 
in.  cylinders.  This  engine  weighed  440 
lb.  per  brake  horsepower.  A  new  "Na- 
tional" vertical  tandem,  with  a  22-in. 
cylinder,  weighed  1 10  lb.  per  brake  horse- 
power; this  engine  was  represented  on 
the  line  CD. 

In  the  case  of  single-acting  engines 
very  big  weights  were  reached,  and  the 
weight  per  horsepower  increased  enor- 
mously. This  was  the  reason  why  Dr. 
Diesel  had  found  it  necessary  to  turn 
his  attention  to  the  two-stroke  engine, 
and  the  speaker  was  interested  in  that 
fact. 

In  Fig.  2,  Mr.  Clerk  showed  lines  rep- 
resenting several  types  of  engines  to 
bring  out  the  differences  between  the 
various  types.  One  example  showed 
about  440  lb.  per  brake  horsepower. 
Particulars     of     all     these     engines     are 


given  in  Table  2.  In  the  case  of  Dr. 
Diesel's  800-hp.  engine  (he  believed  the 
power  was  200  hp.  per  cylinder),  the 
weight  was  considerably  heavier  than 
any  of  these,  being  about  600  lb.  per 
brake  horsepower.  The  foregoing  ob- 
servations, Mr.  Clerk  contended,  showed 
how  necessary  it  was  to  go  to  the  two- 
stroke  cycle;  by  building  double-acting 
two-stroke  engines,  the  weights  for  en- 
gines of  the  same  speed  could  be  re- 
duced to  200  lb.  per  brake  horsepower. 
Dr.  Diesel  had  managed,  with  great 
engineering  ability,  to  go  up  to  the  23- 
in.  or  24-in.  cylinder.  But  in  designing 
the   Diesel   engine   it   was   not  only   nec- 


TABLE  2.     PARTICULARS  OF  GAS 

ENGINES  OF  DIFFERENT  DIMENSIONS 

AND  TYPES 
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essary  to  design  for  the  500  lb.  per 
square  inch  in  compression  but  also  for 
the  equivalent  of  preignition  in  ordinary 
gas  engines.  In  gas  engines  it  was 
usual  to  design  for  400  lb.  per  square 
inch,  and  to  allow  an  additional  120  lb. 
for.  preignition  (520  lb.  in  all).  In  the 
Diesel  engine,  he  understood,  the  design 
had  to  be  not  for  the  ordinary  maxi- 
mum pressure  of  500  lb.  but  for  1000 
lb.;  because  if,  by  any  chance,  the  in- 
let valve  got  stuck,  and  it  happened  that 
anything  went  wrong  while  there  was  a 
charge  in  the  cylinder  and  air  was  being 
compressed  (as  it  was  in  99  or  more  per 
cent,    of  cases   with   the   Diesel   engine), 


the  mixture  might  be  compressed,  with 
the  result  that,  unless  enough  metal  had 
been  provided,  there  might  be  a  bad  ac- 
cident. 

Enough  metal  had  been  provided  in 
the  smaller  Diesel  engines,  but  he  did 
not  see  how  this  provision  could  be 
made  in  the  case  of  the  large  cylinders. 
The  difficulty  arose  beyond  24  in.  diam- 
eter. He  understood  there  was  a  Diesel 
engine  with  a  35-in.  cylinder,  but  if  he 
had  to  work  with  it  he  would  be  very 
cautious.  He  would  be  glad  to  know  if 
there  were  any  safety  arrangement  to 
get  over  the  difficulty  of  a  sticking  valve. 
If  Dr.  Diesel  could  show  what  methods 
he  proposed  to  adopt  to  get  the  large  30- 
in.  and  40-in.  cylinders,  it  would  be  use- 
ful. 

In  closing  the  discussion,  Dr.  Diesel 
agreed  with  Mr.  Clerk  as  to  the  method 
of  computing  indicated  efficiency  and 
stated  that  Mr.  Clerk's  early  work  had 
been  of  much  assistance  to  him  in  the 
early  development  of  the   Diesel  engine. 


Peat  as  Gas  Engine  Fuel 

In  a  paper  read  before  the  Dublin 
Section  of  the  Institution  of  Electrical 
Engineers,  on  Mar.  16,  T.  Tomlinson  dis- 
cussed as  a  commercial  possibility  the 
use  of  peat  for  power  production  on 
the  bog,  claiming  two  important  advan- 
tages over  its  use  as  fuel  off  the  bog: 
first,  the  peat  so  used  need  not  have 
the  water  reduced  below  60  per  cent, 
and,  second,  the  recovery  of  sulphate  of 
ammonia  in  the  process  of  gasifying  the 
peat  is  commercially  profitable  under 
favorable  conditions.  The  importance  of 
the  first  point  lies  in  the  decrease  of 
the  cost  of  production,  making  possible 
a  continuity  of  supply  without  expensive 
storage  and  double  handling,  while  under 
the  second  reason,  the  cost  of  the  fuel 
would  be  covered  by  the  value  of  the 
sulphate  of  ammonia. 

What  Mr.  Tomlinson  regards  as  favor- 
able conditions  would  be  a  continuous 
demand  for  2000  hp.  or  over,  a  high  per- 
centage of  nitrogen  in  the  peat,  a  total 
cost  of  peat  of  a  dollar  per  anhydrous 
ton,  with  a  certainty  of  continuous  pro- 
duction. 

By  surface  drainage  of  the  bog  a  pos- 
sible saving  in  labor  would  be  accom- 
plished; while  a  more  effective  method 
would  be  a  thorough  bottom  drainage  of 
a  portion  of  the  bog  cut  off  from  the 
main  bog,  with  local  surface  drainage 
of  the  cutoff  portion.  A  suggested  plan 
of  testing  the  saving  is  to  begin  with 
what  is  known  as  the  cut-away  bog,  or 
that  part  which  has  been  left  because 
it  lay  below  the  rim  of  the  "containing 
saucer";  hence  is  not  workable  without 
bottom  drainage.  In  this  way  the  very 
best  black  peat  would  be  available  and 
the  main  and  minor  drains  would  not  be 
of  excessive  depth — not  more  than  12 
ft.  in  an  originally  deep  bog. 
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Relying  on  drainage  and  evaporation, 
with  protection  from  rain,  or  in  a  better 
way  which  might  be  found  in  actual 
practice,  Mr.  Tomlinson  believes  it  to  be 
possible  to  greatly  improve  the  existing 
hand-cut  peat  industry  and  to  provide 
fuel  continuously  and  at  low  cost  for 
industrial  purposes. 

With  regard  to  the  peat  belt  of  Ire- 
land, Mr.  Tomlinson  says  it  lies  between 
a  line  drawn  from  Wicklow  Head  to 
Galway  and  another  drawn  from  Howth 
Head  to  Sligo.  The  area  of  peat  land  is 
one-seventh  the  area  of  Ireland,  equal  to 
3,000,000  acres  or  4700  square  miles. 
There  is  no  part  of  Ireland  which  is 
beyond  reach  of  power  derived  from  this 
area.  As  to  the  value  of  the  bogs,  if 
they  are  assumed  to  be  on  the  average 
of  the  same  value  as  the  Dutch  bogs,  6 
ft.  deep,  namely,  S500  per  acre,  a  total 
value  is  arrived  at  of  $1,500,000,000. 

Passing  from  the  peat  reclaiming  side 
of  the  problem  to  its  application,  some 
particulars  of  the  Crossley  peat  plant  in- 
stalled at  Portadown  will  be  given.  The 
capacity  of  the  plant  is  400  b.hp.,  and 
the  peat- fuel  consumption,  based  on 
bone-dry  fuel,  amounts  to  1.65  lb.  per 
brake  horsepower-hour.  This  figure  be- 
ing multiplied  by  the  heat  value  of  the 
peat  gives 

1.65  X  8600  =  14,190  B.t.u. 
Seeing  that  Crossley's  guarantee  with 
their  ordinary  suction  gas  plants  using 
anthracite  fuel,  a  full-load  consumption 
not  exceeding  0.8  lb.  per  brake  horse- 
power-hour with  anthracite  fuel  contain- 
ing 14,800  B.t.u.  per  pound,  giving  11,840 
B.t.u.  per  brake  horsepower,  their  guar- 
antee for  peat  leaves  a  fair  margin.  The 
Portadown  plant  shows  a  saving  of  over 
$2000  per  year.  The  following  figures 
show  the  average  gas  analysis  from  peat 
gas  obtained  when  using  peat  with  26 
per  cent,  moisture   contents: 

Per 
cent. 

Co.    11.4 

CO 20.6 

O.    0.4 

H.     12.7 

CH,    3.5 

Total   combustible    36. S 

Calorific  value  per  cubic  foot.  .  .140  B.t.u. 

By  the  courtesy  of  the  agents  for  the 
Power  Gas  Corporation,  Mr.  Tomlinson 
was  enabled  to  give  the  following  par- 
ticulars of  peat  gas  plants  erected  by 
that  company:  A  20-ton  per  day  plant 
erected  in  Westphalia,  Germany,  was 
tested  under  the  auspices  of  the  Minister 
for  Agriculture  of  Prussia,  and  in  con- 
sequence of  the  satisfactory  nature  of 
these  tests  a  large  electric  central  station 
was  erected  upon  a  peat  bog  25  miles 
from  Osnabruck.  This  important  town 
of  163,000  inhabitants  has  shut  down 
its  steam-driven  station  and  is  now  tak- 
ing power  from  the  peat  gas  producer 
plant.  The  gas  plant  is  capable  of  gasi- 
fying and  recovering  the  byproducts  from 
310   tons    per   day    of   24    hours    of   air- 


dried  peat  containing  60  per  cent,  of 
moisture.  The  gas  drives  three  double- 
acting  tandem  gas  engines,  each  of  11,50 
b.hp.  coupled  to  alternators  running  in 
parallel.  The  current  is  also  distributed 
over  a  radius  of  about  25  miles. 

A  central  station  is  situated  near 
Orentano,  Italy,  where  gas  is  generated 
and  byproducts  are  recovered  from  100 
tons  of  peat  per  day.  Part  of  the  gas 
is  used  in  three  500-hp.  double-acting 
gas  engines  driving  alternators  in  paral- 
lel. The  current  is  distributed  over  the 
surrounding  district,  and  to  the  town  of 
Pontedera,  14  miles  from  the  plant.  The 
supply  has  been  uninterrupted  since  the 
starting  of  the  plant  two  years  ago,  and 
the  results  have  exceeded  those  guar- 
anteed by  the  makers.  The  peat  used 
contains  1.45  per  cent,  of  nitrogen,  and 
yields  over  112  lb.  of  sulphate  of  am- 
monia per  ton  of  theoretically  dry  peat. 

The  Power  Gas  Corporation  claims  to 
have  developed  a  means  of  mechanically 
drying  peat  from  80  per  cent,  moisture  to 
50  per  cent,  moisture,  independent  of 
the  weather  conditions,  at  a  total  cost, 
including  excavating,  drying  and  all 
handling,  of  about  72c.  per  anhydrous 
ton. 


CORRESPONDENCE 

Doing  the  Wrong  Thing  First 

When  an  engine  goes  wrong  the  op- 
erator is  si.pposed  to  get  busy  and  find 
out  what  is  the  matter.  That  is  all  right, 
but  the  question  is  where  to  begin.  A 
recent  experience  with  a  gas  engine 
v.ould  indicate  that  the  proper  thing  to 
do  first  is  to  .find  out  if  you  have  not 
made  some  misiake  yourself  instead  of 
assuming  that  the  engine  is  designed 
wrong  or  has  been  .inproperly  adjusted 
by   the   builders. 

A  stationary  gasoline  engine  undergo- 
ing a  series  of  brake  tests  when  handled 
by  one  squad  of  students  had  acquitted 
itself  creditably.  When  another  squad 
took  it  in  hand,  the  engine  started  and 
ran  all  right  with  no  load  but  would  not 


Trip  Rod 


Igniter  Trip  in  Starting  Position 

carry  the  load  it  had  previously  carried. 
The  captain  of  the  squad,  stating  that 
he  would  "make  her  go  or  bust,"  got 
some  tools  and  proceeded  to  make  ad- 
justments. He  found  that  the  exhaust 
valve  was  badly  adjusted,  although  it 
was  all  right  a  few  minutes  before.  The 
Fpark  also  was  not  timed  properly,  so  he 
"fixed"  that.  By  the  time  he  had  every- 
thing "fixed,"  the  engine  could  not  be 
started  at  all. 

What  he  ought  to  have  done  was  to 
make  sure  that  he  had  made  no  mistake 
himself.  In  this  case  the  mistake  con- 
sisted  in   not  advancing  the   spark   after 


starting.  On  the  end  of  the  trip  rod 
which  actuated  the  make-and-break 
igniter  there  was  a  loose  block  with 
shoulders  on  two  opposite  sides  as  in 
the  accompanying  sketch.  In  the  posi- 
tion shown,  the  block  B  is  right  for  start- 
ing. By  turning  the  block  over  so  that 
the  cam  face  A  would  be  underneath,  the 
inclined  plane  rides  the  pin  C  sooner 
than  the  one  now  in  alignment,  and  there- 
fore breaks  the  circuit  sooner.  He  had 
merely  forgotten  to  turn  the  block  over. 
R.  McLaren. 
Govan,    Sask.,    Can. 


Peculiar  Cause  of  Journal 
Heating 

Some  time  ago  I  had  charge  of  a  750- 
hp.  gas  engine  in  a  cement  plant.  The 
engine  was  direct-connected  to  a  line 
shaft  from  which  were  driven  two  sec- 
tions of  Griffin  mills. 

When  one  mill  section  was  taken  off, 
the  main  bearing  of  the  engine  would 
heat  up  in  about  15  minutes  and  then  it 
would  take  about  3 '4  hours  to  cool 
before  the  load  could  be  put  on  again. 
So  long  as  both  sections  of  mills  were 
in  operation,  the  bearing  ran  at  normal 
temperature. 

After  going  over  the  engine  carefully 
in  an  effort  to  locate  the  cause  and 
without  success,  it  was  decided  that  the 
trouble  must  be  in  the  mill  room.  In- 
vestigation there  disclosed  the  fact  that 
repairmen  had  been  working  on  the  line 
shaft  a  few  days  previous  and  had  left 
no  clearance  between  the  collars  and 
bearings.  When  one  section  of  the  mills 
was  thrown  off,  the  collar  on  the  main 
journal  of  the  engine  would  hug  the 
bearing  tightly  and,  being  in  such  a  po- 
sition as  to  receive  only  a  small  amount 
of  oil,  it  would  heat  up  in  a  very  short 
time.  After  giving  all  the  collars  on  the 
line  shaft  h  in.  clearance,  no  more 
trouble  was  experienced  with  the  main 
bearing. 

C.  J.  Bricker. 

Carlyle,   Kan. 


3    A   "Paint"   for  Exhaust  Pipes 


After  experimenting  with  all  kinds  of 
heat-resisting  paints  for  our  gas-engine 
exhaust  pipes,  I  happened  to  think  of  a 
stove  polish.  I  argued  that  if  it  would 
stay  on  a  hot  stove,  it  would  on  the  ex- 
haust pipes,  and  after  a  trial  I  was  con- 
vinced I  had  found  relief  from  an  eye- 
sore to  the  plant. 

We  have  about  50  ft.  of  exhaust  piping 
above  the  floor,  and  the  burnt  aspect 
detracted  from  the  otherwise  cleanly  ap- 
pearance of  the  plant.  Anyone  who  has 
failed  to  keep  paint  on  hot  pipes  or 
other  surfaces  will  find  stove  polish  the 
solution  of  the   problem. 

J.  W.  Fries. 

Middleboro,  Mass. 
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Refrigeration  Department 

Principles  and  operation  of  ice-making  and  refrigerating  plant  and  machinery 


Central    Refrigerating   Plant 
at  Atlanta,   Ga. 

By  R.  C.  Turner 

What  is  perhaps  the  largest  and  most 
modern  ice  and  refrigerating  plant  in  the 
South  is  the  central  plant  of  the  Atlantic 
Ice  &  Coal  Corporation,  in  Atlanta.  This 


three  machines  have  been  in  operation 
during  the  last  three  years.  A  fourth  ma- 
chine is  being  erected  at  the  present  time 
and  is  of  150  tons  capacity  direct-con- 
nected to  a  Corliss  cross-compound  of 
500  hp.  capacity.  The  work  of  erecting 
the  new  compressor  is  progressing  rapid- 
ly and  the  new  unit  will  probably  be  in 
regular  service  by  the  first  of  May. 


Fig.  1.    En(jIne  Koum  uh  Central  Ice  Plant,  Atlanta,  Ga. 


company  operates  a  chain  of  refrigerat- 
ing and  ice  plants  extending  from  Rich- 
mond on  the  north  to  Jacksonville  on 
the  south,  a  total  of  seventeen  plants,  all 
of  which  are  operated  during  the  sum- 
mer months.  But  out  of  the  total  num- 
ber of  plants  operated  by  the  company 
the  central  plant  in  Atlanta  is  conceded 
to  be  the  most  efficient,  .and  on  account 
of  being  a  combination  plate  and  can 
factory  it  can  produce  ice  continuously 
for  less  than  70c.  a  ton. 

Located  at  the  corner  of  Piedmont  Ave. 
and  the  Georgia  R.R.,  the  plant  is  af- 
forded exceptional  railroad  facilities, 
owning  a  side  track  and  coal  trestle 
which  render  the  icing  of  refrigerator 
cars  and  the  delivery  of  the  coal  supply 
a  simple  and  economical  operation. 

Refrigerating  Equipment 
The  refrigerating  machinery  has  a  ca- 
pacity of  375  tons,  24  hours'  rating,  and 
consists  of  the  following:  two  100-ton 
ammonia  compressors  direct-connected 
to  cross-compound  Corliss  engines  of 
350  hp.  rating  and  a  third  machine  of 
50  tons  capacity  direct-connected  to  an 
18x36-in.  Corliss  rated  at  125  hp.    These 


All  the  ammonia  compressors  are  of 
the  standard  double-acting  type  with 
extra  deep  stuffmg-boxes  to  admit  of  the 
use  of  metallic  packing;  the  stuffing- 
boxes  are  also  equipped  with  an  inde- 
pendent expansion  valve  so  as  to  insure 
a  cool  rod  under  severe  operating  con- 
ditions met  with  when  using  the  flooded 
system. 

The  freezing  tank,  which  is  50xl00x 
10  ft.  in  the  plate  department,  and  is 
made  of  standard  tank  steel,  is  equipped 
with  100  five-ton  freezing  compartments. 
Six  days  are  usually  required  to  freeze 
a  plate  weighing  five  tons  of  10,000  lb. 
When  a  plate  freezes  to  the  desired  size 
the  ammonia  supply  to  this  particular 
coil  is  cut  off  and  the  hot  gas  turned 
into  the  coil  to  loosen  up  the  plate  of 
ice  so  that  it  can  be  withdrawn  from  the 
tank  with  the  aid  of  the  hydraulic  crane. 
It  is  then  placed  on  the  cutting  table 
and  reduced  to  any  size  of  block  desired. 
The  water  in  the  plate  tank  is  kept  con- 
stantly agitated  with  compressed  air  dur- 
ing the   freezing  process. 

In  the  can  ice  department  the  freezing 
tank  is  also  50x100x10  ft.,  and  contains 
1064  standard  400-lb.  block  cans.  The 
freezing  bath  employed  is  a  chloride  of 
calcium  solution  and  the  expansion  pip- 
ing is  standard  extra-heavy  2-in.  pipe. 
The    agitation    of    the    brine    is    accom- 


FiG.  2.    Freezing  Tanks  in  Plate  Ice  Room 
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plished  with  a  set  of  double  propellers 
and  is  driven  by  a  7-hp.  motor.  A  new 
tank,  which  will  double  the  capacity,  is 
now  nearing  completion  and  will  be  in 
service  at  an  early  date.  A  feature  of 
this  tank  is  that  all  joints  in  the  am- 
monia piping  are  welded,  reducing  the 
leakage  to  a  minimum.  In  this  depart- 
ment electric  hoists  are  employed  to  lift 
the  cans  from  the  bath  and  place  them 
on  the  steam  table  to  loosen  up  from 
the  can;  after  this  the  ice  slides  by  gravity 
into   the   storage    room. 

The  condensers  are  located  on  top  of 
the  building  and  are  of  the  single-pipe 
type  of  extra-heavy  2'1-in.  piping  made 
into  headers  20  ft.  in  height.  The  water 
supply  for  keeping  the  condensers  cool 
and  supplying  the  plate  tank  with  make- 
up water  is  obtained  from  two  500- ft. 
artesian  wells.  The  wells  are  equipped 
with  the   usual   deep-well   air  lift.     The 


slide-vaive  engine  which  is  used  only  in 
an  emergency.  The  other  two  are  driven 
from  a  countershaft  which  in  turn  is 
belt  driven  from  the  flywheel  of  the  en- 
gine operating  one  of  the  ammonia  com- 
pressors. To  the  same  countershaft  are 
connected  generators  which  supply  elec- 
tric light  and  power  for  the  plant. 

The  engines  are  operated  condensing 
and  are  served  by  a  set  of  standard  sur- 
face condensers  from  which  the  con- 
densed steam  is  passed  direct  into  the 
supply  tank  of  the  distilled-water  system; 
no  condensation  is  returned  to  the  boil- 
ers as  these  are  at  all  times  fed  direct 
from  the  city  water  main. 

Storage  and  Service 

The  plant  has  two  ice-storage  rooms 
having  a  combined  capacity  of  3000  tons. 
During  the  winter  months,  when  the  de- 
mand on  the  plant  is  at  the  minimum, 


system  the  temperature  is  usually  about 
10  or  12  deg.  higher,  being  subject,  of 
course,  to  the  variation  of  the  outside 
temperature.  In  the  boxes  at  the  packing 
houses  the  temperature  ranges  from  34 
to  38  deg.  The  refrigerating  service  has 
been  in  operation  for  several  years  and 
has  proved  very  satisfactory. 


Plugging  Leaky  Tubes  in 

Absorber 

By  Gay  A.  Robertson 

In  operating  absorption  machines, 
trouble  and  inconvenience  are  often  ex- 
perienced by  leaks  in  absorber  tubes, 
where  the  shell  type  of  absorber  is  used. 
This  is  especially  true  when  the  tubes 
begin  to  get  old. 

Leaks  most  generally  come  in  the  up- 
per  part    of   the    tube,    depending   upon 
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Fig.  3.    Piping  Connections  of   Refrigerating  System 


water  is  driven  out  under  80  lb.  air  pres- 
sure, flows  into  a  receiving  tank  and  is 
circulated  over  the  condensers  by  a 
centrifugal  pump. 

Power  Plant 

Four  150-hp.  return-tubular  boilers  are 
installed  and  operate  at  150  lb.  steam 
pressure.  The  boiler  equipment  is  be- 
ing supplemented  at  the  present  time, 
however,  by  the  addition  of  three  more 
units  of  the  same  size  and  type.  When 
the  additions  are  completed  in  the  boiler 
room  this  department  will  have  a  capa- 
city of  1050  hp.  The  water  supply  for 
the  boilers  is  river  water  from  the  city 
water-works. 

The  plant  is  equipped  with  three  air 
compressors  of  ampTe  size  to  supply  the 
needs  of  the  plant.  One  of  these  com- 
pressors   is   direct-connected    to    a   small 


these  rooms  are  gradually  stocked  up  to 
their  full  capacity.  At  the  central  plant 
10  cold-storage  rooms  are  operated  for 
the  convenience  of  the  local  fruit  and 
produce  dealers.  A  different  tempera- 
ture is  maintained  in  each  room,  ranging 
from  10  deg.  in  the  fish  room  to  34 
deg.  in  the  meat  compartment. 

The  company  also  operates  a  refrigerat- 
ing service  for  the  convenience  of  the 
local  packers  and  grocers  who  are  with- 
in a  radius  of  '4  mile  of  the  plant.  The 
brine  system  is  used;  the  underground 
pipe  line  supplying  the  service  to  the 
packers  is  made  up  of  5-in.  extra-heavy 
pipe.  For  circulating  the  brine  a  centrif- 
ugal pump  driven  by  a  5-hp.  motor  is 
used  and  a  constant  pressure  of  20  lb. 
is  maintained  on  the  line.  The  tempera- 
ture of  the  brine  on  leaving  the  pump  is 
12   deg.   and   on   the  return  pipe  of  the 


Ihi  height  the  aqua  is  carried  in  the 
absorber.  It  seems  that  the  hot  gases 
in  connection  with  the  hot  aqua  pit  the 
tubes,  possibly  attacking  impurities  in 
the    iron. 

Troubles  of  this  kind,  of  course,  al- 
ways happen  when  one  least  expects 
them,  and  when  ice  is  needed  most.  It 
therefore  falls  upon  the  engineer  to 
make  a  quick  temporary  repair  and  get  his 
plant  going.  The  accompanying  sketch 
shows  a  handy  method  of  plugging  a 
tube,  using  cast-iron  plugs,  and  a  bar 
to  assist  in  starting  the  lower  plug.  The 
sketch  shows  the  shell  of  an  absorber, 
with  a  2-in.  tube  B  in  position;  ^4  is  a 
'j-in.  round  iron,  with  the  hook  on  the 
lower  end  at  C  to  engage  with  the  eye  of 
the  eyebolt  D,  which  screws  into  the 
cast-iron  plug  £. 

When  a  leak  develops  in  the  absorber, 
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double-shift  type  where  tight  and  loose 
drums  are  used  and  the  hoisting  is  done 
from  any  number  of  levels.  It  auto- 
matically adjusts  itself  and  so  removes 
any  chance  of  failure  on  the  part  of  the 
engineer  to  make  any  adjustments. 

"The  stop  has  control  of  the  engine  at 
each  and  every  hoist  and  at  any  speed, 
and  gradually  cuts  off  the  steam  supply 
from  the  main  or  slide  valve  of  the  en- 
gine when  the  cage  approaches  the  land- 
ing or  dump,  and  so  weakens,  the  power 


other  reasons,  the  stop  will  do  it  for  him. 
"There  are  cases  where  a  speed  limit 
is  required  in  hoisting  and  provision  has 
been  made  whereby  it  is  set  automatically 
by  the  stop  when  the  increased  speed 
limit  is  reached,  and  to  automatically  al- 
low the  engines  to  resume  their  normal 
speed  again  when  brought  under  control. 

Engineer  Can't  Go  Wrong 

"By   the   use   of   this  stop   it   is   abso- 
lutely   impossible    for    the    engineer    to 


Fig.  2.    Showing  Arrangement  of  Engine  Stop  under  Flooring 
OF  Engine  Room 


of  the  engine,  the  slow  application  of 
the  steam  brake  acting  at  <he  same  time. 
It  also  does  away  with  the  danger  of 
knocking  the  engine  to  pieces  by  con- 
tinuous 'plugging,'  as  it  is  called,  which 
is  the  favorite  method  of  stopping." 

Agts  at  Any  Speed 

"Will  it  answer  at  any  speed?"  I  in- 
quired. 

"Yes,  no  matter  how  fast  or  how  slow," 
replied  Hunter,  "as  the  movement  of 
the  drum  in  either  direction  actuates  the 
stop  mechanism  at  a  prearranged  time, 
suitable  to  the  hoisting  conditions.  The 
stop  acts  at  every  hoist  on  the  main 
valve  and  does  not  interfere  with  the  re- 
versing of  the  engine  at  any  time,  as 
you  might  think.  In  fact,  its  action  is 
always  a  positive  warning  to  the  engineer 
that  the  cage  is  approaching  the  land- 
ing, and  if  he  is  heedless  of  the  warn- 
ing by  the  action  of  the  stop,  the  engine 
will  be  brought  to  a  standstill  before 
reaching  the  danger  limit,  making  it  nec- 
essary for  him  to  manipulate  his  engine 
in  order  to  reach  the  landing.  The  en- 
gineer usually  has  his  hand  on  the  lever 
in  regular  hoisting  work,  and  when  the 
lever  begins  to  move  he  has  warning 
that  the  cage  is  approaching  the  end  of 
the  hoist.  If  he  fails  to  control  the  en- 
gine,   because    of    a    faulty    throttle    or 


hoist  up  when  he  intends  to  go  down, 
the  machine  having  control  of  the  en- 
gine in  this  respect,  as  the  revolving 
disks  are  always  operated  at  the  danger 
point. 


Automatic 
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tions,  Hunter's  e.\planation  will  be  easily 
understood. 

"On  the  ends  of  the  wormwheel  shaft 
is  a  disk  having  two  adjustable  springs 
which  press  tappets  (Fig.  4)  against  the 
face  of  the  disk.  These  tappets  arc 
placed  at  a  position  equal  to  the  travel 
desired.  The  tappets  and  disk  revolve  in 
either  direction  and  come  in  contact  with 
the  extended  end  of  the  reversing  lever, 
which  moves  toward  the  center  of  the 
quadrant.  This  hooks  up  the  links  of 
the  ensine  and  brings  the  steam  valve 
to  the  cutoff  position,  thus  closing  the 
steam  ports  of  the  engine.  At  the  same 
time  the  brake  mechanism  works  in 
unison  with  the  cutting  off  of  the  steam. 
The  tappets  are  held  against  the  revers- 
ing lever,  and  it  can  only  be  operated 
in  the  opposite  direction." 

"You  mean  that  the  engine  cannot  be 
started  to  hoist  again  until  the  link  mo- 
tion has  been  changed,  and  the  engine 
run  in  an  opposite  direction  to  the  first 
motion   of  rotation?" 

"Just  that.  It  is  impossible  for  the 
cage  to  go  up  when  it  should  go  down. 
Under  this  shaft  there  is  a  disk  for  op- 
erating this  steam  valve,  which  shuts  the 
brake  slowly  and  takes  up  the  momentum 
of  the  drum  before  the  final  application 
of  the  brake.  This  is  adjusted  so  as 
to  bring  the  engine  to  a  stop  before  the 
danger  limit  is  reached  at  either  end  of 
the  hoist  in  case  of  a  runaway." 

Engineer  Controls  the  Engine 

"If  this  stop  controls  the  engine,  as 
you  say,  and  as  I  have  seen  it  do,  I 
should  think  that  it  would  interfere  with 
the  engineer  in  controlling  the  engine," 
said  I. 

"It  doesn't,"  replied  Hunter.  "The  en- 
gineer can  always  reverse  his  lever  and 
give  steam  at  the  opposite  end  of  the 
cylinder  when  drifting  or  coming  up  un- 
der the  momentum  of  his  engine  and  load 


Fig.  3.   Elevation  of  Engine,  Stop  and  Auxiliary  Steam  Cylinder 


"The  stop  is  operated  by  a  sprocket 
wheel  and  chain,  which  works  a  worm 
and  worm  gear,  and  is  arranged  as  shown 
in  this  sketcli."  And  Hunter  proceeded 
to  sketch  Fig.  3. 

I  afterward  obtained  photographs  of 
the  device,  which  are  shown  in  Figs.  2, 
4  and  5.     By   referring  to  the   illustra- 


to  the  landing,  just  the  same  as  he  does 
with  engines  not  equipped  with  these 
stop  motions." 

"Well,  how  about  lifting  the  cage  from 
the  fans,  after  it  has  rested  upon  them?" 
I  next  inquired;  "there  has  to  be  some 
leeway  for  that." 

"The  mechanism  is  adjusted  so  as  to 
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allow  the  engineer  to  lift  the  cage  from 
the  fans,  and  then  reverse  and  go  down. 
It  works  equally  well  when  dumping 
cages  are  used.  As  the  cage  nears  the 
curved  guide  it  gradually  slows  up  as 
the  travel  of  the  engine  valve  is  dimin- 
ished, and  the  steam  brake  gradually  set 
for  the  prearranged  limit  of  the  hoist. 
It  is  only  necessary  to  throw  a  lever  to 
shut  off  the  steam  supplied  to  the  brake. 
If  it  is  necessary  to  give  a  little  more 
valve  opening  after  the  reverse  lever  be- 
gins to  move  toward  the  center,  a  special 
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Fic.  4.    Details  of   Automatic 
Encinl   Stop 

device  allows  the  engineer  to  give  the 
engine   a   little   more   steam." 

"How  about  the  cage  that  is  nearing 
the  bottom  of  the  shaft?"  I  asked.  I 
did  not  quite  understand  how  the  stretch 
of  the  rope,  due  to  the  load  on  the 
cage  nearing  the  top  of  the  hoist,  could 
be  taken  care  of  and  at  the  same  time 
have  the  stop  so  adjusted  as  to  take 
care  of  the  empty  cage  at  the  bottom  of 
the  shaft,  which  had  practically  no  stretch 
in  the  rope. 

"Well,"  laughed  Hunter,  "the  rope  on 
the  empty  cage  will  be  the  same  on  both 
sides  of  the  hoist,  so  if  the  rope  on  the 
loaded  car  is  stretched  more  than  that  on 
the  empty  car,  the  conditions  will  be  re- 
versed on  the  ne.xt  trip.  For  that  rea- 
son the  cage  will  always  reach  the  bottom 
of  the  shaft  at  the  same  time  the  engine 
is  stopped." 

A   Good   Investment 

"Of  course,  that  is  so  simple  I  wonder 
1  did  not  think  of  it  before.  It  seems  to 
me  that  there  are  so  many  accidents  to 
hoisting  machinery  that  it  would  be  a 
safe  investment  to  install  a  stop  on 
every  hoisting  engine  at  the  mine, 
whether  used  on  shaft  or  slope  work." 

"Well,  I've  seen  smashes  that  would 
take  considerably  more  money  to  repair 
than  an  engine  stop  would  cost,  but  it 
is  a  good  deal  like  locking  the  stable 
door  after  the  horse  has  been  stolen. 
Some  people  do  not  learn  by  experience. 


They  seem  to  think  that  all  of  the  ac- 
cidents will  occur  with  the  other  fellow, 
and  act  surprised  when  something  hap- 
pens to  their  own  outfit.  You  know  some 
men  are  called  'lucky.'  People  have 
applied  that  term  to  me,  but  I  do  not 
consider  it  as  luck  at  all;  it  is  merely 
the  result  of  forestalling  accidents  by 
removmg  the  cause  as  far  as  possible 
by  using  safety  devices,  keeping  the  ma- 
chinery in  repair,  and  watching  for  weak 
spots  and  defects.  One  can  learn  a  whole 
lot  by  noting  the  causes  of  accidents  to 


Men  Killed."  "Another  instance  of  use- 
less slaughter,  when  a  simple  little  de- 
vice would  have  prevented  it,"  I  whis- 
pered under  my  breath  as  i  entered  the 
elevator  and  went  to  my  room. 


Fic.  5.   Stop  for  Use  with  a  Number  of 
Levels 

others,  and  then  looking  ever  his  own 
plant  to  see  if  the  same  condition  exists 
there." 

Another  Smash 

We   finally   bid   good-by   to   Jones,   the 
engineer,  and,  jumping  on  a  passing  trol- 


A  Modem  Pumping  Plant  in 
Mexico 

By  Kirby  Thomas 

Herewith  is  shown  a  view  of  a  "mod- 
ern pumping  installation"  in  Mexico, 
which  device  is  intended  to  raise  water 
about  60  ft.  Power  is  derived  from  a 
mule  attached  to  a  sweepstake  that  is 
direct-connected  to  the  horizontal  drive 
wheel.  Note  the  "accuracy"  of  the  mesh- 
ing between  the  drive  wheel  and  the  ver- 
tical load  carrier. 

A  double  rope  arrangement  with  leather 
buckets  of  about  2  gal.  capacity  each 
passes  over  the  vertical  drum  wheel  and' 
empties  the  water  when  at  the  top  of  the 
wheel  into  the  wooden  trough,  which  is 
set  under  the  rim  of  the  drum,  by  an  ar- 
rangement of  the  spokes  on  the  side. 

This  "installation"  is  new,  but  it  is  an 
exact  duplication  of  another  pumping 
equipment  on  the  same  hacienda  which 
bears  on  the  rock  work  of  the  building 
the  date  1787,  and  a  later  inscription, 
"remodeled  1830."  The  longevity  of  the 
device    is   thus   attested   to   authentically. 

This  "modernism"  in  mechanics  is  in 
sight  of  a  trunk  line  of  railroad  and 
near  one  of  the  large  cities  of  the  north- 
ern  part  of  Mexico. 


Swedish  water-power  developments  in 
1911    were    increased    some    80,000    hp. 


Modern  Pumping  Plant  in  Me.xico 


ley,  were  soon  back  at  the  hotel.  Pick- 
ing up  an  evening  paper,  I  saw  the  head- 
lines, "Engine  Gets  Away  from  Engi- 
neer.     Head    Work    Demolished,    Three 


Of  this  increase,  70,000  hp.  was  made 
available  by  privately  owned  plants  and 
10,000  hp.  to  the  state-owned  Trolhiittan 
plant. 
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steam-turbine  operation  as  a  decrease  in 
one  inch  of  vacuum  increases  the  steam 
consumption  about  four  per  cent.  To 
maintain  a  high  vacuum  the  water  sup- 
ply to  the  condensers  must  be  ample, 
the  tubes  clean  in  surface  condensers, 
the  piping  air-tight  and  the  air-pump 
valves  kept  free  from  carbon  deposits 
resulting  from  unsuitable  oil,  and  they 
must  work  properly  at  all  times.  The 
chief  engineer  should  be  as  intimate 
with  the  mercury  column  on  the  exhaust 
and  a  pot  of  suitable  paint  to  stop  air 
leaks  as  he  formerly  was  with  an  indi- 
cator. 

Greater  power  is  required  by  all  con- 
denser auxiliaries  for  high  vacuum; 
hence  more  attention  must  be  given  to 
such  machinery  in  order  to  secure  the 
best  economy  of  the  plant. 

Quite  a  field  is  open  for  investigators 
to  study  the  effect  of  air  leakage  on 
the  maintenance  of  high  vacuum  and  to 
develop  a  means  whereby  excessive  air 
leakage  can  be  easily  distinguished  from 
insufficient  or  ineffective  water  supply  in 
condensers. 

In  a  steam-engine  plant  it  is  one  of 
the  tasks  of  the  chief  to  keep  an  eye 
constantly  on  his  engines,  watching  for 
signs  of  trouble  and  seeing  that  the  oil- 
ers are  attending  to  their  work  properly. 
Steam  turbines  do  not  need  such  close 
attention;  hence  the  engineers  can  give 
greater  attention  to  the  boiler  room, 
where  the  greatest  increases  in  economy 
are  possible.  Instead  of  studying  indi- 
cator diagrams,  the  chief  of  a  turbine 
plant  can  now  busy  himself  with  prob- 
lems in  furnace  design,  in  the  thermal 
values  of  coal  and  in  high  vacuum  work, 
and  in  this  study  he  can  derive  great 
assistance  from  careful  reading  of  the 
technical  press. 

It  is  thus  evident  that  the  introduc- 
tion of  steam  turbines  within  the  last 
ten  years  has  wrought  great  changes  in 
the  thoughts  and  activities  of  a  large 
number  of  engineers.  By  adapting  him- 
self to  these  new  conditions,  the  upto- 
date  engineer  is  preparing  for  the  still 
more  radical  changes  in  power-plant  op- 
eration that  seem  inevitable  when  the 
superior  economies  of  the  byproduct  re- 
covery gas-producer  plants  and  of 
Diesel-engine  equipments  are  properly 
recognized,  and  the  time  for  this  recog- 
nition is  not  far  distant,  judging  from 
the  strides  made  recently  in  these 
fields. 


A  Narrow  View 

One  of  our  correspondents  states  as 
his  humble  opinion  that  "No  engineer 
in  an  ordinary  situation  paying  him  any- 
where from  twelve  to  eighteen  dollars 
per  week  has  any  right  to  purchase  ap- 
paratus such  as  indicators,  calorimeters, 
etc.,  for  the  use  of  the  firm  which  em- 
ploys  him." 

On  the  other  hand,  the  man  who  owns 
an  indicator,  a  calorimeter,  a  gas-analysis 
apparatus  and  a  few  good  reference 
books  and  knows  how  to  use  them,  will 
not  long  be  working  for  two  or  three 
dollars   per   day. 

Access  to  an  indicator,  an  opportunity 
to  apply  it  and  an  intelligent  study  of 
its  revelations  will  do  more  for  the  man 
than  it  will  for  the  firm.  This  is  true 
of    the    other    things    mentioned. 

It  is  well  for  the  man  if  they  form 
a  part  of  the  equipment  of  his  plant 
and  he  can  gain  his  experience  with 
them  at  his  employer's  expense,  but  if 
he  can  get  access  to  such  apparatus  in 
no  other  way,  he  will  find  that  his  own 
possession  and  use  of  it  will  pay  big 
returns   upon   the   necessary   investment. 

The  man  who  prefers  to  put  in  his 
time  shining  bright  work  because  the 
firm  will  pay  for  the  paste  and  furnish 
the  rags,  rather  than  to  be  analyzing 
flue  gas  with  an  Orsat  of  his  own,  be- 
cause the  firm  may  get  some  benefit 
from  it,  is  likely  to  stay  in  the  two- 
dollar-a-dav  class. 


such  a  low  head.  As  it  was,  the  huge 
vessel  remained  afloat  for  about  three 
hours  after  the  starboard  side  had  been 
torn    open. 

Capt.  C.  C.  Marsh,  U.  S.  N.,  is  ex- 
perimenting with  the  use  of  compressed 
air  to  expel  the  water  from  the  com- 
partments of  a  disabled  ship.  He,  how- 
ever, proposes  to  carry  the  compressed 
air  in  tanks.  It  is  difficult  to  see  how  the 
various  compartments  can  be  made  air- 
tight overhead. 


The  Inconsistency  of  the  "Ti- 
tanic"  Disaster 

From  an  engineering  point  of  view,  the 
greatest  inconsistency  of  the  "Titanic" 
disaster  was  that  the  vessel  sank  with 
forty  thousand  horsepower  available  with- 
in herself.  This  power  was  more  than 
enough  to  keep  the  vessel  afloat  until  all 
the  passengers  could  have  been  trans- 
shipped to  safety. 

From  the  time  the  ship  struck  the  ice- 
berg the  engines  remained  idle,  although 
there  was  a  forty  thousand-horsepower 
equipment,  which  was  more  than  suffi- 
cient for  pumping  out  all  the  water  that 
entered  the  hull,  doing  nothing.  If  the 
engines  could  have  been  quickly  con- 
nected to  powerful  centrifugal  pumps, 
the  inrushing  water  could  have  been 
pumped  out  fast  enough  to  keep  the 
vessel  afloat,  for  forty  thousand  horse- 
power will  handle  a  veritable  flood  against 


"Running  a  Steam  Turbine" 

Forty-six  competitors  responded  to  our 
offer  of  a  prize  of  fifty  dollars  in  gold 
for  the  best  article  on  steam-turbine  op- 
eration, and  their  articles  are  now  in 
the  hands  of  one  of  the  judges. 

When  the  three  judges  have  arrived 
at  a  decision,  the  award  will  be  made 
and  the   prize  article  published. 

The  contest  has  brought  out  a  mass 
of  good  material,  and  such  points  as 
are  not  adequately  covered  in  the  prize 
article  will  be  presented  in  Power  with 
acknowledgment  to  their  authors. 


Standard   Indicator  Cocks 

A  great  deal  of  unnecessary  trouble  is 
caused  to  the  users  of  steam-engine  in- 
dicators by  the  different  cocks  and  coup- 
lings used  by  the  several  makers.  It  is 
provoking  to  find  an  engine  all  nicely 
provided  with  cocks  and  reducing  motion 
and  everything  apparently  ready  to  pro- 
ceed with  the  taking  of  diagrams,  only 
to  discover  that  the  cocks  are  of  a  dif- 
ferent standard  from  one's  indicators  and 
that  the  proceedings  must  be  halted  until 
the  engine  can  be  shut  down  and  the 
change  made,  which  may  involve  con- 
siderable complication  in  the  case  of  a 
side    pipe    and   three-way   cock. 

It  would  seem  that  whatever  little 
advantage  there  may  be  to  a  maker  in 
maintaining  an  odd  size  taper  and  screw 
might  be  sacrificed  to  greater  conveni- 
ence for  the  user. 


As  far  back  as  1273,  the  use  of  coal 
in  London  was  prohibited  as  a  menace 
to  public  health.  It  had  to  be  used  a 
little  later,  however,  as  the  forests  were 
being  destroyed.  And  London  Engi- 
neering, in  a  recent  comment  on  the 
smoke  evil,  naively  adds:  "It  will  prob- 
ably remain  with  us  for  some  time  to 
come." 
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Readers  with  Something  to  Say 

A  letter  good  enough  to  print  will  be  paid  for.     Ideas,  not  mere  words,  wanted 


Renewing   Boiler  Stays 

While  it  is  customary  in  removing  de- 
fective boiler  stays  to  tap  out  the  hole 
from  which  the  old  stay  was  removed 
to  a  larger  size  to  receive  a  larger  stay, 
such  practice,  in  my  opinion,  is  injurious 
to  the  boiler  plate. 

In  boilers  of  the  Scotch  marine  type 
I  have  frequently  noted  that  the  backs 
of  the  combustion  chambers  were  pulled 
out  of  shape,  and  in  every  instance  it 
was  found  that  new  and  larger  stays 
had  been  put  in  to  replace  defective  ones 
at  the  point  where  the  plates  were  dis- 
torted.    Assuming   that   the   greatest   ex- 
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Improved  Boiler  Stay 

pansion  takes  place  at  the  furnace  plate, 
the  tendency  will  be  to  push  out  the 
shell,  and  as  the  furnace  plate  is  thinner 
than  the  shell  it  will  give  first;  and  where 
the  new  and  larger  stays  have  been  in- 
stalled a  perceptible  distortion  will  ap- 
pear. To  avoid  such  trouble  I  suggest 
turning  down  the  new  stay  to  the  diam- 
eter of  the  original  one,  leaving  its  ends 
larger,  as  shown  by  the  accompanying 
illustration. 

With  the  stays  all  of  a  uniform  sec- 
tional area,  the  chances  for  rupture  and 
distortion  will  be  fewer,  and  the  boilers 
could  be  subjected  to  more  severe  usage 
without  any  resultant  trouble. 

J.  A.  Ca.mpbell. 

Providence,  R.  1. 


What  Broke  the  Pistons? 

Our  engines  are  all  new,  having  been 
installed  less  than  a  year  ago.  After 
they  were  in  operation  for  about  six 
months  the  piston  in  the  high-pressure  cyl- 
inder of  the  18  and  40  by  48-in.  cross- 
compound  engine  was  wrecked.  The  ac- 
cident left  the  bull-ring  unharmed  in  the 
head-end  of  the  cylinder.  When  the 
pieces  of  the  piston  were  counted  we 
found  103  pieces.  Some  of  the  pieces 
dropped  into  the  head-end  exhaust  port, 
causing  the  valve  to  suddenly  stop, 
thereby   bending   the  valve  stem. 

The  piston  rod  was  bent  in  three  places 
and  a  new  one  was  required;  also  a  new 
piston  and  exhaust  valve.  The  cylinder 
head  and  walls  were  badly  cut  in  sev- 
eral places.  At  the  time  of  the  accident 
the  engine  was  running  condensing,  di- 
rect-connected to  a  600-kw.  generator,  at 


a  speed  of  100  r.p.m.  It  seemingly  ran 
normally  until  a  very  few  seconds  before 
the  occurrence. 

About  two  months  later  the  24  and 
54  by  48-in.  cross-compound  condensing 
Corliss  engine  was  partly  wrecked  in  the 
same  manner  as  the  former  engine,  the 
only  difference  being  that  part  of  the 
crosshead  and  crank  were  damaged.  This 
engine  runs  a  rope  drive  at  86  r.p.m., 
using  steam  at  175  lb. 

Three  weeks  later  this  engine  was 
again  similarly  damaged.  The  engines 
were  not  overloaded. 

The  volume  of  the  piping  connected 
to  the  steam  header  is  greater  than  the 
volume  of  the  header.  There  is  a  trap 
on  the  header  and  one  on  each  steam 
receiver. 

Some  engineers  seem  to  think  that 
water  accumulated  in  the  piston  until 
it  became  full  and  then  the  expansion 
broke  it,  filling  the  cylinder  with  water 
and  the  broken  parts.  What  do  Power 
readers  think   was  the  cause? 

A.    I.    Haight. 

Kalmazoo,  Mich. 


Lifting  a  Broken   Pkmger 

Some  time  ago  at  the  plant  where  I 
was  employed  the  plunger  on  a  deep-well 
pump  broke  as  shown  at  A'  in  the  illustra- 
tion, leaving  the  lower  half  of  the  plunger 
with  part  of  the  seat  and  the  ball  at  the 
bottom  of  the   pump  barrel   over   100  ft. 


Broken  Plunger  and  Lifters 

down.  At  B  is  shown  how  I  used  the 
top  of  the  broken  plunger  with  four 
strips  of  steel  made  fast  to  it.  The 
strips  were  bent  so  that  the  ends  were 
a  trifle  smaller  than  the  ball  but  would 
spring  open  to  pick  it  up. 

I  then  fastened  two  I8-in.  pieces  of 
steel,  as  shown  at  C,  to  the  same  top 
used  to  pick  up  the  ball.  These  pieces 
were  made  so  that  when  the  points  en- 


tered the  hole  in  the  seat  they  would 
spring  together  and  hook  onto  the 
plunger.  If  other  readers  have  a  better 
way,  I  would  like  to  hear  of  it. 

F.   H.  Coroner. 
Bradford,    R.    I. 


Quick   Pump  Repair 

While  starting  a  duplex  steam  pump 
the  crosshead  broke  as  shown  at  A  in 
the  illustration.  To  get  a  new  cross- 
head  would  have  taken  three  or  four 
days  on  account  of  our  isolation.  As 
the  service  would  not  admit  of  such  a 
delay  a  '4 -in.  iron  plate  shaped  to  cover 
the  break  was  riveted  on  the  crosshead 
together  with  the  broken  piece.  The 
other   side   was   broken   as   shown   at  B 
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Broken    Pump   Crosshead 

and  was  repaired  by  a  strap  bent  over  the 
end  and  riveted. 

The  job  was  finished  in  an  hour,  and 
the  pump  has  been  in  service  for  months 
without   further  trouble. 

G.   B.  JosHl. 

Poona  City,   India. 


Vacuum  Caused  Water- 
Hammer 

While  the  effects  of  wafer-hammer 
are  so  generally  known  that  little  need 
be  said  of  them,  an  investigation  I  made 
into  the  reason  for  an  accident  may  be 
instructive. 

The  steam  pipe  to  the  engine  had  a 
long  horizontal  run  to  the  engine  where 
it  dropped  vertically  to  the  throttle  valve, 
which  was  provided  with  a  drip  to  be 
opened  when  the  throttle  was  closed.  On 


668 


POWER 


Vol.  35,  No.   19 


this  occasion  the  attendant  neglected  to 
open  the  drip.  E.\amination  showed  that 
over  22  ft.  of  the  horizontal  steam  pipe 
was  full  of  cold  water,  and  that  the 
remainder  was  hot  as  the  water  went 
back  into  the  boiler  as  it  formed.  On 
opening  the  drip  valve  to  drain  the  pipe, 
violent  water-hammer  occurred  which 
burst  the  extra-heavy  throttle  valve. 

As  the  pipe  was  6  in.  in  diameter  the 
body  of  water  contained  was  great,  and 
on  opening  the  drip  it  was  set  in  motion. 
As  the  water  level  in  the  pipe  became 
lower,  the  top  part  of  the  cold  pipe  be- 
came exposed  to  the  incoming  hot  steam 
•which  instantly  condensed,  forming  a 
vacuum  in  the  top  of  the  pipe.  The  100 
lb.  steam  pressure  then  drove  the  water 
into  the  partial  vacuum,  producing  great 
shock.  As  the  drip  valve  was  still  open, 
the  water  returned  to  a  level  exposing 
more  cold  pipe  and  again  producing  a 
higher  vacuum  and  a  more  severe  shock. 
This  operation  was  repeated  each  time 
the  water  returned  to  its  level.  The 
amount  of  water  in  the  pipe  became  less 
as  the  travel  and  force  of  the  water 
were  greatly  increased  until  eventually 
the  blows,  increasing  in  violence,  burst 
the  throttle  valve.  The  effective  force 
was  greatest  at  this  point,  owing  to  the 
water  under  high  velocity  being  sudden- 
ly stopped  when  it  reached  the  valve. 
The  reason  water-hammer  never  hap- 
pens to  any  extent  in  a  vertical  pipe  is 
that  the  motion  of  the  column  of  water 
is  always  downward  and  is  closely  fol- 
lowed by  the  steam. 

Having  been  convinced  of  the  correct- 
ness of  the  theory,  the  steam  pipe  to  the 
engine  was  changed  to  slope  toward  the 
boiler  from  a  point  where  it  dropped 
vertically  to  the  throttle.  This  allowed 
the  water  to  return  to  the  boiler  and  only 
the  short  vertical  piece  to  become  filled, 
and  this  could  be  quickly  drained.  If 
the  water  in  the  pipe  had  been  hot  a 
vacuum  could  not  have  been  formed. 
The  accident  forcibly  shows  the  advan- 
tage of  a  well  drained  steam  pipe. 

A.  J.  Saxe. 

Chicago.   111. 


What  Forms  the  CHnker.^ 

In  our  plant  there  are  three  return- 
tubular  boilers;  No.  1  has  a  flat  firebox 
and  Nos.  2  and  3  have  the  Hawley  down- 
draft  fireboxes.  The  method  of  firing 
and  the  kind  of  coal  are  the  same  for 
all    three    boilers. 

Much  trouble  has  been  experienced  on 
account  of  clinkers  forming  on  one  side 
of  the  lower  grate  of  No.  3  boiler, 
which  is  farthest  from  the  stack.  The 
rest  of  the  grate  of  this  and  the  other 
boilers  burns  ver\^  well.  Can  some  in- 
terested reader  tell  me  the  cause  of  the 
trouble? 

H.  B.  McDowell. 

Baltimore,  Md. 


Draft  Troubles 

In  one  plant  the  stack  is  very  large 
and  the  breeching  is  of  the  one  size 
throughout  its  entire  length.  In  testing 
the  draft  at  the  main  stack  \{',-,  in.  was 
shown. 

This  condition  is  undoubtedly  due  to 
the    breeching    construction.      If    it    was 
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Stack    and    Breeching 

reduced  as  shown  in  the  accompanying 
sketch,  the  draft  for  each  boiler  would 
be  more  uniform  and  the  firing  made 
much  easier.  The  life  of  the  boilers 
would  also  be  materially  lengthened. 

C.  R.  McGahey. 
Baltimore,  Md. 


Bearing  Repair 

In  the  plant  in  which  1  am  employed 
there  was  a  40x60-in.  engine  driving  a 
roll  train,  the  bearing  of  which  had  be- 
come badly  scored  and  was  a  continual 
source   of   anxiety   and   trouble. 

It  was  out  of  the  question  to  remove 
the  shaft  as  there  was  a  70-ton  flywheel 
to  contend  with,  to  say  nothing  of  time 
lost  on  the  mill,  and  it  would  have  been 
folly   to   remetal   the   bearing  and   leave 


Arrance.ment  for  Cutting  Face  of 
Shaft 

the  shaft  in  the  condition  it  was.  We  de- 
cided to  try  to  true  it  up,  as  there  was 
little  risk  of  making  it  worse  than  it 
was. 

The  cap  was  lifted  and  the  quarter 
boxes  removed;  a  tool  used  for  turning 
sheet  mill  rolls,  as  shown  in  the  ac- 
companying figure,  was  placed  in  the  po- 
sition shown,  hard  grease  and  waste 
were  put  against  the  shaft  below  the  tool 
to  prevent  chips  from  getting  under  the 
shaft,  and  a  wedge  was  used  to  force 
the  tool  against  the  shaft.  The  engine 
was  turned  as  slowly  as  possible  and 
when  enough  metal   had  been  removed. 


the  tool  was  moved  along  to  another  po- 
sition, and  so  on  until  the  whole  surface 
had  been  gone  over;  then  fine  emery 
cloth  was  used  to  finish  it  up.  The  shaft 
was  then  lifted  enough  to  remove  the 
bottom  shell,  the  old  metal  was  melted 
out  and  the  shell  replaced  and  re- 
metalled. 

Through  an  opening  in  the  cap,  three 
or  four  bars  of  hand  Sapolio  were  placed 
on  the  shaft  and  the  engine  started.  It 
was  very  warm  for  two  or  three  hours, 
but  by  using  oil  freely  and  a  little  water 
occasionally  to  wash  the  bearing  out,  it 
was   soon   cooled. 

This  bearing  never  gave  any  trouble 
afterward  and  was  in  fine  condition  when 
removed  two  years  later  to  be  replaced 
by  a  larger  unit. 

S.  A.  Fraser. 

Middletown,  Ohio. 


Reducing  Motion  Kink 

The  figure  shows  a  much  used  reduc- 
ing motion,  and  the  cords  running  to  the 
indicator  drum  and  to  the  crosshead  or 
other  moving  part  are  marked.  The  cord 
wheel  moves  up  and  down  on  the 
threaded  stem  as  the  cord  is  drawn  out 


Reducing  Motion  with   Rubber  Insert 

and  allowed  to  return  by  the  crosshead. 

Ordinarily  a  piece  of  rubber  or  some 
such  article  is  tied  to  the  string  at  B 
so  that,  should  the  cord  break  or  the 
hook  slip,  the  wheel  will  not  seat  itself 
at  A.  A  good  many  times  the  cord  will 
snap,  however,  and  the  wheel  seat  itself 
so  hard  as  to  make  the  operation  of 
loosening  it  highly  injurious  to  the  in- 
strument. 

The  remedy  is  to  place  a  small  gasket 
— an  elastic  band  will  do — around  the 
screw  stem  at  A.  No  matter  how  hard 
the  drum  seats,  the  rubber  will  absorb 
so  much  of  the  energy  that  the  drum 
may    be   readily    released. 

John  Bailed. 

Milwaukee,  Wis. 


Emergency  Piston   Repair 

While  employed  in  a  sugar  refinery 
as  a  night  engineer,  I  was  called  on  to 
repair  a  broken-off  piston  rod  which  was 
flush  with  the  piston  on  one  of  our  liquor 
pumps;  the  expansion  packing  rings  and 
springs  were  also  broken. 

This  pump  had  to  be  repaired  at  once 
and  as  we  have  no  machinist  at  night 
and  as  it  would  have  taken  too  long  to 
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make  a  new  rod,  I  filled  the  space  be- 
tween the  ribs  of  the  spider  of  the  piston 
with  wood  blocks  the  thickness  of  the 
packing  space  and  the  diameter  of  the 
ribs  of  the  spider.  Then  I  put  on  two 
or  three  turns  of  old  rubber  belting  the 
thickness  of  the  blocks  so  I  would  have 
room  to  insert  my  packing.  I  also  had 
the  end  of  the  piston  rod  tapped  out  for 
a  '4 -in.  cap  screw.  At  the  time  of  the 
repair  we  did  not  have  any  expansion 
rings  or  springs  in  stock,  which  was  my 
reason  for  filling  the  space  in  the  piston 
with  wood  and  belting. 

Roy   Stahl. 
Rising  Sun,   Ohio. 


Eccentric  Slipped 

The  engine  which  supplies  power  for 
a  large  factory  was  running  normally 
when  suddenly  the  speed  decreased  until 
the  machines  had  to  be  stopped.  The 
engineer  quickly  ordered  the  fireman  to 
cover  his  fires  with  fresh  coal  and  check 


Fig. 3 
Normal  Load 

the  draft;  then  he  shut  the  throttle  valve, 
attached  an  indicator  and  secured  the 
diagrams    shown    in    Fig.    1. 

After  shutting  down  again,  he  loosened 
the  setscrews  which  hold  the  steam  ec- 
centric in  place,  rolled  it  8  in.  in  the  di- 
rection that  the  engine  ran  and  securely 
fastened  it.  The  diagrams  resulting  from 
this  adjustment  are  shown  in  Fig.  2. 
They  show  a  friction  load  only,  but  when 


it  was  increased  to  normal  and  more  dia- 
grams were  taken  the  result  appears  in 
Fig.  3. 

The  eccentrics  on  an  engine  should  al- 
ways be  marked  and  a  corresponding 
mark  put  on  the  crankshaft,  so  that  if 
one  or  more  are  not  properly  lubricated, 
and  consequently  slip  on  the  shaft,  they 
can  be  quickly  replaced.  Failure  to  take 
this  simple  precaution  has  caused  many 
engineers  trouble  and   annoyance. 

Every  engineer  in  charge  of  anything 
larger  or  more  complicated  than  a  15- 
hp.  slide-valve  throttling  engine  ought 
to  have  an  indicator  at  hand  at  all  times, 
know  how  to  use  it;  and  understand 
what  a  diagram  tells  after  it  is  secured. 

There  are  three  interesting  points  about 
Fig.  1 :  It  was  taken  from  a  double-ec- 
centric engine;  the  exhaust  eccentric  is 
in  a  position  to  give  good  results;  the 
steam  eccentric  is  very  late  in  perform- 
ing its  duty.  These  may  easily  be  deter- 
mined from  the  diagrams  alone;  no 
knowledge  of  the  engine  itself  is  neces- 
sary. 

W.  H.  Wakeman. 

New   Haven,  Conn. 


Gear  Cases 

The  factory  was  located  a  short  dis- 
tance from  the  freight  yards  of  the  rail- 
road company  and  a  spur  was  laid  into 
the  yards  so  that  the  heavy  machines 
could  be  loaded  and  shipped. 

To  get  a  car  into  the  shops  so  that 
they  could  be  loaded  with  a  crane  neces- 
sitated the  use  of  a  large  gear-driven 
drum  over  which  passed  a  rope  which 
was  used  as  a  capstan.  The  size  of 
the  large  gear  was  about  4  ft.  in  diameter 
with  a  4-in.  face,  going  moderately  slow 
and   not  covered  by  a  shield. 

As  only  the  engineer  was  to  operate 
this  machine,  it  was  assumed  that  no  one 
would  get  hurt.  He  was  told  that  many 
gears  in  the  plant  were  uncovered,  but 
he  said  they  were  safe  and  no  one  with 
average  care  could  get  caught  in  them. 

Six  months  after,  the  engineer  got  his 
hand  into  these  very  gears,  badly  mutilat- 
ing it. 

The  accident  was  due  to  the  fact  that 
the  yard  boss  sent  a  helper  to  tell  the 
engineer  to  start  the  machine.  The  man 
could  not  understand  English  so  his  boss 
had  to  talk  to  him  in  gestures.  The  man 
understood  that  he  was  to  go  and  start 
the  machine  and  pull  the  car  into  the 
building;  he  did  start  it  up.  Unfortunate- 
ly the  engineer  was  standing  with  his 
back  to  the  direction  from  which  the 
helper  approached,  leaning  on  the  frame- 
work of  the  machine.  When  the  helper 
started  the  machine,  the  engineer  slipped 
and  got  his  hand  into  the  gears.  Of 
course,  after  this  accident  all  conspicu- 
ously exposed  gears  were  carefully 
covered. 

This  is  an  actual  occurrence  and  clear- 


ly shows  the  great  negligence  on  the 
part  of  men  in  charge  of  factories,  as 
well  as  machine  designers.  There  are 
laws  prohibiting  the  use  of  uncovered 
gears,  projecting  keys  on  shafts  and  pro- 
jecting setscrews  on  pulleys,  etc.,  but 
they  are  inadequately  enforced. 

R.  Fabrice. 
Brooklyn,  N.  Y. 


Eccentric  Repair 

The  accompanying  illustration  shows 
an  emergency  repair  job  on  an  eccentric 
strap.  A  piece  of  3/ix2-in.  flat  iron,  9 
in.  long,  was  shaped  over  the  eccentric 
strap.  The  broken  strap  and  the  iron 
were  then  drilled  for  14 -in.  tap  bolts. 
Care  was  taken  to  have  the  bolts  pull 
against   one   another  as   shown. 


POWEH^ 

Broken    Eccentric   Strap 

The  piece  of  iron  was  then  heated  red 
hot  and  bolted  to  the  strap,  and  water 
was  thrown  over  it.  The  aim  was  to 
take  advantage  of  the  contraction  of  the 
9-in.  piece  to  pull  the  broken  straps  to- 
gether. 

This  repair  served  its  purpose  for 
several  weeks  before  a  new  strap  ar- 
rived. 

A.    POHLMAN. 

Brooklyn,   N.   Y. 


Bends  for  Blowoff  Pipe 

Much  has  been  said  about  the  value 
of  bends  on  steam  and  high-pressure 
water  lines.  The  blowoff  line  seems  to 
have  been  forgotten. 

Where  the  feed  water  leads  to  the 
formation  of  scale,  the  blowoff  line  often 
becomes  plugged  with  the  loose  matter, 
causing  much  trouble.  By  installing 
bends  in  the  line  instead  of  ells,  par- 
ticularly near  the  boiler,  much  labor  and 
time  may  be  saved. 

Charles  G.  Fenwick. 

Wapella,   Sask.,   Canada. 
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Questions  Before  the  House 

Comment,  criticism,  suggestions  and  debate  upon  various  articles, 
letters   and   editorials    which  have  appeared  in  previous  issues 


A  Narrow  Vif  v 

In  answer  to  Frank  Martin's  question 
in  the  Apr.  16  issue,  in  my  i-iumble  opin- 
ion, no  engineer  in  an  ordinary  situation 
paying  him  anywhere  frr  n  $12  to  S18 
per  week  has  any  righ'  'o  purchase  ap- 
paratus such  as  indi.  ■  .'s,  v-^lorimeiers, 
etc.,  for  the  u^e  ui  the  firm  nhich  em- 
ploys him.  If  he  is  chie'  m  a  large 
plant  and  drawing  seveiai  thousand  dol- 
lars per  vsar,  the  ?ase  is  different  and 
he  should  have  tnem. 

If  the  engiiieer  in  the  first  case  men- 
tioned -i  unmarried  or  can  spare  the 
money,  and  wants  to  learn  how  to  use 
such  instruments,  then,  too,  the  case  is 
different. 

An  engineer  who  understands  how  to 
I'se  these  instruments  and  is  employed 
oy  a  wealthy  concern  which  is  too 
penurious  to  buy  them,  is  an  easy  mark 
if  he  puts  out  his  hard-earned  dollars 
for  machines  for  his  employer's  use.  It 
is  all  right  to  say  that  an  engineer 
should  get  these  things  for  the  sake  of 
his  own  reputation,  so  that  he  can  ob- 
tain and  preserve  a  set  of  records  show- 
ing exactly  what  the  plant  is  doing, 
etc.,  but  I  venture  to  assert  that  the  men 
who  write  such  letters  are  the  last  ones 
themselves   to   do   anything   of  the   kind. 

Talk  is  cheap,  and  ninety-nine  out  of 
a  hundred  engineers  will  refuse  to  spend 
a  couple  of  hundred  dollars  for  a  set 
of  instruments  to  increase  a  thankless 
employer's  dividends,  and  in  ninety- 
eight-  of  the  ninety-nine  cases  the  engi- 
neer is  right.  Possibly  in  one  case  in 
a  hundred  the  employer  would  make 
things  right  with  his  engineer  after  he 
saw  the  great  advantage  of  having  them 
in  the  plant,  but  the  remaining  ones 
would  take  it  as  a  matter  of  course, 
and  neither  thank  nor  compensate  the 
engineer    for   his   outlay. 

John  Strong. 

London    Junction,    Ont. 


Power  Plant  Operating   Costs 

I  was  very  much  interested  in  the 
ed'torial  under  the  heading,  "Power  Plant 
Operating  Costs,"  in  the  Apr.  16  issue. 
Perhaps  an  experience  I  once  had  will 
be  of  interest.  I  was  engaged  as  as- 
sistant engineer  in  a  paper  mill;  it  had 
a  battery  of  five  boilers,  of  a  total  of 
700  hp.  but,  as  was  said  in  the  editorial, 
there  was  no  one  taking  any  interest  in 
the  power  end  of  the  plant. 


The  chief  engineer  was  called  on  to 
do  every  odd  job,  even  to  repairing  holes 
in  the  roof.  He  told  me  that  he  did 
not  get  any  time  to  look  after  the  plant, 
and  wanted  me  to  see  if  I  could  make 
any  improvement.  The  first  day  I  was 
there  the  fireman  came  into  the  engine 
room  about  19  o'clock  and  said  I  would 
have  to  shut  down  a  couple  of  machines, 
as  he  was  about  to  begin  cleaning  fires. 
To  my  surprise,  I  found  that  this  had 
been  the  practice  for  quite  a  long  time. 

The  water  for  the  boilers  was  pumped 
from  the  river  by  a  three-plunger  pump 
through  a  home-made  heater  made  of  4- 
in.  pipe  lengths  inside  of  6-m.  pipe*  the 
4-in.  pipe  was  connected  with  the  pump 
line  and  the  6-in.  line  carried  exhaust 
steam.  The  exhaust  steam  was  first  run 
through  the  driers  of  the  paper  machines 
and  by  the  time  it  reached  the  heater  it 
was  nearly  all  condensed.  From  the 
heater  it  went  into  the  sewer;  the  surplus 
water  was  taken  care  of  by  a  relief  valve 
which  was  connected  to  the  second  set 
of  pipes.  Thus  all  of  the  water  had  to 
go  through  one  side  of  the  heater  before 
it  reached  the  relief  valve;  about  90  deg. 
F.  w;as  the  highest  temperature  we  could 
get. 

I  put  a  relief  valve  in  the  line  near 
the  pump,  which  raised  the  feed-water 
temperature  to  132  deg.  The  engines 
were  piped  for  an  indicator,  but  the  firm 
did  not  have  such  an  instrument.  I 
persuaded  a  friend  to  lend  me  his,  and 
if  I  had  been  a  subscriber  to  Ponxer  at 
that  time  I  could  have  shown  some  dia- 
grams that  would  have  surprised  its 
readers.  On  taking  the  head  off  the  en- 
gine that  showed  the  poorest  diagram,  we 
found  one  piston  ring  broken  into  a 
dozen  pieces;  it  had  been  broken  so  long 
that  the  pieces  were  rounded  on  the 
edges.  When  new  rings  were  put  in 
and  the  valves  properly  set  on  all  the 
engines,  there  was  no  trouble  rn  keep- 
ing steam  even  while  cleaning  the  fires. 

The  manager  was  interested  right  away, 
and  told  the  chief  to  go  ahead  and  put 
the  steam  end  in  shape.  He  installed  a 
vacuum  system  of  heating  the  driers,  al- 
so a  modern'  feed-water  heater,  with  oil 
separators  in  the  exhaust  line  so  that 
the  water  of  condensation  was  used  for 
boiler  feed,  which  then  entered  the  boil- 
ers at  210  deg.,  and  reduced  the  back 
pressure  on  the  engines  from  8  to  3  lb. 
As  one  boiler  needed  retubing,  it  was 
then  cut  out,  and  on  taking  out  the  old 
tubes   we    found   940   lb.   of  scale   in   it. 


That   was   the   worst   boiler   in   the   plant, 
but  all   were  badly  scaled. 

A  rotary  tube  cleaner  was  purchased 
and  also  shaking  grates.  The  plant  now 
uses  but  four  of  the  five  boilers,  it  has 
plenty  of  steam,  and  burns  from  28  to  32 
tons  of  coal,  where  it  formerly  burned 
from  48  to  60  tons.  Before  the  change 
it  was  almost  impossible  to  keep  the 
firemen,  but  the  present  crew  has  been 
with  them  over  two  years. 

It  seems  queer  to  me  that  owners  who 
are  considered  shrewd  business  men  will 
allow  such  losses,  but  there  are  a  great 
many  plants  in  which  conditions  are 
equally  as  bad. 

U.   C.   Wood. 

Copenhagen,   N.   Y. 


The  Arithmetical  Mean 

Prof.  Smallwood  illustrates  one  of  his 
points  in  his  article  under  the  above  title 
in  the  Mar.  12  issue  by  the  consideration 
of  a  series  of  determinations  made  for 
the  quantity  of  water  discharged  through 
a  pipe  line  containing  a  venturi  meter 
tube  connected  to  a  manometer.  This 
illustration  requires  the  use  of  a  manom- 
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eter    scale    graduated    in    inches    differ- 
ence of  water  or  mercury  levels. 

In  laboratory  work,  a  scale  so  gradu- 
ated would  be  proper  since  students 
should  be  required  to  make  their  own 
calculations  from  the  theoretical  formula 
expressing  the  relation  between  differ- 
ential pressures  and  rates  of  flow;  in 
practice,  however,  the  scale  of  a  meas- 
uring instrument  is  usually  graduated 
directly  in  quantity  or  rate.  For  instance, 
assume  that  a  10-minute  test  with  a 
venturi  meter  having  the  scale  graduated 
in  "gallons  per  minute"  gave  the  re- 
sults shown  by  the  accompanying  cun/e. 


May  7,  1912 
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(he  first  reading  of  100  gai.  per  min- 
ute being  taken  at  A  and  the  last  read- 
ing of  900  gal.  per  minute  at  B.  Be- 
tween A  and  B  10  intervals  of  time  of 
one  minute  each  have  elapsed.  If  we  av- 
erage the  readings  by  the  usual  method 
for  such  a  test,  we  obtain  the  following: 
Time 


9 
10 

11)4.400 

400  =  average  rate 
To     correctly     average,     however,     we 
should  take  the  average  of  each  interval, 
add  the  results  together,  and  then  take 
the  average  of  the  total  as  follows: 
Average 
Interval  rate 

0-  1  200 

1-  2  350 

2-  3  300 

3-  4  200 

4-  5  250 

5-  fi  350 

6-  7  450 

7-  S  500 

8-  8  550 
9-10  750 

10)3,900 

,    390  =  average  rate 

The  first  method  then  shows  an  error 
of  +  2.6  per  cent.,  which  might  be  of 
m.aterial  importance  in  the  test  involved. 
This  is  a  point  which  Mr.  Smallwood 
does   not   bring  out  in  his  article. 

Instead  of  averaging  each  interval  as 
above,  the  following  rule  may  be  used 
for  obtaining   the   correct   average: 

To  one-half  the  sum  of  the  first  and 
last  readings,  add  the  sum  of  the  in- 
termediate readings  and  divide  by  the 
number  of  intervals. 

Thus  in  the  above  test  the  correct  av- 
erage is: 

900   +    100 


Charles   G. 
Providence,   R.   I. 


Troublesome   Feed  Pump 

In  regard  to  A.  J.  Berlin's  trouble 
with  his  feed  pump,  as  related  in  the 
Apr.  2  issue,  I  tfink  the  cause  of  the 
disk  shifting  was  that  when  he  shut  the 
pump  down  the  valve  disk  would  settle 
back,  either  by  the  pressure  being  off 
the  feed  line  or  the  pressure  caused  by 
a  leaky  check  valve;  when  he  would 
start  the  pump,  the  vibration  and  direc- 
tion of  flow  of  the  water  would  jar  it 
onto  its  seat;   this  would   be  possible. 

Something  similar  happened  to  one  of 
our  boilers  some  time  ago,  only  the  disk 
of  the  feed-water  regulator  unscrewed 
from  of  the  stem.  The  first  trouble  was 
reported  by  the  water  tender  of  my  shift; 
he  claimed  that  the  check  was  stuck, 
but  by  listening  to  what  little  water  was 


passing  through  the  regulator  I  came  to 
the  conclusion  that  this  was  the  location 
of  the  trouble.  After  closing  the  feed 
valves,  I  took  off  the  bonnet  of  the  feed- 
water  regulator  and  also  took  out  the 
disk  on  account  of  the  threads  being 
worn,  and  fed  that  boiler  by  hand  until 
we  cut  it  out  for  cleaning,  when  we  re- 
paired the  regulator. 

I  think  the  closing  of  the  valve  by  the 
disk  blew  out  the  gasket  between  decks 
of  his  pump  unless  he  had  a  number  of 
boilers  on  the  line  as  we  did;  then  it 
ought  not  to  have  blown  the  gasket.  Our 
pumps  are  provided  with  governors. 

Roy  Stahl. 

Rising    Sun,    Ohio. 


Temperatures    in    Engine  and 
Boiler  Rooms 

Mr.  Westerfield's  letter  under  the  above 
title  in  the  Mar.  5  issue  is  interesting; 
but  economy  does  not  always  result  from 
keeping  the  windows  closed,  as  the  fol- 
lowing cases  will  show. 

In  a  flour-mill  plant  one  of  the  gen- 
erators would  get  so  hot  that  we  were 
often  compelled  to  shut  down  and  switch 
over  on  the  city  service.  It  was  sug- 
gested that  the  window  directly  opposite 
the  machine  be  left  open.  After  doing 
this  and  letting  the  cold  air  blow  on  it, 
we  had  no   further  trouble. 

In  a  central-station  plant  we  were 
troubled  with  an  overloaded  alternator. 
This  machine  would  run  very  hot  and 
spark  greatly,  and  also  require  an  ab- 
normal amount  of  exciter  voltage  to  keep 
up  that  of  the  machine.  Cold  outside 
air  was  allowed  to  blow  in  through  a 
window  and  the  trouble  disappeared. 

All  the  piping  was  well  covered,  so  I 
believe  the  losses  incurred  by  more  rapid 
radiation  were  more  than  compensated 
for  by  the  increased  efficiency  of  the 
generators. 

M.    A.    Jensen. 

Nebraska  City,  Neb. 


Centrifugal   Pump  Troubles 

Milton  Baker,  in  the  issue  of  Mar. 
26,  presents  a  question  of  centrifugal- 
pump  installation.  The  conditions  as 
stated  are  that  2500  gal.  of  water  con- 
taining some  8  per  cent,  of  solids  are 
pumped  per  minute  through  a  10-in  pipe 
line  2000  ft.  long  and  lifted  to  a  height 
of  about  70  ft.  The  troubles  are  caused 
by  the  occasional  separation  of  the  mov- 
ing column  of  liquid,  particularly  when 
starting  up  or  shutting  down.  The  three 
pumps  used  are  so  spaced  along  the  pipe 
line  as  to  divide  the  total  head  about 
equally    between    them. 

While  the  size  used  would  be  adequate 
for  a  short  pipe  line,  it  seems  obvious 
that  a  larger  size,  say,  12  in.,  would 
have  been  far  more  advantageous.  The 
velocitv  through  a  10-in.  pipe  discharg- 
ing 2500  gal.  per  minute  would  be  about 
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10.2  ft.  per  second,  corresponding  to  a 
velocity  head  of  about  2  ft.  The  same 
quantity  would  pass  through  a  12-in.  pipe 
with  a  velocity  of  7  ft.  per  second,  the 
velocity  head  being  less  than  1   ft. 

In  the  issue  of  Apr.  4,  1911,  page  523, 
it  may  be  seen  that  the  diagram  show- 
ing the  frictional  head  in  feet  per  1000 
ft.  of  pipe,  for  the  usual  pipe  sizes  and 
for  various  quantities  of  water,  gives, 
for  2500  gal.  per  minute,  passing  through 
a  10-in.  pipe,  a  frictional  head  of  42 
ft.,  which  in  this  case,  for  2000  ft.  of 
pipe  line,  gives  84  ft. 

The  total  head  against  which  the  pumps 
must  work,  neglecting  the  8  per  cent, 
solids  which  the  water  contains,  is  then 
70  +  84  +  2  ft.  velocity  head  =   156  ft. 

The  water  horsepower  is 
2500  X  156 
3960 
The  constant  3960  is  used  for  clear  water. 

Assuming  an  efficiency  of  55  per  cent, 
for  the  type  of  pump  used,  the  required 
brake   horsepower  is 

0.55 
For  a   12-in.  line  the   diagram  gives  a 
frictional   head   of   16'..    ft.   per   1000   ft., 
or  a  total  of  33  ft. 

The  total  head  would  then  be  70  +  33 
+     1    ft.   velocity   head    =    104    ft.     The 
water   horsepower   equals 
2500  X  104 
3600 

Assuming  55  per  cent,  efficiency,  the 
brake   horsepower   is 

0.55 

The  difference  in  brake  horsepower  is 
179  —   119.4   =   59.6,  say,  60. 

With  a  12-in.  line,  only  two  pumps 
are  required,  since 


head  for  each  pump„  and  52  x  2  =  101 
ft.,  which  is  precisely  the  head  cal- 
culated as  required  for  the  12-in.  pipe. 
The  great  economy  to  be  gained  by  using 
a    12-in.    line    is   now   evident. 

To  remedy  the  present  trouble  with 
the  least  expense  I  suggest  putting  the 
three  10-in.  pumps  now  used,  at  the  No. 
I  station,  and  connecting  them  in  series; 
that  is,  the  first  pump  discharging  di- 
rectly into  the  suction  of  the  second, 
the  second  discharging  directly  into  the 
third,  and  this  latter  discharging  into 
the  line.  In  this  waj;  it  would  not  be 
necessary  to  install  air  chambers,  check 
valves,  reservoirs  or  sump  holes,  and 
the  priming,  starting  and  stopping  would 
all  be  done  at  one  single  station  and 
v/ould  be  under  perfect  control. 

If  the  work  is  to  extend  for  a  long  per- 
iod, say  over  a  year,  it  might  be  well  to 
investigate  into  the  question  of  replacing 
the  present  10-in.  line  by  a  larger  size 
one. 

Albert  E.  Guy. 

Pittsburg,  Penn. 
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Inquiries  of  General  Interest 

Questions  are  not  answered  unless  accompanied  by  the  name  and 
address  of  the  inquirer.     This  page  is  for  you  when  stuck — use  it 


Ciishioti   Vahcs 

What  are  the  valves  located  at  each 
end  of  the  cylinder  on  the  outside  of  the 
steam  cylinders  of  a  duplex  pump? 

G.   A.   W. 

They  are  cushion  valves,  and  are  lo- 
cated in  a  passage  connecting  the  steam 
port  with  the  exhaust  port  at  each  end  of 
the  cylinder.  Referring  to  the  illustra- 
tion,   when    the    piston    covers    the    ex- 
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Section  through  Cylinder 

haust  port  near  the  end  of  the  stroke, 
the  piston  is  brought  to  rest,  without  any 
shock  by  compressing  the  small  amount 
of  steam  left  in  the  cylinder  after  the 
exhaust  port  is  closed.  The  compression 
can  be  regulated  by  adjusting  the  com.- 
pression  or  cushion  valves,  so  as  to  per- 
mit the  escape  of  more  or  less  of  the 
compressed  steam  into  the  exhaust  port. 


Height  of  a  Horizontal  Tubular 
Boiler  over  the  Grate 

What  should  be  the  distance  from  the 
grate  to  the  bottom  of  the  shell,  the  top 
of  the  bridge-wall  from  the  bottom  of  the 
shell,  and  the  back  end  from  the  rear 
wall,  of  a  horizontal  tubular  boiler? 
R.   F.  J. 

The  distance  from  the  top  of  the  grate 
to  the  bottom  of  the  boiler  should  be 
about  24  in.  for  grates  4  ft.  long,  this 
distance  increasing  in  proportion  to  the 
length  of  the  grate.  This  applies  to 
grates  using  anthracite  coal  only;  for  bi- 
tuminous coal  the  distance  should  be  in- 
creased from  30  to  36  in. 

The  distance  from  the  back  end  to  the 
rear  walls  should  be  about  16  in.  for  boil- 
ers less  than  58  in.  in  diameter,  and  from 
18  to  24   in.   for  larger  boilers. 


Usually  9  in.  is  the  distance  from  the 
bridge-wall  to  the  bottom  of  the  boiler, 
for  boilers  up  to  60  in.,  and  10  in.  for 
larger  sizes. 


Westinghouse-Parsons  Steam- 
Turbitie  Governor 

How  is  the  speed  of  a  Westinghouse- 
Parsons  turbine  controlled? 

J.  M.  M. 

Steam  enters  the  turbine  through  a 
poppet  valve,  controlled  by  the  governor. 
At  light  loads  the  valve  opens  for  short 
periods,  remaining  closed  for  the  greater 
part  of  the  time.  As  the  load  increases 
the  valve  remains  open  longer,  until  when 
full  pressure  is  continually  maintained 
in  the  high-pressure  end  of  the  turbine 
the  valve  merely  vibrates  without  sensibly 
affecting  the  pressure  of  the  steam.  If 
the  load  is  still  further  increased,  an  aux- 
iliary valve  begins  to  open  and  admits 
steam  directly  into  the  lower  stages  of 
the  turbine. 


Boiler  Scale  Solvent 

Have  molasses  and  tanbark  any  value 
as  boiler-scale  solvents? 

J.   K. 

They  will  act  by  virtue  of  the  acetic 
and  tannic  acid  they  contain.  They  may 
act  on  the  scale,  but  they  corrode  the 
metal  of  the  boiler. 


Water  Pail  Forge 

How  is  a  "water-pail"  forge  made? 
B.  C.  C. 

The  method  of  heating  with  a  water- 
pail  forge  consists  of  plunging  the  metal 
to  be  heated  beneath  the  surface  of 
a  conducting  liquid;  the  metal  should  be 
connected  to  the  negative  pole  of  a  con- 
tinuous source  of  electric  current.  The 
vessel  containing  the  liquid  is  provided 
with  a  lead  lining,  which  is  connected  to 
the  positive  pole.  To  render  the  liquid 
conducting,  a  salt,  such  as  sal  soda,  is 
dissolved  in  water  to  a  specific  gravity 
of  1.2,  and  to  every  10  gal.  of  solution 
.5  lb.  of  borax  are  added. 


Weight  of  the   Governor  Balls 
Will  changing  the  weight  of  the  balls 
of  a  fly-ball  governor  affect  the   actioi> 
of  the  governor? 

G.  McB. 
Theoretically,  the  action  of  the  govern- 
or is  independent  of  the  weight  of  the 


balls;  practically,  there  is  considerable 
friction  in  the  mechanism  of  the  gov- 
ernor, and  the  balls  must  have  weight 
enough  to   overcome   it. 


Duty   of  Pumping  Engines 

What  is  the  definition  of  "duty,"  as  ap- 
plied to  pumping  engines? 

P.  K.  M. 

Duty  may  be  expressed  as  the  number 
of  foot-pounds  of  work  obtained  in  the 
pump  cylinders  per  1,000,000  B.t.u.  fur- 
nished to  the  engine  by  the  boiler.  An- 
other definition  is  the  number  of  foot- 
pounds of  work  done  in  the  pump  cylin- 
der per  100  lb.  of  coal  burned  in  the 
boiler;  this,  however,  includes  the  boiler 
efficiency  and  the  heat  value  of  the  coal. 


Fan   Capacity 

How  many  cubic  feet  of  air  per  minute 
must  a  fan  furnish  to  a  battery  of  boilers 
having  a  total  capacity  of  450  hp.,  assum- 
ing that  1  lb.  of  coal  evaporates  8  lb.  of 
water,  and  that  1  lb.  of  coal  requires  230 
cu.ft.  of  air  for  its  combustion? 

B.    O.    T. 

Assuming  that  the  boiler  evaporates  30 
lb.  of  water  per  horsepower  per  hour, 
the  water  evaporated  per  hour  by  the 
boilers  would  be 

450  X  30  =   13,500  lb. 
Since  8  lb.  of  water  are  evaporated  per 
pound  of  coal 


'  3,500 


=  1687.5  (6.  per  hr. 


1687.5  „         ti    I 

— —  28.12  lb.  per  mm. 

The  air  required  by  the  fan  would  be 
28.12  X  230  =  6467.6  cu.ft.  per  min. 


Loss  of  Current  through  Groimds 
Does  an  electric  circuit  lose  any  cur- 
rent  when    one   side   of   the   system    is 
grounded? 

W.   H. 
No,  if  only  one  side  of  the  system  is 
grounded. 


"£)/#'  Coal 

What  is  "duff"  coal? 

S.  A.  G. 

"Duff,"  according  to  the  Standard  Dic- 
tionary, means  "small  or  fine  coal,"  and 
is  used  to  define  washed  bituminous  slack. 
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The   Power  Show  at   Boston 


A  great  success  was  the  general  ver- 
dict, not  only  in  the  number  and  quality 
of  exhibits  but  also  in  the  attendance. 
Engineers,  mechanics  and  men  promi- 
nent in  the  field  from  all  over  New  Eng- 
land were  there  and  were  as  enthusias- 
tic about  the  show  as  the  exhibitors  were 
over  the  results  of  their  attendance.  The 
New  England  Association  of  Engineers, 
which  made  all  arrangements  and  con- 
ducted its  first  power  show  during  the 
week  of  Apr.  22-27  in  conjunction  with 
the  third  annual  exhibition  of  textile 
machinery,  is  to  be  congratulated  on  its 
enterprise,  and  it  is  small  wonder  that  it 
was  unanimously  decided  to  make  the 
show  an  annual  event. 

The  exhibition  covered  two  large  floors 
and  the  gallery  of  the  Mechanics  Build- 
ing. The  entire  basement  was  devoted 
to  power-plant  exhibits  and  on  the  floor 
above  were  to  be  seen  all  kinds  and 
types  of  textile  machinery  in  operation, 
humidifiers  and  air-conditioning  plants. 
In  the  gallery  were  samples  of  finished 
products  and  even  made-up  garments 
were  exhibited  here  by  some  of  Boston's 
leading  retail  merchants. 

On  Monday  afternoon,  at  2  p.m.,  the 
show  was  opened  to  the  public,  and  dur- 
ing the  evening  between  6:15  and  7:30 
the  Commercial  Engineers  held  a  dinner 
which  was  attended  by  about  125  mem- 
bers and  guests.  The  power  show  set 
aside  Tuesday  as  engineers'  Blue  Room 
Club  day  and  a  large  number  of  the 
members  was  in  attendance.  Wednesday 
was  N.  A.  S.  E.  day  for  New  England 
engineers.  The  National  Association  of 
Cotton  Manufacturers  also  opened  its  an- 
nual convention  in  Paul  Revere  Hall, 
which  was  continued  on  Thursday. 

A  number  of  interesting  papers  were 
presented,  and  the  following,  which  may 
be  of  interest  to  Power  readers,  will  be 
presented  in  later  issues:  "The  Inter- 
pretation of  Water  Rights  in  Connection 
with  Water  Power,"  by  Richard  A.  Hale; 
"Steam  Plant  Efficiency  in  Textile  Mills," 
by  R.  L.  Foster,  and  "Transmission  of 
Power  by  Ropes,"  by  Edwin  Kenyon. 

On  Friday  the  Master  Mechanics  As- 
sociation of  America  held  its  first  con- 
vention. Three  papers  were  read:  one 
by  John  S.  Schumaker  on  "The  Attitude 
of  Employer  and  Employee  toward 
Scientific  Management";  another  by  Ed- 
ward A.  Uehling  on  "Steam  Boiler  Effi- 
ciency," and  the  third  was  Mr.  Foster's 
paper  on  "Steam  Plant  Efficiency  in  Tex- 
tile Mills,"  which  had  been  previously 
presented  at  the  Cotton  Manufacturers' 
convention.  The  two  papers  last  named 
will  be  given  early  attention  in  these 
columns. 

Saturday  was  the  closing  day  of  ths 
show   and    was    featured   by    a   mid-day 


luncheon  under  the  auspices  of  the  Mas- 
ter Mechanics   Association. 

All  of  the  exhibits  were  of  interest, 
but  a  certain  few,  due  to  their  arrange- 
ment or  some  distinctive  feature,  seemed 
to  attract  the  visitors.  Upon  entering 
the  hall  the.  first  booth  to  catch  the  eye 
was  that  of  the  Cork  Insert  Co.,  of  Bos- 
ton, in  which  were  displayed  a  number 
of  iron,  wood,  steel  and  paper  pulleys 
with  cork  inserts.  All  were  of  large 
diameter  and  the  background  was  made 
up  of  brake  facings  and  "frictions"  and 
"tensions"  cut  to  suit  all  uses. 

Hess-Bright  Manufacturing  Co.  had 
an  attractive  exhibit  the  feature  of  which 
was  a  background  case  brilliantly  illumi- 
nated and  containing  about  1500  beam- 
ings of  different  size  and  style  of  thrust, 
including  annular  bearings. 

An  optical  illusion  in  the  form  of  a 
series  of  chain  drives  operating  behin.1 
a  rotating,  slotted  disk  was  exhibited  by 
the  Link  Belt  Co.  By  looking  through 
the  disk,  two  of  the  chains  were  seem- 
ingly at  a  standstill,  one  appeared  'o 
move  slightly  in  a  forward  direction  and 
a  fourth  in  a  direction  opposite  to  its 
travel.  The  object  of  the  device  was  to 
illustrate  the  action  of  the  chain  on  the 
sprockets. 

The  new  spiro  turbine  of  the  Buffalo 
Forge  Co.,  exhibited  in  connection  wifi 
a  complete  air-conditioning  apparatus  for 
a  two-story  mill  designed  by  the  Car- 
rier Air  Conditioning  Co.  of  New  York, 
was  a  novelty. 

Those  interested  in  COl>  recorders 
dwelt  around  the  space  occupied  by  B. 
L.  Ames.  Two  Precision  instruments 
were  attached  to  the  boilers  of  the  build- 
ing and  were  kept  in  constant  opera- 
tion. One  of  the  machines  had  a  60-day 
chart  on  which  were  recorded  both  draft 
and  the  percentage  of  CO:..  In  the  same 
booth  a  Monarch  steam  soot-remover  for 
water-tube  boilers  and  superheaters  was 
on  exhibition  and  also  a  Climax  smoke 
preventer  with  an  improvement  to  eli- 
minate all  objectionable  noise. 

Not  far  away  the  Uehling  Instrument 
Co.  had  one  of  its  standard  CO.  and 
temperature-recording  machines  which 
was  also  attached  to  the  boilers  and  in 
operation. 

Austen  &  Doten,  distributors  for  the 
National  Tube  Co.,  had  a  remarkable 
table  made  up  entirely  of  samples  of 
Shelby  seamless  steel  tubing.  It  con- 
tained 3000  pieces  and  weighed  1700  lb. 
Kewanee  specialties  were,  of  course,  in 
evidence,  and  an  interesting  feature  was 
a  testing  machine  showing  how  the 
unions  are  tested  under  water  with  com- 
pressed  air. 

John  B.  Perkins  Co.  showed  a  va- 
riety   of    products    from    the    companies 


represented.  These  included  Sarco  traps 
and  a  CO2  recorder,  pump  models,  a  new 
Perkins  damper  regulator,  Alphons  Cus- 
todis  brick  and  particularly  a  special 
demonstrating  model  of  a  Hewes  & 
Phillips  Corliss  engine  with  the  new 
Franklin  releasing  valve  gear.  The  cyl- 
inder, which  was  10x24  in.,  was  cut  in 
two  lengthwise  and  covered  with  a  glass 
plate  in  order  to  show  clearly  the  oper- 
ation of  the  piston  and  valves  under  nor- 
mal working  conditions. 

One  of  the  features  of  the  show  was  a 
500-hp.  Cochrane  open  heater,  equipped 
with  a  V-notch  and  Lea  recorder.  A  small 
circulating  pump  kept  up  a  constant  flow 
of  water,  and  portholes  in  the  wall  per- 
mitted an  inspection  of  the  interior. 

Immediately  back  of  this  exhibit,  in 
the  booth  of  the  Robb  Engineering  Co., 
was  a  full-size  return-tubular  boiler  front 
equipped  with  a  6x6-ft.  Macdonald  shak- 
ing grate.  Test  pieces  of  metal  and  a 
section  of  the  joints,  showing  the  style  of 
riveting,  were  also  in  evidence. 

At  the  booth  of  the  Chapman  Valve 
Manufacturing  Co.,  the  crowd  never  tired 
of  watching  the  working  of  two  gate 
valves,  one  electrically  operated  and  the 
other  hydraulically. 

Another  attraction  was  the  immense 
No.  20  E  Koerting  Universal  injector,  ex- 
hibited by  the  Schiitte  &  Koerting  Co.  It 
had  capacity  to  supply  2500  boiler  horse- 
power at  150  lb.  working  pressure.  An 
electrically  controlled  engine  stop  suc- 
ceeded in  startling  some  of  the  lady  visit- 
ors every  time  it  was  operated.  Film 
specialties  and  other  items  made  up  the 
exhibit. 

The  Holyoke  Machine  Co.  showed  run- 
ning exhibits  of  its  new  "Improved"  hy- 
draulic waterwheel  governors  of  horizon- 
tal and  vertical  types,  and  also  of  its 
m.echanical  governor.  The  new  governors 
created  a  great  deal  of  interest,  and  were 
carefully  compared  with  the  Lombard 
governor,  which,  with  its  complete  oil  and 
air  outfit,  was  exhibited  in  another  bootn 
in  connection  with  a  vertical  wicket  gate 
wheel,  made  by  the  S.  Morgan  Smith  Co. 

Perhaps  the  inost  conspicuous  exhibit 
in  the  show  was  that  of  the  Johns- 
Manville  Co.  With  its  various  asbestos 
products  neatly  arranged  under  a  portico 
covered  with  Transite  shingles  and  the 
supporting  columns  twined  with  wistaria, 
the  effect  was  most  pleasing.  A  feature 
was  the  exhibit  of  "J.  &  M."  sectional 
conduit  and  sponge  filling  for  under- 
ground steam  mains.  Linolights  brilliant- 
ly illuminated  the  booth. 

To  illustrate  the  difference  in  friction 
betxxeen  the  ordinary  babbitted  bearing 
and  Sells  roller  hearings,  the  Grant  Nail 
&  Supply  Co.  exhibited  a  number  of 
American  iron  pulleys  and  Gilbert  wooden 
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pulleys,  equipped  with  both  types  of  bear- 
ing. A  feature  attracting  considerable 
interest  was  a  jackshaft,  equipped  with 
three  pulleys  running  on  roller  bearings 
and  driven  by  a  small  string. 

The  balance  of  the  exhibits,  many  of 
which  were  just  as  attractive  and  inter- 
esting as  those  previously  described,  may 
well  be  classed  under  general  headings 
covering  the  principal  product  exhibited. 

Valves 

There  was  a  great  display  of  valves  of 
all  types  and  sizes.  The  Ashton  Valve 
Co.  had  a  very  attractive  collection  of 
its  standard  types,  and  a  display  of  gages 


Bashlin  valves  and  faucets  were  ex- 
hibited by  the  Hyland  Manufacturing  Co. 

Braman,  Dow  &  Co.,  representing  the 
William  Powell  Co.,  had  a  full  line  of 
"White  Star"  valves,  globe,  gate,  blowoff 
and  check,  and  an  exhibit  of  the  "ready" 
throttle   valve. 

Modulation-system  valves  and  appli- 
ances for  vacuum  heating  ard  air  washer 
display  parts  formed  the  exhibit  of  War- 
ren Webster  &  Co. 

Monarch  gate  valves  for  all  kinds  of 
service  and  the  Rothchild  rotary  gate 
valve  were  displayed  by  Mr.  Hosley,  New 
England  agent  for  the  Monarch  Valve  & 
Manufacturing  Co. 


pocket,    with    a   capacity    of   30    gal.    per 
minute. 

The  American  steam  pump  was  ex- 
hibited in  the  booth  of  J.  B.  Perkins,  pre- 
viously mentioned. 

Boiler  Accessories 

A  number  of  grates  were  on  exhibition. 
The  Burke  Engineering  Co.  had  a  6x5- 
ft.  Neemes  grate,  the  Canton  Grate  Co. 
displayed  a  4x4-ft.  grate  of  its  make  and 
a  model,  half  size,  was  the  exhibit  of  the 
Perfection  Grate  Co.  H.  F.  Morse  ex- 
hibited a  full-size  Cyclone  grate,  mounted 
in  a  brick  setting. 


SO.ME    OF    THE    EXHIBITS    AT    THE    BOSTON     PONX'ER    SHOW 


and  sanitary  drinking  fountain,  through 
which  was  dispensed  "Adam's  ale"  to 
all   comers. 

The  American  Steam  Gauge  &  Valve 
Manufacturing  Co.  was  featuring  the 
American  H,0  grease-extracting  feed- 
A'ater  filter  and  a  new  line  of  globe 
valves.  A  pyramid  of  brass  safety  valves, 
relief  valves  and  whistles  made  a  neat 
display. 

The  Lunkenheimer  booth  was  attractive 
with  its  display  of  high-pressure  steam 
valves,  lubricators,  grease  cups  and  a 
special   nonreturn  stop   valve. 

Jenkins  Bros.,  besides  their  usual  line 
of  valves  and  mechanical  rubber  goods, 
had  a  special  exhibit  of  gate  valves  with 
iron  and  brass  bodies. 


Pumps 

The  booth  of  the  International  Steam 
Pump  Co.  contained  a  combination  ex- 
hibit of  Blake  &  Knowles,  Clayton  and 
Deane  apparatus.  The  company  first 
named  was  showing  a  case  filled  with 
working  models  of  its  various  types  of 
pumps  and  one  of  its  new  single  pumps 
for  250  lb.  pressure.  The  Clayton  exhibit 
was  a  small  compressor  for  garage  work. 
Deane  triplex  pumps,  a  6-in.  power  weld 
head  and  a  section  of  a  single  boiler-feed 
pump  completed  the  exhibit. 

The  Goulds  Manufacturing  Co.  showed 
a  number  of  power  pumps,  the  features 
of  the  booth  being  a  double-suction,  4-in. 
centrifugal  pump,  and  a  centrifugal  small 
enough   to  be  carried   around   in  a  coat 


The  McLeod  i^-  Henry  Co.  was  exhibit- 
ing its  boiler-door  arches  and  jambs,  fire- 
box blocks,  back-combustion  chamber 
and  a  model  of  a  horizontal  tubular  boil- 
er, showing  the  arches  and  firebox  lining. 

A  working  model  of  an  economizer,  a 
"Positivflo"  heater  section  and  a  planing- 
mill  exhauster  comprised  the  exhibit  of 
the  Green   Fuel   Economizer  Co. 

A  Richardson  coal  scale,  weighing  rice 
for  convenience,  was  an  interesting  ma- 
chine to  watch,  and  an  attractive  booth 
was  that  of  the  Pennsylvania  Flexible 
Metallic  Tubing  Co.  The  exhibit  consisted 
of  hose  of  various  sizes,  spirally  wound 
with  copper,  including  a  special  hose  de- 
signed for  blowing  boiler  tubes. 
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Steam  Specialties 

The  Nashua  Machine  Co.  had  a  work- 
ing exhibit  of  the  new  Bundy  trap,  which 
now  has  a  round  body  and  has  been  sim- 
plified by  doing  away  with  the  trun- 
nion joints  and  the  curved  tube  within. 
The  working  exhibit  consisted  of  a  re- 
ceiving tank,  lifting  and  return  traps, 
operated  by  compressed  air. 

High-  and  low-pressure  traps,  a  dis- 
play of  seamless  copper  floats  and  im- 
proved safety  water  columns  were  put  on 
eixhibition  by  the  Wright  Manufacturing 
Co.,  and  in  the  same  booth  sections  of 
Austin  steam  and  oil  separators  were 
to  be  seen. 

A.  W.  Barnes  had  a  varied  exhibit,  con- 
sisting of  Sterling  float  traps,  made  by 
the  Templeton  Manufacturing  Co.,  a  Hart 
force  sight-feed  lubricator  and  the  Sher- 
wood specialties,  also  literature  on  the 
American  Ball  engine  and  Mackie  heaters. 

Exhibits  of  the  Tillotson  Humidifier 
Co.  were  a  humidifier  and  yarn  steamer 
in  full  operation,  and  a  line  of  ideal  traps, 
among  which  was  a  new  low-pressure 
trap  with  a  Z^'j-in.  outlet  for  handling 
large   amounts   of   condensation. 

G.  P.  Anderson,  New  England  repre 
sentative,  displayed  a  line  of  the  latest 
Rochester  automatic  lubricators,  made 
by  Greene,  Tweed  &  Co.,  the  Kieley  spe- 
cialties and  American  metal   hose. 

Another  line,  exhibited  by  the  Nightin- 
gale &  Childs  Co.,  was  the  Swartwout 
steam  specialties.  Asbestos  of  varied  fin- 
ish added  to  the  appearance  of  the  booth. 

The  Mason  Regulator  Co.  showed  its 
full  line  of  pressure-reducing  valves, 
balanced  valves  of  piston  and  beveled 
seated  types,  a  pump  speed  governor  and 
a  hydraulic  damper  regulator. 

The  Elliot  products  at  the  show  were 
grease  extractors  and  filters,  the  T.  W. 
regulator,  float  traps,  oil  separators, 
water  alarms  and  the  Faber  blowoff  valve. 
The  features  were  a  twin  strainer  and  a 
new  back  pressure  or  relief  valve,  12  in. 
in  diameter. 

Boiler-tube   Cleaners  and  Soot 
Blowers 

A  number  of  well  known  cleaners  were 
represented  at  the  show.  The  Diamond 
Power  &  Specialty  Co.  showed  five  dif- 
ferent soot  blowers,  featuring,  however, 
the  horizontal  tubular  and  Manning  types. 
The  Liberty  Manufacturing  Co.  called  at- 
tention to  its  tube  cleaners  by  raucous 
blasts  from  one  of  the  motors.  The 
Patterson  Lubricating  Co.  showed  the 
Lagonda  line  of  cleaners,  multiple  strain- 
er and  reseating  machine,  and  its  own 
P.  L.  C.  packing,  while  the  Dean  cleaners, 
as  well  as  an  improved  gas  analyzer  for 
CO  ,  CO  and  O,  were  placeJ  in  evidence 
by  the  William  B.   Pierce  Co. 

The  Charles  A.  Claflin  Co.  exhibited  its 
automatic  and  continuous-blast  blowers 
for  removing  soot  from  fire-tube  boilers, 
and  various  patterns  of  "Sure-Hold"  ad- 
justable clamp  steam  hose  fittings. 


Packings 

Sheet,  fibrous  and  metallic  packings 
were  well  represented  by  the  various 
brands  of  the  following  firms:  France 
Packing  Co.,  represented  by  J.  Henry 
Blanchard;  A.  W.  Chesterton  Co.; 
Greene.  Tweed  &  Co.;  Peerless  Rubber 
.Manufacturing  Co.,  whose  "Rainbow" 
packing  and  belting,  as  well  as  the  prod- 
uct of  the  Eureka  Fire  Hose  Manufactur- 
ing Co.,  were  displayed  in  a  large  booth 
by  the  Enterprise  Rubber  Co.,  of  Boston; 
the  Garlock  Packing  Co.  and  the  Boston 
Belting  Co.,  which  had  a  full  line  of  me- 
chanical rubber  goods. 

Power-transmission  Appliances 

In  this  line  the  Reeves  Pulley  Co.  dem- 
onstrated its  variable-speed  transmission, 
and,  in  addition,  a  number  of  wood  split 
pulleys  and  clutches. 

William  Sellers  &  Co.,  Inc.,  had  a  large 
exhibit  of  various  types  of  belt  drive,  il- 
lustrating its  different  products  of  manu- 
facture; pullevs,  hangers,  shafting, 
binder    frames,   bicycle   drives,   etc. 

Cotton  transmission  rope  with  wire  cen- 
ter and  screw  couplings  to  avoid  splicing 
was  tested  in  a  machine  for  the  purpose 
in  the  booth  of  the  Sampson  Cordage 
Works.  Several  types  of  rope  drives 
were  also  kept  in  motion. 

An  84-in.  steel  pulley,  with  a  38-in. 
face,  which  had  been  in  service  for  four 
years,  was  the  feature  of  the  Oneida  Steel 
Pulley  Co.'s  booth. 

The  .American  Tool  &  Machine  Co.  was 
displaying  steel  pulleys,  centrifugal  oil 
separators   and    shaft   hangers. 

Several  sizes  cf  Samson  friction 
clutches  were  on  exhibition  in  the  booth 
of  George  L.  Fairbanks  &  Son,  and  the 
Dodge  Manufacturing  Co.  showed  its  Or- 
ton  and  Dodge  clutches,  in  addition  to 
its  several  distinctive  types  of  split  pul- 
ley. 

A  wigwam,  made  up  of  Indian  tan  lace 
leather  and  an  exhibit  of  Victor-Balata 
and  Phtenix  belting  were  offered  for  in- 
spection by  the  New  York  Leather  Belt- 
ing Co.,  and  in  another  space  the  Cling- 
Surface  Co.  was  operating  a  testing  out- 
fit, to  show  the  difference  in  pulling 
capacity  between  a  belt  under  high  ten- 
sion and  one  treated  with  Cling  Surface. 

Oils,  Filters  and  Lubricators 

Lubricating  oils  for  all  purposes  were 
in  great  abundance.  Some  firms  had 
barrels  of  it  and  others  sample  phials, 
and  in  most  cases  cans  of  grease  were 
included  in  the  exhibit.  The  following 
firms  were  represented  at  the  show:  Al- 
bany Lubricating  Co.,  American  Oil  Co., 
the  Texas  Co.,  Keystone  Lubricating  Co., 
Borne  Scrymer  Co.  and  the  Underhay  Oil 
Co. 

The  Richardson  Phenix  Co.  had  on  ex- 
hibition one  of  the  No.  2  Richardson  in- 
dividual automatic  oiling  systems,  a 
Phenix    type    oiling    system,    a   model    M 


force-feed  lubricator  and  a  line  of  oiling 
apparatus. 

S.  F.  Bowser  &  Co.  featured  a  very 
complete  and  compact  oil-filtration  aftd 
circulating  system,  oil-can  fillers  for 
mill  use  and  a  number  of  other  special- 
ties. The  Economy  Lubricating  Co.,  of 
Boston,  showed  the  Economy  and  Lunk- 
enheimer  grease   cups. 

Force-feed  lubricators,  single,  double, 
triple  and  eighteen-feed,  made  an  attrac- 
tive exhibit  for  the  Hills-McCanna  Co., 
Inc.  An  interesting  feature  was  one  of 
the  old  pop-bottle  lubricators  dating  back 
to   1873. 

The  International  Acheson  Graphite 
Co.  drew  attention  to  its  graphite  pro- 
ducts with  an  illuminated  model  of  a 
furnace   in   which   graphite   is   made. 


Instruments, 


Gages  and  Meters 


Apparatus  of  this  kind  was  not  lacking 
at  the  show.  The  Schaeffer  &  Buden- 
berg  Manufacturing  Co.  had  an  exten- 
sive and  varied  display  of  indicating 
and  recording  gages,  tachometers,  calori- 
meters and  steam-engine  indicators.  Co- 
lumbia recorders  and  "reform"  mercury 
thermometers  made  up  in  gage  form 
were  the  features  attracting  special  at- 
tention. 

A  Venturi  hot-water  and  steam  meter 
with  a  quantity  indicator  dial,  a  record- 
ing chart  and  counter  was  the  attraction 
offered  by  the  Builders  Iron  Foundry,  of 
Providence.  The  meter  had  a  capacity 
up    to    1500   boiler  horsepower. 

An  Emerson  fuel  calorimeter  and 
thermoelectric  pyrometer  were  exhibited 
by  the  Emerson  Apparatus  Co.  in  con- 
junction with  a  textile  conditioning  oven 
and  a  small  model  of  the  Kilgour  boiler 
setting. 

The  Standard  Engineering  Co.  had  a 
varied  exhibit  which  included  an  Avery 
coal  scale,  a  Thwing  pyrometer  and  re- 
cording meters  from  the  Industrial  In- 
strument Co. 

The  Hohman  &  Maurer  division  of  the 
Taylor  Instrument  Co.  showed  a  varied 
line  of  meters,  thermometers  and  gages, 
including  a  hygrodeik  for  determining 
relative  humidity. 

Miscellaneous 

Due  to  their  size  and  the  inconveni- 
ence of  exhibiting  large  units,  prime 
movers  were  not  numerous  at  the  show. 
The  Brown  Engine  Co.  had  a  llx30-in. 
cylinder  of  its  latest  model,  also  the 
crosshead  and  governor.  The  Terry 
Steam  Turbine  Co.  was  operating  a  15- 
kw.  turbine  direct-connected  to  a  Crock- 
er-Wheeler generator,  and  the  Allis- 
Chalmers  Co.  exhibited  a  turbine  in  sec- 
tion in  a  large  booth  outlined  by  a  num- 
ber of  its  standard  motors. 

The  General  Electric  Co.  featured  its 
cloth  pinions,  an  ozonator  and  a  variety 
of  Mazda   lamps. 

Unions,  flanges  and  pipe-fitting  spe- 
cialties  were    featured    by    the    '»fferson 
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Union  Co.  The  Auto  Force  air  pump  or 
ventilator  could  be  seen  from  all  quart- 
ers of  the  hall. 

Engine  stops,  mechanically  and  elec- 
trically operated,  an  electrical  pilot  valve, 
a  damper  regulator  and  a  vacuum 
breaker  wired  up  in  connection  with  the 
electrical  stop  drew  attention  to  the  booth 
of  the  Locke  Regulator  Co. 

The  Penberthy  Injector  Co.  exhibited 
its  auto-positive  injector,  the  "XL"  96 
ejector  in  several  sizes  and  a  line  of  oil 
and  grease  cups  for  stationary  and  auto- 
mobile use.  In  the  same  booth  the  Mc- 
Cord  Manufacturing  Co.  was  showing 
its  McKim  gaskets  and  force- feed  lu- 
bricators. 

The  large  copper  rotor  of  a  48-in.  fan 
for  handling  steam  and  acid  fumes  at- 
tracted visitors  to  the  booth  of  the  Mass- 
achusetts Fan  Co.,  which  was  also  ex- 
hibiting a  Davidson  fan  for  general  ven- 
tilation, the  rotor  of  a  squirrel-cage  fan, 
a  heater  coil  with  internal  bleeder  and  a 
30-in.  planing-mill  exhauster. 

Perolin,  the  new  German  boiler  com- 
pound, and  "Skookum"  packing  made  by 
the  Bowers  Rubber  Works,  of  San  Fran- 
cisco, were  featured  by  the  Eagle  Oi! 
&  Supply  Co.,  and  in  the  near  vicinity 
P.  H.  Hogan,  New  England  manager  of 
the  Dearborn  Drug  &  Chemical  Works, 
was  kept  busy  spraying  "boiler  com- 
pound" on  visiting  ladies  and  distributing 
literature  on  the  treatment  of  boiler 
water. 


Boiler  Inspectors  Hold 
Annual  Banquet 

On  the  evening  of  Apr.  23,  in  the 
American  House,  Boston,  the  American 
Steam  Boiler  Inspectors  held  their  third 
annual  banquet  and  election  of  officers. 
The  election  took  place  first  and  resulted 
as  follows:  President,  M.  S.  King;  vice- 
president,  W.  O.  Young;  secretary,  A.  R. 
Chambers;  treasurer,  Adam  Oldfield; 
executive  committee,  J.  F.  MoUoy,  H. 
Van  Ormer,  C.  D.  Noyes,  T.  G.  Ranton 
and  James  MacDonald. 

About  70  members  and  guests  sat  at 
table  and  during  the  coffee  and  cigar 
period  were  addressed  by  a  number  of 
speakers. 

W.  H.  Hamilton,  of  the  Lukens  Steel 
&  Iron  Co.,  told  how  openhearth  steel 
was  made  at  Coatesville,  and  F.  N.  Spel- 
ler, of  the  National  Tube  Co.,  spoke  on 
spellerized  boiler  tubes.  His  talk  first 
dwelt  on  the  subject  of  corrosion,  which, 
due  to  its  complicated  nature,  had  only 
been  recently  understood.  Iron  will  not 
corrode  in  dry  air  nor  in  water  free  from 
air.  It  is  slightly  soluble  in  water,  and 
after  it  dissolves,  air  acting  on  the  solu- 
tion precipitates  what  is  commonly  called 
rust.  To  lessen  corrosion  iron  must  be 
made  less  soluble  in  water.  Mr.  Speller 
spoke  on  the  effects  of  carbon,  man- 
ganese,    phosphorus,     sulphur,     silicon, 


oxides  and  cinder.  Black  cinder  in  iron 
accelerates  corrosion  by  setting  up  gal- 
vanic action. 

Uniformity  in  metal  is  the  keynote 
to  the  whole  situation.  It  must  be  uni- 
form chemically  as  well  as  physically. 
At  the  works  of  the  National  Tube  Co. 
physical  uniformity  is  obtained  by  the 
use  of  specially  knobbed  rolls.  To  pro- 
duce the  best  metal  it  is  necessary  to 
have    central    control    over    the    various 


Other  speakers  of  the  evening  were 
H.  Cave,  W.  D.  Haggerty,  G.  H.  Lloyd, 
Henry  M.  Feldmann,  T.  G.  Ranton,  C.  J. 
Nyquist  and  the  new  president,  M.  S. 
King. 


Bad  Breakdown  at  Manchester 
(la.)    Power  Plant 
Early    on    Sunday    morning,    Apr.    14, 
while    the    large    Corliss    engine    in   the 


Boiler  Inspectors  at  Annual  Banquet  in  American  House,  Boston 


stages  of  manufacture  and  a  system  of 
checking  the  quality  of  the  product  on 
its    way    through. 

Joseph  H.  McNeil,  chief  inspector  and 
chairman  of  the  Massachusetts  Board 
of  Boiler  Rules,  made  a  plea  for  more 
legible  stamping  of  steel.  Boiler  in- 
spectors find  it  difficult  to  identify  steel 
after  it  has  been  rolled  and  made  up 
into  boilers.  After  an  accident  it  is  of 
the  greatest  importance  to  know  the  kind 
of  steel  and  its  maker,  and  this  informa- 
tion cannot  be  readily  ascertained  un- 
less a  legible  stamp  has  been  imprinted 
on  the  sheet. 

James  G.  Shaw  conveyed  the  best 
wishes  of  the  New  York  association  and 
F.  S.  Allen,  of  Hartford,  spoke  briefly 
on  the  advancement  of  the  engineer  and 
the  duties   of  the   present-day   inspector. 

Frank  Hinkley,  an  inspector  of  the 
Massachusetts  District  Police,  referred 
to  the  three  distinct  bills  now  before  the 
legislature  of  Massachusetts  and  urged 
the  adoption  of  a  separate  and  distinct 
department   on   boiler   inspection. 

John  Molloy,  retiring  president,  spoke 
on  the  benefit  derived  from  the  associa- 
tion both  educationally  and  socially.  He 
referred  to  the  conditions  of  inspection 
twenty  to  thirty  years  ago  when  there 
were  no  laws,  no  regulations  and  noth- 
ing to  guide  the  inspector  except  the 
orders  of  the  company  employing  them. 
The  inspectors  are  now  a  unit,  they  have 
a  uniform  set  of  instructions  and  Mr. 
Molloy  is  proud  of  the  Massachusetts 
rules. 


Manchester  Light,  Heat  &  Power  plant 
was  furnishing  the  power  for  the  elec- 
trical machinery,  the  mammpth  Urive 
rod  became  unjointed  in  some  unaccount- 
able manner,  and  before  the  night  man 
was  able  to  shut  off  the  steam  the  large 
cylinder  head  was  forced  out,  causing 
a  mishap  which,  had  it  happened  during 
the  day  time,  would  have  undoubtedly 
resulted  seriously. 

The  company  has  recently  installed  an 
additional  engine  and  dynamo.  The  dam- 
age to  the  engine  is  considerable,  and 
it  will  be  some  time  before  it  can  be 
repaired. 


Explosion  in   Chicago  Steel 
Plant 

On  Apr.  14,  the  daily  press  reports  a 
gas  explosion  in  the  power  house  of  the 
Illinois  Steel  Co.'s  South  Chicago  plant. 
The  building  was  wrecked  and  the  lives 
of  over  100  workmen  were  endangered. 
There  was  a  property  loss  of  over  SlOO,- 
000. 


Boiler  Explosion  at  Kelso, 
Washington 

The  boiler  in  a  small  sawmill  near 
Kelso,  Wash.,  blew  up  early  on  the  morn- 
ing of  Apr.  23,  writes  a  correspondent 
from  the  West,  and  three  men  were 
badly  scalded.  The  property  damage  is 
estimated  at  SIOOO.  No  information  as 
to  the  probable  cause  has  yet  been  as- 
certained. 
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Three  Killed  at  Fredericks- 
burg,  Va. 

According  to  press  reports,  three  men 
were  killed  and  three  severely  injured  by 
the  explosion  of  a  boiler  in  H.  N.  New- 
bil  &  Son's  sawmill,  near  Fredericks- 
burg, Va.,  on  Apr.  19. 


Fatal    Locomotive    Boiler  Ex- 
plosion near  Winnemucca, 

Nevada 

On  Apr.  22,  near  Winnemucca,  Nev., 
the  engine  on  freight  train  No.  49  ex- 
ploded, killing  the  engineer,  fireman  and 
head  brakeman,  as  stated  by  the  local 
press. 

The  engine  was  completely  wrecked, 
five  cars  were  derailed  and  the  track 
torn  up  for  a  considerable  distance.  The 
cause  is  unknown.  It  is  said  that  the 
engine  had  been  thoroughly  overhauled 
and  repaired  and  inspected  by  the  state 
officials. 


Jacob  E.  Friend 

Jacob  E.  Friend,  of  Milwaukee,  Wis., 
president  of  the  Nordberg  Manufacturing 
Co.,  and  a  prominent  resident  of  that  city, 
died  suddenly  from  heart  disease  in  the 
street  in  Florence,  Italy,  on  Apr.  20,  while 
en  route  to  New  York  from  a  trip  through 
the  Orient.  Mr.  Friend  was  accompanied 
by  Mrs.  Friend  and  their  daughter  Mar- 


ber  of  several  social  clubs,  a  director  in 
a  bank  and  several  insurance  companies, 
and  figured  in  many  large  commercial 
enterprises. 


OBITUARY 

Hinsdale  Parsons 

On  Apr.  28,  Hinsdale  Parsons,  vice- 
president  and  general  counsel  of  the 
General  Electric  Co.,  was  instantly  killed 
by  the  overturning  of  his  automobile,  near 
Albany.  Mr.  Parsons  was  45  years  old, 
and  had  been  associated  with  the  General 
Electric  Co.  since  1894  as  counsel,  and 
in   1901   was  elected  vice-president. 

He  is  survived  by  his  wife  and  four 
brothers.  James,  another  brother,  who 
was  U.  S.  consul  at  Mexico,  was  killed 
in  a  similar  accident  five  years  ago. 


PERSONAL 

Warren  B.  Flanders,  who  has  been 
connected  with  the  steam-turbine  de- 
partment of  the  Westinghouse   Machine 


Killed  by  Bursting  Boiler 

At  Bloomington,  Ind.,  on  Apr.  26,  en- 
gine No.  217,  while  in  motion  in  the 
Monon  yards,  was  badly  wrecked  by  the 
explosion  of  its  boiler.  The  engineeer 
was  instantly  killed,  and  the  fireman,  who 
probably  owes  his  life  to  the  fact  that 
he  had  just  filled  the  firebox  and  was 
sitting  on  the  tender,  was  hurled  across 
tvio  tracks,  over  a  caboose  and  landed  on 
the  next  track.  Although  he  was  severely 
burned  about  the  face  and  arms,  no  bones 
were  broken,  and  he  is  likely  to  recover. 
The  engineer  was  thrown  through  both 
sides  of  a  box  car  nearby,  a  part  of  the 
cab  going  with  him,  and  was  picked  up 
lifeless  50  ft.  away. 

The  press  reports  are  unable  to  say 
whether  the  accident  was  due  to  high 
pressure,  low  water  or  to  faulty  boiler 
construction. 

Formerly  used  both  in  the  Bloomington 
yards  and  on  the  road,  the  engine  was  re- 
built and  used  as  a  pusher  up  to  the 
time  it  exploded.  The  state  boiler  in- 
spector will  make  an  investigation. 


garet,  who  sailed  from  Florence  to  New 
York  on  Apr.  25,  and  have,  it  is  said, 
brought  the  remains  with  them. 

Mr.  Friend  was  born  in  Milwaukee  54 
years  ago,  the  only  child  of  Mr.  and 
Mrs.  Elias  Friend.  He  was  educated  in 
the  local  schools,  and  later  took  a  course 
in  the  Columbia  Law  School,  New  York 
City.  Soon  afterv/ard  he  engaged  in  law 
practice  in  his  home  city,  and  formed  a 
partnership  which  continued  until  a  few 
vears  ago,  when  he  retired  to  take  an  ac- 
tive part  in  the  affairs  of  the  Nordberg 
Manufacturing  Co. 

Soon  after  attaining  his  majority,  Mr. 
Friend  served  a  term  in  the  Wisconsin 
Legislature.     He  was  a  prominent  mem- 


Co.,  East  Pittsburg,  Penn.,  left  on  May 
1  to  accept  a  position  with  the  Havana 
Electric  Co.,  of  Havana,  Cuba. 

Clark,  MacMullen  &  Riley,  Inc.,  con- 
sulting engineers  for  the  design  of  heat- 
ing, ventilating  and  electrical  equip- 
ments, have  removed  their  offices  to  the 
Eighty  Maiden  Lane  Building. 


Correction:  The  curve  in  Fig.  2  of 
the  article  under  the  title  "Calculation 
of  Heat  Value  of  Coal,"  in  the  issue 
of  Apr.  16,  pages  558  and  559,  is  copy- 
righted by  the  Under-Feed  Stoker  Co. 
of  America.  A  statement  of  this  fact 
was  inadvertently  omitted  from  the 
article. 
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Moments  with  the  Ad.  Editor 


"Three  illusions  are  common  to  nearly 
all  men.  Nearly  every  man  thinks  that  he 
thoroughlv  understands  human  nature,  that 
he  can  run  the  local  newspaper  better  than 
the  editor  runs  it,  and  that  he  can  write 
advertising." 

So  delivers  himself  a  prominent  national 
advertiser — who  is  besides,  we  might  add, 
a  keen  analyst  of  his  fellow-kind,  with  some 
right  notions  on  advertising  in  general. 

"That  he  can  write  advertising!" 

You  all  have  heard  and  perhaps  know 
some  specimens  of  the  fellow  who  thinks 
he  could  make  Greeley,  Dana,  Pulitzer  & 
Co.  look  like  twenty-nine  cents  in  the  news- 
paper game  (if  he  only  wanted  to) — and 
you  know  the  other  fellow^  who  believes  he 
can  read  and  interpret,  without  a  miscue, 
all  the  motives,  actions  and  secret  thoughts 
of  the  folks  next  door. 

But — the  man  who  thinks  he  can  WTite 
advertising  if  he  only  wanted  to — he's  a 
newer  phenomenon.  New,  probably,  because 
advertising  in  the  right  sense  is  itself  more 
or  less  new. 

117/;'  is  it  so  many  people  think  they  can 
write  advertising,  especially  those  who,  able 
or  expert  in  some  other  line,  really  haven't 
the  least  qualification  or  aptitude  for  the  job? 

Because  advertising  is  thought  of  as  author- 
ship— as  writing. 

We're  a  nation  of  authors.  Go  past  the 
newsstand  for  proof.  Doctors,  lawvers,  mer- 
chants, thieves,  professors  and  old  ladies — 
write.  If  a  financier  or  a  second-story  opera- 
tor is  laid  up  at  home  with  the  gout  or  laid 
out  at  home  with  a  billy,  he  fills  in  the  enforced 
leisure  by  writing  a  book — about  something. 
Novel,  poem,  play,  essay,  book  ot  travels, 
"  true  "  story  of  somebodv,  "appreciation  "  or 
damnation,  something  about  somctliing.  And 
everybody  reads — ^reads — ^reads. 

Thus,  it  is  easy  to  account  for  such  wide- 
spread belief — or  conceit — in  ability  to  write 
advertising,  when  advertising  is  looked  on 
as  "authorship." 

But  consider  a  moment — 


These  tons  of  cheap,  hurriedly,  ignor- 
antly  written  novels,  stories,  plays,  etc., 
that  stack  the  newsstands — people  are  not 
really  influenced  by  reading  such.  Such  stuff 
is  bought  to  fill  in  the  time,  exactly  as  a  lot 
of  it  is  written — because  the  writer  didn't 
have  anything  else  in  particular  to  do. 

Now ,  advertising  that  is  written  in  this  way . 
will  be  read  in  this  way.  It'll  be  a  soporific 
(see  Dictionary!),  not  stimulus  to  action. 

But,  let  us  whisper  you  this — 

Real  advertising  is  only  incidentally  writ- 
ing. It  is  salesmanship  that  simply  happens 
to  be  talking  per  the  printed  page — "hap- 
pens to  be,"  because  it  found  a  magnificently 
big  opportunity  to  talk  thus  through  the  eyes 
of  ten  thousand  humans  at  once  instead  of 
through  the  cars  of  the  ten  thousand  in  suc- 
cession— if  it  could  find  'em. 

Of  course,  let  us  hasten  to  say,  adver- 
tising has  not  shoved  the  real  genus  homo 
salesman  out  of  his  job,  any  more  than  the 
telephone  has  abolished  letter  writing;  for, 
as  the  telephone  simply  does  more  swiftly 
and  cheaply  a  myriad  things  the  letter 
used  to  do,  leaving  the  letter  to  confirm,  to 
clinch  the  bargain,  so  with  advertising  and 
the  salesman — who  lands  the  prospect  that 
the  ad.  fishes  up,  who  closes  the  sale  that  the 
ad.  begins,  and  who  does  some  certain  other 
things  only  a  thinking  man  on  two  legs  can  do. 
One  great  advantage  of  advertising  over  the 
salesman  system  simon  pure,  outside  of  its 
superior  economy,  is  that  advertising  discovers 
possibilities  of  business  in  places  where  the 
salesman  never  dreams  of  looking. 

But  we're  talking  just  now  about  writing 
ads. — and  the  gist  of  it  all,  with  which  we 
end,  is  "these  " — - 

AX  AD.,  "as  is  one,"  can't  be  written 
by  the  fellow  who  hasn't  in  him  the  spark 
for  firing  others  to  action — feeling-action, 
thought-action — any  more  than  the  Odyssey 
could  be  written  by  the  office  boy.  The  real 
ad-man,  ad-builder  and  ad-dreamer,  instead 
of  and  far  from  being  a  mere  pen-shover,  is — 
75*^7  of  him  at  least — that  vivid,  imaginative, 
dynamic  genius  of  this  modern  time — 
SALESMAN. 
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THE    tendency    of    most   engineers    upon 
taking  charge  of  a  steam  plant  is  to 
show  the  "old  man"  what  a  valuable 
asset  has  been  added  to  the  establishment. 

Thev  feel  compelled  to  disclose  the  short- 
comings of  their  predecessors,  and  to  point 
out  where  changes  can  be  made  which  will 
work  to  the  interest  of  their  employers. 

Now,  ambition  to  make  good  is  highly 
commendable,  but  it  can  lead  an  engineer 
into  difficulties  and  saddle  duties  upon  him 
which  he  should  not  perform. 

The  engineer  has  enough  to  claim  his 
undivided  attention  in 
the  steam  plant  with- 
out being  obliged  to  go 
into  the  factory  and 
care  for  shafting"  and 
belts,  or  do  other 
mechanical  work. 

Once  there  was  an 
engine  runner — and  he 
did  his  own  firing — 
who  was  ambitious  to 
make  a  showing,  so  he 
persuaded  the  manage- 
ment to  hire  a  fireman 
so  that  he  could  put  in 
more  time  in  the  fac- 
tory  and  save  the   expense   of   a    machinist. 

This  was  done,  and  the  engineer  became  a 
"jack -of -all-trades."  A  lathe  was  purchased 
at  his  suggestion,  but  he  could  not  turn  out 
good  work;  he  failed  to  do  his  part  because 
he  was  not  a  trained  mechanic.  Eventually 
the  fireman  was  discharged,  a  machinist  was 
engaged,  and  the  engineer  was  sent  back 
to  the  engine  and  boiler  rooms. 

It  is  all  very  well  to  trv-  to  cut  down  running 
expenses,  but  no  man  can  do  two  or  three 
men's  work  and  make  good. 

There  are  ways  of  reducing  expenses  with- 


out going  out  of  the  engine  or  boiler  rooms, 
and  it  does  not  require  the  wisdom  of  a 
Solomon  to  detect  sources  of  loss. 

It  may  be  that  the  exhaust  of  a  heating 
coil  is  blowing  to  the  atmosphere;  then  trap 
it  and  pump  the  water  back  into  the  boiler. 

It  may  be  that  the  steam  pipes  are  bare; 
then  cover  them  and  prevent  excessive  con- 
densation and  wet  steam. 

It  is  more  than  probable  that  the  blowoff 
valve  is  leaking;  it  does  not  take  much  of 
a  leak  to  waste  a  large  amount  of  water  under 
a  i^ressure  of  loo  lb.  or  more. 

Some  boiler  settings 
are  cracked  and  air 
leaking  into  the  fur- 
naces produces  poor 
combustion.  It  does 
not  take  long  to  stop 
up  the  cracks,  and  care- 
ful regulation  of  the 
damper  and  a  better 
method  of  firing  will 
materially  reduce  the 
amount  of  fuel  con- 
sumed. 

The  safety  valve  may 

leak  steam  24  hours  a 

day;  total  loss,  because 

no  work  has  been  done,  although  coal  has  been 

burned  in  evaporating  the  water  into  steam. 

Larger  wastes  are  easily  discovered.  They 
are  self-evident,  but  the  small  sources  of 
loss  are  usually  passed  unnoticed,  or  else  are 
considered  of  no  account. 

The  place  for  the  engineer  to  make  his 
showing  is  in  the  power  plant,  not  out  in  the 
shop.  An  engineer  should  not  attempt  to  be 
general  machinist,  repair  man,  or  roustabout. 
If  he  keeps  his  engine  and  boiler  in  condition, 
he  will  have  all  the  work  to  which  he  can 
projierly  attend. 
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Aeolian  Company's  New  Power  Plant 


A  few  years  ago  it  was  customary  for 
manufacturing  companies  to  pay  scant 
attention  to  the  design  of  the  power 
plant,  and  woodworking  industries  were 
specially  lax  in  their  attention  to  the 
power  end  of  the  business.  Of  late 
years,  however,  the  steam  plant  has  re- 
ceived attention  more  in  keeping  with 
its    importance. 

The  remodeled  power  plant  of  the 
Aeolian  Co.,  at  Garwood,  N.  J.,  is  an  ex- 
ample of  an  uptodate  installation  for 
woodworking   establishments. 


By  Warren  O.  Rogers 


A  remodeled  high-speed  engine 
plant. 

A  feature  is  the  method  of 
handling  the  fuel  and  ash. 

The  coal  bin  is  made  in  two 
parts,  the  lower  holding  a  reserve 
supply  of  fuel. 


*  6  » 


rm 
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Fig.  1.  Three  of  the  Four  Gener.'^ting  Units 


is  discharged  into  a  storage  reservoir, 
while  the  water  for  factory  use  is  pumped 
into  a  10,000-gal.  tank  which  is  mounted 
on  a  tower.  Either  a  motor-driven  pump 
or  a  duplex  pump  handles  the  factory 
water  supply,  the  latter  being  used  when 
the  plant  is  shut  down. 

There  are  two  boiler-feed  pumps,  both 
cf  the  outside-packed  type.  The  water 
is  heated  to  210  deg.  F.  in  passing  through 
an  open  feed-water  heater.  There  is 
also  an  underwriters'  fire  pump  with  a 
maximum  capacity  of  1000  gal.  at  70 
r.p.m.  per  minute.  This  pump  is  piped  to 
a  concrete  reservoir  located  in  the  yard 
which  has  a  water  capacity  of  148,000 
gal. 

Boiler  Room 

In  the  boiler  room,  shown  in  Fig.  2, 
there  are  three  400-hp.  water-tube  boil- 
ers which  carry  a  steam  pressure  of 
165  lb.,  the  steam  being  superheated  100 
deg.  The  furnaces  are  controlled  by  a 
balanced  draft  system.  The  necessary 
air  is  supplied  to  the  furnaces  by  a  fan, 
shown  in  Fig.  3,  which  is  driven  by  one 
of  tv.'o  engines,  one  of  which  is  un- 
coupled and  held  for  emergency  use. 
The  speed  of  the  fan  engine  is  controlled 
by  a  damper  regulator  which  is  gov- 
erned by  the  steam  pressure.  The  smoke 
and  gas  of  combustion  pass  from  the 
boilers  through  a  square  steel  flue  to  a 
brick  chimney  which  is  built  in  and  at 
the  end  of  the  present  boiler  house.  The 
stack  foundation  is  constructed  of  con- 
crete;   Fig.    3    shows    the    base. 

The  position  of  the  chimney  provides 
for  future  extension  of  the  boiler  room. 


The  power  house  is  constructed  of 
trick  with  a  tar  gravel  roof.  Both  en- 
gine and  boiler  rooms  are  well  lighted 
and  a  liberal  amount  of  space  has  been 
allowed  for  the  machinery  throughout 
the  plant. 

Engine  Room 

A  view  of  the  engine  room  is  shown 
in  Fig.  I.  There  are  three  14xl4-in. 
high-speed  engines  and  one  cross-com- 
pound medium-speed  engine  having  cyl- 
inders 20  and  34  by  28  in.  These  en- 
gines are  all  direct-coupled  to  250-volt 
direct-current  generators.  The  electrical 
energy  is  transmitted  from  the  switch- 
board to  the  factory  for  motor  and  light- 
ing service  by  means  of  a  three-wire 
system.  Two  balancing  sets  are  used  to 
balance  the  load. 

Feed-water  Apparatus 

Water  for  the  boilers  is  obtained  from 
a  203-ft.  driven  well,  and  the  Pohle  air- 
lift system  is  used.  An  8  and  10  by  8- 
in.  air  compressor  supplies  the  com- 
pressed  air   for  lifting  the  water  which 


Fig.  2.  The  Boiler  Room,  Showing  Forced-draft  Unit  at  the  Right 
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in  which  case  the  chimney  would  receive 
the  gases  from  the  boilers  from  each 
side. 

Coal  Conveyors 

Probably  the  most  interesting  feature 
of  the  plant  is  the  method  of  handling 
the  coal  and  ashes.  A  concrete  coal 
bunker  has  been  built  on  the  outside  of 


Fig.  3.  A  View  of  the  Stack  Pit 


casing  on  the  outside  of  the  bunker  and 
discharges  onto  an  endless  belt  conveyor, 
shown  in  Fig.  5.  The  belt  conveyor  runs 
at  right  angles  to  the  bucket  conveyor 
and  the  coal  is  discharged  into  openings 
which  lead  to  the  several  pockets  into 
which  the  bunker  is  divided.  The  open- 
ings and  the  discharge  chute  of  the  con- 
veyor are  shown  in  Fig.  6.  Both  con- 
veyors are  motor  driven. 

There  are  five  sections  to  the  coal 
bunker  and  each  is  provided  with  an 
overflow     from    the    top    to    the    bottom 


can  be  drawn  upon  and  elevated  to  the 
top  bunker  by  means  of  a  belt  conveyor 
which  runs  in  a  tunnel  on  the  outside  of 
the  coal  bunker.  An  opening  in  each 
pocket  has  been  provided  for  this  pur- 
pose. 

In  case  it  is  desirable  to  empty  the 
upper  bunker,  a  gate  has  been  provided 
in  the  slanting  concrete  partition.  The 
top  coal  bunkers  have  a  capacity  of  730 
tons,  and  the  lower  bunkers  540  tons. 
Coal  is  delivered  from  the  top  bunkers, 
through  chutes  to  a  metal  coal  car  which 
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Fig.  5.  Junction  of  Bucket  and  Belt 
Coal  Conveyors 


Fig.  4.  Concrete  Coal  and  Ash  Bunkers,  Showing  Bucket  Conveyor 
AT  the  End 


the  boiler  house,  the  inside  wall  forming 
the  boiler-room  wall,  which  is  at  the 
left  in  Fig.  2.  The  outside  construction 
of  the  coal  bunker  and  ash  bin  is  shown 
in  Fig.  4.  Coal  is  delivered  to  the  bucket 
coal  conveyor  from  coal  cars  which  dis- 
charge the  fuel  into  the  conveyor  hopper 
that  is  located  at  the  end  of  the  coal 
bunker  out  in  the  yard. 

The  bucket   conveyor  runs  in   a   metal 


pockets,  into  which  the  bunker  is  divided 
by  a  concrete  partition  sloping  from  the 
back  toward  the  front  of  the  bunker,  as 
shown  in  Fig.  7.  When  the  top  pocket 
has  been  filled  to  the  level  of  the  open- 
ing of  the  overflow,  all  additional  coal 
drops  through  the  overflow  chute  to  the 
bottom  of  the  bunker;  and  is  held  in  re- 
serve. In  case  the  delivery  of  a  cargo 
of   coal    is   delayed,   this   reserve   supply 


runs   on   an-  industrial    track.     The   plan 
view.   Fig.  8,  shows  the  layout. 

Ash   Conveyor 

The  ashes  are  handled  by  an  ash  suc- 
tion conveyor.  The  bottoms  of  the  ash- 
pits are  about  3  ft.  above  the  basement 
floor,  the  dividing  wall  in  the  basement 
forming  the  front  wall.  Each  ashpit  is 
provided    with    a    double    clean-out   door. 
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as  shown  in  Fig.  9.  In  front  of  each 
clean-out  door  a  concrete  ash  hopper, 
4    ft.    long,    3    ft.   9    in.    wide   and    3    ft. 


high,  has  been  constructed.  In  the  cen- 
ter of  each  is  an  8-in.  opening  which 
connects  to   an  8-in.   ash   pipe  that   runs 


to  the  two  ash  bunkers  located  at  the 
top  and  at  the  back  of  the  coal  bunker. 
Their  position   is  shown   in   Fig.   7.     The 


Fic.  7.  End  Elevation  of  Boiler  Room,  Coal  and  Ash  Bunkers 


EQUIPMENT  OF  THE  AEOLIAN  POWER  PLANT 


Equipment 

Engine 

Engines 

Engines  , 

D.-c.  generator 
D.-c.  generators 

Voliit'-  pumii 
Steam  puiiiii 
Sieam  iMiMip 
Sleain  pump 
Duplex  iMimp  .  .  . 

Dupk'.x  pumps  .  . 

Duplex  pump .    . 

81eam  pump 
Steam  Doilers 
Superheater-s 
Air  lift      .  . 
.\ir  compres^ci 
Governor 
Heater   . 
Filter ,     , 
Balanced  dral! 
Fan 

Fan     

Motor 

Motors.  .  . 

Motor 

Balancers. 
Controller 
Controllers 
Regulator 
Conveyor 
Conveyor. 
Conveyor.  . 
Chimney  . 

Architects .      . 
Consulting  engini 
Chief  engineer  . 


Make 


Balh\  ooii 

Ames 

Vertical 

Crocker-  Wheeler. 
Westinghouse.  .  . 


'Watson-Htillraan. 

Duplex     

l>n|il.x.  outside..  . 
Duplex  outside    ,  . 


Ut 


Main  unit 
Main  Units  . 
Driying  fan 
Main  unit .  . 
Main  units. 


Factory  well. 
Factory  suppl.\ 
Boiler  feed.. 
Boiler  feed. 

Fire 


Boiler  furnace. 

Fnro 

'd  draft 

\-<h 

ystem ... 

Urn 

iig  volute  pump 

•yors 

\-li 

iin 

l-\\  1] 

■  system 

Mold 

r  control 

'on\ 

■vor  motors 

Kan 

-ngllies 

l.'oal 
Coal 

Ash 

Furn 

ice  gases 

150 

20x3  4x28 

16.5 

•sia 

14x14 

Ifi.S 

9x7 

Ki.S 

ISO 

2V5 

220       .SB   ,5 


i.sxinxia  !  ifi.i 


.Sx  1(1x1 2 
Nxl2xl2 


.Manufacturers 


Ball- Wood  Co. 

.\mes  Iron  Works 

American  Blower  Co. 

Crcicker- Wheeler  Co. 

A\ fstinghouse  Electric  tfe  Mfg. 


Co. 


\\  at.-on-.stilU  , 

Heurv  H.  Wo'thington 

H.-nrv  K.  Worthington 

['hilt  Iron  Works 

Blake*  Knowles  Steam  Pump 

Works 
Bluke  &  Knowies  Steam  Pump 

Works 
Hlake»fc  Knowies  Steam  Pump 

Works 

Bahcock  &  Wilcox 

Power  Specialty  Co. 

Iimersoll-liand'Co 

< 'la. \  toil  .\lr(  '(uiipressor  Works 

I'tisli-r  i;rii:inee  ing  Co. 

I'lail  Iron  Works 

l*«it  rson  Engineering  Co. 

Til''  i;ngineer  Co. 

.Viiieiican  Blower  Co. 

truction  Co. 


\\"i 


slillman  Cc 


,oo(l  i:i.- 

General   l;lectric  Co. 
Crocker- Wheeler  Co. 
Suiidh  i:hTlric  Co. 
(ntl.r-llammer  Mfg.  Co. 
.Mason  HegiJlator  Co. 
iThe  .Jeffrev  .Mfg.  Co. 
The  Jeffrey  Mfg.  r'o. 
Guarantee  Construction  Co. 
Alfons  Custodis  Chimney  Con- 
struction Co. 
Balch  &  Beardslev 
Otto  G.  Goldschmidt 
J.  A.  Lane 
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tank,  where  a  water  spray  is  used.  The 
elbows  of  the  ash  pipe  are  made  with 
detachable  wearing  plates  at  the  turns. 
The  ash  bunker  is  supported  by  con- 
crete   piers    and    the    ashes    are    dumped 
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Fig.  6.  Showint,  Belt  Conveyor  and 
Discharge   Chute 

either  into  railway  cars  or  into  carts; 
one  is  shown  in  position  for  receiving  a 
load  in  Fig.  4.  The  system  of  ash  hand- 
ing keeps  the  boiler  room  free  from  un- 
necessary dust  and  reduces  the  movable 
operating  parts  to  the  motor  and   fan. 


Fic.  8.  Plan  and  Sectional  Elevation  of  Boiler  Room 


ash  bunkers  have  a  capacity  of  2800 
cu.ft. 

The  sides  of  the  concrete  ash  hopper 
slope  toward  the  outlet  opening,  the  top 
opening  being  2  ft.  7',  S  in.  wide  by  2  ft. 
9  in.  long.  At  the  side  of  the  chimney, 
at  the  bottom,  a  clean-out  door  is  pro- 
\ided  so  that  the  accumulation  of  fine 
ash  can  be  hoed  out  into  a  5-in.  pipe 
which  connects  with  the  8-in.  suction 
pipe  of  the  system. 

In  the  roof  monitor  of  the  boiler  room 
the  fan  and  motor  are  located  as  shown 
in  Fig.  7.  The  ashes  are  handled  dry 
and  are  discharged  into  the  ash  bunker 
without  coming  in  contact  with  the  fan, 
which  creates  a  suction  in  the  ash  pipe. 
The  ash  inlets  are  stoppered  when  not  in 
use,  but  as  soon  as  a  cover  is  removed 
from  an  inlet  opening  a  strong  air  blast 
draws  the  ashes  and  clinkers  into  the 
ash-storage  tank. 

Although  the  ashes  are  handled  dry, 
they   are   wet   upon   entering  the  storage 


The  University  of  Pittsburg  is  enter- 
ing upon  a  study  of  the  smoke  problem, 
taking  as  its  chief  lines  of  investigation 
the  effect  of  smoke  on  health,  plant  life 
and  buildings.  It  is  also  considering  the 
increased  cost  of  living  due  to  damage 
and  dirt  caused  by  smoke,  and  both  the 
legal  and  the  engineering  side  of  the 
question. 


Fic.  9.  Concrete  Ash  Hoppers  of  Ash-  conveying  System 
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Raising  Water  by   Compressed   Air 


One  of  the  most  obvious  uses  of  com- 
pressed air  is  that  of  raising  and  con- 
veying water  and  other  liquids,  and  this 
has  also  become  one  of  its  most  exten- 
sive fields  of  employment.  The  variety 
of  ways  in  which  the  air  is  applied  for 
this  purpose  and  the  diversity  of  the  ap- 
paratus that  has  been  devised  are  aston- 
ishing. While  many  have  nothing  more 
than  a  historic  interest;  the  actual  prac- 
tical ways  in  which  air  now  is  employed 
for  pumping,  while  differing  widely  from 
each  other  in  efficiency  and  other  par- 
ticulars, are  not  numerous,  yet  they 
would  be  none  the  worse  for  still  further 
elimination.  The  conditions  under  which 
the  water  is  to  be  raised  largely  deter- 
mine the  specific  device  employed  in  the 
individual  case,  but  sometimes  other 
considerations  not  so  defensible  prevail 
in  the  selection  or  in  the  retention  of 
deservedly  obsolescent  systems. 

There  is,  according  to  the  system 
adopted,  much  difference  in  the  amount 
of  air  consumed  as  compared  with  the 
work  done,  but  in  all  cases  the  former 
must  be  in  excess  of  the  theoretical  re- 
quirement, as  nothing  can  be  done  for 
nothing.  With  our  present  knowledge,  it 
still  pays  in  many  cases  to  use  air  for 
raising  water,  in  both  small  and  large 
quantities,  and  as  a  means  of  permanent 
supply  as  well  as  in  temporary  or  emer- 
gent cases. 

It  is  desirable  not  only  to  do  but 
also  to  know  that  we  are  doing  the  work 
as  cheaply  as  possible.  Our  present  facili- 
ties make  the  metering  of  water  lifted  or 
transferred  an  easy  thing  to  do,  and  the 
raising  of  water,  by  compressed  air  or 
otherwise,  can  always  be  gaged  with  sat- 
isfactory accuracy,  while  records  of  such 
work  are  constantly  accumulating  and  are 
accessible  as  guides  to  the  engineer. 

The  theoretical  horsepower  required 
for  raising  water  is 

Poutids  of  '.cater  per  min.  X  height  of  lift  in  It 
33,ooo 
The  accompanying  table  may  be  taken 
as  a  starter;  it  furnishes  the  essential 
data  as  to  the  power  required  for  rais- 
ing water  to  different  heights.  It  gives 
also  the  actual  potential  energy  in  the 
water  so  elevated,  or  the  power  which 
it  should  be  theoretically  possible  for 
the  water  to  develop  in  its  descent  to 
normal  level  if  employed  in  a  water- 
wheel  or  motor.  When  the  power  actual- 
ly consumed  in  a  water-raising  opera- 
tion is  ascertained  it  can  be  compared 
with  this  table  and  the  result  will  be  an 
indication  of  the  efficiency  in  the  given 
example. 

The  first  column  gives  the  number  of 
gallons  of  water  lifted;  column  2  gives 
the  volume  in  cubic  feet  of  the  given 
num.ber  of. gallons,  while  column  3  gives 
the  weight  in  pounds  of  the  same  quan- 


By  Frank  Richards 


and  the  several  deficiencies  are  antici- 
pated and  provided  for  beforehand  by 
furnishing  air  in  sufficient  volume  and  at 
an  excess  of  pressure  to  overcome  them. 
To  run  a  pump  comfortably  the  work- 
ing pressure  of  the  motor  fluid  should 
be  somewhat  above  the  actual  require- 
ment, but  it  is  not  necessary  to  speak 
of  that  here  as  affecting  the  power  con- 
sumption. 

Next,  the  matter  of  cylinder  clearance 
may  be  considered,  which  is  interesting 
in  the  direct-acting  steam  pump  at  any 
time,  and  especially  so  when  the  pump  is 
tity  of  water.  Column  4,  assuming  that  .jriven  by  air.  Nothing  need  be  said 
the  given  quantity  of  water — gallons,  about  clearance  losses  in  the  water  cyl- 
cubic  feet  or  pounds — is  raised  to  a  jnder,  for  practically  there  are  none,  as 
height  of  100  ft.  in  a  minute,  gives  the  ^11  the  spaces  may  usually  be  assumed 
horsepower  theoretically  required  for  the  ,(,  (,g  fluejj  solidly  with  water,  and  if 
lift,  or  the  horsepower  which  should  be  everything  is  in  good  order  all  of  the 
developed   by   the   descent  of  the   water     actual  travel  of  the  water  piston  is  rep- 


Theoretical  horsepower  re- 
quired to  raise  water. 

One  convenient,  though  in- 
efficient, way  of  raising  water  is 
to  use  air  in  an  ordinary  direct- 
acting  steam  pump.  The  losses 
occurring  in  such  a  case  are 
pointed  out. 


to  its  original  level.  Any  other  figures 
or  quantities  not  in  the  table  will  be  in 
direct  proportion  to  those  given. 

Driving  Steam  Pumps  with   Air 

First  of  all  (as  an  example  of  "how 
not  to  do  it")  consider  what  it  costs  to 
drive    an    ordinary,    direct-acting    steam 


resented  by  water  delivered. 

Enough  clearance  losses  in  the  air  cyl- 
inder may  be  found  to  satisfy  for  both. 
The  direct-acting  pump  has  no  crank  to 
bring  the  piston  to  a  dead  stop  always 
at  the  same  point  at  the  end  of  the 
stroke,  and,  as  at  the  same  time  it  must 
be  certain  that  the  piston  shall  never 
pump  by  compressed  air.  It  is  often  so  strike  the  head,  very  large  clearance  is 
convenient  to  do  this,  in  mines,  tunnels,     provided.    The  filling  of  this  large  clear- 


excavations  for  foundations  and  else- 
where, that  it  is  done  generally  without 
counting  the  cost,  either  before  or  after. 

The  simplest  case  is  where  the  steam 
or  air  and  the  water  cylinders  are  of 
the  same  diameter,  and  have  the  same 
stroke.  Here  if  there  were  no  allowances 
to  be  made  for  clearance  losses,  leak- 
ages, power  required  to  overcome  fric- 
tion and  inertia,  and  if  it  had  cost  noth- 
ing to  compress  and  transmit  the  air,  all 
these  and  other  things  being  those  which 
pure  theory  is  so  apt  to  belittle  or  ignore 
— the  volume  of  air  at  the  balancing 
pressure  would  just  equal  the  volume  of 
water  delivered  and  the  efficiency  would 
be  100  per  cent. 

The  standards  of  efficiency  called  the 
possible  efficiencies  are  really  the  im- 
possible efficiencies.  It  is  well  known 
that  they  can  never  be  attained,  and  very 
far  from  it  in  the  present  case.  The 
air  pressure  must  be  enough  in  excess 


ance  together  with  that  of  the  unavoid- 
able clearance  spaces  in  the  passages  be- 
tween the  valves  and  the  cylinder,  en- 
tails another  large  excess  of  air  over 
that  theoretically  required,  or  a  deficiency 
of  work  done  as  compared  with  the  air 
consumed  of,  say,  another  20  per  cent. 
This  percentage  of  80'  being  16,  64  per 
cent,  of  the  original  100  at  this  point  is 
left. 

There  is  a  third  great  loss  of  efficiency 
when  compressed  air  is  used  to  drive  a 
direct-acting  steam  pump  because  the 
air  is  used  at  full  pressure  and  shows 
none  of  the  advantages  of  being  used 
expansively.  If,  instead  of  using  the 
air  at  its  highest  pressure  to  fill  the  cyl- 
inder to  the  very  end  of  the  pumping 
stroke,  it  could  have  been  used  in  a 
crank-and-flywheel  pump,  or  in  one  of 
any  other  design  in  which  the  air  could 
have  been  cut  off  at  the  proper  point  of 
the   stroke,  so  that   it  would  have  been 


of  the   water  pressure  to  overcome   the     discharged  at  a  pressure  nearly  that  of 


frictional  resistance  of  the  machine  it- 
self and  of  the  water  in  contact  with 
the  surfaces  in  its  restricted  flow  through 
valves  and  passages,  and  to  give  and 
maintain  sufficient  impulse  in  the  other- 
wise inert  column.  For  all  this  it  will 
be  proper  to  allow  an  initial  deficiency 
in  the  air  power  at  the  pump  which  will 
average  not  less  than  20  per  cent.,  and 
the  100  per  cent,  efficiency  with  which 
the  author  started  is  reduced  to  80  per 
cent. 

But  if  there  is  such  a  deficiency,  the 
pump  will  not  go.     This  is  understood; 


the  atmosphere,  then  the  work  done  for 
the  quantity  of  air  used  would  have 
been,  on  the  average,  varying  with  the 
initial  pressure  of  the  air,  say,  50  per 
cent,  more  than  without  the  cutoff  and 
expansion.  That  is,  it  could  and  would 
have  done  one-half  more  work,  and  the 
failure  to  do  this  amounts  to  another 
deficiency  of  one-third,  or,  say,  33  per 
cent.  This  percentage  of  64  being  21, 
there  is  left  only  43  per  cent,  of  the 
original  100.  and  this  diminution  of  effi- 
ciency is  all  realized  after  the  air  has 
arrived   at   the  pump   and   without  look- 
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ing  to  the  losses  which  have  accumulated 
previous  to  its  arrival  on  the  job. 

Not  to  Be  Charged  to  the  Air 

Now,  the  curious  thing  is  that  not  one 
of  the  losses  here  mentioned,  nor  any 
portion  of  any  of  tlTem,  is  in  any  way 
chargeable  to  compressed  air.  They  all 
inhere  in  the  apparatus  and  in  the  sys- 
tem by  which  the  air  is  applied  to  the 
work  of  lifting  the  water. 

One  loss  peculiar  to  steam  and  entire- 
ly absent  with  air  is  the  loss  by  con- 
densation, concerning  which  it  is  not  nec- 
essary to  present  any  figures.  It  is  plain 
that  the  air  should  not  be  blamed  for  any 
of  the  losses  of  which  it  becomes  the 
agent   when   driving   the   steam    pump. 

Thus  far,  the  direct-acting  pump  alone 
and  its  deficiencies  or  those  which  it  en- 
tails, have  been  considered.  Of  course, 
the  pump  has  nothing  to  do  with  the 
friction  losses  in  transmission  from  the 
compressor  to  the  pump.  For  all  such 
losses  and   for  all  possible  leakages  al- 


quired  for  the  actual  adiabatic  compres- 
sion, instead  of  the  theoretical  isothermal 
compression,  will  be  34  per  cent.  This 
percentage  of  80  being  27,  the  surviving 
efficiency  will  be  53  per  cent.  This  be- 
ing the  efficiency  of  the  compressor  and 
41  per  cent,  the  pump  efficiency,  the  ulti- 
mate efficiency  of  the  combination  is  21.73 
per  cent.;  that  is,  it  will  take  about  5 
hp.  in  the  steam  cylinder  of  the  com- 
pressor to  realize  1  hp.  in  the  actual 
lifting  and  delivery  of  the  water.  Actual 
results  are  seldom  any  better,  and  often 
much  worse,  than  this   in  practice. 

At  least  one  hint  may  be  taken  from 
these  figures,  which  is  that  the  loss  is 
the  least  where  the  working  air  pres- 
sure is  the  lowe.st.  In  the  case  of  the 
direct-acting  pump  the  difference  may  be 
made  in  the  relative  capacities  of  the  air 
(driving)  and  the  water  (driven)  cylin- 
ders, and,  in  general,  the  larger  the  for- 
mer is,  the  better.  Thus,  supposing  the  air 
to  be  used  at  40  lb.,  gage,  instead  of 
SO,  the  excess  of  mean  effective  resist- 


TABLE  OF 

STATIC  WATER  POTENTIALS 

1 

2 

3 

4 

Potential 
Hp.  in  Water 

1 

- 

3 

4 

Potential 
Hp.  in 
Water 

Volume, 

Weight, 

Raised 

Volume, 

Weight, 

Gal. 

Cu.Ft. 

Lb. 

100  Ft. 

Gal. 

Cu.Ft. 

Lb. 

100  Ft. 

1 

0 . 1.336S 

8.355 

0.025303 

200 

26 . 736 

1671 

5 . 0606 

2 

0.2B736 

16.710 

0.050606 

2.50 

33 . 420 

2089 

6.3257 

3 

0.40104 

25.065 

0.075909 

300 

40.104 

2506 

7 . 5909 

4 

0.53472 

33.420 

0.101212 

350 

46 . 788 

2924 

8.8560 

5 

0.66840 

41.775 

0.126515 

400 

53.472 

3342 

10   1212 

6 

0.80208 

50.130 

0.151818 

450 

60.156 

3760 

1 1 . 3863 

7 

0.93576 

58.485 

0.177121 

500 

66.840 

4177 

12.6515 

7.48 

1 

62.5 

0.18928 

550 

73.524 

4595 

13.9166 

8 

1.06944 

66.840 

0.202424 

600 

80.208 

5013 

15-1818 

9 

1.20312 

75.195 

0.227727 

650 

86.892 

.5431 

16.1469 

10 

1.3368 

83.55 

0.25303 

700 

93 .  576 

5848 

17.7121 

20 

2 . 6736 

167.10 

0.50606 

750 

100.260 

6266 

18.9772 

25 

3.342 

208.87 

0.63257 

800 

106.944 

6684 

20.2424 

50 

6.684 

417.75 

1.26515 

850 

113,628 

7102 

21.5075 

75 

10.026 

626.62 

1.89771 

900 

120.312 

7519 

22.7727 

100 

13.368 

835.50 

2 . 5303 

950 

126.996 

7937 

24 . 0378 

150 

20.052 

1253 

3 . 7954 

1000 

133.680 

8355 

25.303 

low,  say,  5  per  cent.,  deducting  which 
from  the  43  per  cent.,  found  above, 
leaves  41  per  cent.,  all  the  rest  having 
disappeared  after  the  air  left  the  com- 
pressor. The  transmission  loss  just  al- 
lowed would  be  greater  with  steam,  while 
some  of  the  distances  which  air  may  be 
carried  are  prohibitive   with   steam. 

While  the  cost  of  compressing  the  air 
used  is  not  considered,  attention  might 
be  called  to  the  approximate  figures  for 
compressing  free  air  to,  say,  80  lb.,  gage. 
Assuming  a  steam-driven,  reciprocating 
air  compressor  and  both  compressor  and 
pump  to  run  regularly  under  their  re- 
spective rated  loads,  the  power  which  is 
being  developed  in  the  steam  cylinder 
may  be  taken  as  a  starting  point  or  the 
basis  of  efficiencies.  First  must  be  de- 
ducted a  sufficient  allowance  for  the  fric- 
tion of  the  entire  machine  and  for  the 
leakage  and  clearance  and  other  air-cyl- 
inder losses,  amounting  altogether  to  an 
inefficiency  of  at  least  20  per  cent.,  leav- 
ing 80  per  cent.  Then  in  the  compres- 
sion of  the   air  the  excess  of  power  re- 


ance  in  the  air-compressing  cylinder 
would  he  only  22  per  cent,  instead  of 
34.  and  the  loss  in  the  pump  air  cylin- 
der through  not  using  the  air  expansive- 
ly, would  be  relatively  the  same  so 
that  there  would  be  a  saving  at  both 
ends. 

[A  second  article  will  appear  in  an 
early  issue  in  which  two  types  of  air-lift 
system    will    be    described. — Editors.] 


Idaho  Power    Co.   to  Develop 
Large    Irrigation  Tract 

The  Crane  Falls  Power  &  Irrigation 
Co.,  of  Boise,  Idaho,  will  soon  install 
three  large  Westinghouse  electric  motors, 
aggregating  5645  hp.,  nine  control  switch- 
boards and  six  300-kw.  self-cooled  trans- 
formers to  help  irrigate  the  Gem  irri- 
gation tract,  lying  near  the  Snake  River. 

It  is  not  believed  that  the  company's 
pumping  station,  which  is  located  on  the 
Snake  River,  will  be  completed  and  ready 
to  commence  pumping  until  1913. 


Red  Lead  Joints 
By  A.  L.  Haas 

The  many  jointing  materials  now  ad- 
vertised as  being  the  best  for  the  pur- 
pose have  obscured  the  old  reliable  red- 
lead  putty. 

To  make  a  first-class  joint,  the  white 
lead  used  must  be  unadulterated.  Only 
the  properly  corroded  product  of  metallic 
lead  bought  under  a  written  guarantee 
should  be  used.  To  test  for  its  purity, 
place  a  weighed  sample  in  a  plumber's 
ladle  and  heat;  the  linseed  oil  (if  putty) 
will  then  be  driven  off  and  the  heating 
being  continued,  85  per  cent,  of  the  origi- 
nal quantity  should  reduce  into  blue 
:netallic  lead.  Barytes,  a  chalky  sub- 
stance, refuses  to  reduce  and  can  be  de- 
tected by  color,  appearance  and  weight 
from  the  quantity  of  lead  oxide  present 
in  the  ladle.  If  a  sample  known  to  be 
impure  is  reduced  in  a  ladle  against  a 
sample  of  genuine  white  lead,  the  experi- 
ence gained  will  safeguard  the  user 
against   possible   future    fraud. 

It  is  impossible  to  stock  red  lead 
ground  in  oil,  which  is  putty,  for  the 
reason  that  it  sets  in  bulk  as  hard  as 
stone  in  less  than  a  week;  when  wanted 
for  paint  purposes  it  is  ground  as  re- 
quired. This  fact  explains  its  peculiar 
suitability  as  a  jointing  material. 

The  genuine  white  lead  and  boiled  lin- 
seed oil  having  been  obtained,  proceed 
to  work  up  as  much  dry  red  lead  as 
possible  into  the  white-lead  putty,  moist- 
ening it  with  boiled  oil  while  mixing.  Its 
condition  at  the  finish  should  be  quite 
plastic  and  soft  under  the  fingers. 

Red  lead  should  not  be  used  for  joints 
certain  to  be  repeatedly  broken;  sheet 
packing  is  the  best.  Three  or  four  days 
should  be  allowed  for  a  red-lead  joint 
to  harden  before  admitting  steam.  As 
taking  up  on  the  nuts  cannot  be  done 
with  this  type  of  joint,  it  must  therefore 
be   ruled   out   for  hurry-up   jobs. 

Means  must  be  provided  to  prevent 
the  plastic  putty  being  squeezed  out  be- 
tween the  flanges;  stranded  lamp  cotton, 
spun  yarn,  etc.,  have  all  been  used  for 
this  purpose,  not  to  forget  corrugated 
copper  and  brass  gaskets  and,  what  is 
probably  the  best  of  all,  wire  gauze. 

Where  the  face  of  the  flange  is  pitted 
or  rough,  a  wire-gauze  joint  interlaced 
with  a  couple  of  turns  of  lead  wire  and 
filled  with  red-lead  putty,  the  completed 
joint  being  given  time  to  harden,  is  a 
good  remedy  for  a  joint  which  proves 
repeatedly   troublesome. 

When  it  is  clearly  understood  that  a 
properly  made  red-lead  joint  lasts  for 
the  same  length  of  time  as  the  metal 
flanges,  it  proves  that  its  choice  has 
rested  upon  solid  merit.  Joints  broken 
after  30  years  of  service  without  a  leak 
show,  when  the  castings  have  gone  to 
the  scrap  heap,  that  the  fiange  faces  were 
like  new  metal  and  were  as  bright  as 
the   day   they    were    machined. 


686 


POWER 


Vol.  35,  No.  20 


A  widely  recommended  joint  cement 
having  a  secret  formula  proved  to  be 
littiarge  and  adulterated  white  lead  mixed, 
and  contained  a  proportion  of  iron  filings. 
It  was  used  as  a  substitute  to  red  lead 
when  mixed  with  boiled  oil.  Its  com- 
position led  to  the  belief  that  litharge 
might  be  profitably  used  as  a  good  joint 
cement.  Its  ability  to  assist  poor  and 
adulterated  paint  to  dry  quickly  points 
to  its  use  where  red  lead  might  be  in- 
admissible on  account  of  the  time  re- 
quired to  harden  it. 


The  first  of  these  objections  has  been 
overcome  by  the  introduction  of  tur- 
bines into  marine  work  and  the  arrange- 
ment described  by  Mr.  Yarrow  is  in- 
tended to  meet  the  second  objection. 


New   Arrangement    of  Super- 
heater with  Yarrow  Boiler 

In  a  paper  read  before  the  Institution  of 
Naval  Architects  on  Mar.  28,  Harold  E. 
Yarrow,  of  the  well  known  firm  of  Yar- 
row &  Co.,  Ltd.,  described  a  special  ar- 


S'JPERHE.^TER  APPLIED  TO  OnE   SiDE    OF 

Yarrow  Boiler 

rangement  of  superheater  in  connection 
with  a  Yarrow  water-tube  boiler. 

Formerly,  the  application  of  super- 
heated steam  to  marine  practice  met  with 
two  objections:  Owing  to  the  dryness  of 
the  steam,  oil  for  internal  lubrication  in 


it  also  uiminishes  the  output  of  the 
boiler  at  a  time  when  a  reduced  supply 
is  wanted,  because  only  about  one-half 
the  heating  surface  comes  in  contact  with 
the  gases.     To  avoid  the   possibility   of 


TABLE  II. 


Oil  these  trials  the  heating  surface  was  taken  as  the  heatin; 
tubes  =  3247  sq.ft. 


TRIALS  WITH   DAMPER  SHUT 

surface  of  the   large  nest  of  generatoj 
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water 

takes,  dei;. 

Air 

water 
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Fahr. 

Steam 
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evaporat- 

ed per  sq. 
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Tempera- 
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Lb.  of  oil 
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of 
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of  oil  per 
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Faiir. 
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water 

per  hour 
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per  hour 
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tor  tubes 

242.0 

4.85 

68,648 

6287 

13.25 

25,66 

1  936 

61.0 

913 

242 . 25 

3.97 

57,693 

5065 

13.84 

21.6 

1.56 

60.0 

843 

242.4 

2.491 

44,050 

3504 

15.3 

16.5 

1.09 

60  3 

673 

242 .  .5 

1.46 

31,481 

2473 

15.4 

11.75 

0.76 

63.5 

603 

Referring  to  the  illustration  which  rep- 
resents a  cross-section  through  the  boiler, 
the  superheater  is  shown  placed  over 
the  left-hand  nest  of  tubes.  It  will  be 
observed  that  there  are  fewer  rows  of 
tubes  on  this  side  of  the  boiler,  this  be- 
ing done  so  that  the  total  heating  sur- 
face and  the  resistance  to  the  gases  on 
both  sides  of  the  boiler  would  be  prac- 
tically the  same.  The  total  heating  sur- 
face of  the  boiler  was  6700  sq.ft.,  of 
which  1265  sq.ft.  was  superheating  sur- 
face. 

The  superheater  consisted  of  a  num- 
ber of  U-tubes  expanded  into  two  longi- 
tudinal collectors,  small  doors  being 
fitted  so  that  access  could  be  had  to  the 
tubes  when  necessary.  A  damper  is 
placed  in  the  uptake  on  the  same  side  as 
the  superheater  and  when  this  damper  is 
closed,  all  the  gases  pass  to  the  opposite 
side  of  the  boiler.  Thus  if  the  main 
engines  should  be  slowed  down  sudden- 
ly or  stopped,  or  when  raising  steam, 
the  superheater  may  be  shut  off  by  clos- 


On  these  trial? 


TABLE   I. 
the  heating  surfa 
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242.8 

61.1 

1.7 

40,041 

3630 

15  9 

8.6 

0  542 

64.0 
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241.8 

31 .0 

0.998 

20,059 
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3.7 
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242.2 

20 .  75 
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16   1 

1  .  55 

0  096 
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465 

409 

reciprocating  engines  becomes  a  neces- 
sity and  this  oil,  finding  its  way  into  the 
boilers,  causes  trouble.  Again,  there  is 
danger  of  burning  the  superheater  when 
the  demand  for  steam  is  suddenly  re- 
duced. 


ing  the  damper  and  no  damage  will  re- 
sult to  the  tubes. 

A  further  advantage  of  this  arrange- 
ment is  that  when  the  demand  for  steam 
is  suddenly  reduced,  not  only  does  it 
prevent  the  tubes   from   overheating,  but 


the  damper  becoming  distorted  through 
overheating,  it  is  provided  with  a  hollow 
spindle  into  which  air  is  admitted,  pass- 
ing thence  between  the  two  plates  of  the 
damper. 

In  the  evaporative  tests  referred  to  by 
Mr.  Yarrow,  oil  fuel  was  used,  one  set 
of  trials  being  made  with  the  damper 
open  and  the  other  with  the  damper 
closed.  The  results  of  these  are  given 
in  Tables   1   and  2   respectively. 

Referring  to  Table  2,  it  will  be  seen 
that  at  the  highest  rates  of  evaporation 
nearly  2  lb.  of  oil  were  burned  per 
square  foot  of  heating  surface  per  hour, 
disregarding  the  heating  surface  of  the 
superheater  side  of  the  boiler.  Thus  the 
opposite  side  was  subjected  to  the  heat- 
ing effect  of  all  the  gases  plus  half  the 
radiated   heat. 


Life  Saving  at  Sea 

The  American  Museum  of  Safety  has 
announced  that  Judge  Elbert  H.  Gary, 
on  behalf  of  the  United  States  Steel 
Corporation,  has  presented  the  museum 
with  S5000  toward  obtaining  a  collection 
of  the  best  devices  for  saving  life  at 
sea,  as  a  permanent  exhibit  for  demon- 
stration, free  to  the  public. 

Early  next  month.  Director  W.  H. 
Tolman  will  attend  the  International  Con- 
gress of  Accident  Prevention  at  Milan, 
and  study  the  best  European  methods 
for  life  saving  at  sea,  and  the  prevention 
of  injurious  effects  of  occupational  dis- 
eases. 

Arthur  Williams  succeeds  Philip  T. 
Dodge  in  the  presidency.  Mr.  Dodge  has 
withdrawn  on  account  of  ill  health. 
President  Williams  announces  another 
gift  of  S5000  from  an  "unknown  friend" 
for  research  work  in  connection  with  in- 
dustrial   poisons. 

The  public  is  invited  to  visit  the 
museum,  at  29  West  Thirty-ninth  St., 
any  day  between  9  a.m.  and  5  p.m.,  and 
inventors  and  others  with  practical  ideas 
for  life  saving  at  sea  are  invited  to 
submit  them  at  the  museum. 
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Home  Made  Hoists 

By  K.  p.  Everette 

Realizing  that  the  erecting  work  is 
often  a  large  proportion  of  the  total  cost 
of  small  engines,  a  newly  incorporated 
electric-light  company  thought  it  good 
policy  to  employ  a  chief  engineer  who 
would  be  as  capable  of  installing  the 
machinery  as  of  operating  it.  Such  a 
man  was  engaged  and  he  immediately 
made  all  necessary  preparations  while 
the  foundations  were  being  built.  The 
absence  of  overhead  girders  and  the 
scarcity  of  blocking  timber  showed  the 
necessity  of  some  form  of  crane,  so  he 
constructed  the  acute-angled  gallows 
frame  shown  in  Fig.  1.  The  advantages 
of  this  form  are  obvious  at  first  sight; 
it  is  self-contained,  and  is  so  supported 
and  braced  that  it  may  be  moved  about 
while  carrying  its  load  centrally  without 
danger  of  tipping  over  or  spreading  the 
legs.  When  such  parts  as  connecting- 
rods  are  to  be  hoisted  an  overhang  two- 


FiG.  1.    Acute  Angle  Gallows  Frame 

bearing  lift  is  obtained,  and  variations  in 
the  height  of  either  end  are  easily  se- 
cured by  hoisting  more  on  one  block 
than  on  the  other.  When  only  one  of 
the  two  travelers  is  needed,  it  can  be 
placed  at  any  convenient  point;  there 
are  few  spots  around  an  engine  or  its 
auxiliaries  over  which  some  portion  of 
the  frame  cannot  be  pushed.  To  move  a 
heavy  weight  home  forward  by  both 
travelers  away  from  the  vertex  of  the 
angle,  slings  and  spreaders  are  needed 
to  cause  the  weight  to  descend  slightly 
instead  of  rising.  Its  chief  disadvantage 
is  that  when  hoisting  at  any  point  beyond 
the  center  of  gravity  of  the  frame  the 
opposite  end  must  be  weighted  down  to 
balance  the  load.  The  illustration  amply 
shows  the  method  of  construction. 

In    a    certain    power    station    the    con- 
denser tubes  require  frequent  renewal  of 


packing;  therefore  the  heads  have  to  be 
removed.  To  facilitate  this  a  12-ft.  piece 
of  rail  was  secured  on  top  as  a  track 
for  a  traveling  head  as  shown  in  Fig.  2. 
The  cover  can  be  turned  around,  al- 
lowing the  replacing  of  tubes,  and  by 
turning   the    bolt   A    it   can   be   hoisted   a 


shaft.  This  is  also  a  good  form  of  rig- 
ging for  placing  the  crankshaft  of  a  cen- 
ter-crank   engine    in    position    to    babbitt 
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Fig.  2.    Traveler  and  Track 

trifle  to  clear  the  studs.  A  cheap  and 
quickly  made  temporary  derrick  is  shown 
in  Fig.  3.  Its  capacity  depends  on  the 
size  and  quality  of  the  timber  used,  and 
the  method  of  weighing  down  or  other- 
wise securing  the  heel.  A  modification 
of  this  bearing  a  small  flywheel  is  shown 


Fic.  3.  Improvised  Derrick 

in  Fig.  4.  If  the  ceiling  cannot  be  used 
to  brace  against,  the  beams  may  be  se- 
cured by  rope  to  the  floor  below,  though 
this  method  would  require  more  brac- 
ing lumber  not  heavier  than  2-in.  stuff. 
The  center  of  the  wheel  can  be  tilted 
either   way   to   bring   it   square    with    the 


Fig.  4.   Modification  of  Fig.  3 

its  main  bearings.  In  one  boiler  room  the 
furnace  ashes  had  to  be  carried  out 
through  the  engine  room,  a  most  incon- 
venient and  dusty  arrangement.  To  over- 
come this  the  engineer  cut  a  large  open- 
ing  in    the    partition   between    the   boiler 


Fig.   5.     Ash    Conveyor 

and  engine  rooms  and  then  slung  a 
slack  l,'/4-in.  rope  between  the  two  op- 
posite walls.  A  little  beyond  the  middle  of 
the  rope  a  pair  of  small  tackle  blocks 
were  secured  as  shown  in  Fig.  5.  The 
manner  of  operation  is  apparent  if  it  is 
supposed  that  the  ash  can  is  about  to 
start  on  its  journey,  which  is  done  by 
lowering  on  the  central  tackle  A.  When 
the  block  is  reached  it  takes  only  a 
moment  to  change  the  hook  to  the  other 
side  of  the  load  and  hoist  again,  thus 
causing  the  ash  can  to  continue  its  slide 
right  out  through  the  opened  door. 


Draft  in  the  Boiler 

By  Everard  Brown 

The  use  of  the  word  draft  when  ap- 
plied to  steam  boilers  is  often  mislead- 
ing in  that  it  may  be  applied  to  the  mo- 
tion of  the  gases  through  the  boiler  or 
it  may  mean  the  difference  in  the  pres- 
sure producing  this  motion.  Assuming 
the  latter  definition  as  correct,  the  greater 
the  pressure  difference  the  higher  will 
be  the  velocity  of  flow  because  the  mo- 
tion  is   produced   by   an   excess  of  pres- 
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sure  at  any  given  point  over  that  at  any 
ether  point  toward  which  the  flow  is  di- 
rected. This  difference  of  pressure  may 
be  produced  by  chimneys,  by  exhausting 
fans  or  jets  between  the  boilers  and  chim- 
ney and  by  pressure  fans  supplying  air 
under  the   grate. 

Of  these  methods  the  use  of  chimneys 
is  the  most  prevalent  and  is  commonly 
called  the  natural-draft  system.  Its 
popularity  is  due  mostly  to  the  fact  that 
there  is  practically  no  expense  connected 
with  its  operation.  The  performance  of 
a  chimney,  however,  is  affected  both  by 
weather  conditions  and  by  the  tempera- 
ture of  the  escaping  gases.  This  is  due 
to  the  principle  of  its  operation,  which 
is  simply  to  reduce  the  pressure  within 
its  base  so  that  the  greater  atmospheric 
pressure  without  pushes  air  through  the 
fuel  bed  and  the  gases  of  combustion 
through  the  boilers  into  the  stack.  The 
whole  operation  rests  upon  the  expansion 
of  the  gases  by  heat,  in  consequence  of 
which  the  weight  of  the  gases  in  the 
chimney  is  less  than  if  they  were  cold. 
It  follows  that  the  hotter  the  gases  or 
the  higher  the  chimney,  the  greater  will 
be  the  difference  in  pressure. 

The  second  method,  that  of  installing 
an  exhaust  fan  between  the  boiler  and 
the  chimney,  is  called  the  induced  sys- 
tem, probably  because  the  idea  prevails 
that  it  draws  the  gases  through  the  fuel 
bed  and  boiler.  In  reality,  however,  the 
fan  simply  forces  the  gases  out  of  the 
casing  and  thereby  reduces  the  pressure 
in  it  below  that  in  the  boiler,  so  that 
this  excess  pressure  pushes  other  gas 
through  into  the  space  of  reduced  pres- 
sure, and  so  on.  The  use  of  an  exhaust 
fan  eliminates  any  necessity  for  a  stack 
except  as  a  means  of  carrying  off  the 
objectionable  gases  and  its  height  may 
be  governed   accordingly. 

The  system  is  objected  to  by  some  op- 
erators on  the  ground  that  it  causes  ex- 
cess air  to  rush  into  the  furnace  above 
the  fire  through  leaks  that  might  be  in 
the  setting  or  through  the  furnace  doors. 
Such  leaks  in  the  setting,  however,  are 
always  more  or  less  injurious  to  econ- 
omy and  should  not  exist.  The  intro- 
duction of  the  induced  draft  in  addition 
to  that  of  the  chimney  may  be  made, 
for  example,  in  old  plants  where  an  in- 
crease in  the  load  or  a  different  kind  of 
fuel  requires  more  draft  than  is  avail- 
able with  the  stack. 

The  third  method,  commonly  called 
the  forced-draft  system,  is  to  force  air 
into  the  space  under  the  grate  and 
through  the  fuel  bed,  thus  increasing  the 
pressure  therein  above  that  of  the  sur- 
rounding atmosphere.  With  this  system, 
as  with  the  previous  one,  a  high  stack 
is  not  necessary  except  to  carry  the 
gases  sufficiently  high  to  be  unobjection- 
able. Occasionally  this  and  the  induced- 
draft  system  are  used  together,  as,  for 
instance,  with  economizers.  Forced  draft, 
perhaps,  has  the   advantage   in  that   the 


amount  of  air  going  into  the  furnace  can 
be  regulated  to  suit  the  rate  of  combus- 
tion irrespective  of  weather  conditions 
or  gas  temperatures,  which  is  not  the 
case  with  chimneys,  and  for  this  reason 
very  little  smoke  is  emitted  from  stacks 
where  it  is  in  use.  It  is  always  used 
with  underfeed  stokers. 

The  stronger  the  current  of  air  through 
the  fuel  bed  the  higher,  naturally,  is 
the  rate  of  combustion;  also,  the  absorp- 
tion of  heat  by  the  boiler  increases  with 
the  strength  of  the  current  of  gases  pass- 
ing over  the  heating  surfaces.  It  is  pos- 
sible, therefore,  to  increase  the  working 
rate  of  the  boiler  in  this  way,  although 
there  are  certain  limits  beyond  which  one 
cannot  go  because  any  advantages  de- 
rived will  be  equaled  or  exceeded  by 
the  increased  cost  of  operation.  It  would 
seem  quite  probable,  however,  that  in 
some  instances,  the  capacity  of  a  plant 
could  be  doubled  without  necessitating 
any  radical  changes  in  the  furnace  or 
boiler. 

Capacity  does  not  depend  altogether 
upon  a  great  pressure  drop  through  the 
fuel  bed,  but  upon  the  difference  be- 
tween the  pressures  in  the  uptake  and 
over  the  fire.  Therefore,  with  a  con- 
stant total  draft,  the  boiler  capacity  varies 
inversely  as  the  pressure  drop  through 
the  fuel  bed.  In  fact,  a  large  drop 
through  the  bed  usually  indicates  a  high 
resistance  to  the  flow  of  air  and,  conse- 
quently, a  low  rate  of  combustion. 


Steam     Consumption     Per 

Horsepower  Hour 

By   F.  B.  W.   Barker 

While  most  engineers  are  familiar  with 
the  use  of  the  indicator  and  can  use  it 
intelligently  in  setting  the  valves  and  as 
an  aid  in  obtaining  the  best  economical 
operation  of  an  engine,  surprisingly  few 
are  familiar  with  the  method  of  deter- 
mining accurately  the  steam  consump- 
tion of  an  engine  or  turbine  per  indi- 
cated  or   brake   horsepower-hour. 

For  accurate  engine  tests  surface  con- 
densers are  employed,  because  the  steam 
used  by  the  engine  is  condensed  and 
can  be  weighed  or  measured  and  the 
steam  consumption  determined  directly. 
If  the  engine  is  operating  with  a  vac- 
uum, the  condensed  steam  is  removed 
from  the  condenser  by  the  air  pump, 
and  when  the  engine  is  to  be  tested  with 
the  pressure  in  the  condenser  at  at- 
mosphere, the  condensed  steam  can  be 
removed  by  gravity. 

The  condensed  steam  is  usually  weighed 
in  suitable  tanks  placed  on  accurate  plat- 
form scales,  but  when  very  large  quan- 
tities are  to  be  measured  the  orifice  meth- 
od is  the  better.  In  this  case  the  area 
of  the  orifice  and  the  average  head  of 
the  water  must  be  accurately  known  and 
the  discharge  through  the  orifice  cali- 
brated under  operating  conditions. 


As  it  is  important  that  the  condenser 
should  be  tight,  it  should  be  tested  both 
before  and  after  the  test  is  made.  If 
the  engine  is  operating  with  a  vacuum 
the  same  vacuum  should  be  maintained 
in  the  condenser  when  it  is  tested  for 
leaks.  To  test  the  condenser  pass  the 
condensing  water  through  the  tubes  at 
its  normal  rate  of  flow,  and  note  the 
amount  of  water,  if  any,  collected  in  the 
steam   space  during  a  given  time. 

Another  method  would  be  to  close  all 
the  openings  to  the  steam  area  of  the 
condenser  and  ascertain  whether  a  vac- 
uum can  be  maintained  for  a  reasonable 
length  of  time.  If  salt  water  is  used  as 
a  condensing  medium,  a  solution  of 
nitrate  of  silver  can  be  added  to  a  sam- 
ple of  the  condensed  steam  and  if  no 
considerable  cloudy  precipitate  of  silver 
chloride  appears,  the  condenser  can  be 
considered   tight. 

When  a  plant  is  operating  noncon- 
densing,  or  when  condensing,  and  using 
a  condenser  in  which  the  steam  and 
condensing  water  mingle  and  the  cost  of 
installing  a  surface  condenser  would  not 
be  feasible,  the  steam  used  by  the  en- 
gine or  turbine  can  be  determined  by 
the  weight  of  the  feed  water  entering  the 
boilers,  if  they  supply  nothing  but  the 
engine  under  test. 

This  condition  rarely  exists,  but  in 
most  plants  having  several  boilers  the 
steam  piping  can  be  so  arranged  as  to 
disconnect  one  or  more  boilers  from  the 
battery,   and  supply  only  the   engine. 

Care  must  be  taken  that  all  the  water 
entering  the  boiler  is  converted  into  steam 
and  passes  through  the  engine.  All 
leakage  in  the  boilers  and  piping  should 
be  stopped  and  the  principal  source  of 
loss,  the  boiler  blowoff  connections, 
should  be  blanked.  The  quality  of  the 
steam  should  be  determined  at  regular 
intervals,  and  the  engine  under  test 
credited  with  the  moisture  which  it  con- 
tains. Still  another  method  of  obtaining 
the  steam  consumption  of  an  engine  hav- 
ing a  barometric  or  similar  condenser,  in 
which  the  steam  mingles  with  the  con- 
densing water  and  is  discharged  with  it 
from  the  apparatus,  is  by  the  measure- 
ment of  the  amount  of  heat  transferred 
from  the  steam  to  the  condensing  water. 

The  objection  to  this  method  is  its 
unreliability,  owing  to  the  difficulty  in 
obtaining  the  correct  average  tempera- 
ture of  a  large  volume  of  water  flowing 
through  a  pipe. 

The  load  on  the  engine  should  always 
be  kept  uniform  throughout  the  test. 
It  can  be  determined  at  regular  intervals, 
with  the  indicator  or  prony  brake,  de- 
pending upon  whether  the  steam  con- 
sumption per  indicated  or  brake  horse- 
power-hour is  desired. 


By  approaching  his  men  in  the  right 
way,  even  the  chief  engineer  occasional- 
ly picks  up  a  valuable  operating  hint 
or   improvement. 
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Kinetic  Theory  ot  Gases  and  Steam 


According  to  the  kinetic  theory,  a  gas 
consists  of  a  great  number  of  infinitely 
small  molecules,  each  of  which  is  en- 
dowed by  its  heat  contents  with  mobility. 
Small  as  they  are,  these  molecules  have 
a  certain  mass,  and  the  number  of  them 
in  a  cubic  inch  of  steam  has  been  cal- 
culated, as  has  also  their  mean  free 
path  or  the  distance  they  can  travel 
without  bumping  against  one  another. 

If  a  pump  is  set  to  draw  out  the  con- 
tents of  a  closed  vessel  containing  a  gas, 
the  time  may  be  imagined  when  only  one 
molecule  remains.  If  this  were  visible, 
it  could  be  seen  to  be  darting  about  at 
a  high  velocity  striking  every  wall  of  the 
vessel.  By  the  kinetic  theory  the  pres- 
sure of  a  gas  is  due  simply  to  the  im- 
pact of  the  gaseous  molecules.  It  is 
said  that  a  gas  presses  equally  on  every 
portion  of  its  containing  envelope.  Sub- 
stantially this  is  true,  but  it  is  not  abso- 
lutely true,  for  the  very  nearly  perfect 
vacuum  of  one  molecule  in  a  vessel,  say 
of  cubic  shape  and  therefore  possessed 
of  six  sides,  cannot  represent  equality, 
all  the  pressure  effect  is  concentrated 
on  one  of  the  six  walls,  and  five  walls 
are  absolutely  free  of  pressure. 

No  vacuum  has  yet  been  pumped  so 
perfect  as  not  to  contain  millions  of 
molecules  per  cubic  inch,  and  with  such 
a  number  there  is  always  practically  an 
equality  of  pressure  on  every  bounding 
wall,  but  one  cannot  be  assured  that  the 
pressure  actually  and  absolutely  is  equal 
on   all   sides. 

As  with  all  moving  bodies,  the  gaseous 
molecules  move  in  straight  lines  until 
deflected  by  collisions  and  by  gravity. 
Gravity  gives  an  additional  velocity  to 
the  downward  moving  molecule  and  re- 
tards those  which  are  moving  upward; 
this  accounts  for  the  fact  that  gas  pres- 
sure is  greater  at  the  bottom  of  a  ves- 
sel than  at  the  top.  Thus  in  an  air 
reservoir  10  ft.  high,  the  pressure  is 
higher  at  the  base  by  about  0.005  lb. 
per  square  inch  representing  the  in- 
creased  impact  due  to  a   fall   of   10   ft. 

In  a  vessel  containing  a  gas  not  all 
the  molecules  hit  the  sides,  those  next 
to  the  wall  rebound  and  at  once  strike 
other  molecules  and  bound  back  to  the 
wall  repeatedly.  But  the  effect  is  the 
same,  and  the  final  result  is  that  if  there 
are  two  or  more  different  gases  in  one 
vessel  they  will  diffuse  and  form  a  mix- 
ture. 

If  a  molecule  hits  a  moving  body  it 
adds  to  the  velocity  of  that  body  and 
bounds  back  itself  at  a  speed  less  than 
it  possessed  previously.  Thus  the  steam 
molecules  in  a  cylinder  may  be  imagined 
as  bounding  to  and  fro  between  the 
cylinder  end  and  the  piston   face.     They 


By  W.  H.  Booth 


The  pressure  exerted  by  a  gas 
inclosed  in  a  vessel  is  considered 
as  due  to  a  continual  bombard- 
ment of  the  walls  of  the  the  ves- 
sel by  the  molecules  of  the  gas. 

The  action  of  steam  in  a  con- 
denser and  in  an  engine  cylinder 
is  explained. 


strike  these  two  faces  many  hundred 
times  per  second  for  each  molecule,  and 
at  each  rebound  from  the  moving  piston 
they  lose  velocity;  and  since  their  tem- 
perature is  due  entirely  to  their  velocity 
they  are  rendered  colder.  Thus  it  is 
evident  why  expanding  steam  in  a  cylin- 
der is  cooled  and  also  why  steam  expand- 
ed into  a  fixed  space  is  not  cooled  but 
superheated,  for,  the  walls,  not  moving 
away  from  the  molecules,  cause  the  lat- 
ter to  rebound  with  their  striking  veloc- 


FiG.   1.  Convergent  Nozzle,  with   No 
Definite  Path  for  Exit  Gases 


Fig.  2.   Divergent  Nozzle  from  Which 
Gas  Issues  in  a  Straight  Path 

ity  and,  therefore,  do  not  lose  heat,  but 
if  the  walls  are  cold  they  absorb  heat 
and  the  steam  is  thus  made  to  move  more 
slowly. 

There  are  many  things  one  can  learn 
from  this  kinetic  theory.  It  is  known 
that  water-hammer  is  due  to  steam  driv- 
ing plugs  of  water  along  pipes  toward 
portions  of  the  pipes.  Also,  a  body  acted 
upon  by  an  external  force  will  increase 
in  velocity  to  an  infinite  extent  This  will 
apply  to  such  a  force  as  gravity  which 
adds  velocity  at  the  rate  of  32.16  ft.  per 
sec.  every  second. 

Now,  this  reasoning  cannot  be  applied 
to  steam  and  water-hammer.  A  plug 
of  water  1  in.  in  cross-section  and  30 
lb.  in  weight  will  gain  in  velocity  32.16  ft. 
per  sec.  for  each  second  it  is  urged  by 
steam  of  30  lb.  pressure.  But  this  is 
only  true  just  at  the  start,  for  each  sec- 


ond the  force  acts,  the  water  moves  more 
nearly  at  a  velocity  equal  to  that  of  the 
steam.  When  the  water  is  moving  at  the 
molecular  velocity  of  the  steam  it  cannot 
move  faster,  for  it  would  leave  the  steam 
behind.  Hence,  the  velocity  of  water- 
hammer  is  thus  limited  to  the  molecular 
velocity  of  the  driving  steam. 

Many  marvel  at  the  very  slight  move- 
ment of  the  vacuum  gage  when  a  large 
cylinder  suddenly  exhausts  into  a  cold 
condenser.  The  pointer  swings  through 
a  very  small  arc  and  promptly  returns 
again,  indicating  that  all  the  steam  mole- 
cules found  a  cold  surface.  Since  their 
velocity  may  be  as  high  as  1800  ft.  per 
sec,  no  molecule  in  a  condenser  of  18 
cu.ft.  could  require  more  than  0.0!  sec. 
before  it  reached  a  cold  surface.  The  aver- 
age time  would  be  more  nearly  0.005  sec. 
A  poor  vacuum  in  a  condenser  is  due  to 
the  noncondensible  gases  being  carried 
with  the  rush  of  steam  upon  the  cold 
surfaces,  which  they  blanket  off  from 
subsequent  steam.  Or  if  the  cold  sur- 
faces get  so  much  heat  from  the  mole- 
cules of  steam  that  they  become  heated, 
the  steam  molecules  continue  to  bound 
back  from  them  and  produce  back  pres- 
sure. 

One  of  the  errors  in  condensing  prac- 
tice has  been  to  place  directly  across  the 
path  of  the  steam  a  small  fraction  of 
the  cold  surface  so  as  to  form  an  almost 
continued  wall  of  the  first  two  rows  of 
tubes.  Now,  however,  it  is  more  usual 
to  leave  gaps  in  the  nests  of  tubes  so 
as  to  insure  a  free  path  to  the  cold  sur- 
face behind  the  first  row  of  tubes,  and 
so  on. 

One  is  apt  to  consider  that  all  fluids 
are  subject  to  the  same  influences  with 
similar  results,  but  there  are  distinct 
differences  between  elastic  and  inelastic 
fluids.  Take,  for  example,  the  production 
of  a  smooth,  easily  flowing  parallel  jet 
of  water  issuing  from  a  vessel,  through 
a  wide  orifice  contracted  by  easy  curva- 
ture to  a  parallel  end.  The  jet  of  a 
Pelton  wheel  is  an  example  in  point. 
But  if  a  gas  is  made  to  issue  through 
such  an  orifice  it  will  spread  out  at  the 
narrow  end  of  the  nozzle. 

This  effect  is  well  shown  in  many 
liquid  fuel  burners  which  give  a  wide- 
spreading  flame.  The  reason  for  the 
different  behavior  of  water  and  of  gas 
is  that  the  water  molecules  are  very 
much  less  active  and  are  simply  pro- 
pelled by  pressure  from  behind;  the  gas 
molecules  are  all  free  and  very  active. 
When  they  strike  a  surface  they  rebound 
at  the  angle  of  impact.  Thus  in  Fig.  1 
a  molecule  A  follows  the  dotted  line  and 
makes  equal  angles  at  B,  equal  angles 
at  C  and  equal  angles  at  D.  It  arrives  at  E 
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and  then  strikes  at  an  angle  of  90  deg. 
and  rebounds  along  its  line  of  arrival, 
and  if  it  were  a  lonely  molecule  it  would 
simply  retrace  its  path  to  A.  This  tend- 
ency explains  the  choking  effect  of  such 
a  convergent  nozzle  and  the  spreading 
out  at  the  mouth  of  such  molecules  as 
get  to  that  point  with  a  movement  trans- 
verse to  the  axis  of  the  nozzle. 

Now  consider  a  diverging  nozzle,  as  in 
Fig.  2,  and  start  a  molecule  at  A :  it  will 
strike  B  and  C,  making  equal  angles,  and 
it  is  obvious  that  if  the  nozzle  were  only 
longer  the  rebound  from  the  next  im- 
pact D  would  be  parallel  with  the  axis 
of  the  nozzle.  This  tendency  to  paral- 
lelism belongs  to  every  molecule  and  the 
jet  no  longer  spreads  out.  Such  jets 
are  used  in  the  De  Laval  and  similar 
steam  turbines  and  produce  a  maximum 
effect,  for  no  molecules  waste  their  energy 
by  traverse  movement  or  lateral  ex- 
pansion. 

Of  late,  certain  men  have  denied  the 
existence  of  cylinder  condensation  as 
taught  by  Hirn.  A  small  amount  of  con- 
densation is  admitted,  but  the  greater 
part  of  the  loss  is  attributed  to  valve 
leakage.  Those  who  believe  in  Hirn's 
teaching  cannot  discover  any  proof  of 
the  more  recent  theory  in  any  of  the  test 
figures  put  forward.  The  latter  theorists 
practically  deny  the  "kinetic  theory"  of 
gases  for  thty  speak  of  the  impossibility 
of  condensation  occurring  in  so  brief 
a  space  of  time  as  in  the  stroke  of  a 
last  running  engine.  But  an  engine 
running  at  600  strokes  per  minute  oc- 
cupies one-tenth  of  a  second  per  stroke 
and  every  molecule  of  steam  in  the  cyl- 
inder could  travel  about  200  ft.  in  the 
time  of  one  stroke  or,  say,  30  or  40 
ft.  during  the  admission  period.  Such 
a  velocity  is  ample  for  all  the  molecules 
to  reach  the  cold  walls. 

The  kinetic  theory  in  thermodynamics 
is  like  the  atomic  theory  in  chemistry — 
a  useful  aid  to  the  understanding  of 
phenomena.  Some  people  now  deny  the 
atomic  theory,  but  it  has  long  sufficed 
to  carry  chemistry  along  the  right  road. 
Indeed,  in  regard  to  the  moving  of  a 
piston  and  to  the  effect  on  the  steam 
thus  produced  by  doing  work,  the  kinetic 
theory  affords  a  clearer  insight  to  the 
whole  mechanical  and  physical  action 
than  any  other  explanation  or  theory. 


Bureau  of  Mines'  New 
Publications 

The  following  publications  can  be  had 
on  application  to  the  director  of  the  Bu- 
reau of  Mines,  Washington,  D.  C,  if  or- 
dered by  number  and  title: 

Bulletin  10,  "Use  of  Permissible  Ex- 
plosives," Clarence  Hall  and  J.  J.  Rut- 
ledge;  34  pp.  No.  23,  "Steaming  Tests 
of  Coals  and  Related  Investigations,  Sept. 
1,  1904,  to  Dec.  31,   1908,"  L..P.  Breck- 


inridge, Henry  Kreisinger  and  W.  T. 
Ray;   380   pp. 

Technical  Paper  No.  8,  "Methods  of 
Analyzing  Coal  and  Coke,"  F.  M. 
Stanton  and  A.  C.  Fieldner;  21  pp.  No. 
10,  "Liquefied  Products  from  Natural 
Gas;  Their  Properties  and  Uses,"  I.  C. 
Allen  and  G.  A.  Burrell;  23  pp.  No.  11, 
"The  Use  of  Birds  and  Mice  for  Detect- 
ing Carbon  Monoxide  After  Mine  Explo- 
sions and  Fires,"  G.  A.  Burrell;    14  pp. 

Reprint — Bulletin  34,  "Tests  of  Run- 
of  Mine  and  Briquetted  Coal  in  a  Loco- 
motive Boiler,"  W.  T.  Ray  and  Henry 
Kreisinger;   32  pp. 


Loss  by  Throttling  a  Turbine 

A  correspondent  asks:  "What  is  the 
loss  in  efficiency  due  to  a  drop  of  10 
pounds  at  full  load  across  the  throttle 
of  a  4000-kilowatt  turbine,  the  pressure 
at  the  throttle  being  150  pounds,  the 
superheat  100  degrees  and  the  vacuum 
28  inches?"  The  steam  consumption 
under  the  above  conditions  is  16.6  pounds 
per  kilowatt-hour.  He  would  also  like 
to  know  the  gain  in  capacity  due  to 
eliminating  this  drop,  if  that  were  pos- 
sible. 

The  energy  generated  by  the  drop  of 
10  pounds  goes  at  first  into  accelerating 
the  velocity  of  the  steam  through  the 
constricted  opening  of  the  throttle.  If 
the  velocity  in  the  pipe  or  chamber  on 
the  turbine  side  of  the  throttle  is  the 
same  as  that  in  the  pipe  upon  the  boiler 
side — that  is,  if  the  velocity  after  throt- 
tling is  the  same  as  before — the  energy 
represented  by  the  higher  velocity  in  the 
throttling  passage  will  be  reconverted  to 
heat  when  that  velocity  is  destroyed  and 
the  throttled  steam  will  have  just  as 
many  heat  units  per  pound  as  it  had  be- 
fore it  was  throttled,  but  a  smaller  num- 
ber of  them  will  be  convertible  into  me- 
chanical energy  because  the  initial  "head" 
has   been    reduced. 

The  rule  for  finding  the  energy  gen- 
erated by  expanding  steam  from  one 
pressure    and    quality   to   another   is 

From  the  total  entropy  of  the  steam 
in  the  first  condition  subtract  the  entropy 
of  the  water  in  the  second  condition. 
Multiply  the  difference  by  the  absolute 
temperature  in  th"  second  condition,  and 
subtract  the  product  from  the  difference 
between  the  total  heat  in  the  first  condi- 
tion and  the  heat  of  the  liquid  in  the 
second  condition."-' 

The  Marks-Davis  tables  for  super- 
heated steam  give  the  total  heat  per 
pound  of  steam  at  165  pounds  absolute 
and  100  degrees  superheat  as  1232  B.t.u. 
and  the  entropy  as  1.6269.  At  155  pounds 
the  entropy  for  the  same  total  heat  would 

*H,— A,— (.V,  — «,)  T,. 
Wbei-e 

H^  —  Total  heat  per  pound  in  initial  con- 
dition ; 
hj  =  Heat  of  liquid  in  final  condition  ; 
Af,  =  Total  entropy  in  initial  condition  ; 
«i  —  Entropy  of  liquid  in  final  condition  ; 
7*2  =  Absolute  final  temperature  (F.°  + 
460). 


be,  by  interpolation  from  the  same  table, 
1.6333.  The  temperature,  corresponding 
to  28  inches  of  vacuum,  is  100  degrees 
Fahrenheit  and  the  heat  of  the  liquid 
at  that  temperature  is  67.97  B.t.u. 

All  of  these  values  can  be  gotten  from 
the  steam   table.     Performing  the  arith- 
metical  operations  indicated  by  the  rule 
we   have   for  the   first  condition: 
165  pounds   and    100   degrees  superheat 


N,- 


345.49  B.t.u.  con- 
vertible into  me- 
chanical energy. 

For  the  second   condition 

155  pounds  throttled  from  165 


«,  =  (). 1295  1184.03 

.V,  —  H,  =  1.5038X560=    842.13 


Af,  =1.6929 

'•.• 

=  100 
460 

1252.00=  H, 
67.97  =  /!, 

H,  =0.1295 

1184.03  =  //,  — A, 

H,=  1.4974 

X 

560  = 

=    838.54=  (Af.  —  n,)  T 

341.9  B.t.u.  convertible 
into  mechanical 
energy. 

This  is  the  number  of  B.t.u.  which 
a  perfect  engine  could  convert  into  me- 
chanical energy  working  between  the 
given  limits.  The  falling  off  for  the  sec- 
ond condition  is 


-  =  o.oi  or  1% 


345-49  — 34 1 -go. 
345-49 

This  accords  with  the  results  of  prac- 
tice where  turbines  which  do  not  govern 
by  throttling,  so  that  the  full  initial  pres- 
sure is  available,  give  an  increased  effi- 
ciency of  about  0.1  per  cent,  for  each 
pound  of  additional  initial  pressure. 

As  to  the  effect  upon  capacity,  the 
amount  of  steam  flowing  through  the 
first  set  of  nozzles  or  guide  vanes  will 
be  roughly  proportional  to  the  absolute 
initial  pressure.  The  turbine,  for  ex- 
ample, with  all  the  nozzles  open  or  with 
the  admission  valve  full  open  all  the 
165 
155 

much  steam  with  an  initial  pressure  of 
165  pounds  as  of  155  pounds  absolute. 
With  equal  efficiency  it  would  do  1.065 
times  as  much  work  (6.5  per  cent,  more) 
with  the  higher  initial  pressure.  If  the 
efficiency  is  1   per  cent,  better  it  will  be 

1.065  X    1.01   =   1.076 
times   as   much    work,   or  7.6  per   cent, 
more. 


time  would  take 


1.065  times  as 


Acting  on  data  furnished  by  field  men, 
the  United  States  Geological  Survey  took 
action  in  March  leading  to  the  creation 
of  water-power-site  reserves  in  Arizona, 
Colorado,  New  Mexico,  Utah  and  Wash- 
ington aggregating  24,091  acres.  The 
reservations  are  believed  to  contain  many 
favorable  power  sites.  Restorations  of 
more  than  10,000  acres  of  land  previously 
withdrawn  in  connection  with  power  sites 
were  made  during  the  month  in  Colorado, 
Idaho  and  Washington  This  land  was 
found  upon  further  investigation  to  be 
not  necessary  to  the  control  of  power 
sites. 
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Conducted  to  be  of  service  to  the  men  in  charge  of  electrical  equipment  in  the  power  house 


Transformer  Connections 

By  Cecil  P.  Poole 

Since  no  skill  is  required  in  the 
connection  of  three-phase  transformers 
to  the  primary  and  secondary  circuits 
and  there  are  no  two-phase  transform- 
ers, the  present  article  is  confined  to 
the  connections  of  single-phase  trans- 
formers on  two-phase  and  three-phase 
circuits. 

Two-phase  Connections 

Practically  all  two-phase  lines  are 
merely  two  single-phase  lines  supplied 
from  the  same  source  with  currents 
which  are  out  of  step  with  each  other  to 
the  extent  of  one-quarter  of  a  cycle,  or 
90  electrical  "degrees."  For  the  de- 
livery of  current  to  lamps  and  other  de- 
vices e.xcept  two-phase  motors,  trans- 
formers are  connected  to  the  two  lines 
e.xactly  as  they  would  be  to  two  separate 
single-phase  lines  not  related  to  each 
other,  with  the  exception  that  the  amount 
of  load  connected  to  the  two  station 
lines  should  be  divided  equally  between 
them,  as  nearly  as  possible. 

Fig.  1  shows  a  simple  two-phase 
primary  circuit  with  transformers  con- 
nected to  it  and  supplying  individual 
secondary  circuits,  which  are  single- 
phase,  of  course.  One  of  the  transform- 
ers   is    represented    by    the    conventional 


circuit.  The  saine  precautions  as  to 
instantaneous  polarities,  equality  of  size, 
similarity  of  type,  etc.,  that  were  de- 
scribed in  the  explanation  of  single- 
phase  work  apply  to  two-phase  connec- 
tions and  the  same  objections  exist. 


effect  on  the  transformers  is  concerned, 
which  way  the  leads  are  connected  to 
the  circuits.  The  leads  /  and  K  may 
be  transposed  without  causing  any 
trouble  in  the  transformers;  this  is  true 


Fig.  3.    Two-phase  Motor  and  Trans- 
Fig.  2.   Two-phase  Motor  Properly  formers  Connected  with  "Mixed" 
Connected  Secondary    Leads 


Fig.  1.    A  Balanced  Two-phase  Circuit  Supplying  Lamps  Only 

diagram  indicating  its  primary  and  sec-  When  a  two-phase  motor  is  to  be  sup-  also  of  the  leads  M  and  A^  and  of  each 

ondary   windings.  plied    through    transformers,    two    trans-  pair  of  secondary  leads. 

Transformers  can  be  "banked"  on  one  formers  exactly  alike  are  used  and  these  The  transposition  of  any  pair  of  leads, 

of  the  divisions  of  a  two-phase  line  ex-  are    connected    up    as    shown    in    Fig.    2.  however,    will    reverse    the    direction    in 

actly  as   in   the   case   of  a  single-phase  It   makes    no   difference,   so    far   as   the  which    the    motor    runs.      For    example, 
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if  the  motor  shaft  turns  clockwise  with 
the  connections  as  indicated  in  the  dia- 
gram, transposing  the  wires  of  any  pair, 
such  as  connecting  J  to  the  primary  wire 
2  and  K  to  the  wire  1,  will  cause  the 
motor  to  run  counterclockwise.  If  two 
pairs  of  leads  be  transposed,  the  direc- 
tion of  rotation  will  remain  as  before, 
because  one  transposition  would  reverse 
the  motor  and  the  second  transposition 
would  re-reverse  it  back  to  the  original 
direction. 

In  connecting  up  the  transformers 
of  a  two-phase  motor  care  must  be  ob- 
served to  put  one  transformer  on  one 
primary  phase  and  the  other  transformer 
on  the  other  phase.  The  same  precau- 
tion must  be  observed  in  connecting  the 
secondary  leads  to  the  motor.  If  the 
transformers    should    be    connected    up 


Phase  A 


able  to  use  any  other  than  the  simple  The  star  connection  is  represented  in 
straightforward  connections  shown  in  Fig.  6.  Only  one  terminal  of  each  trans- 
Figs.    1    and  2.  former   is   connected   to   the   circuit;   the 

other   three   are   connected   together,   and 

Three-phase  Connections  ^^^^   connection    is   called    the   "neutral" 

There  are  two  general   plans  of  con-  point  of  the  system, 

necting    transformers    on    a    three-phase  With  the  delta  connection,  the  voltage 


Fig.  4.    Two-phase  Motor  and  Trans- 
formers Connected  with  "Mixed" 
Primary  Leads 

with  mixed  phases,  at  either  the  primary 
or  the  secondary  leads,  the  motor  will 
not  run.  Fig.  3  shows  mixed  secondary 
phases;  one  lead  from  the  "A"  trans- 
former is  connected  to  one  of  the  "A" 
terminals  of  the  motor  and  the  other 
lead  to  one  of  the  "B"  terminals,  and 
the  leads  from  the  "B"  transformer 
are  similarly  mixed.  Fig.  4  shows  mixed 
primary  phases;  each  transformer  is 
connected  to  both  phases  of  the  supply 


Fic.  6.    Star  Connection   of  Transformer  Primary  Leads 


system:  "delta"  and  "star."  The  delta 
connection  is  represented  by  the  dia- 
grams in  Fig.  5,  where  the  primary  wind- 
ings are  shown  at  the  left  and  the  cor- 
responding transformer  arrangement  and 
circuit  connections  at  the  right.  Although 


of  each  transformer  is  that  of  the  cir- 
cuit; in  Fig.  5,  for  example,  each  trans- 
former receives  2300  volts  from  the 
primary  circuit.  With  star-connected 
windings,  however,  each  transformer  re- 
ceives at  its  primary  terminals  only  57.7 


2300  Volt  Primary  Circuit 


/33  Vcft  Secondary   Circuit 

Fig.  7.    Delta-connected  Primary  Leads   and  Star-connected   Secondaries; 
Terminal  Voltage   Ratio  =  57.7   x   Ratio  of  Windings 


this  arrangement  appears  on  paper  as 
though  the  transformer  windings  were 
short-circuited,  that  is  not  true  if  they 
are  properly  connected,  because  the 
phase  differences  and  momentary  polari- 


FiG.  5.    Delta  Connection  of  Transformer  Primary  Leads 


circuit   and   neither  one   gets   the   proper 
current    for   operating   the    motor. 

It  is  practical  to  use  any  of  the  con- 
nections on  either  division  of  a  two- 
phase  system  that  can  be  used  on  a  sin- 
gle-phase system,  but  it  is  seldom  desir- 


ties  of  the  electromotive  forces  prevent 
it.  When  the  voltages  of  any  two  of 
the  windings  are  in  the  same  direction 
around  the  triangle,  the  voltage  of  the 
third  one  is  opposed  to  them  and  equal 
to  both  of  them  added  together. 


per  cent,  of  the  circuit  voltage.  For  ex- 
ample, if  the  voltage  between  any  two 
of  the  primary  wires  is  2300,  as  indi- 
cated in  Fig.  6,  the  e.m.f.  at  the  ter- 
minals of  each  transformer  winding  will 
be    1327   volts. 

This  peculiarity  of  three-phase  star 
connections — the  voltage  between  each 
main  and  the  neutral  being  57.7  per  cent, 
of  the  main-to-main  voltage — 'can  be 
made  useful  in  some  cases  where  two 
voltages  are  required  and  in  others  where 
changes  in  the  transformer  ratio  are  de- 
sirable. Since  the  same  rule  applies  to 
the  secondary  windings,  three  voltage 
combinations  are  possible  by  merely 
changing  the  connections  of  the  primary 
and  secondary  leads,  no  "taps"  in  the 
windings   being   necessary. 

Fig.  7  shows  three  transformers  con- 
nected to  give  minimum  secondary  volt- 
age. The  ratio  of  the  transformer  wind- 
ings is   10  to   I ;   that  is,  the  secondary 
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voltage  of  each  transformer  is  one- 
tenth  of  the  primary  voltage  applied  to 
its  terminals.  With  2300  volts  between 
each  pair  of  wires  of  the  primary  cir- 
cuit, the  primary  voltage  of  each  trans- 
former is  1327;  this  makes  the  second- 
ary voltage  132.7,  and  as  the  secondaries 
are  delta-connected  in  Fig.  7,  this  is  the 
voltage  in  the  secondary  circuit  to  the 
motor. 

in  Fig.  8,  both  primary  and  second- 
ary windings  are  star-connected;  conse- 
quently,   the    transformer    primary    volt- 


The  full  number  of  combinations  just 
described  is  seldom,  if  ever,  used  in 
power-plant  practice;  it  entails  the  dis- 
advantage of  carrying  both  the  primary 
and  secondary  leads  of  the  transformers 
through  a  controlling  switch,  and  this 
would  cause  more  trouble  and  danger 
than  the  resulting  advantage  is  worth, 
outside  of  a  laboratory  or  a  test  room. 
The  secondary  connections,  however, 
are  sometimes  arranged  to  be  changed 
from  delta  to  star  by  means  of  a  switch; 
when    it    happens    that    the    transformers 


2300   t'o/t  Primary  Circuit 


330  Volt  Secondary  Circvi' 

Fig.  8.    Primary  and  Secondary  Leads  Both   Star-connected; 
Voltage   Ratio    =    Ratio  of   Windings 


age  is  57.7  per  cent,  of  the  primary 
circuit  voltage,  or  1327  volts,  and  the 
secondary  voltage  of  each  transformer 
(132.7)  is  57.7  per  cent,  of  the  second- 
ary circuit  voltage,  which  is  therefore 
230  volts. 

Fig.  9  shows  the  final  combination, 
delta-connected  primaries  and  star-con- 
nected secondaries.  The  primary  trans- 
former voltage  is  2300  and  the  second- 
ary transformer  voltage  230,  but  the 
star  connection  makes  the  secondary 
circuit  e.m.f.   1.732   x   230  =   398  volts. 


are  near  the  control  switch  this  is 
practical,  but  if  the  distance  is  great, 
the  fact  that  all  six  of  the  secondary 
leads  must  be  carried  to  the  switch  usu- 
ally   makes    it    impractical. 


LETTERS 

Mr.    Scarborough's    Three- 
Phase  System 

Referring  to  the  wiring  diagram  of  D. 
W.  Scarborough,  in  Power  of  Mar.   19,  I 


B300    Volt   Primary  Circu 


3^8  Volt   Secondary   Circuit  '"-"'"" 

Fig.  9.  Primary  Leads  Delta-connected  and  Secondaries  Star-connected; 
Terminal  Voltage  Ratio   =    1.732    x  Ratio  of  Windings 


do  not  see  how  he  can  have  his  load 
evenly  balanced.  If  he  takes  his  cir- 
cuits from  the  wires  A  and  B  and  B  and 
C,  that  will  be  using  only  two  phases, 
causing  the  ammeter  in  the  leg  B  to  read 
twice  as  much  as  either  /I  or  C;  the  com- 
bined readings  of  the  ammeters  in  A  and 
C  will  be  equal  to  the  reading  of  the  am- 
meter in  B. 


Mr.  Scarborough's  Diagram 

When  I  took  charge  of  the  plant  where 
I  am  now,  which  is  a  three-phase,  three- 
wire  system,  our  lineman  commenced 
connecting  up  by  taking  branch  lines 
from  the  legs  A  and  B  and  B  and  C,  and 
the  result  was  an  unbalanced  load.  I 
then  told  the  lineman  to  take  branches 
from  A  and  C  also  and  thereby  balanced 
the  load  on  the  generator. 

F.    M.    Benjamin. 

St.  Cloud,  Fla. 

[Mr.  Benjamin  is  right  in  his  conten- 
tion that  Mr.  Scarborough's  three-phase 
system  was  not  balanced.  Mr.  Scar- 
borough was  probably  misled  by  the  fact 
that  the  ammeters  in  the  legs  A  and  C 
indicated  equal  loads.  For  correct  three- 
phase  balance,  all  three  ammeters  must 
read  alike.  Mr.  Benjamin  is  in  error, 
however,  in  assuming  that  an  ammeter 
in  the  leg  B  will  indicate  as  much  cur- 
rent as  both  of  the  others  added  together. 
On  account  of  the  phase  relations,  the 
current  in  the  wire  B  would  be  only 
87  per  cent,  of  the  sum  of  the  other  two 
currents  if  they  were  equal.  That  is, 
with  100  amperes  in  A  and  an  equal  cur- 
rent in  C,  the  current  in  B  would  be 
about  173  amperes,  if  no  load  were  con- 
nected between  A  and  C. — Editor.] 


The  United  States  Geological  Survey's 
estimates  of  the  coal  areas  of  Texas 
show  that  the  bituminous  fields  known 
to  contain  workable  coal  cover  8300 
square  miles.  The  estimated  original  sup- 
ply of  bituminous  coal  in  Texas  is  placed 
at  8,000,000,000  short  tons.  From  this 
there  had  been  mined  to  the  close  of 
1910  a  total  of  20,056,941  short  tons, 
which  represents  an  exhaustion  of  ap- 
proximately 30,000,000  tons,  the  exhaus- 
tion being  one-tenth  of  1  per  cent,  of  the 
original  supply.  The  supply  left  in  the 
ground  at  the  close  of  1910  would  be 
equal  to  19,000  times  the  production  of 
that  year. 


The  first  shipment  of  petroleum  from 
the  Gemsah  field  of  Egypt  was  recently 
made,  consisting  of  3000  tons  in  a  tank 
steamer.  The  Gemsah  oil  field  is  on  the 
Red  Sea. 
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Worth-while  gas-engine  and  producer  information  treated  in  a  way  that  can  be  of  practical  use 


An  Experience  with  an    Otto 
Engine 

By  a.  Ul.M-ANN,  Jr. 

Many  an  engine  badly  treated  has  given 
the  gas-engine  industrj-  a  setback  due 
to  the  prejudice  aroused  by  what  seemed 
to  be  the  inability  of  the  engine  to  ful- 
fill the  requirements.  In  nearly  even- 
case  these  failures  can  be  traced  to 
ignorance  and  neglect  on  the  part  of  op- 
eratives or  to  the  fact  that  the  engine 
has  been  applied  to  -work  for  which  it 
is  not  suited.  As  a  further  proof  of 
these  oft-stated  facts.  I  wish  to  submit 
to  my  fellow  readers  an  experience  that 
fell  to  my  lot. 

Among  other  equipment  that  came  un- 
der my  charge  about  two  years  ago.  was 


not  pull  the  load  required;  the  igniter 
still  missed  fire  and  the  gases  blew 
past  the  piston  verj-  badly.  Then  it 
was  decided  to  give  the  engine  a  thor- 
ough overhauling  and  if  possible  cure 
the  remaining  defects. 

Both  main  bearings  and  the  crankpin 
bearing  were  rebabbitted,  and  an  old 
cast-iron  flywheel  of  approximately  the 
weight  of  the  missing  one  was  bought 
and  keyed  in  place.  But  upon  taking 
cut  the  piston  a  horrible  state  of  af- 
fairs came  to  light.  The  piston  and  liner 
had  been  burned  through  lack  of  oil 
until  their  surfaces  were  as  hard  as 
glass  and  were  gouged  and  scratched 
ver>'  badly.  The  rings  were  burred  into 
the  grooves  so  that  they  had  to  be  taken 
out  in  pieces  with  a  cape-chisel  as  no 
file    would    cut    the    burrs    due    to    the 


shaft  bearings  and  tightening  the  gov- 
ernor springs,  the  engine  was  put  into 
operation  and  with  careful  handling  and 
lots  of  lubricating  oil  gave  fair  satis- 
faction for  three  months  until  the  new 
piston  and  liner  arrived. 

During  the  inter\'al,  however,  one  more 
accident  occurred  to  this  engine.  One 
morning  about  9  o'clock  I  received  notice 
that  the  cylinder  had  cracked,  and  mak- 
ing all  haste  to  the  factory-  I  found  that 
the  water  jacket  had  cracked  along  the 
top  of  the  cylinder  from  the  head  end 
forward  about  6  in.  to  a  boss  in  which 
was  threaded  the  outlet  pipe  for  the 
water  circulation.  Upon  removing  the 
cylinder  head  the  entire  water  jacket 
was  found  to  be  thickly  coated  with 
scale.  Due  to  the  vibrations  of  the  en- 
gine, a  large  piece  of  this  scale  had  be- 
come detached  and  when  the  circulating 
water  came  in  contact  with  the  bare  iron 
the  crack  was  caused  by  the  resulting 
rapid  and  uneven  contraction.     This  was 


Fig.  1.    Showing  Where  the  Sh.aft  Failed 


a  40-hp.  German-built  Otto  engine  using 
alcohol  for  fuel  and  belt-connected  to  a 
fiber-extracting  machine.  This  engine 
had  been  giving  very  poor  satisfaction, 
and  apparently  could  not  pull  the  load 
required;  it  stood  still  as  much  as  it 
ran,  defied  all  attempts  to  start  it  and 
consumed  alcohol  with  the  prodigality 
of  a  New  Year's  Eve  drunk. 

The  first  thing  that  was  noticeable  was 
that  the  engine  had  but  one  flywheel  in 
place  of  two,  and,  although  the  shaft 
stub  for  the  second  wheel  ran  in  full 
sight,  no  one  seemed  to  know  what  it 
was  there  for.  The  engine  was  "quan- 
tity governed,"  and  when  it  did  run 
the  governor  cam  jumped  back  and 
forth  like  a  shuttle  and  the  speed  of 
the  engine  varied  about  20  per  cent.  In 
locating  the  cause  of  this  trouble  it  was 
found  that  the  inlet  and  exhaust  valves 
did  not  open  sufBciently  and  that  the 
igniter  worked  ver>'  badly,  missing  about 
one  in  five  explosions;  also,  the  gov- 
ernor springs  were  so  weak  that  the  en- 
gine ran  about  10  per  cent,  below  its 
rated  speed. 

After  these  faults  were  corrected,  the 
engine  ran  much  better  but  still  it  would 


hardening  of  the  surface  of  the  metal 
by  the  frequent  heatings  to  which  it  had 
been  subjected.  Luckily  a  spare  set  of 
rings  were  discovered  stowed  away  un- 
der a  pile  of  junk  in  a  locker. 

Worst  of  all,  it  was  evident  that  some 
mechanical  genius  while  putting  the 
wristpin  into  the  piston  had  neglected 
to  push  it  home  so  that  the  setscrew  in 
the  piston  boss  could  enter  the  hole 
drilled  in  the  wristpin  for  that  purpose. 
The  result  was  that  the  wristpin  had 
backed  out  and  come  in  contact  with  the 
cylinder  liner,  wearing  two  grooves  in 
it  about  's  in.  deep  and  the  length  of 
the  stroke. 

This  state  of  affairs,  of  course,  in 
conjunction  with  the  condition  of  the 
piston,  made  a  new  piston  and  liner  ab- 
solute necessities.  These  were  ordered 
from  Germany  and  a  piece  of  I'^-in. 
iron  plate  was  inserted  between  the 
crankpin  bearing-box  and  the  eonnecting- 
rod  stub  to  lengthen  the  rod  and  there- 
by reduce  the  clearance  of  the  engine; 
this  gave  higher  compression  and  there- 
fore reduced  the  likelihood  of  misfire. 
-After  cleaning  ever\-thing.  taking  up  ail 
lost  motion  in  the  valve  rods  and  lay- 


Showing  How  the  Shaft 
Failed 

repaired  with  a  patch  of  >4-in.  iron  plate 
held  in  place  with  a  number  of  fg-'n. 
tapscrews  tapped  into  the  water  jacket. 
Before  tightening  in  place  a  liberal  coat 
of  Smooth-On  cement  was  applied  to 
the    cylinder    beneath    the    patch. 

This  answered  the  purpose  admirably 
and  gave  no  funher  trouble.  Needless 
to  say,  all  the  scale  was  removed  from 
the  water  jacket;  to  do  this  we  used 
hydrochloric  acid  and  long-handled 
scrapers  inserted  in  the  water  ports  that 
furnish  the  circulation  to  the  cylinder 
head. 

With  the  new  piston  and  liner  this  en- 
gine ran  well  and  for  tvo  years  it  pulled 
a  load  which  steadily  increased,  due  to 
the  demands  of  manufacture;  although  I 
continually  asked  the  owners  for  addi- 
tional engine  equipment,  it  was  never 
forthcoming.  The  engine  finally  could 
stand  no  more  and  one  day  the  crank- 
shaft broke  as  indicated  at  A  in  the 
sketch.  Fig.  1.  It  will  be  evident  from 
this  sketch  that  the  shaft  embodied  a 
very  bad  feature  of  design,  namely,  the 
sharp  reentrant  angles  between  the  bear- 
ing journals  and  the  cranks.  The  metal 
did  not  show  cr\'stallization  at  the  frac- 
ture, but  the  break  seemed  to  have  been 
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caused  by  an  incipient  crack  working 
its  way  into  the  metal  from  the  apex 
of  the  reentrant  angle,  as  indicated  in 
Fig.  1,  until  the  entire  interior  of  the 
crank  cheek  was  separated.  The  outside 
metal  BB,  Fig.  2,  held  a  while  and  final- 
ly sheared  off,  as  was  evident  from  the 
character  of  the  break.  There  was  no 
other  immediate  cause  for  the  fracture 
as  no  part  of  the  engine  had  become 
overheated  and  it  had  run  well  all  day, 
except  that  it  had  been  subjected  to  an 
overload  so  severe  that  at  times  it  nearly 
stopped. 


Gas  Samples  by  Express 

By  G.  W.  Munro 

Many  producer-plant  operators  would 
doubtless  be  glad  to  have  authoritative 
analyses  of  their  gas  output,  but  lacking 
both  the  necessary  chemical  equipment 
and  technical  skill,  feel  entirely  helpless 
in  the  matter.  Such  may  be  interested  in 
the   experience   herein   recited. 

Some  time  ago,  the  unsatisfactory  op- 
eration of  a  gas-power  plant  made  it  nec- 
essary to  fix  the  responsibility  as  between 
producer  and  engines,  which  were  fur- 
nished by  different  makers.  The  engine 
specifications  called  for  a  certain  mini- 
mum heat  value  in  the  gas,  and  these 
specifications  had  been  accepted  by  the 
producer  builder.  The  issue  therefore  was 
the  quality  of  gas  furnished,  and  there 
was  no  apparatus  within  a  hundred  miles 
for  testing  gas. 

Rather  than  make  another  trip,  I  had 
two  tin  cans,  holding  about  2  gal.  each, 
made  as  shown  in  the  accompanying 
sketch.  These  were  used  to  transport 
samples  of  gas  for  analysis,  the  samples 
being  taken,  the  ends  of  the  cans  dipped 
in  paraffin,  the  cans  boxed  and  shipped 


Holder  for  Carrying  Samples  of  Gas 

by  express  to  the  nearest  laboratory.  The 
samples  were  analyzed,  the  cans  returned 
and  refilled  with  other  samples  represent- 
ing other  running  conditions,  and  sent 
back   to   the    laboratory. 

The  analysis  of  a  few  samples  showed 
that  the  producer  was  at  fault  and  it  was 
rejected.  Before  placing  the  order  for 
a  new  producer  to  take  its  place,  sam- 
ples were  taken  from  a  producer  already 
in  sei-vice  like  the  one  under  considera- 
tion and  its  suitability  for  the  service  thus 
practically  predetermined. 

Twelve  samples  were  shipped  in  this 
manner  over  distances  ranging  from  100 
to  500  miles.  One  shipment,  misdirected, 
was  about  two  weeks  in  reaching  its 
destination,  yet  not  a  sample  showed  even 
a  trace  of  oxygen,  showing  conclusively 
that  no  air  had  become  mixed  with  the 
gas  during  shipment  or  handling. 


For  handling  gas  samples  in  this  man- 
ner certain  precautions  are  necessary.  In 
filling  the  can  from  a  pressure  system 
the  process  is  very  simple;  it  consists 
merely  in  attaching  one  pet-cock  of  the 
can  to  a  similar  one  in  the  gas  main  by 
a  rubber  tube,  opening  both  pet-cocks 
and  allowing  the  gas  to  flow  through  for 
some  time  to  be  sure  that  the  air  is  all 
expelled. 

The  cock  at  the  free  end  of  the  can 
must  be  closed  first,  of  course,  in  order 
to  trap  the  gas  in  the  can  under  pres- 
rure. 

In  a  suction  plant  the  gas  may  be 
collected  over  water,  first  saturating  the 
water  to  be  used  by  shaking  it  in  con- 
tact with  some  of  the  gas.  Water  from 
tl'e  scrubber,  if  not  too  dirty,  should  be 
suitable  for  the  purpose.  Great  care  must 
be  exercised  in  making  connection  Vi  the 
gas  inpin  to  see  that  there  are  no  leaks, 
for  .".ny  leak,  however  small,  will  admit 
E'r  to  the  sample  and  spoil  it.  A  second 
can  should  be"  connected  to  the  free  end 
of  the  sampling  can  so  that  it  may  be 
partly  filled  with  gas  which  may  later  bt 
forced  back  into  the  sampling  can  to 
raise  the  pressure  above  the  atmosphere. 
This  will  make  the  direction  of  anv  leak- 
age outward,  which  results  only  in  los- 
ing a  little  gas,  whereas  leakage  inward 
spoils  the  sample. 

In  removing  the  sample  for  analysis, 
the  chemist  should  heat  the  can  enough 
to  get  the  required  sample  rather  than 
displace  it  with  water,  as  the  introduction 
of  unsaturated  water  results  in  absorbing 
some  of  the  carbon  dioxide  and  there- 
by changing  the  composition  of  the  re- 
mainder of  the  sample,  making  a  check 
analysis  impossible. 


A  Producer  Gas  Experience 

By  George  L.   Markland 

Our  power  plant  consists  of  a  50-hp. 
tandem  producer  gas  engine,  with  its 
accompanying  suction  gas  producer.  This 
equipment  replaced  two  gas  engines — 
one  of  22  hp.,  the  other  of  20  hp. — which 
had  formerly  made  up  our  power  equip- 
ment, and  which  operated  on  city  gas. 

When  the  new  producer  plant  was  in- 
stalled it  ran  well  for  about  six  weeks, 
but  our  man,  who  had  had  no  experi- 
ence with  producer  plants,  adjusted  the 
governor  until  the  engine  was  running 
on  air  regulation.  As  the  producer  gas 
became  more  or  less  rich,  the  valves  had 
to  supply  a  proportionate  quantity  of 
air,  or  backfire  resulted.  In  other  words, 
the  governor  was  adjusted  too  close  to 
regulate  properly.  • 

After  this  difficulty  was  overcome  the 
question  of  coal  became  a  serious  one. 
We  first  arranged  for  a  supply  of  pea 
coal,  for  which  we  paid  S4.35  a  ton.  This 
coal  clinkered  badly  in  the  producer. 
Consequently  we  had  to  keep  the  men 
overtime  until  7  or  8  o'clock  at  night  to 


break  out  the  clinker  with  sledgeham- 
mers. This  kind  of  treatment  threatened 
to  destroy  the  generator,  so  we  invited 
five  different  companies  to  send  us  each 
a  ton  of  coal  and  explained  to  them  the 
conditions  the  coal  had  to  meet. 

One  lot  of  coal  made  a  beautiful  fire, 
but  absolutely  no  gas.  Another  kind  gave 
fine  gas,  but  ran  into  clinker  as  hard  as 
flint.  Finally  one  company  suggested  that 
we  try  a  ton  of  buckwheat  coal  which 
had  given  excellent  satisfaction  in  other 
producer  plants  and  which  cost  only  S3.50 
a  ton.  This  coal  we  are  still  using,  and 
while  we  have  some  clinker,  the  quan- 
tity is  small  and  causes  us  practically 
no  trouble.  The  coal  is  delivered  to  us 
in    15-ton   lots   and   runs   uniform. 

In  the  third  place  we  had  to  experi- 
ment with  the  time  of  charging  the  gen- 
erator with  coal.  At  first  we  charged 
it  every  two  hours,  but  found  that  it 
was  frequently  necessary  to  use  city 
gas  in  order  to  carry  the  engine  over 
the  period  of  charging.  By  charging  the 
generator  every  two  hours  we  saved  stok- 
ing through  the  top  and  prevented  the 
clinker  forming,  but  the  method  proved 
to  be  impracticable,  as  the  engine  some- 
times dropped  its  speed  and  stopped  en- 
tirely during  the  time  we  were  charging 
the  generator. 

We  have  found  it  advisable,  there- 
fore, to  charge  it  at  night  when  our  fac- 
tory closes  and  to  charge  it  again  in 
the  morning  at  7  o'clock  after  raking 
the    fire    and    poking   it   down. 

We  have  had,  too,  some  amusing  ex- 
periences, alarming  at  the  time  they  hap- 
pened, but  always  proving  to  be  very 
simple  after  investigation. 

In  the  first  place  one  of  the  men  who 
erected  the  engine  left  a  yi-in.  nut  in  the 
governor  case,  and  after  we  had  been 
running  the  machine  about  four  days 
this  nut  interfered  with  the  governor 
tails,  broke  the  stem  and  shut  down  the 
engine.  After  searching  an  hour  and  a 
half,  the  trouble  was  discovered  and 
remedied. 

A  month  later,  after  the  governor  had 
been  adjusted  so  closely  that  we  were 
depending  on  air  regulation  by  valve, 
we  got  a  terrific  backfire  because  of  the 
bad  mixture,  which  turned  the  material 
in  the  dry  purifier  upside  down,  and 
again  the  engine  stopped.  In  this  case 
we  started  the  engine  on  city  gas  and 
later   in   the  day   discovered   the   trouble. 

Of  course,  all  these  things  affected  the 
men  in  the  shop  so  that  they  began  to 
look  upon  the  plant  in  the  nature  of  an 
experiment,  but  anyone  who  reads  these 
experiences  will  realize  that  all  of  our 
troubles  were  due  to  neglect,  ignorance, 
or  carelessness.  Our  chief  difficulty  has 
been  to  overcome  the  prejudice  among 
our  employees. 

The  engines  which  were  displaced  by 
the  present  equipment  produced  bills  with 
the  city  gas  company  which  averaged 
S120  a   month.     The  cost  of  labor  was 
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about  S25  a  month.  The  labor  cost  on 
the  present  equipment  is  $45  a  month, 
but  the  cost  for  fuel  is  only  330.  In  ad- 
dition we  charge  up  60c.  worth  of  kero- 
sene a  month  for  the  new  plant.  We 
found  it  necessary  to  soak  the  governor 
cage  in  kerosene  all  night,  replacing  it 
in  the  morning  before  starting  the  plant; 
this  gave  much  better  speed  regulation. 
The  other  expenses  incident  to  the  power 
equipment  are  the  same  now  as  when 
the  old  equipment  was  in  operation,  ex- 
cept that  the  fire  insurance  rate  has 
been  increased  because  of  the  installa- 
tion of  the  producer  plant.  The  addi- 
tional monthly  expense  for  this  is  S6.50. 
We  are  arranging,  however,  to  make 
changes  in  other  parts  of  the  plant  which 
will  reduce  the  insurance  enough  to  off- 
set the  increase  mentioned.  Even  with 
this  increase,  we  are  saving  $62.90  a 
month  by  using  the  producer  gas  equip- 
ment.— Factorv. 


CORRESPONDENCE 

Weak  Crankshafts 

The  casualty  insurance  reports  printed 
in  Power  from  time  to  time  are  of  much 
value  to  those  interested  in  engine  de- 
sign. The  writer  is  sometimes  called  in 
at  the  "inquest"  in  similiar  cases  and  it 
seems  remarkable  that  there  are  so  few 
failures  and  practically  no  cases  of 
human  injury  when  some  of  the  com- 
mercial constructions  are  considered.  Too 
many  large  engines  have  failed  because 
the  design  was  based  on  successful  prac- 
tice with  small  engines  where  require- 
ments and  service  were  the  easiest  pos- 
sible. 

Herewith  is  shown  a  sketch  of  a 
ridiculously  weak  shaft  used  in  a  I2x 
lejj  illuminating-gas  engine  with  70  lb. 
compression.  It  is  necessary  to  retard 
the  ignition  of  this  engine  to  such  a  de- 
giee  that  the  maximum  pressure  is  limited 
to  200  lb.  per  square  inch  in  order  to  get 


ac  ■*: 

smooth  operation  of  the  engine.  If  the 
engine  is  adjusted  for  power  and  econ- 
omy of  fuel,  the  springing  of  the  shaft 
and  bed  is  alarming.  Many  of  these  en- 
gines are  in  use  and  every  one  of  the 
larger  ones  is  a  menace  to  life  and  prop- 
erty. Their  shaft  failures  are  so  fre- 
quent that  some  provident  owners  keep 
a  shaft  on  hand  constantly,  some  engines 
having  broken   three   shafts  so   far. 

Assuming  reactions  at  centers  of  the 
main  bearings  as  stated  on  the  sketch, 
the  maximum  fiber  stress  at  the  center  of 
the    crankpin    on    starting    would    reach 


practically  24,000  lb.  per  square  inch.* 
Assuming  a  terminal  inertia  of  reciprocat- 
ing parts  of  60  lb.  per  square  inch  of 
piston  area,  the  unit  stress  when  up  to 

140 

200 
800  lb.  per  square  inch. 

When  these  engines  are  new  and  the 
bearings  are  snug,  these  stresses  are  of 
course  never  reached  as  the  deflection 
causes  the  reaction  points  to  move  in- 
ward closer  to  the  inner  edges  of  the 
bearings  as  at  n  and  r~.  This  localizes 
the  bearing  pressures,  the  babbitt  is  soon 
beaten  out  and  the  reaction  points  spread 
until  finally  the  great  deflection  and  the 
recurring  of  heavy  stresses  cause  fatigue 
and  ultimately  fracture  of  the  shaft. 

Alof    Alofsen. 
Philadelphia,  Penn. 


Curing  a  Leaky  Exhaust-pipe 
Joint 

The  ow'ners  of  a  gas  engine  installed 
for  driving  the  machinery  in  a  fairly  large 
factory  were  troubled  by  leakage  of  spent 
gas  from  the  exhaust  connections  of  the 
engine  into  the  room  where  the  engine 
was  situated,  which  was  so  serious  that 
it   had    to   be   remedied. 


Fig.  1.  Arrangement  Which  Caused 
Leak 

Examination  showed  that  the  cause  of 
the  trouble  u'as  due  to  the  inflexibility  of 
the  exhaust  pipe  and  muffler.  These  can 
be  more  clearly  understood  by  reference 
to  the  two  sketches  herewith  shown.  As 
originally  installed,  the  muffler  was  buried 
solidly  in  the  floor  and  connected,  by 
means  of  a  fairly  long  pipe  with  a  bend 
in  it,  to  the  exhaust  outlet  of  the  engine, 
the  joint  being  made  by  means  of  a  flange 
screwed  on  the  end  of  the  pipe.  (See 
Fig.  1.)  It  will  be  evident  that  with  this 
arrangement  the  muffler  formed  a  rigid 
support  for  one  end  of  the  pipe  and  the 
flange  the  support  for  the  other  end. 
When  the  engine  was  under  full  load,  the 
escaping  exhaust  expanded  the  pipe  to 
such  an  extent  that  severe  strains  were 


*Let   P  =  Maximum  pressure  on  crankpin 
fi,  =  Reaction  at  center  of  bearing  Bj 
R,  =  Reaction  at  center  of  bearing  B„ 
J  =  Section  modulus  at  center  of  crankpin 
iVf  =  Bending  moment,  incli-pounds 
S  =  Unit  stress  at  center  of  crankpin 

Then  f  =  12'^x20u  =  22,620 

K,=45^P=  10,539 

ft,  =  ".^P  =  12,081 
J  =  0.09SX(3i)^  =  5.16S 
M=  115x10,539  1  _i,o  o,n 
=  10JX  12,081  /  -1^'*.«'50 

M 
S  =  if -23,960 


thrown  on  the  joint,  causing  it  to  become 
leaky.  Eventually  the  matter  was  reme- 
died by  making  the  muffler  movable  and 
putting  it  on  rollers,  as  shown  in  the  sec- 
ond sketch. 

To  do  this  the  pit  in  which  the  muffler 
was  placed  was  enlarged  both  in  width 
and  in  depth  and  beneath  the  muffler  were 
placed  two  small  pieces  of  gas  pipe  which 
served  as  rollers.  With  this  arrangement, 
the  muffler  moved  forward  on  the  roll- 
ers  when   the   pipe   expanded   and   when 


Fig.  2.  Muffler  on  Rollers 

the  engine  was  shut  down  it  rolled  back 
to  its  old  position.  This  effectually 
remedied  the  trouble,  which  had  threat- 
ened to  become  very  serious  from  the 
owner's  point  of  view. 

J.  A.   Seager. 
Bristol,  Eng. 


Erratic  Speed  Variation 

Irregularity  of  speed  in  gas  engines  is 
usually  caused  by  either  faulty  governor 
mechanism,  overheating  or  misfiring.  The 
two  last-mentioned  troubles  are  easily 
detected  and  their  correction  may  or  may 
not  be  a  simple  matter.  It  is  the  first- 
named  fault  with  which  this  short  letter 
deals. 

The  pins  and  joints  in  a  governor 
mechanism  may  have  become  so  worn  by 
continuous  use  that  they  are  slack  in  one 
position  and  tight  in  another,  thereby 
causing  irregular  governing.  The  larger 
components  of  the  governor  mechanism, 
however,  may  also  cause  trouble,  as  will 
be  seen  by  the  following  experience 
which  recently  came  under  the  writer's 
notice.  A  twelve-year  old  gas  engine  of 
about  4  brake  horsepower  was  fitted  with 
a  hit-and-miss  governor.  This  engine 
would  run  steadily  for  a  time,  then  sud- 
denly speed  up  or  die  down  about  10 
per  cent,  of  the  normal  rate  of  speed, 
maintaining  the  abnormal  speed  for  a 
few  minutes  at  a  time. 

After  much  thought  and  guessing  it 
was  found  that  the  camshaft,  the  bear- 
ings of  which  had  become  considerably 
worn,  would  shift  along  axially,  and  the 
thrust  from  the  skew-wheel  on  the  crank- 
shaft would  force  the  bevel  gear  driving 
the  vertical  governor  spindle  tight  against 
the  gear  on  the  latter  with  which  it 
meshed.  This  caused  the  governor  spindle 
to  bind,  and  the  governor  then  lost  its 
sensitiveness.  Fitting  thin  washers  be- 
tween the  boss  of  the  skew-wheel  on  the 
side-shaft  and  the  camshaft  bracket 
cured  the  trouble. 

John  S.  Leese. 

Manchester,  Eng. 
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Heating  and  Ventilation 

Considered  as  power-plant  problems.     Layout  and  operation  of  systems  and  apparatus 


Hot    Water    Heating   for 
Institutions* 

By  Ira  N.   Evans 

It  is  almost  the  universal  practice  for 
such  large  institutions  as  hospitals,  col- 
leges and  asylums  of  various  kinds, 
comprising  a  group  of  buildings,  to  pro- 
vide the  heating  from  a  central  plant 
as  a  matter  of  both  low  first  cost  and 
economy  of  operation.  Hot  water  by 
forced  circulation  is  particularly  well 
adapted  to  this  class  of  work,  and  when 
the  magnitude  of  the  plant  is  over  10,000 
sq.ft.  of  radiation  the  operating  cost 
should  he  less  than  for  a  steam  system 
on  a  proper  layout.  The  larger  the  plant 
the  less  in  proportion  will  be  the  cost 
of  heaters  and  pumps  to  the  whole. 

Inasmuch  as  this  method  of  heating 
was  first  applied  to  shops  and  factories 
in  connection  with  the  use  of  exhaust 
steam  from  the  power  plant,  many  have 
assumed  that  it  was  more  or  less  limited 
to  this  class  of  work.  The  applications 
are  just  as  varied  as  those  of  steam 
heating  with  the  added  advantage  that 
the  water  system,  having  a  variable  tem- 
perature of  the  medium  independent  of 
the  power  of  circulation,  has  the  same 
economy  in  the  use  of  steam,  whether 
exhaust  or  live  steam  is  used  on  the 
system. 

This  point  is  of  especial  importance 
in  connection  with  this  class  of  work, 
as  the  power  load  is  generally  greatest 
at  night,  when  lighting  is  required  for 
a  comparatively  few  hours,  and  during 
the  day  the  exhaust  steam  is  insufficient 
for  the  heating  requirements.  College 
work  to  a  great  extent  is  discontinued 
during  the  summer  months  and  the  regu- 
lar terms  comprise  the  months  of  the 
heating  season. 

It  may  be  readily  seen  that  if  the 
heating  medium  is  maintained  at  a  near- 
ly constant  temperature  of  212  deg.  in- 
stead of  a  variable  temperature  averag- 
ing 160  deg.  throughout  the  heating  sea- 
son, that  the  live-steam  requirements 
would  be  greater  if  the  power  load  did 
not  furnish  sufficient  exhaust  steam.  If 
automatic  heat  control  is  provided  and 
maintained  in  proper  working  order,  the 
steam  system  will  be  economical,  but 
will  be  high  in  first  cost  and  mainte- 
nance. 

If  pressures  are  varied  below  atmos- 


phere it  will  mean  work  for  the  vacuum 
pump  to  overcome  the  air  leaks  of  the 
piping  and  larger  mains  will  be  required 
for  the  same  output.  These  vacuum 
pumps  use  about  125  lb.  of  steam  per 
horsepower-hour  and  the  drain  traps  pro- 


A  steam  system  designed  to  operate 
economically  on  live  steam  under  pres- 
sure is  uneconomical  for  exhaust  op- 
eration or  impossible,  and  one  arranged 
to  operate  on  exhaust  at  low  pressure 
is  uneconomical   when  operated   on  live 
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1.    Arrangement  of  Mains  with  Single  Flow  and  Separate  Returns 


•Copyrighted  1912.  by  Ira  N.  Evans, 
tonsulting  engineer,  156  Broadway,  New 
York   City. 


vided  for  removing  condensation  from 
the  steam  mains  at  distant  points  are 
a  continual  source  of  waste  and  expense, 
especially  where  grades  are  such  as  to 
interfere  with  a  gravity  flow  to  the  power 
house. 


steam   due   to   the   constant  temperature 
and  pressure  impressed. 

It  is  of  frequent  occurrence  in  large 
steam  plants  where  the  distances  are 
great  that  the  condensation  requires  a 
considerable  length  of  time  in  returning 
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to  the  power  house,  and  make-up  water 
has  to  be  provided  in  the  meanwhile 
for  boiler  feed.  The  condensation  re- 
turning afterward  remains  in  the  return 
tank,  if  it  is  large  enough,  and  loses  its 
heat  or  is  passed  into  the  overflow 
and  is  wasted. 

These  difficulties  are  more  serious 
where  live  steam  is  used  for  heating  than 
when  there  is  ample  power  to  provide 
exhaust  steam.  They  are  entirely  ab- 
sent in  the  operation  of  the  hot-water 
system  as  no  steam  is  taken  outside  of 
the  power  house  and  the  water  tem- 
perature from  the  entire  plant  can  be 
perfectly  regulated  to  suit  outside  weather 
conditions  without  automatic  heat  con- 
trol. 

The  water  system  with  the  same 
amount  of  radiation  as  for  steam  at  212 
deg.  will  average  about  160  deg.  through- 
out the  heating  season  and  only  about 
6  per  cent,  of  the  time  will  ma.ximum 
temperature  be   required. 

If  the  steam  system  averaged  212  deg. 
and  the  water  160  deg.  with  the  same 
radiation  and  the  rooms  70  deg.  in  both 


load  at  212  deg.  This  is  caused  by  the 
inability  to  vary  the  temperature  of  the 
medium  to  any  extent  when  considering 
the  low-pressure  steam  system.  As  the 
exhaust  steam  is  considered  insufficient 
no  attempt  is  made  to  increase  the  econ- 
omy of  the  engine  equipment  for  power. 
Carried  to  an  extreme  in  some  cases, 
this  causes  a  surplus  of  exhaust  steam 
after  the  plant  is  in  commission. 

In  a  water  system  the  average  load 
is  the  most  important  as  the  engines 
might  be  compounded  with  economy  and 
vacuum  carried  in  some  cases.  No  steam 
is  taken  outside  the  power  house  as  live 
steam  is  utilized  in  the  live-steam  heater 
with  gravity  return  to  the  boilers,  and 
the  exhaust  is  used  in  the  exhaust  heater 
under  partial  vacuums,  if  conditions  are 
favorable.  If  the  exhaust  from  the  cir- 
culating pump,  with  a  steam  consumption 
of  not  over  26  lb.  per  horsepower-hour, 
is  used  in  the  heating  system,  the  fric- 
tion of  the  water  in  the  mains  will  about 
produce  heat  sufficient  to  balance  that 
lost  by  the  pump. 

Regardless  of  any   claim   to   the   con- 
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the  time,  as  would  occur  when  there 
was  little  or  no  power  at  night,  the  regu- 
lar method  of  returning  the  condensa- 
tion to  the  boiler  by  gravity  should  be 
employed.  In  most  plants  of  this  char- 
acter there  will  be  a  surplus  of  exhaust 
steam  during  the  peak  of  the  lighting 
load  a  few  hours  in  the  evening.  Under 
these  conditions  the  exhaust  heater,  if 
the  load  is  of  sufficient  magnitude,  should 
be  arranged  to  carry  some  vacuum.  With 
the  outbound  water  at  160  deg.,  20  in. 
of  vacuum  could  be  carried  and  the 
heating  system  used  as  a  condenser  to 
the  extent  of  its  capacity.  This  would 
decrease  the  steam  consumption  on  the 
power   units   so   that   possibly    no   more 
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Fics.  2  AND  3.    Typical  Arrangements  for  Piping  and  Radiation  in  Buildings 


cases,  the  steam  transmission  would  be 
at  the  rate  of  212-70  deg.  and  the  water 
at  160-70  deg.,  or  142  and  90  deg.  re- 
spectively. This  would  mean  that  ""/„, 
or  only  63  per  cent,  of  the  heat  used 
in  a  steam  system  would  be  required  for 
a  water  system.  The  condensation  from 
traps  and  losses  from  the  use  of  pumps 
and  receivers,  which  may  amount  to  15 
per  cent,  more,  are  additional.  It  is 
also  clear  that  when  the  power  load 
would  be  sufficient  in  the  case  of  water 
in  all  moderate  weather  the  steam  sys- 
tem would  require  the  addition  of  live 
steam  continuously  except  at  the  time 
of  the  peak  lighting  load  when  the 
heating  requirements  would  be  minimum. 
As  a  rule,  the  heating  engineer  sel- 
dom considers  the  heating  load  in  mod- 
erate weather  in  temperate  climates,  but 
bases  all  calculations  on  the  maximum 


trary,  any  group  of  large  buildings  will 
require  continuous  operation  of  the  heat- 
ing system  on  account  of  the  extra  boiler 
power  necessary  for  intermittent  heat- 
ing. There  is  no  economy  in  fuel  in 
intermittent  operation. 

There  are  two  methods  of  handling 
the  live  steam  for  heating  on  a  hot- 
water  plant  of  this  character.  First, 
when  the  exhaust  steam  just  balances 
the  heating  in  moderate  weather,  and 
power  is  operated  24  hr.  per  day,  re- 
quiring live-steam  operation  at  long  in- 
tervals only,  the  condensation  may  be 
discharged  through  a  high-pressure  trap 
into  the  steam  space  of  the  exhaust 
heater.  The  pump  or  other  method  of 
removing  the  condensation  of  the  ex- 
haust heater   will   answer   for  both. 

Second,  where  the  live-steam  heater 
is    required    a    considerable    portion    of 


exhaust  steam  would  be  furnished  under 
the  greater  power  load  than  would  exact- 
ly balance  the  heating  requirements,  or 
the  same  amount  as  when  there  was 
less  power  load   and   no  vacuum. 

In  case  the  peak  lighting  load  should 
be  somewhat  in  excess  of  the  heating 
requirements,  a  small  cooling  tower 
could  be  used  to  help  out  and  regulate 
the  vacuum  on  the  heating  system.  If 
the  heating  required  5000  lb.  of  steam 
per  hour  at  160  deg.  and  20  in.  of  vac- 
uum and  the  power  load  furnished  8000 
lb.  at  the  same  vacuum,  a  cooling  tower 
for  3000  lb.  of  steam  would  enable  vac- 
uum to  be  carried  on  the  entire  peak 
load  and  the  condensing  capacity  of  the 
heating  system,  or  5000  lb.,  would  be  ob- 
tained  for  nothing. 

In  summer,  the  lighting  load  and  the 
number    of    hours    duration    are    so    re- 
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duced  on  this  class  of  plant  that  the 
small  condensing  equipment  would  be 
sufficient. 

In  most  institutions  of  this  class  con- 
siderable mechanical  ventilation  is  re- 
quired, especially  in  the  lecture  rooms 
of  colleges.  One  of  the  mistakes  of  the 
heating  engineer  has  been  over-ventila- 
tion of  these  buildings  or  the  installa- 
tion of  a  system  so  designed  as  to  com- 
pel operation  by  combining  it  with  the 
heating.  It  is  well  known  that  when 
outside  air  is  heated  to  70  deg.  for 
ventilation  or  120  deg.  for  heating  and 
ventilation  combined,  the  fuel  require- 
ments increase  two  or  three  times  over 
heating  by  direct  radiation.  The  op- 
erating force,  not  having  any  endowment 
to  purchase  coal,  finds  a  big  saving  in 
fuel  by  eliminating  the  ventilation  when 
possible.  Undoubtedly  many  doctors 
have  condemned  a  system  of  ventilation 
that  has  ceased  to  be  operated. 

It  is  a  great  mistake  to  heat  buildings 


with  steam,  and  a  hot-water  system  for 
the  direct  surface.  This  is  expensive 
and  entirely  unnecessary  as  both  the 
indirect  and  direct  surface  can  be  op- 
erated from  the  same  hot-water  mains 
on  ,?  properly  designed  system.  This 
does  away  with  the  duplication  of  the 
heating  systems  and  all  fans  can  be 
operated  by  motors  supplied  by  current 
from  the  main  engines  which  furnish  the 
exhaust    for   heating. 

In  designing  a  hot-water  plant  the 
m.ains  should  be  arranged  so  as  not  to 
bypass  and  require  local  regulation  of 
the  flow.  This  can  be  accomplished  by 
balancing  the  distance  as  well  as  the 
friction  heads  on  the  different  circuits, 
and  making  the  direction  of  flow  the 
same  on  the  return  and  supply  mains 
as  in  Fig.  4.  In  this  layout,  due  to  the 
proper  sizing  of  pipes,  the  drop  in  head 
across  the  mains  is  nearly  the  same 
throughout  the  circuit,  regardless  of  the 
drop   in   head   along   each   main. 


ers  for  the  same  difference  in  tempera- 
ture. It  also  brings  the  outboard  tem- 
perature of  the  water  nearer  to  that  of 
the  exhaust  steam;  this  is  a  great  ad- 
vantage in  steam  consumption  for  power 
where  turbines  are  used  under  partial 
vacuum.  It  also  makes  the  system  as 
a  whole  more  responsive  to  regulation 
and  facilitates  changes  in  water  tem- 
perature to  suit  outside  weather  condi- 
tions. 

In  most  institutions  live  steam  at  com- 
paratively high  temperatures  is  required 
the  year  round;  in  colleges  for  chemical 
laboratories  and  in  hospitals  and  asylums 
for  sterilizing,  cooking,  boiling,  kitchens, 
laundries,  etc.  This  corresponds  to  steam 
in  a  factory  for  maunfacturing  purposes 
and  for  economical  operation  should  be 
on    a   separate   line    from   the    heating. 

Fig.  1  shows  a  layout  of  mains  for  a 
large  city  institution.  The  buildings  are 
fed  from  a  single  8-in.  supply  main 
which  is  reduced  as  the  connections  are 
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Fig.  4.    Supply  and  Return  System 


Fig.  5.  Single  Pipe  Shunt  System 


with  a  hot-water  system  operating  on 
low  temperatures  entirely  by  indirect 
radiation.  If  low  water  temperatures  are 
actually  used,  the  cost  of  both  instal- 
lation and  possibly  the  operation  will 
be  excessive,  to  say  nothing  of  the  bulk 
of  the  apparatus.  If  the  cost  is  reduced, 
it  will  result  in  high  temperatures  of 
water  and  uneconomical  engine  opera- 
tion, in  some  cases  requiring  live-steam 
operation    entirely    in    w.treme    weather. 

The  proper  way  to  design  a  system  of 
rtiis  kind  is  to  furnish  slightly  less  di- 
rect radiation  than  required  for  the  radia- 
tion of  walls  and  glass,  and  provide 
fresh  air  at  70  deg.  in  such  quantities 
as  will  give  the  number  of  occupants  the 
proper  supply.  The  rooms  should  be  ar- 
ranged so  that  the  air  supply  can  be  dis- 
continued when  unoccupied  and  the  tem- 
perature maintained  by  the  direct  radia- 
tion only. 

Some  hospitals  have  been  arranged 
with    a    separate    system    of    ventilation 


The  balancing  of  distances  may  be 
omitted  on  small  jobs  where  low  veloc- 
ities and  comparatively  large  mains  are 
used,  but  it  is  absolutely  essential  where 
high  velocities  and  long  distances  are 
involved  to  obtain  the  proper  discharge 
without  individual  regulation  by  means 
of   lock    stop    valves. 

As  the  radiation  of  the  mains  is  an 
important  item,  every  inch  that  the  mains 
are  decreased  in  diameter  reduces  the 
surface  3'/:  times  and  the  extra  power 
is  compensated  for  in  the  heat  due  to 
the  friction  returned  to  the  water.  The 
only  limit  to  this  is  the  use  of  the  single- 
stage  pump  which  will  not  produce  heads 
of  much  over  125  ft.  with  economy.  If 
the  distances  are  long,  the  drop  in  head 
per  100  ft.  will  have  to  be  reduced.  The 
drop  in  temperature  should  not  be  over 
20  deg.,  and  15  deg.  is  better.  This 
brings  the  average  temperature  lower 
throughout  the  system  and  increases  the 
transmission  of  both  radiation  and  heat- 


taken  off.  Each  building  has  an  over- 
head system  with  single  lU-  or  IJ-j-in. 
risers,  the  radiators  being  connected  in 
shunt  as  shown  in  Fig.  3.  Several  ar- 
rangements of  piping  to  the  radiator  are 
shown.  Attention  is  called  to  the  method 
of  connecting  radiators  in  the  basement 
with  the  return  main  on  the  ceiling.  Fig. 
2  shows  the  arrangement  of  the  south 
pavilion  for  buildings  under  four  stories, 
with  radiators  connected  to  a  single  main 
on  the  basement  ceiling. 

Figs.  2  and  3  show  nearly  all  the 
basic  methods  of  arranging  piping  for 
this  class  of  building.  Each  building  has 
a  separate  return  to  the  header  at  the 
pump.  Fig.  1,  with  a  valve  and  thermom- 
eter. This  arrangement  allows  of  no 
complication  in  figuring  the  drop  in  fric- 
tion head  and  the  valves  at  the  header 
provide  additional  regulation  besides  that 
of  the  water  temperature.  The  live- 
steam  heater  is  arranged  with  a  trap 
to    discharge    into    the    steam    space    of 
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the  exhaust  heater  as  it  will  not  be 
needed  except  in  extreme  weather  as 
the  power  plant  is  operated  24  hr.  per 
day  The  exhaust  heater  is  arranged 
to  utilize  the  vacuum  on  the  engines 
due  to  the  temperature  of  the  water. 
Where  indirect  radiation  is  provided  for 
ventilation  it  would  be  good  practice  to 
connect  it  to  the  general  supply  main 
with  a  separate  return  or  to  a  separate 
loop  with  the  indirect  stacks  connected 
in  shunt. 

Pipe  coils  are  most  efficient  and  will 
be  found  cheaper  in  the  long  run  than 
cast-iron  indirect  surface  for  this  work. 
The  cast-iron  surface  may  cost  slightly 
less,  but  the  testing  and  replacing  of  a 
very  few  broken  sections  will  soon  make 
up  the  difference. 

The  separate  return  mains  will  not 
cost  any  more  than  the  large  single  re- 
turn outside  of  the  covering,  and  the 
advantage  in  central  regulation  obtained 
will  more  than  pay  the  extra  cost.  This 
is  appreciated  when  it  is  necessary  to 
vary  the  circulation  in  the  buildings  due 
to  the  changes  in  direction  of  the  wind. 
Hot-water  domestic  service  may  be 
handled  by  a  separate  system  of  piping 
in  the  same  manner  as  the  hot-water 
heating  with  circulating  pump  exhaust 
and  live-steam  heaters.  This  service, 
however,  should  never  be  connected  to 
the  heating  mains  or  any  water  be  al- 
lowed to  be  displaced  in  the  heating  sys- 
tem proper,  as  the  piping  will  deteriorate. 
On  the  hot-water  service  galvanized  or 
brass  pipe  should  be  used,  on  account 
of  the  displacement  of  water.  It  will 
be  found  that  much  smaller  mains  may 
be  used  and  considerable  economy  of 
first  cost  and  operation  effected  by  this 
arrangement  of  the  domestic  service  and 
the  circulation  will  be  positive  and  sure. 
The  expansion  tank  should  be  placed 
in  the  engine  room  and  handled  by 
air  pressure  with  automatic  air  traps 
at  all  high  points. 

Fig.  4  shows  a  group  of  isolated  build- 
ings with  a  supply  and  return.  This 
plant  is  actually  laid  out  with  a  6-in. 
main  with  radiation  shunted  in  the  dif- 
ferent buildings.  It  was  taken  as  an 
example  to  show  the  advantage  in  cost 
of  the  single-pipe  system.  With  a  veloc- 
ity of  7  or  8  ft.  per  second  in  the  6-in. 
main,  sufficient  drop  in  head  is  obtained 
in  the  length  of  each  building  to  pro- 
duce circulation  without  lock-stop  valves 
or  chokes. 

Fig.  5  shows  a  large  home  in  the 
West  with  two  single-flow  branches,  the 
main  8-in.  branch  being  divided  twice. 
This  particular  system  requires  adjusting 
valves  at  several  points  which  could  be 
avoided  with  a  different  layout.  Where 
the  4-in.  supply  enters  the  return  from 
the  other  section  at  A.  the  head  in  the 
supply  is  liable  to  be  greater  than  that 
in  the  return  and  tend  to  reduce  the 
velocity  unless  carefully  regulated  by 
valves  at  A.    Circuits  should  be  laid  out 


separately  so  that  there  will  be  as  little 
complication  in  the  calculation  of  the 
drop   in  head   as  possible. 

All  of  the  plants  shown  can  he  in- 
stalled for  less  cost  than  a  steam  sys- 
tem of  the  same  capacity,  when  all  items 
of  cost  are  considered  and  the  cost  of 
operation  will  be  about  30  per  cent,  less 
for  heating  and  power  combined.  The 
requirements  of  institution  heating  are 
somewhat  different  from  central  town 
heating,  as  the  latter,  to  be  successful, 
must  be  wholly  a  byproduct  plant  with 
ample  exhaust  steam  which  must  be 
utilized  to  the  best  advantage.  The 
institution,  on  the  other  hand,  has  a 
fixed  heating  load  to  be  provided  for 
whether  there  is  power  or  not.  Due 
to  the  comparatively  small  amount  of 
power  required,  they  are  in  many  cases 
live-steam  plants  a  large  portion  of  the 
time. 

Many  steam  plants  of  this  class  are 
arranged  to  operate  on  vacuum  systems 
with  very  low  pressures  when  they  would 
be  more  economical  in  first  cost  and 
operation  if  pressures  above  atmosphere 
were  used  on  the  distant  buildings,  only 
the  near-by  buildings  being  operated  on 
exhaust  steam.  Due  to  the  live-  and 
exhaust-steam  heater  arrangement  on 
the  forced  hot-water  system  and  inde- 
pendent power  of  circulation,  the  same 
system  of  mains  would  be  used  with  equal 
economy,  whether  exhaust-  or  live-steam 
operation    were   under    consideration. 

A  vacuum  on  a  live-steam  system  is 
an  unnecessary  expense  in  both  first 
cost  and  operation,  due  to  the  require- 
ments of  the  vacuum  pumps  and  the 
reduction  of  the  operating  pressure 
through  a  reducing  valve  to  nearly  a 
constant  pressure  and  temperature.  The 
greater  volumes  of  the  steam  at  low 
pressure  require  larger  mains  for  the 
same  output,  thus  increasing  the  radia- 
tion  losses  in  transit. 

The  repairs  are  greater  on  the  pres- 
sure system,  but  the  pressure  to  remove 
the  air  from  the  system  and  the  ability 
to  vary  the  pressure  and  temperature  to 
suit  outside  weather  conditions  is  not 
to  be  overlooked  when  coupled  with 
smaller  mains   and   less  radiation. 

One  of  the  future  fields  of  hot-water 
central  heating  will  be  in  connection  with 
high-class  real-estate  developments,  the 
central  plant  furnishing  domestic  water, 
hot  and  cold,  lighting  and  heating.  This 
particular  application  involves  the  same 
character  of  load  as  for  institution  heat- 
ing, the  heating  requirements  beit\g 
somewhat  in  excess  of  fhe  power  if  the 
entire  section  is  included.  The  method 
of  obviating  this  difficulty  is  to  furnish 
power  to  the  whole  section  and  only  fur- 
nish heating  for  a  portion  to  the  extent 
of  the  power  installation  in  boilers.  The 
portion  heated  can  be  located  so  as  to 
make  it  more  desirable,  and  higher  prices 
can  be  obtained  for  these  lots.  While 
the  development   is   acreage,  mains  can 


be  installed  and  operation  started  be- 
fore the  streets  are  turned  over  to  the 
city,  thus  avoiding  any  conflict  with 
terms  in  the  franchises  of  existing  public- 
service   companies. 

If  alleys  are  reserved  through  the 
centers  of  the  blocks  and  not  turned  over 
to  the  city  as  streets,  the  pipes  can  be 
laid  through  these  on  a  single-pipe  cir- 
cuit, and,  except  for  crossings,  they  can 
be  kept  out  of  streets  altogether.  Electric 
wire  and  water  pipes  could  all  be  laid 
in  the  same  conduit  at  comparatively 
small  expense. 

Afterward,  the  plant  could  be  sold  to 
the  public-service  company  at  a  good 
profit,  as  it  could  operate  the  entire  plot 
for  heating  to  better  advantage,  shut- 
ting it  down  entirely  in  summer  and 
providing  lighting  service  from  the  out- 
side mains. 

With  their  mains  from  the  main  power 
station  to  absorb  surplus  current  when 
the  heating  load  was  large,  and  to  sup- 
ply current  when  the  heating  load  was 
small,  they  would  have  a  distinct  ad- 
vantage over  the  developers.  Where  it 
would  not  pay  the  developers  to  extend 
the  heating  to  the  entire  section,  it 
would  pay  the  public-service  company 
to  do  so  as  it  could  utilize  the  surplus 
current  at  all  times  and  eliminate  the 
use  of  live  steam  on  the  heating  system. 


Cause  of  Pump  Racing 

In  the  issue  of  Apr.  2,  Mr.  Moulton's 
pump  is  caused  to  race  by  the  condensa- 
tion of  steam  in  the  heating  sysuem 
creating  a  partial  vacuum  and  so  hold- 
ing the  water  back  from  the  pistons. 
Vapor  thus  forms  in  the  pump  cylinder 
and,  of  course,  the  pump  races  and 
pounds  until  the  system  is  up  to  at- 
mospheric pressure  again. 

A  remedy  would  be  to  install  a  large 
vacuum  breaker,  shut  the  steam  off  the 
system  slowly  or  to  stop  the  pump  un- 
til the  vacuum   is  broken. 

M.  J.  Mann. 

Ipswich,   Mass. 


With  the  use  of  superheated  steam, 
it  has  become  necessary  to  efficiently 
cover  the  high-pressure  portions  of  the 
turbine  cylinder  with  nonconducting  ma- 
terial, because  the  metal  on  the  inside 
of  the  cylinder  in  contact  with  the  steam 
becomes  hotter  than  that  on  the  outside, 
especially  at  the  edges  of  flanges  and 
ribs.  The  inside  tends  to  expand,  and 
th's  expansion  is  resisted  by  the  colder 
metal  on  the  outside.  As  a  consequence, 
if  the  temperature  difference  is  great 
enough,  the  metal  w'ill  be  distorted  and 
perhaps  strained  beyond  its  elastic  limit. 
For  this  reason  the  design  of  the  ribs 
should  be  carefully  considered,  the  thick- 
ness of  metal  throughout  the  structure 
being  kept  as  uniform  as  possible. — • 
Mechanical   Engineer. 
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The   Technical   Graduate  and 
the  Power  Plant 

Soon  the  technical  schools  through- 
out the  country  will  be  turning  out  an- 
other year's  output  of  graduates  into 
the  engineering  field.  Many  of  these 
men  have  exaggerated  ideas  of  their  own 
worth  as  embryo  engineers  and  will 
therefore  seek  positions  with  little  hard 
work  and  which  they  believe  will  be 
short  cuts  to  leading  executive  positions. 
As  a  result  of  this  self-conceit,  many 
will  never  get  farther  than  the  drafting 
board  or  the  office  desk  that  handles 
routine    work — all    small    salaried    jobs. 

In  the  central-station  and  power-plant 
engineering  field  splendid  opportunities 
are  open  for  technical  men.  A  broad 
practical  experience  is  necessary,  and 
this  necessarily  means  starting  as  a 
helper  in  an  operating  plant.  While  the 
work  is  hard,  steady  and  dirty,  the  hours 
often  long,  the  pay  small  and  promotion 
sometimes  slow,  the  man's  experience  is 
growing  and  his  usefulness  increasing. 

To  meet  the  modern  demand  for  high 
efficiency  and  scientific  refinement,  in- 
dustrial executives  in  the  future  must 
put  men  in  charge  of  their  power  plants 
who  not  only  have  the  broadest  technical 
and  business  training  but  who  also  have 
the  widest  practical  experience.  They 
will  always  be  ready  to  pay  well  for  a 
first-class  man  to  take  charge  of  these 
plants,  as  such  a  man  may  easily  save 
his  salary  many  times  over  in  a  year  by 
the  improved  economies  he  may  be  able 
to  effect. 

When  improvements  or  enlargements 
of  the  plant  are  to  be  undertaken,  the 
chief  engineer  is  usually  consulted  and 
his  ideas  given  careful  consideration  be- 
fore any  changes  are  made.  In  most 
cases,  he  plans  all  such  undertakings 
himself,  even  to  making  the  designs.  In 
looking  over  the  lists  of  the  members 
of  the  American  Society  of  Mechanical 
Engineers,  one  is  surprised  to  find  that 
so  great  a  number  of  the  older  and 
more  prominent  men  in  the  field  of  steam 
engineering  have  at  one  time  in  their 
career  served  as  operating  engineers.  It 


is  therefore  apparent  that  other  and  bet- 
ter positions  of  responsibility  become 
available  for  the  operating  man  as  his 
experience  increases. 

It  can  be  seen  that  in  power-plant  en- 
gineering there  is  a  great  and  promising 
field  of  growing  importance  for  the 
young  technical  graduate  who  likes  ma- 
chinery and  is  not  afraid  of  a  few  years 
of  hard  work.  Why  should  not  such 
work  be  chosen  in  preference  to  ap- 
prentice courses  with  some  large  manu- 
facturer of  a  single  line  of  products? 


Steam    Mains   and  Steam 
Traps 

So  many  articles  have  appeared  in 
technical  journals  from  time  to  time  that 
one  is  surprised  to  note  the  number  of 
mistakes  that  are  still  made  in  the  de- 
sign of  new  power  plants.  As  a  rule, 
these  mistakes  are  due  to  the  inexperi- 
ence of  designers  with  power-plant  op- 
eration and  many  errors  would  be  avoided 
if  a  competent  operating  man  was  called 
in  and  allowed  to  check  over  the  plans. 
While  sufficient  provision  is  usually  made 
for  stresses  and  a  proper  material  speci- 
fied for  the  pipe  and  fittings,  on  the  other 
hand,  many  of  the  operating  features 
are    frequently   overlooked. 

A  serious  accident  occurred  in  a  plant 
of  recent  construction  in  this  country. 
The  steam  main  was  provided  with  tees 
to  some  of  which  the  boiler  leads  con- 
nected on  one  side  while  the  engine 
branches  connected  to  others,  all  these 
connections  being  made  on  the  sides  of 
the  main  steam  pipe.  The  drain  system 
to  the  steam  traps  consisted  of  one-inch 
pipe  connected  to  drilled  holes  on  the 
bottom  sides  of  these  tees.  The  traps 
were  standard  and  of  a  reputable  make, 
but  had  very  small  water  capacity.  The 
power  load  fluctuated  badly  at  times  and 
one  day  the  boilers  commenced  to  foam. 
As  no  part  of  the  steam  lines  could  act 
as  a  catch-basin,  the  water  went  over 
direct  to  the  engines;  a  disastrous  wreck 
was  the  result. 

If  an  operating  engineer  had  checked 
this  piping  design,  he  would  have  prob- 
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ably  made  all  the  steam  connections  on 
tlie  top  of  the  header  instead  of  at  the 
sides,  and  would  have  provided  a  suffi- 
cient number  of  drip  chambers  or  sep- 
arators, to  which  traps  could  be  con- 
nected. These  devices  would  have  mi- 
tigated to  a  considerable  extent  the  pos- 
sible damage  to  the  engines  if  the  boil- 
ers were  to  foam. 

In  operation,  all  steam  traps  should 
be  inspected  once  every  watch,  though 
some  operating  engineers  feel  that  they 
have  made  a  satisfactory  inspection  when 
they  tilt  a  trap  or  open  its  bypass  and 
hear  it  discharge;  almost  any  trap  should 
discharge  when  treated  in  such  a  man- 
ner. The  proper  method  is  to  provide  an 
outlet  on  the  discharge  pipe  so  that  the 
engineer  can  open  it  and  actually  see 
the  trap  discharge  under  working  condi- 
tions at  least  once  on  his  watch;  this 
outlet  will  also  serve  as  a  telltale  on 
leaky  trap  valves.  The  steam  trap  is  a 
useful  and  serviceable  adjunct  to  the 
steam  plant,  but  it  must  be  watched 
closely  and  kept  in  perfect  condition  at 
all  times  to  make  it  give  satisfactory 
service. 

The  steam-piping  system  is  the  main 
artery  of  the  steam  plant,  so  to  speak, 
and  the  greatest  care  must  be  taken  in 
its  design  and  operation. 


Bj'product  Gas  Producers 

Most  American  inventors  of  gas  pro- 
ducers have  endeavored  to  produce  tar- 
free  gas  from  bituminous  coal.  Some 
have  been  quite  successful  and  others 
have  produced  gas  heavily  charged  with 
lampblack  which  has  proved  very  trouble- 
some around  gas  producers  and  engines. 

The  United  States  Steel  Corporation 
is  said  to  be  producing  coke  at  one  of 
its  new  plants  for  almost  nothing,  the 
gas  and  byproducts  practically  paying 
for  the  coal  and  the  cost  of  the  coking 
process. 

A  large  Mond  gas-producer  plant  has 
been  in  operation  at  Dudley  Port,  near 
Birmingham,  England,  for  several  years, 
from  which  the  byproducts,  tar  and  am- 
monium sulphate,  are  recovered  and 
sold.  The  gas  is  distributed  through 
mains  over  a  considerable  area  and  prac- 
tically no  trouble  has  been  experienced 
with  tar  in  the  distributing  system,  doubt- 
less due  to  the  careful  and  thorough 
washing  given  the  gas  after  it  leaves 
the  producer. 


It  has  always  been  objected  that  such 
a  process  could  not  suceed  in  America, 
owing  to  the  difficulty  of  disposing  of 
the  byproducts.  The  American  farmer 
is  as  progressive  as  any  in  the  world  and 
when  he  learns  the  advantages  of  am- 
monium sulphate  as  a  fertilizer,  the  de- 
mand for  this  material  will  increase 
rapidly.  The  plant  of  the  Steel  Corpora- 
tion already  referred  to  seems  to  have 
no  difficulty  selling  its  byproducts. 

Tar,  usually  considered  a  waste,  may 
prove  one  of  the  most  valuable  of  all 
the  byproducts.  The  success  attained  in 
Europe  in  using  tar-oils  and  even  mod- 
erately thick  tar  as  a  fuel  for  Diesel 
engines  opens  up  a  wide  field  for  this 
waste  product. 

European  engineers  have  shown  what 
can  be  done  in  developing  new  processes 
and  utilizing  new  equipment,  as,  for  in- 
stance, the  producers  and  Diesel  engines 
already  mentioned.  It  is  now  time  for 
an  American  engineer  to  design  and  build 
a  producer-gas  central  station  for  one 
of  our  large  cities.  The  byproducts  from 
the  bituminous  coal  could  be  saved  and 
the  ammonium  sulphate  marketed.  The 
tar  would  be  treated  and  such  portions 
saved  as  can  be  used  for  fuel  for  Diesel 
engines.  These  engines  could  be  located 
in  substations  and  used  only  to  carry 
the  peak  loads.  The  residue  of  heavy 
tar  substances  might  be  put  into  stills 
and  subjected  to  a  cracking  process  un- 
til all  that  remains  is  a  coke  which  could 
be  returned  to  the  producer.  Such  a 
process  would  make  available  many 
cheap  grades  of  bituminous  coal  and 
would  entirely  stop  the  smoke  nuisance. 
While  many  difficulties  would  have  to 
be  overcome,  none  are  beyond  our  pres- 
ent engineering  ability.  Such  a  plant 
would  probably  occupy  much  larger  floor 
space  than  a  corresponding  steam  plant, 
but  it  could  be  located  outside  the  city 
proper  and  the  gas  piped  to  large  hold- 
ers near  the  power  plants.  These  plants 
could  be  located  to  minimize  the  distribu- 
tion losses.  By  providing  Diesel  engines 
for  peak  loads,  the  central  producer  plant 
could  operate  steadily  at  nearly  one  hun- 
dred per  cent,  load  factor.  This  econ- 
omy of  operation,  with  the  high  thermal 
efficiency  of  the  gas  engine  itself,  should 
make  such  a  station  highly  profitable, 
even  though  the  first  costs  may  exceed 
those  of  a  steam-turbine  power  plant  of 
equal  capacity. 
The  problems  involved  in  such  an  un- 


dertaking are  exceedingly  intricate,  but 
the  possibilities  warrant  very  careful  con- 
sideration by   our  engineers. 


Natural  Sources  of  Energy 

While  the  coal  strikes  abroad  have 
wrought  much  hardship,  one  benefit  at 
least  has  accrued.  Attention  has  been 
directed  to  conserving  fuel  supplies  and 
developing  other  natural  sources  of  en- 
ergy. 

In  its  recent  report — which  is  not  com- 
plete— the  British  Science  Guild  shows 
that  while  almost  unlimited  supplies  of 
energy  exist,  they  are  for  the  most  part 
still   inaccessible. 

For  instance,  Sir  William  Ramsay  es- 
timates that  a  ton  of  radium  contains 
four  hundred  and  sixty  thousand  times 
the  energy  of  a  ton  of  coal,  but  the 
uranium  ores  of  the  entire  world  would 
not  assay  over  five  hundredweight  (the 
equivalent  in  energy  of  one  hundred  and 
twenty-five  thousand  tons  of  coal)  ; 
therefore,  radium  has  no  commercial  im- 
portance as  a  fuel. 

Another  British  physicist  says  that  en- 
ergy can  be  obtained  by  boring  a  hole 
in  the  earth  twelve  miles  deep,  where 
the  normal  temperature  is  two  hundred 
and  seventy-two  degrees  Centigrade,  but 
we  have  no  facilities  for  drilling  the  hole. 
As  an  alternative  to  coal,  the  pos- 
sibilities of  oil  were  also  discussed,  says 
our  British  contemporary,  The  Mechan- 
ical Engineer.  The  present  production 
of  crude  oil  is  barely  sufficient  to  pro- 
vide one-sixth  of  the  power  now  de- 
veloped by  coal. 

Sir  J.  J.  Thomson  last  year  estimated 
that,  shining  from  a  clear  sky,  the  sun 
sends  energy  to  the  earth  at  the  rate  of 
seven  thousand  horsepower  per  acre,  but 
in  all  attempts  to  utilize  it  only  a  small 
fraction  has  been  recoverable  as  work. 
Increased  economy  in  the  conversion 
of  the  heat  energy  of  coal  into  mechan- 
ical work  and  reduction  in  the  present 
wastes  of  fuel  will  defer  the  exhaustion 
of  our  coal  resources,  but  hardly  in  pro- 
portion to  the  ever-increasing  demand 
for  power.  That  the  coal  supply  will 
ultimately  fail  seems  inevitable.  Mean- 
while, we  must  look  for  other  means  of 
obtaining  power,  and  the  present  most 
promising  are  water  and  wind  power. 
The  development  of  these  now  will  con- 
serve the  coal  and  must,  with  other  pos- 
sible sources  of  power  that  may  become 
available,  eventually  take  its  place. 
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Efficiency  of  Joints  in  Boiler  Shells 


To  -  iTiany  engineers,  calculating  the 
safe  working  pressure  of  a  boiler  shell 
or  drum  is  a  complex  and  difficult  opera- 
tion, especially  that  part  of  it  which  deals 
with  the  efficiency  of  riveted  joints.  Per- 
haps it  is  a  little  difficult  to  keep  in  mind 
all  of  the  formulas,  but  if  the  principles 
governing  the  calculations  are  thoroughly 
understood,  it  then  becomes  a  matter  of 
ordinary   arithmetic. 

Assume  a  boiler  shell  the  greatest  in- 
ternal diameter  of  which  is  60  in.,  con- 
structed of  'j-in.  steel  having  a  tensile 
strength  of  60,000  lb.  per  square  inch. 
What  will  be  |the  bursting  pressure  and  the 
safe  working  pressure  with  several  styles 
of  riveted  longitudinal  seams?  First, 
employ  the  usual  formulas  for  bursting 
and  safe  working  pressures;  that  is, 
T.S.  X  i  X  E 
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Calculations  showing  how  to 
figure  the  efficiencies  of  both  lap 
and  butt  joints  with  single, 
double  and  quadruple  riveting. 


and 


R 


TS.  X  t  X  B 


R  X  F.S. 
respectively,  where 

T.S.  —  Tensile  strength  of  material  in 
pounds    per    square    inch    of 
cross-section; 
f  =  Thickness  of  material  in  inches 
or  fractional  parts  thereof; 


though  it  is  equally  great  at  B  or  at  any 
other  point.  To  understand  how  the 
pressure  acts  to  pull  the  ring  apart,  one 
must  conceive  of  the  pressure  acting 
equally  in  opposite  directions,  as  indi- 
cated by  the  arrows  above  and  below  the 
horizontal  line  in  Fig.  1.  The  forces  act- 
ing at  C  and  D  are  at  right  angles  to  the 
horizontal  line  and  are  therefore  e.\erting 
their  full  effect,  while  those  at  £,  F,  G 
and  H  are  acting  at  an  angle  and  are 
less  effective. 

Fig.  2  represents  the  same  action,  and 
is  perhaps  easier  to  understand.  The 
total  effective  forces  represented  in  either 
Figs.  1  or  2,  acting  on  the  whole  circum- 
ference, are  equivalent  to  those  shown  in 


Fig.  2 
Representing  Pressures  in  Boiler  Shell 


Bursting  pressure  ■ 


E  =  Efficiency  of  longitudinal  seam, 

expressed  in  decimals; 
R  =  Greatest     internal     radius     in 
inches; 
F.S.  =  Factor  of  safety. 
Assume   a    factor  of  safety  of  5  in   all 
cases.     Substituting  the  proper  values  in 
the  formula  the  problem  becomes 

6o,ooo  X  0-5  X  E 
30 

Just  why  the  radius  enters  into  the 
formula  instead  of  the  diameter  or  cir- 
cumference may  be  seen  by  reference  to 
Fig.  1,  which  represents  a  single-riveted 
ring,  and  as  the  pressure  of  liquids  and 
gases  is  equal  in  all  directions,  it  fol- 
lows that  pressure  acting  on  the  inside 
of  the  ring  must  be  conceived  as  radiat- 
ing from  the  center  as  indicated  by  the 
arrows.  The  weakest  Doint  in  the  ring  is 
the  riveted  joint;  therefore  consider  the 
strain  on  the  ring  at  that  point  as  at  A,  al- 


Fig.  3,  which  represents  the  unit  pres- 
sure acting  equally  over  two  flat  surfaces 
equal  in  length  to  the  diameter  of  the 
shell.  The  boiler  in  the  example  under 
consideration  is  60  in.  in  diameter;  there- 
fore force  tending  to  pull  the  shell  apart 
along  the  plane  AB  is  equivalent  to  the 
pressure  acting  in  opposite  directions  on 
two  flat  surfaces  60  in.  long  on  which 
this  tendency  is  resisted  by  the  metal 
in  tension  at  both  A  and  B.  But  as  only 
one  side  of  the  ring  or  the  point  at  which 
it  is  riveted  is  being  considered,  only 
one-half  of  this  surface  should  be  taken. 
Hence  the  radius  is  used  instead  of  the 
diameter;  that  is.  dividing  the  strength 
of  the  joint  in  pounds  per  inch  of  length 
by  30  will  give  the  pressure  in  pounds 
per  square  inch,  which  will  theoretically 
cause  it  to  fail. 

If  the  ring  were  equally  strong  at  all 
points  it  would  require 


60,000  X  05  ,. 

=  1000  lb. 

30 

pressure  per  square  inch  to  burst  it. 

To  determine  the  efficiency  of  the  joint 

or,   in  other  words,   just   how  strong  the 

ring    actually    is,    the    American    Boiler 

Manufacturers'      rules      for      designing 

riveted  joints  may  be  employed.  In  these 

d  =  Diameter    of    rivet    hole    =    2t 

(or    approximately    twice    the 

thickness      of      the      thinnest 

plate) ; 

e  =  Distance  from  rivet  hole  to  edge 

of  plate  =   I' 2d; 
P  =  Pitch  of  rivets  =  3d; 
V  =  Distance  between  adjacent  rows 

of  rivets  =   '  jP; 
/  =  Lap  of  plates   =P. 
The    fol'owing    symbols    in    the    fonnula 
for    calculating    riveted    joints    are   those 
commonly  employed: 

T.S.  =  Tensile  strength  of  plate; 
t  =  Thickness  of  plate; 
d  =  Diameter  of  rivets   after  driv- 
ing; 
P  =  Pitch   of  rivets  on   row   having 

greatest    pitch; 
a  =  Cross-sectional    area   of   rivets 

after   driving; 
S  =  Strength     of    rivets     in     single 

shear; 
S'  =  Strength    of    rivets    in    double 

shear; 
A^  =  Number    of    rivets     in     single 

shear; 
A^'  —  Number    of    rivets    in    double 
shear. 
Fig.  4  represents  a  single-riveted  joint. 
In   calculating   riveted    joints,   a   strip   of 
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Fig.  4.  Single-riveted  Lap  Joint 

plate  equal  to  a  unit  length  of  joint  is 
considered;  that  is,  a  strip  equal  to  the 
distance  from  center  to  center  of  two 
rivets  on  the  row  having  the  greatest 
pitch.  This  should  not  be  confused  with 
the   I -in.  ring  previously  considered. 

In  the  present  example  of  a  single- 
riveted  joint,  let  the  pitch  be  2U  in. 
Then  this  length  of  solid  plate  has  a  ten- 
sile  strength  of 

60,000  X  0.5  X  2.25  =  67,500  lb. 
which  is  the  same  thing  as 

P  X   t   X   T.S. 
Call  this  quantity  A.    Let  the  rivets  be  lil 
in.  or  0.9375  in.  in  diameter,  after  driv- 
ing, and  the  net  section  of  plate  between 
the  rivet  holes  is 

2.25  —  0.9375  =  1.3125 
and 

1.3125  X  0.5  X  60,000  =  39,375  lb. 
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the  strength  of  plate  between  the  rivet 
holes.  This  is  equivalent  to 
{P  —d)  t  X  T.S. 
Call  this  quantity  B.  The  shearing 
strength  of  the  rivets  per  square  inch 
of  cross-sectional  area  may  be  taken  as 
follows: 

Iron    rivets    in    single   shear 38,000  1b. 

Steel  rivets  In  single  shear 42,000  1b. 

lion  rivets  in   double  shear 70,000  1b. 

Steel  rivets  in  double  shear 78,000  lb. 

The  shearing  stress  on  the  rivets,  of 
course,  tends  to  cut  them  in  two,  and  in 
a  properly  designed  joint  the  rivets 
should  be  able  to  withstand  as  great  a 
stress  as  the  net  section  of  plate  between 
the  rivet  holes. 

Referring  to  Fig.  4,  it  will  be  seen 
that  there  is  one-half  of  a  rivet  between 
the  pitch  lines  on  each  side,  which  is 
equivalent  to  one  rivet  in  a  unit  length 
{Zyi  in.)  of  joint.  A  !,':-in.  rivet  has  a 
cross-sectional  area  of  0.6903  sq.in.,  and 
42,000  X   0.6903  =  28,992.6  lb. 


j^m^ 
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Fig.  5.  Doi'Ble-riveted  Lap  Joint 
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this  joint  and  those  for  the  single-riveted 
one  is  that  there  are  two  rivets  in  single 
shear  instead  of  one. 

Now,  using  the  regular  formula, 
A  =  P  X  t  X  T.S.  =  3  X  0.5  X  60,000 

=   90,000  tb. 
B  =   (P  _  rf)  ;  X  T.S.  =   (3  —  0.9375) 

X  0.5   X   60,000  =  61,875  lb. 

C  =  NSa  =  2x  42,000  X   0.6903  = 

57,895  lb. 

Again,  C  is  the  smallest  value  and 

— =  -^ — —  =  0.641  or  641  per  cent. 
A       90,000 

which  is  the  efficiency  of  the  joint.  The 

safe  working  pressure  is 

60,000  X  0.5  X  0.643  _  j^g  ;j 

30  X  5 

The  joint  is  not  satisfactory  yet;  hence 
a  double-riveted,  double  butt-strap  joint 
as  indicated  in  Fig.  6  may  be  tried.  In 
this  joint  there  are  two  rows  of  rivets  on 
each  side  of  the  joint  proper,  but  those 
on  one  side  only  are  considered.  The 
inner  row  has  a  3-in.  pitch  and  the  rivets 
are  in  double  shear,  the  plate  tending  to 
cut  them  at  two  points,  as  indicated. 

The  outer  row  has  double  or  a  6-in. 
pitch,  and  the  rivets  are  in  single  shear. 
The  pitch  of  the  inner  row  of  rivets  does 
not    enter   into   the    calculations,   merely 


Fig.  6.   Double-riveted  Butt-strap 
Joint 

the  shearing  strength  of  one  rivet  in 
single  shear.  Designate  this  as  quan- 
tity C.     Now, 

A  =  67,500; 

B  =  39,375; 

C  =  28,992.6. 
Evidently,  the  joint  will  fail  by  shear- 
ing the  rivets  as  C  has  the  smaller  value. 
Therefore,  dividing  C  by  A  gives  0.429, 
or  42.9  per  cent,  as  the  efficiency  of  the 
joint. 

Such  a  joint  is  unsatisfactory.  The 
riveting  is  10,375  lb.  weaker  than  the 
net  section  of  plate  between  the  rivet 
holes  and  the  efficiency  of  the  joint  is 
low.  The  boiler  would  burst  at  an  in- 
ternal pressure  of 

60,000  X  0.5  X  0.429  ,, 

■ ■ ^^—2  =:  429   lb. 

per  square  inch,  and  dividing  429  by  5 
gives  85.8  lb.  as  the  safe  working  pres- 
sure. 

Now  try  double  riveting  with  ii-in. 
rivets  (after  driving),  and  3-in.  pitch. 
Fig.  5  represents  this  joint,  and  the  only 
difference    between   the   calculations    for 
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Shear 
Point 


the  Strength  of  the  plate  between  the 
pitch  lines  minus  the  two  rivet  holes 
on  the  inner  row,  plus  the  shearing 
strength  of  one  rivet  in  single  shear  on 
the  outer  row. 

It  will  be  seen  that  a  joint  of  this 
style  might  fail  by  breaking  the  plate  be- 
tween the  rivets  on  the  outer  row  (quan- 
tity B),  by  shearing  the  rivets  in  both 
rows  (quantity  C),  or  by  breaking  the 
plate  along  the  inner  row  of  rivets  and 
shearing  the  outer  row  (quantity  D).  In 
this  case  the  joint  will  fail  by  shearing 
all  of  the  rivets,  as  C  has  the  least  value. 
Therefore 

C  _  136,679.4 

A 


Fig.  7.  Triple-riveted  Butt-strap 

Joint 

the  number  of  rivetS  and  rivet  holes  and 
their  size.  Also,  as  the  combined  strength 
of  the  straps  is  greater  than  that  of  the 
shell  plate,  they  are  not  considered. 
Using  },^-in.  rivets,  as  before  (after  driv- 
ing), and  applying  the  formula 
A  =  P  X  t  X  T.S.  =  6  X  0.5  X  60,000 

=    180,000   lb. 
or  the  strength   of  the   solid   plate   in   a 
unit  length    (6  in.)    of  joint. 
B  =   iP  ^d)  t  X  T.S.  =   (6  —  0.9375) 

X   0.5   X   60,000  =    151,875  lb. 

or  the  strength  of  the  plate  between  the 

rivet  holes  on  the  outer  row. 

C  =  NSa  +  N'S'a=  (1   X  42,000  X 

0.6903)    -f    (2   X   78,000   X  0.6903) 

=  28,992.6  -f    107,686.8  = 

136,679.4  lb. 

the    shearing    strength    of    one    rivet    in 

single  shear  in  the  outer  row,  and  two 

rivets  in  double  shear  in  the  inner  row. 

D   =    (P  —  2d)   t   X   T.S.   +  N  S  a  = 

(6   —    1.875)     X    0.5    X    60,000    -|- 

(1   X  42,000  X  0.6903)  =  123,750 

+  28,992.6  =   152,742.6  lb. 


'  =  0.759  or  75.9  per  cent. 


180,000 

which  is  the  efficiency  of  the  joint.  The 
plate  is  still  stronger  than  the  riveting, 
but  the  safe  working  pressure  would  be 

60,000  X  0.5  X  0.759^  1  =  1  8/6 
30  X  5  .'^   ■        • 

Now  consider  a  triple-riveted  double  butt- 
strap  joint  as  shown  in  Fig.  7.  The  only 
difference  in  calculating  this  one  and 
the  previous  one  is  that  in  Fig.  7  there 
are  four  rivets  in  double  shear  instead 
of  two,  and  in  getting  the  quantity  D 
the  possible  point  of  failure  is  taken  as 
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Fig.  8.  Quadruple-riveted  Butt-strap 
Joint 

along  the  second  or  middle  row  of  rivets 

instead   of  the  inner  row.     Then 

A  =  P  X  t  X  T.S.  =  6  X  0.5  X  60,000 

=    180,000 
the  strength  of  the  solid  plate  in  a  unit 
length   (6  in.)   of  joint. 
B  =   (P  —  d)  t  X  T.S.  =  (6  —  0.9375) 

X   0.5   X   60,000  =   151,875 

the    strength    of   the    plate   between   the 

rivet  holes  on  the  outer  row. 

C  =  NSa  +  N'S'a=   (1   X  42,000  X 

0.6903)    +    (4  X   78,000  X  0.6903)   = 

2g,992.6  +  215,373.6  =  244,366.2  lb. 

the    shearing    strength    of    one    rivet    in 

single  shear  on  the  outer  row  plus  the 

shearing  strength  of  four  rivets  in  double 

shear  on  the  middle  and  inner  rows. 

D  -    (P  ~-2d)  t  X   T.S.  +   (N  S  a)   = 

(6  —  1.875)   X  0.5  X  60,000  +   (I   X 

42,000     X     0.6903)     =     123,750    -f 

28,992.6  =  152,742.6  lb. 

as  the  strength  of  the  plate  between  the 

pitch  lines  on  the  middle  row  of  rivets 

plus  the  shearing  strength   of  one  rivet 

in  single  shear  on  the  outer  row. 
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This  style  of  joint  may  fail  by  breaking 
the  plate  between  the  outer  row  of  rivets, 
by  shearing  all  of  the  rivets  or  by  break- 
ing the  plate  along  the  middle  row  of 
rivets  and  shearing  the  outer  row.  The 
riveting  now  exceeds  the  strength  of  the 
solid  plate,  as  will  be  seen  by  comparing 
quantities  A  and  C.  A  more  efficient 
joint  would  be  secured  by  spacing  the 
rivets  farther  apart.  Quantity  B  being 
the  smallest,  the  joint  would  probably 
fail  by  breaking  the  plate  along  the  outer 
row  of  rivets.     Therefore 

B  _  151,800 

A^  ' 


0.845  or  84.5  percent. 


180,000 
and  the  safe  working  pressure  is 

60,000  ,<  o.s  X  0.84s         ,     ,. 

i ^^—  ^  i6q  lb. 

30  X  5 
per  sq.in. 

So  far,  none  of  the  joints  considered 
have  been  of  correct  design  for  the  case 
at  hand,  but  they  have  served  to  demon- 
strate the  methods  of  calculating  their 
efficiencies  and  also  by  guessinfv  at  the 
efficiency  may  possibly  lead  to  unsatis- 
factory results.  A  standard  quadruple- 
riveted,  double  butt-strap  joint  will  now 
be  laid  out,  as  shown  in  Fig.  8,  with  the 
following  particulars: 

Rivets,    I,';   in.   (after  driving). 
Pitch  of  outer  row,  15  in. 
Pitch   of  second   row,  7'_.    in. 
Pitch  of  two  inner  rows,  3.14   in. 
A  -P  -Xt  y.  T.S.  =  15  X  0.5  X  60,000 

=    450,000   lb. 
the  strength  of  the  solid  plate  in  a  unit 
length   ( 15  in.)   of  joint. 
B  =  {P  —  d)tX  T.S.  =  (15—0.9375) 
X   0.5   X   60,000   =  421,875  lb. 
'  the  strength  of  plate  between  rivet  holes 
on    the    outer    row. 

C-NSa  +  N'S'a  =  3x  42,000  X 
0.6903  -I-  (8  X  78,000  x  0.6p03)  = 
86,977.8  +  430,747.2  =  517,725 
the  shearing  strength  of  three  rivets  in 
single  shear  on  the  outer  and  second 
rows  plus  the  shearing  strength  of  eight 
rivets  in  double  shear  on  the  third  and 
inner  rows. 

D   =    (P  —  2d)   t   X    T.S.   +   N  S  a  = 
(15  —   1.875)    X    0.5    X    60,000   + 
(1   X  42,000  X   0.6903  =  393,750 
+    28,992.6    =    422,742.6   lb. 
representing    the    strength    of    plate    be- 
tween the  rivet  holes  on  the  second  row 
plus  the  shearing  strength  of  one  rivet  in 
single   shear  on   the   outer  row. 

This  joint  will  probably  fail  by  break- 
ing the  plate  along  the  line  of  the  outer 
row  of  rivets,  although  the  quantity  D 
is  but  slightly  greater  than  the  quantity 
B.  The  efficiency  of  the  joint  is  there- 
fore 

-  = '—  =  0.9375  or  93.75  per  cent. 

.4       450,000 

and  the  safe  working  pressure  is 

60,000  X  0.5  X  0.9375 


In  the  last  two  joints,  failure  would 
probably  occur  by  breaking  the  plate 
along  the  line  of  the  outer  row  of  rivets. 
This  is  usually  the  case  with  properly 
designed  joints,  and  from  this  fact  may 
be  derived  a  short  rule  for  the  efficiency 
of  joints  which  may  be  useful  if  used 
with  judgment.  The  rule  is  to  simply 
divide  the  strength  of  the  net  section  of 
the  plate  between  the  two  rivet  holes'  on 
the  outer  row  by  the  strength  of  the 
solid  plate  in  a  unit  length  of  joint;  in 
other  words,  find  quantity  A  and  quantity 
B  and  divide  the  latter  by  the  former. 


Generating  Power  as  a 
Byproduct 

By   Edward   K.   Hammond 

In  the  plant  of  the  M.  Rumely  Co., 
La  Porte,  Ind.,  an  interesting  method 
has  been  adopted  for  securing  power  as 
a  byproduct  which  serves  as  a  material 


under  test  at  all  times  developing  an 
average  of  between  180  and  200  kw. 
This  output  would,  of  course,  be  in- 
sufficient to  meet  the  power  requirements 
of  the  entire  factory,  but  as  it  is  ob- 
tained without  any  extra  expense  for 
fuel,  it  is  the  means  of  effecting  a  con- 
siderable saving. 

The  regular  power  plant  at  the  Rumely 
works  is  essentially  a  Nordberg  installa- 
tion. The  equipment  consists  of  two  19 
and  36  by  36-in.  cross-compound  units, 
equipped  with  the  Nordberg  patent  long- 
range  cutoff  valve-gear.  They  are  run 
condensing  and  are  direct-connected  to 
500-kw.  Fort  Wayne  direct- current  gen- 
erators running  at  120  r.p.ni.  A  32  and 
32  by  14-in.  duplex  steam-driven  jet 
condenser  provides  for  the  exhaust  from 
the  engines  and  also  for  the  operation 
of  a  1500-cu.ft.  compressor  which  sup- 
plies air  to  the  tools  in  the  shops  at 
100  lb.  pressure.  The  boilers  are  in  a 
separate  building,  the  equipment  consist- 


Traction   Engines   under  Test 


30X5 


187  lb. 


per  sq.m. 


aid  to  the  output  of  the  regular  power 
plant. 

The  "oil  pull"  tractors  manufactured 
by  this  company — which  comprise  self- 
contained  power  units  especially  de- 
signed for  such  agricultural  pursuits  as 
plowing,  hulling  and  threshing — derive 
their  power  from  kerosene,  and  after  the 
completion  of  each  machine,  it  is  sub- 
jected to  a  test  of  at  least  48  hours' 
duration  before  being  shipped.  During 
this  test  run,  the  expedient  of  belting 
the  tractors  to  electric  generators  ha.-^ 
been  adopted  so  that  the  power  developed 
may  be   utilized   for  industrial   purposes. 

The  illustration  shows  a  group  of  "oil 
pull"  tractors  running  in  the  company's 
test  shed  and  the  method  of  arrangement 
is  easily  understood.  The  elevated  plat- 
form running  through  the  center  of  the 
shed  has  the  electric  generators  so 
mounted  upon  it  that  11  tractors  may  be 
tested  on  either  side.  Since  the  plant 
was  placed  in  operation,  there  have  been 
six   or   more   of   these   tractors   running 


ing  of  a  battery  of  six  Atlas  hand-fired 
boilers.  Coal  and  ashes  are  handled  by 
a  C.  W.  Hunt  industrial  track  and  car 
equipment. 


March  Coal-land  V^alues  Reach 

$6,442,820 

In  its  classification  and  valuation  of 
public  coal  lands,  the  United  States  Geo- 
logical Survey  acted  on  1,398,371  acres 
in  March.  Of  these,  368,484  acres  were 
appraised  as  "coal  land"  by  40-acre 
tracts,  valued  at  $6,442,820.  There  were 
also  classified  as  coal  lands,  but  the 
price  not  fixed,  16,404  acres,  while  401,- 
668   acres   were   classified   as   "noncoal." 

Restorations  during  the  month  of 
lands  classified  either  as  coal  or  noncoal 
amounted  to  801,137  acres,  and  were 
distributed  through  Colorado,  Montana, 
North  Dakota,  South  Dakota  and  Utah. 
New  withdrawals  of  597,234  acres  were 
made  in  Utah. 
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Readers  with  Something  to  Say 

A  letter  good  enough  to  print  will  be  paid  for.     Ideas,  not  mere  words,  wanted 


New  Valve  Affects    Economy 

The  accompanying  indicator  diagrams 
were  taken  from  the  steam  cylinder  of  .1 
12xl4-in.  air  compressor  using  a  throt- 
tling governor  and  fitted  with  a  plain 
slide  valve.  The  machine  had  been  run- 
ning about  seven  years  and  during  this 
time  had  never  been  indicated.  As  the 
compressor  was  too  small  for  the  work 
required  of  it,  and  ran  at  very  high 
speed,  all  the  bearings  seemed  to  pound 


Diagram   Fig.   1 

at  once,  although   they  were  kept  keyed 
up  as  closely  as  possible. 

In  an  attempt  to  stop  the  noise,  I  de- 
cided to  take  some  diagrams;  Fig.  1  is 
a  sample,  and  shows  the  point  of  cutoff 
to  be  at  about  three-quarters  stroke  and 
a  terminal  pressure  of  about  23  lb.  I 
tried  changing  the  eccentric,  but  while 
I  could  obtain  an  earlier  cutoff,  the  com- 
pression was  excessive,  so  I  decided  to 
make  a  new  valve  having  an  extra  out- 
side lap  to  give  earlier  cutoff.  The  ex- 
haust lap  could  not  be  decreased  as  the 
exhaust  cavity  was  as  wide  as  it  could 
be  made  and  still   prevent   steam   blow- 


DlACRAM    Fic.    2 

ing  through  from  the  steam  port  to  the 
exhaust  port. 

After  the  new  valve  was  put  in,  dia- 
gram No.  2  was  taken,  which  shows  the 
cutoff  to  be  about  one-half  stroke  with 
a  fairly  good  compression.  The  terminal 
pressure  was  about  12  lb.,  which  was  a 
great  deal  with  the  exhaust  steam  blow- 
ing to  the  atmosphere. 

The  bad  pound  in  the  bearings  was 
gone  and  the  machine  ran  as  quietly  as 
could  be  expected  from  an  air  compressor. 

In  figuring  the  reduction  in  coal  con- 
sumption due  to  this  change,  the  dia- 
gram.   Fig.    1,    figured    50.5   hp.    and   the 


steam   consumption   at  37   lb.   per  horse- 
power-hour. 

Fig.  2,  which  was  taken  at  a  little 
higher  speed,  showed  55.6  hp.  and  the 
steam  consumed  was  33.2  lb.  per  horse- 
power-hour as  calculated  from  the  dia- 
grams with  allowance  made  for  con- 
densation, etc. 

As  the  result  of  this  change  a  saving 
of  nearly  S200  per  year  in  fuel  costs  was 
realized,  with  the  additional  comfort  of 
a  better  running  engine. 

J.  C.  Hawkins. 

Hvattsville.  Md. 


Ignored  the  Engineer's  Advice 

No.  1  engine,  shown  in  the  accom- 
panying illustration,  was  giving  trouble 
due  to  wear;  it  had  been  in  service  about 
40  years.  The  engineer  suggested  in- 
stalling an  alternating-current  generator 
direct-connected  to  No.  3  engine  and  op- 
erating the  shops  with  motor  drive,  thus 
eliminating  No.  1  engine.  This  was  pos- 
sible   as   the    latter    was    used    only    in- 


week  for  power  than  before  the  change 
was  made.  Complaints  brought  the  cen- 
tral-station experts  to  view  the  situation, 
and  they  recommended  the  discharge  of 
the  assistant  engineer,  saying  one  man 
could  handle  the  plant.  As  it  was  over 
200  ft.  from  engine  No.  3  to  engine  No. 
2,  it  will  be  realized  that  one  man  could 
not  properly  attend  to  the  plant.  He  is 
doing  his  best,  but  despite  his  efforts  the 
cost  of  power  to  the  concern  increases 
rather  than  diminishes. 

Such  failures  serve  to  show  that  the 
central  station  does  not  always  meet  its 
obligations. 

W.  V.  Ford. 

Norwich,  Conn. 


Knowledge  Is  Power 

The  lack  of  proper  records  is  undoubt- 
edly one  of  the  chief  reasons  why  so 
many  isolated-power  plants  have  been 
shut  down  and  why  others  have  not  been 
installed.  An  engineer  need  never  fear 
the  closing  down  of  his  plant  if  he  can 


General  Plan  of  Boiler  and  Engine-rooms  and  Shops 


termittently  and  the  load  on  No.  3  was 
much  below  its  rated  capacity. 

The  central-station  solicitor  knew  the 
conditions  in  this  plant  and  was  suc- 
cessful in  influencing  the  management  to 
use  central-station  current  to  do  the  work 
of  engine  No.  1.  quite  contrary  to  the 
engineer's  suggestion. 

After  this  service  had  been  used  for  a 
short  time  the  management  discovered 
that    it   was    costing   them    S6   more   per 


prove  it  is  a  paying  investment.  The 
argument  that  the  central-station  solicitor 
will  us3  the  records  to  close  down  the 
plant  is  seldom  tenable.  In  many  cases 
they  do  not  use  the  recorded  data,  but 
take   advantage   of  the   lack   of  it. 

Sometimes  it  is  very  difficult  to  get 
complete  records,  as  where  they  require 
instruments  which  the  owner  refuses  to 
purchase.  But  if  the  engineer  will  record 
all   data   available   and   show  the   owner 
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their  advantages,  he  will  usually  be  able 
to  get  what  he  needs. 

Furthemiore,  every  chief  engineer 
should  make  his  engine  room  a  training 
school  for  engineers.  This  is  a  point 
that  cannot  be  too  strongly  emphasized. 
The  successful  business  men  of  today 
are  those  who  have  been  able  to  get  effi- 
cient work  out  of  their  employees,  and 
the  only  way  to  do  this  is  to  have  the 
employee  know  the  "how  and  why"  of 
his   occupation. 

The  day  of  trade  secrets  is  past.  Engi- 
neers should  get  over  the  jealousy  that 
seems  to  exist  between  themselves,  and 
be   free  to   ask   and   answer  questions. 

I  would  like  to  see  published  in  Power 
more  copies  of  engineers'  records. 

C.  L.  Johnson. 

Newark,  N.  J. 


Drum  Cord  Attachment 

The  plain  hook  shown  in  the  accom- 
panying illustration  is  the  simplest  and 
most  satisfactory  attachment  for  the  drum 
cord  of  a  steam-engine  indicator  in  high- 
speed work  I  have  ever  known.  This 
is  made  from  a  piece  of  soft  steel  wire 


Showing  Attachment  of  Reducing 
Loop 

of  about  No.  13  gage.  The  hook  starts 
out  with  a  comparatively  shallow  curve, 
for  convenience  in  applying.  At  the  back 
of  the  jaws  a  j's-in.  handle  is  looped 
in,  and  the  wire  then  runs  straight  down 
and  terminates  with  a  suitable  eye  bent 
over  at  the  end.  The  completed  over- 
all dimensions  of  the  hook  are  about 
\V2x3  in. 


The  illustration  shows  the  hook  in 
operation,  hanging  on  the  pivot  of  the 
pendulum  blade,  with  the  cord  running 
down  under  a  pin  or  screw  on  the  pen- 
dulum and  then  leading  over  to  the  in- 
dicator itself.  This  blade  pin  is  located 
between  the  crosshead  and  the  pivot  of 
the  pendulum,  in  a  position  giving  the 
desired  reduction  of  motion.  To  adjust 
the  length  of  the  cord,  place  the  hook 
and  cord  as  shown,  with  the  string  pass- 
ing unfastened  through  the  eye,  and 
gradually  tighten  the  string  until  the  in- 
d'icator  drum  safely  clears  all  stops; 
then  fasten  the  cord  with  a  tight  double 
half-hitch. 

This  attachment  is  operated  entirely 
by  one  hand.  To  hook  up  the  indicator, 
grasp  the  "loop"  or  handle  of  the  hook 
between  the  thumb  and  index  finger; 
draw  the  cord  out  taut  and  under  the  pin 
of  the  pendulum,  then  swing  the  hand 
upward  and  hook  over  the  pendulum 
pivot,  or  upon  a  second  pin  of  the  blade 
near  the  pivot,  as  shown.  To  unhook, 
the  reverse  operation  is  gone  through 
and  the  cord  is  hung  out  of  the  way,  yet 
conveniently,  by  hooking  over  the  pivot 
from  the  other  side,  with  the  string  hang- 
ing free. 

The   actual   operation    is   quickly   done 
and  can  be  performed   with  ease  under 
the  most  trying  conditions  of  running. 
J.  W.  Taylor. 

Massillon,  Ohio. 


The  V-Thread  on  the  Bolt 

I  have  a  great  admiration  for  the 
genius  who  first  conceived  the  idea  of 
the  thread  on  a  bolt,  but  can  the  condi- 
tions be  improved?  Many  a  man  has 
tried  to  make  a  half-inch  nut  with  a  12- 
pitch  thread  affiliate  with  a  13-thread 
bolt,  or  vice  versa.  It  started  beautifully, 
and  then  it  put  on  the  brakes;  he  pulled 
harder;  then  he  pulled  too  hard.  Next, 
he  got  another  wrench,  and  stuck  a  chisel 
in  behind  the  head  of  the  bolt  to  keep 
it  from  turning.  On  reversing  the  nut, 
some  of  the  thread  on  the  bolt  was 
stripped  off;  then  he  had  to  hunt  another 
bolt  or  the  dies. 

V-thread  bolts,  nuts,  taps  or  dies,  set- 
screws  and  cap-screws  are  things  of  the 
past.  U.  S.  Standard  thread  eliminates 
the  half-by-twelve  thread,  and  lets  the 
uT-in.  size  have  it,  which  is  perfectly 
fair  and  proper.  The  i";-in.  is  a  good 
honest  size,  which  has  never  been  ap- 
preciated, but  should  be,  by  having  a 
thread  of  its  own. 

The  manufacturers  have  decided  not 
to  make  any  more  V-thread  taps  and  dies 
except  by  special  order,  but  in  a  number 
of  catalogs  I  find  listed  the  V-thread  bolts 
and  nuts  and  it  must  be  specified  if 
the  other  is  wanted. 

The  U.  S.  Standard  thread  will  also 
eliminate  the  s'L-in.  oversize  bolt  that 
has  been  such  an  enemy  all  this  time. 

When  this  matter  is  fully  straightened 


out,  it  is  my  opinion  that  the  nut  manu- 
facturers should  be  made  to  standardize 
the  nuts;  then  a  lot  of  capital  will  not 
be  tied  up  in  dozens  of  different-sized 
wrenches  in  orded  to  trieet  existing  con- 
ditions. 

L.   F.  Brown. 
Winston-Salem,  N.  C. 


Remodeled   Oiling  System 

In  our  plant  there  is  an  oiling  system 
designed  as  shown  in  the  accompanying 
illustration. 

It  had  been  installed  with  the  plant 
some  ten  years  ago,  but  had  never  been 
put  in  operation  until  a  short  time  ago, 
when  we  made  some  changes  in  the 
piping  and  method  of  operation.  The  re- 
sult is  very  gratifying. 

At  the  opening  marked  "city  water" 
in  the  illustration,  now  used  only  as  a 


Arrangement  of  Oiling  System 

filler,  a  ?Li-in.  steam  line  not  over  5  ft. 
long  was  connected  and  was  the  only 
provision  for  the  admission  of  live  steam; 
it  is  very  evident  that  there  was  not 
much  chance  for  condensation  in  such 
a   line. 

A  Jg-in.  line  was  run  from  a  steam 
supply  at  the  far  end  of  the  engine  room 
and  connected  to  the  bottom  of  the  tank, 
and  a  small  tank  was  rigged  up  as  a 
filler  and  connected  to  the  oil  tank  by 
the  top  and  bottom  connections  with  the 
valves.  The  small  tank  was  connected 
with  the  oil-supply  room  with  a  provision 
for  filling  it  by  gravity  after  being 
emptied  of  water. 

There  is  no  trouble  with  the  system 
now,  care  being  taken  to  keep  the  large 
tank  full  and  cool  at  all  times,  and  con- 
siderable saving  has  been  effected,  to  say 
nothing  of  the  added  convenience  by  the 
use  of  the  remodeled  system. 

Edward  T.  Binns. 

Philadelphia,  Penn. 
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Avoiding  a  Shutdown 

During  a  high  wind,  the  smokestack  of 
a  small  flour  mill  was  blown  down,  leav- 
ing a  piece  at  the  base  about  14  ft. 
high  still  standing. 

As  this  mill  was  in  a  small  country 
town,  it  would  take  at  least  a  week  to 
get  a  new  stack,  so  it  was  up  to  the  en- 
gineer to  figure  out  a  way  to  keep  the 
ulill  going  until  the  new  stack  arrived. 
He  was  experienced  in  traction  engines, 
so  it  did  not  take  him  long  to  think  of 
the  scheme  shown  in  the  illustration.  He 
piped   the   exhaust   steam    from   the   en- 


emy and  performance  have  been  accom- 
plished with  this  type  cannot  be  denied. 
In  view  of  the  foregoing,  the  general  ten- 
dency has  been  to  credit  water-tube  boil- 
ers with  being  in  advance  of  the  other 
and  more  common  forms,  especially  the 
horizontal  tubular  boiler.  This,  however, 
is  not  altogether  borne  out  by  the  facts. 
As  developed  today  in  the  United  States 
and  built  by  the  hundreds  of  reputable 
manufacturers,  the  horizontal  tubular 
boiler,  equipped  with  the  same  appliances 
and  settings  usually  afforded  the  other 
type,  is  equally  as  reliable  and  efficient 
a  steam  generator  for  certain  classes  of 
service  as  any  yet  produced. 

There  are  several  avenues  of  loss  in 
all  methods  of  converting  the  heat  in 
the  fuel  into  useful  energy.  As  applied 
to  the  steam  boiler,  they  are  chiefly,  im- 
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Exhaust  Steam  Assisting  Draft 


gine  into  the  base  of  the  stack  and  placed 
an  elbow  on  the  end  of  the  pipe  so  as 
to  discharge  the  steam  straight  up  the 
center  of  the  stack,  and  screwed  a  bush- 
ing into  this  elbow  in  order  to  increase 
the  draft.  Of  course,  this  put  consider- 
able back  pressure  on  the  engine,  but 
it  kept  the  plant  running. 

Charles  Fenwick. 
Wapella,  Can. 


Return-Tubular  Boilers 

In  selecting  a  steam  generator,  if  floor 
space,  head  room  or  other  limitations 
which  make  imperative  the  use  of  any 
one  type  are  not  imposed,  there  are  few 
definite  data  of  performance  for  guidance 
beyond  the  many  claims  of  those  inter- 
ested either  in  manufacture  or  sale,  or 
possibly  others  who  wish  to  justify  their 
particular  choice.  These  conditions  cause 
many  purchasers  to  rely  upon  the  repu- 
tation of  the  builder  and  to  follow  to  a 
large  extent  the  suggestions  as  to  in- 
stallation and  appurtenances  that  tend  to 
surround  the  tests  and  operation  with 
the  most  favorable  conditions. 

These  circumstances  have  led,  through 
the  efforts  of  the  builders,  to  the  favor- 
able reputation  attained  by  the  water- 
tube  boiler  throughout  the  engineering 
world.     That  wonderful  results  in  econ- 


perfect  combustion,  imperfect  transmis- 
sion of  the  heat  units  to  the  water,  and 
radiation  from  the  settings  and  furnace 
walls.  The  first  of  these  losses  is  cor- 
rected by  proper  firing  and  furnace  ar- 
rangement, until  a  minimum  is  reached 
that  is  possible  in  one  type  as  much  as  in 
another.  The  second  loss,  evinced  by 
high  stack  temperature,  is  common  to  all 
types.  The  final  temperature  of  the  gases 
upon  leaving  the  boiler  must  necessarily 
be  in  excess  of  that  of  the  steam  and 
water  contents,  and  to  make  this  tem- 
perature a  minimum  is  the  aim  of  all 
good  engineers.  The  many  divisions  in 
which  the  products  of  combustion  pass 
through  the  tubes  of  the  horizontal  tubu- 
lar boiler  form  an  admirable  means  of 
giving  up  the  heat  contents  to  the  sur- 
rounding water.  The  final  heat  loss  in 
this,  as  well  as  other  types,  is  usually 
modified  by  the  use  of  economizers  or 
other  preheating  apparatus.  As  the  loss 
by  radiation  from  the  walls,  settings  and 
exposed  portions  of  the  shells  or  drums 
is  common  to  all.  no  comparison  is  needed. 
In  stability  of  operation,  the  odds  are 
mainly  in  favor  of  the  tubular  type;  the 
large  body  of  water  at  a  high  tempera- 
ture will  continue  the  regular  generation 
of  steam  over  short  periods  of  imperfect 
or  irregular  firing  or  sudden  fluctuations 
in  steam  demand  in  a  manner  possible 


only   in   a   generator  of   large   water   ca- 
pacity. 

One  of  the  broadest  and  most  frequent 
claims  made  by  those  favoring  the  water- 
tube  type  is  its  immunity  from  disastrous 
accident  as  compared  with  boilers  of  the 
shell  type.  Records  do  not  entirely  cor- 
roborate this,  however,  for  many  serious 
tube  failures  have  occurred  in  water-tube 
boilers.  Furthermore,  it  must  be  remem- 
bered that  failures  of  shell  boilers  have 
led  to  a  development  of  construction  in 
which  many  of  the  older  weaknesses 
have  been  eliminated.  Among  these  are 
improvements  in  seam  efficiency,  weld- 
less  braces,  increased  accessibility  for 
cleaning  purposes  and  better  structural 
materials,  and  the  evolution  in  these  ap- 
pears to  have  kept  pace  with  present-day 
requirements. 

W.    J.    Smith. 

Portland.  Ore. 


Compre,ssed    Air  Oil  Lift 

In  any  factory  or  mill  where  com- 
pressed air  is  available  and  there  is  a 
considerable  amount  of  oil  or  other 
liquids  to  be  taken  from  barrels  and 
transferred  to  tanks  or  other  receptacles, 
the  device  shown  herewith  will  make  a 
very  useful  adjunct  to  the  engine  room. 


Piping  for  Air  Lift 
It  is  simple  in  construction  and  can 
be  made  in  a  short  tirne  (with  the  ex- 
ception of  a  special  bushing,  which  re- 
quires lathe  work)  by  anyone  familiar 
with  pipe  tools.  The  accompanying  sketch 
shows  the  construction  plainly,  also  the 
method  of  using  the  device  in  our  power 
plant. 

Care  should  be  taken  not  to  open  the 
air  valve  too  suddenly,  especially  when 
pumping  cylinder  oil,  which  is  generally 
heavy  and  hard  to  move.  It  is  best  to 
let  the  cylinder  oil  stand  in  a  warm  place 
for  a  day  or  two  before  attempting  to 
pump  it  out.  A  'j-in.  needle-valve  on 
the  air  line  should  be  used,  but  an  or- 
dinary valve  will  do  if  the  attendant  is 
careful. 

A.   R.   MUNZER. 
Middletown,  Ohio. 
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Questions  Before  the  House 

Comment,  criticism,  suggestions  and  debate  upon  various  articles, 
letters   and   editorials    which  have  appeared  in  previous  issues 


Pump   Diagrams 

The  efficiency  of  tfie  pumping  plant 
described  by  Franlv  Wilfis  in  the  Feb. 
20  issue  is  so  low  that  there  must  be 
some  user  of  steam  other  than  the  com- 
pound duplex  pump  from  which  the  dia- 
grams  were   taken. 

The  capacity  of  the  water  cylinders 
of  the  pump,  at  a  pumping  speed  of  33 
strokes  per  minute,   neglecting  slippage, 


can  be  calculated  from  the  displacement 
of  the  high-pressure  steam  cylinders, 
since  the  diagram  shows  that  steam  is 
admitted  throughout  the  entire  stroke  at 
a  pressure  of  about  45  lb.  per  square 
inch.  This  displacement  is 
t6-  X  0.785  X   22K 


6i-  X  0.7S 


1728 


X  2  X  33  X  60  = 


17 10  C'U.jt- 

per  hour.  The  average  pressure  pumped 
against  is  350  lb.  per  square  inch,  or 
50,400  lb.  per  square  foot.  Hence  the 
work   done    is 

1710   X   50,400   =  86,184,000  ft.-lb. 
per  hour,  which  is  equivalent  to  43.5  hp. 

The  oil  burned  as  fuel  averages  63 
gal.  per  hour.  Since  oil  of  15.6  deg. 
Baume  weighs  8.01  lb.  per  gallon,  the 
w^eight  of  the  oil  used  is  504.6  lb.  per 
hour.  Assuming  that  the  oil  has  a  heat 
value  of  18,500  B.t.u.  per  pound,  the 
heat   supplied   to  the   boilers   is 

504.6    X    18,500   =   9,335,100  B.t.u. 
per  hour;   hence  the  mechanical  equiva- 
lent of  the  heat  supplied  in  the  oil  is 
778    X   9,335,100  =   7,262,708,000  ft.-lb. 
per  hour.     Thus  the  overall  efficiency  of 
the   plant   is 

86,184,000  „  .  , 

— 3^ r=  I .  t8  f>e)  cent. 

7,262,708,000 

Expressed  in  other  terms,  the  duty  of 

the  plant  is 

86,184,000 


9-335 


=  9,232,200 /<. 


per  1,000,000  B.t.u.  supplied  in  the  fuel. 
Prof.  Denton,  in  testing  the  Laketon 
pumping  engine  (Trans.,  A.  S.  M.  E.,  Vol. 
14),  using  oil  as  fuel  under  the  boilers, 
obtained  a  duty  of  101,117,000  ft.-lb. 
per  1,000,000  B.t.u.,  corresponding  to  a 
plant  efficiency  of  13  per  cent.  Thus, 
even  after  making  allowance  for  differ- 
ences between  actual  running  and  test 
conditions,  Mr.  Willis'  plant  shows  a  low 
efficiency. 

A  calculation  of  the  diagrams  given 
shows  that  the  work  done  in  the  high- 
pressure  steam  cylinder  is  22.2  hp.,  and 
in  the  low-pressure  cylinders  36  hp.,  a 
total  of  58.2  hp.  Thus  the  mechanical 
efficiency  of  the  pump  is 

^^  =:  74.7  fer  cent. 
58.2        '^  '  ' 

The   steam    consumption    of   the   pump 


1728 


X 


X  33=  172.8  c«.//. 


per  minute.  Since  steam  at  45  lb.  pres- 
sure weighs  0.139  lb.  per  cubic  foot  the 
steam  used  is 

172.8    X    0.139   X    60  =    1440  lb. 
per   hour.      Assuming   that    10   per   cent, 
of  the   steam    furnished    is   lost    in    con- 
densation,  leakage,   etc.,    the    amount    of 
steam    furnished   is 

1440    -1-    0.90    =    1600   lb. 
per  hour.     The  work  done  by  the  pump, 
as  shown  above,  is  86,184.000   ft.lb.   per 
hour,  so  the  duty  of  the  pump  alone  is 
86,184,000    ^     1.6    =    53,865,000    ft.-lb. 
per   1000  lb.  of  steam. 

As  the  duty  of  a  pump  similar  tt)  the 
one  under  consideration  installed  by  the 
Boston  water  department  was  60,727,400 
ft.-lb.  per  1000  lb.  of  steam  under  test, 
it  is  evident  that  the  pump  is  not  re- 
sponsible for  the  low  efficiency  of  this 
plant.  The  cause  of  its  inefficient  op- 
eration must  therefore  be  an  incorrect 
arrangement  of  the' oil  burners  or  an  ex- 
cessive steam  consumption  of  the  auxil- 
iaries. 

C.   S.   Stouffer. 

Kewanee,  111. 


The  Critic  Criticized 

As  one  of  a  large  number  of  people 
who  have  found  Moyer's  "Power  Plant 
Testing"  a  valuable  book,  I  feel  com- 
pelled to  protest  mildly  against  the  state- 
ments made  in  your  review  of  Mar.    19. 

Latterly,  Power  has  done  much  to  im- 
prove its  book  reviews,  and  there  is  less 
reason  for  complaint  against  them  than 
against  those  in  many  other  technical 
papers,  where  they  are  often  nothing 
more  than  a  digest  of  the  ruthor's  pref- 
ace. 

Prof.  Moyer's  book,  it  seems  to  me, 
is  admirably  adapted  to  the  purpose  for 
which  it  was  written;  namely,  a  college 
textbook,  and,  furthermore,  it  has  been 
a  very  useful  hook  to  a  lot  of  prac- 
ticing engineers   whom   I   know. 

The  reviewer  was  not  only  very  sharp 
in  his  phraseology  but  somewhat  inac- 
curate in  his  statements;  he  also  gave 
no    apparent    consideration    to    the    pur- 


pose of  the  book.  Naturally,  no  one 
would  expect,  or  even  tolerate,  very  much 
absolutely  original  subject-matter  in  a 
book  intended  to  cover  concisely  so  large 
a  subject.  A  far  more  just  criticism 
would  have  been  to  say  that  the  author 
was  blowing  his  "horn"  a  little  too  hard 
for  himself  and  his  professional  friends. 
Furthermore,  the  book  certainly  would 
not  have  been  complete  without  the  di- 
gest of  the  standard  American  methods 
for  testing  boilers,  engines,  turbines  and 
pumps. 

Unless  the  reviewer  referred  merely 
to  "style""  in  the  presentation  of  the 
subject-matter,  I  see  nothing  at  all  in 
his  argument;  and,  as  to  matters  of 
"style,"  we  could  argue  till  doomsday, 
and   arrive   nowhere. 

If  the  wdrk  had  "smacked  of  origi- 
nality" or  met  in  any  way  the  reviewer's 
ideas  as  outlined  in  the  first  paragraph, 
it  would  utterly  fail  in  its  usefulness  as 
a  college  textbook. 

The  reviewer  is  certainly  mistaken  al- 
so when  he  states  in  effect  that  the  sub- 
jects "belong  in  the  usual  list  found  in 
books  on  experimental  engineering."  The 
writer  is  familiar  with  the  books  in  Eng- 
lish on  this  subject  and  he  is  quite  sure 
that  at  least  one-third  of  the  subject- 
matter  will  not  be  found  in  any  other 
book  on  "experimental  engineering"  pub- 
lished before  the  appearance  of  Moyer's 
"Power  Plant  Testing";  and,  on  the  other 
hand,  practically  all  of  this  matter  is 
covered  in  about  the  same  number  of 
pages  in  all  books  published  more  re- 
cently on  this  general  subject. 

Criticisms  regarding  the  illustrations 
also  are,  in  some  respects,  unjust,  as  the 
writer  can  see  that  the  publishers  must 
have  gone  to  very  great  expense  to  make 
new  figures  for  many  kinds  of  apparatus 
that  are  purely  commercial,  apparently 
to  avoid  the  "stock"  criticism  of  review- 
ers of  technical  books  that  "the  figures 
are  mostly  from  trade  catalogs."  It  is 
true  that  some  of  the  figures  are  con- 
ventional of  textbooks;  but  in  every  case, 
apparently,  proper  credit  has  been  given. 
As  to  whether  the  reviewer  has  "seen 
many  of  the  figures  in  government  re- 
ports," I  believe  he  is  mistaken.  The 
writer  has,  of  course,  observed  figures 
illustrating  such  standard  commercial  ap- 
paratus as  separating  steam  calorimeters 
and  Atwood's  and  Junkers'  fuel  calorim- 
eters in  such  reports;  but  those  in 
Moyer's  book,  in  my  opinion,  are  about 
as   much  different  as  it   was  permissible 
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to  make  them  and  still  illustrate  cor- 
rectly their  commercial   forms. 

Does  Power  deem  it  necessary  to 
sacrifice  accuracy  of  statements  to  make 
a  review  "breezy"? 

Power's  plans  for  book  reviews  are 
excellent.  I  am  only  "kicking"  about 
what  they  should  not  be — about  the 
kind  that  makes  no  attempt  to  find  out 
what  the  author  was  trying  to  do,  and 
then  "roasts"  a  book  for  what  it  is  not. 
R.   E.   Smith. 

New  York  City. 


Centrifugal  Pump  Troubles 

I  do  not  see  that  the  distribution  of 
the  pumps  in  Milton  Baker's  pump  prob- 
lem, in  the  Mar.  26  issue,  is  at  all  nec- 
essary. The  pipe  line  and  pumps  to- 
gether form  a  closed  conduit  from  the 
lower  to  the  upper  water  levels;  there- 
fore the  amount  of  head  or  pressure 
developed  by  each  pump  depends  upon 
the  speed  and  design  of  its  propeller  and 
not  on  its  location  in  the  line. 

The  three  pumps  should  be  placed  to- 
gether near  the  lower  level  to  avoid  fur- 
ther trouble.  This  would  increase  the 
pressure  on  the  pipe  just  .above  the 
pumps,  but   would   do   no   harm. 

If  it  is  not  considered  practicable  to 
move  the  upper  pumps,  it  might  be  pos- 
sible to  operate  them  without  mishap  if 
the   following  precautions  are  observed: 

Place  a  bypass  around  each  check 
valve  except  the  one  on  the  suction  to 
the  lower  pump,  and  see  that  the  col- 
umn of  water  is  solid  before  starting 
the  pumps.  Then  start  the  tower  pump 
first,  adjusting  it  so  that  it  will  run  at 
firtl  speed  as  soon  as  the  others  start. 
It  will  probably  not  move  any  water 
with  the  full  70-ft.  head  against  it,  but 
it  will  develop  sufficient  pressure  to  hold 
the  column  of  water  together  and  start 
the  flow  when  the  other  pumps  start. 
Then  start  the  middle  pump  in  the  same 
manner  and  lastly  the  upper  pump. 

When  shutting  down  the  order  should 
be  reversed,  stopping  the  upper  pump 
first.  All  this  is  based  on  the  assump- 
tion that  they  are  protected  by  speed 
governors.  If  they  are  run  "by  the  throt- 
tle," the  lower  pump  will  be  apt  to 
develop  a  dangerous  speed  when  the 
others  are  shut  down. 

By  following  this  plan  the  only  chance 
for  trouble  that  I  can  see  is  in  case  one 
of  the  lower  pumps  stops  running  from 
some  accident.  If  this  should  happen, 
the  other  pumps  should  be  shut  down  at 
once  and  the  columns  of  water  brought 
safely  together  by  opening  the  bypasses 
around  the  upper  check  valves. 

Mr.  Baker  says  they  are  contemplat- 
ing placing  air  chambers  at  the  dis- 
charge of  the  pumps.  I  would  sug- 
gest that  they  call  in  an  expert  in  this 
matter;  the  conditions  warrant  it. 

Fred  Boone. 

Davidson,  Okla. 


Mr.  Baker's  plan  of  placing  air  cham- 
bers at  the  discharge  of  the  pumps  to 
cut  down  the  jar  due  to  the  making  and 
breaking  of  the  column  of  water  in  the 
line,  will  no  doubt  help  conditions  ma- 
terially, but  why  not  have  a  means  of 
starting  all  the  pumps  simultaneously? 
He  does  not  name  the  type  of  motive 
power  for  the  pumps,  but  a  satisfactory 
starting  device  could  be  arranged  with 
either  steam   or  electric   drive. 

R.   G.   Cox. 

Milwaukee,  Wis. 


Valve  Locking  Devices 

I  quite  agree  with  John  Thorn  as  to 
his  statement  in  the  Mar.  12  issue  of 
the   importance   of   locking  many   valves. 

At  a  plant  where  I  was  employed  the 
native  labor  would  persist  in  moving  the 
weight  on  the  lever  of  the  air-compressor 
safety  valve,  causing  no  end  of  trouble. 

To  avoid  all  this  I  locked  the  weight 
as  shown  in  the  accompanying  illustra- 
tion.    I  bored  a  hole  in  the  valve  lever 


A  Locked  S.\fety-valve 

as  shown  at  D  and  inserted  a  padlock 
in  it.  This  prevented  the  weight  being 
moved  any  appreciable  distance.  The 
job  was  completed  in  a  short  time  and 
my  mind  put  at  ease,  as  the  valve  was 
located  outside  the  building  and  conse- 
quently  out   of  my   sight. 

B.  W.  Barreno. 
San   Luis   Potosi,   Mex. 


Central  Station  vs.   Isolated 
Plant 

V.  S.  Ball's  article  under  the  above 
heading  in  the  Apr.  9  issue  gives  the 
other  side  of  the  question,  but  all  will 
not  agree  with  him. 

Of  course,  there  are  plants  running 
under  conditions  where  the  central  sta- 
tion could  give  better  service,  but  where 
there  is  a  plant  running  12  months  a 
year  and  the  central  station  can  sell  it 
power  cheaper  than  the  plant  can  make 
it,  some  fault  is  to  be  found  either  with 
the  engineer  or  his  employer. 

In  his  example  of  a  case  where  the 
central  station  could  save  a  company 
money.  Mr.  Ball  relates  a  case  where  a 
concern  keeps  an  engineer  running  part 
of  the  plant  until  midnight  to  light  an 
electric  sign. 

If  the  chief  engineer  of  this  plant  was 
a  "live  one,"  he  would   have  a  storage 


battery  to  run  that  sign;  he  would  save 
fuel  and  the  engineer's  wages. 

There  are  very  few  employers,  in  my 
opinion,  who  will  not  listen  to  an  en- 
gineer's suggestion  for  saving  money  if 
it  sounds  reasonable.  Mr.  Ball  tells  of 
another  case  where  an  engineer  got  a 
better  job  through  letting  the  central 
station  take  his  plant  away  from  him. 
I  do  not  think  that  a  man  who  knows 
much  about  engineering  will  be  content 
to  let  a  central  station  get  his  plant. 

Most  "live"  engineers  work  for  some- 
thing besides  the  pay  envelope;  most  of 
them  are  looking  for  more  experience 
and  bigger  plants,  and  I  cannot  see  why 
a  man  could  be  contented  just  oiling 
shafting  and  running  a  heating  boiler, 
as  Mr.  Ball  said  he  would.  It  seems  to 
me  that  a  man  who  is  satisfied  with  such 
conditions  is  either  a  starter  and  stopper 
or   a   has-been. 

L.  W.  Chadwick. 

Bridgewater,   Mass. 


Oil  Pipe  Leaked 

Luke  Marier's  letter  of  the  Mar.  .19 
issue  mentions  that  the  oil  pressure  in 
the  discharge  line  from  the  pump  supply- 
ing the  step  bearing  on  the  turbine  varies 
with  the  boiler  pressure,  and  that  when 
the  steam  pressure  drops  the  pump  slows 
down,  allowing  the  oil  pressure  to  drop 
also,  which,  as  he  states,  is  dangerous 
practice  for  that  type  of  turbine. 

I  believe  if  he  will  connect  up  his 
pump  as  shown  in  the  accompanying 
sketch,  he  will  overcome  the  trouble. 
It  will  be  seen  that  a  pressure  regulator 
is  used  in  the  steam-supply  line  and 
connected  to  the  pump-discharge  line  in 
the   usual   manner;    also   that  the   steam 


Pressure  Pump  and  Piping 

is  bypassed  around  the  regulator  in  such 
a  manner  as  to  permit  repairs  to  be  made, 
should  they  ever  become  necessary  while 
the   pump   is   in  operation. 

With  this  arrangement,  should  the 
steam  pressure  drop  enough  to  slow  down 
the  pump  and  cause  a  drop  in  pressure 
in  the  oil  line,  the  regulator  would  at 
once  open  up,  allowing  more  steam  to 
flow  into  the  pump  and  maintain  suffi- 
cient pump  speed  to  hold  the  oil  pres- 
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sure  at  the  required  point;  then  as  the 
steam  pressure  increases  again  the  oil 
pressure  will  also  increase.  The  oil 
pressure  will  act  on  the  regulator,  there- 
by decreasing  the  amount  of  steam  flow- 
ing to  the  pump  and  preventing  the  oil 
pressure  from  going  higher  than  the  de- 
termined point.  A  good  regulator  can  be 
made  to  regulate  very  closely  and  main- 
tain practically  constant  pressure  under 
varying   steam-pressure   conditions. 

Thomas  Baker. 
New  York  City. 


fixed  cutoff  is  dangerous  on  account  of 
the  possibility  of  excessive  speeds  be- 
ing attained  if  the  main  belt  should  break 
or  the  circuit-breaker  blow  out. 

Charles   J.   Mason. 
Scranton,    Penn. 


Automatic  vs.   Fixed  Cutoff 
for  Compound  Engines 

In  the  Mar.  5  issue,  William  E. 
Francis  has  a  letter  relating  to  a  pump- 
ing engine.  He  refers  to  the  governor 
controlling  the  cutoff  on  the  high-pres- 
sure cylinder,  "while  the  cutoff  for  the 
low-pressure  cylinder  was  regulated  by 
hand." 

This  brings  to  mind  some  inquiries  I 
made  some  time  ago  relating  to  automatic 
and  fixed  (hand-regulated)  cutoffs  for 
low-pressure  cylinders  of  compound  en- 
gines. The  questions  were  these:  "What 
is  the  idea  of  a  fixed  cutoff  on  the  low- 
pressure  cylinder  of  a  compound  en- 
gine? Under  what  conditions  would  it 
be  desirable  to  use  the  fixed  cutoff  in- 
stead of  that  which  is  controlled  by  the 
governor?"  Desiring  to  learn  as  much 
as  possible  concerning  the  matter,  I  wrote 
to  several  makers  of  compound  engines 
for  information,  and  it  was  courteously 
given. 

One  firm  stated  that  the  cutoff  on  all 
its  compound  engines  is  controlled  by 
the  governor.  Fixed  cutoff  for  the  low- 
pressure  cylinder  was  ordered  for  the 
purpose  of  throwing  more  load  on  the 
high-pressure  cylinder  when  running 
light,  thereby  raising  the  receiver  pres- 
sure. This  would  prevent  the  forma- 
tion of  a  vacuum  in  the  receiver  and  al- 
low no  water  into  the  low-pressure  cyl- 
inder. 

Another  company  claims  that  a  gov- 
ernor-controlled cutoff  for  both  high-  and 
low-pressure  cylinders  maintains  a  con- 
stant receiver  pressure,  the  power  in 
the  cylinders  being  varied  by  the  vari- 
able cutoff.  This  construction,  it  is 
claimed,  is  particularly  adapted  to  60- 
cycle  electrical  generation  as  "it  reduces 
to  a  minimum  the  tendency  to  increase 
or  decrease  the  engine  from  uniform  ro- 
tation." This  company  uses  the  fixed 
cutoff  on  compound-  and  triple-expan- 
sion   pumping    engines. 

Another  concern  claims  that  the  fixed 
cutoff  is  less  expensive  to  make  and  can 
be  used  advantageously  on  engines  run- 
ning under  uniform  load,  such  as  pumps 
and   air  compressors. 

One  firm  sees  no  advantage  in  a  fixed 
cutoff,  but  claims  that  poor  regulation 
results    from    its   use.      It    infers    that    a 


A  Pumping  Problem 

William  Bettis'  letter  in  the  issue  of 
Mar.  12  is  very  misleading  in  regard 
to  the  action  of  centrifugal  pumps.  He 
is  correct  in  figuring  that  the  water 
would  rise  to  a  height  of  14  ft.  when 
there  was  no  flow,  but  when  water  is 
being  delivered  the  result  is  very  dif- 
ferent and  the  pressure  head  developed 
may  be  far  from  V'  4-  2g.  In  fact,  it  is 
well  known  that  many  centrifugal  pumps 
will  pump  water  to  a  height  greater 
than  they  will  raise  it  when  there  is  no 
water  flowing.  For  instance,  the  pump 
Mr.  Bettis  illustrates  would  probably  de- 
liver water  to  a  height  of  15  ft.  if  it 
once  got  started.  This  would  be  im- 
possible if  his  statement  that  "14  ft. 
would  then  be  the  total  head  that  the 
pump  was  capable  of  at  the  given  speed" 
was   true.     He  should   apply   Bernoulli's 


Diagram    to    Illustrate    Bernouilli^'s 
Theorem 

theorem  for  flow  though  a  rotating 
casing  instead  of  the  theorem  for  flow 
through   stationary   pipes. 

The  accompanying  illustration  shows 
more  nearly  what  actually  is  taking 
place.  This  represents  the  runner  of  a 
centrifugal  pump;  D  is  a  vane  having 
a  backward  rake  and  fi  is  a  radial  vane. 
Let  V  represent  the  velocity  of  the  tip 
of  the  impeller,  C  the  velocity  of  the 
water  relative  to  the  impeller  and  N 
the  normal  component  of  the  velocity 
of  the  water  as  it  leaves  the  impeller. 
Then  A  will  be  the  real  or  absolute 
velocity  of  the  water  as  it  leaves  the 
impeller.  When  the  vanes  are  radial,  A^ 
and   C  coincide. 

When  no  water  is  flowing,  C  is  zero 
and  A  is  equal  to  V  and  the  pressure 
head  is  equal  to  V-  h-  2g  as  Mr.  Bettis 
figures.  But  the  water  also  has  a  veloc- 
ity head  equal  to  V  -^  2g,  making  the 
total  head  at  the  tip  of  the  impeller 
equal  to  I^  -^  g,  or  twice  the  maxi- 
mum head  that  Mr.  Bettis  figured.  Since 
he   figured  the  velocity  head   at   the   end 


of  the  pipe,  he  should   not  neglect   the 
velocity  head  at  the  tip  of  the  impeller. 

When  water  is  flowing,  the  pressure 
head  at  the  tip  of  the  impeller,  accord- 
ing to  Bernoulli's  theorem,  is  (V'  —  C") 
-^  2g.  In  other  words,  the  runner  still 
develops  a  pressure  head  of  F"  -h  2g, 
but  C-  H-  2g  is  used  to  give  the  water 
the  relative  velocity  C;  this  leaves  {V' 
—  C')  -^  2g  as  the  pressure  head  at 
the  tip  of  the  impeller.  Since  C  is  larger 
with  vanes  like  D  than  with  those  like  E, 
radial  vanes  .give  ■&  higher  pressure 
than  curved  vanes  when  the  speed  and 
volume  pumped  are  the  same.  In  addi- 
tion to  the  pressure  head  at  the  tip 
of  the  impeller,  the  water  has  a  veloc- 
ity head  of  A'-  ~  2g.  This  velocity  head 
can  be  converted  into  pressure  by  stop- 
ping the  water  without  shock.  Therefore 
the  total  head  at  the  tip  of  the  impeller 
is  (F=  -f  ^=  —  C'-)  H-  2g;  iV"'  —  C=)  -^ 
2g  equals  the  pressure  head  and  A'  -^ 
2g  equals  the  velocity  head.  With  radial 
vaned  pumps  (A-  —  C'-)  is  equal  to  V- 
and  (V-  +  A-  —  C"-)  h-  2g  is  equal  to 
V-  -^  g.  With  vanes  having  a  back- 
ward rake  {V-  +  A-  —  C'-)  -^  g  is  less 
than  V"  and  with  vanes  having  a  for- 
ward rake  {V-  +  A-  —  C")  is  greater 
than    V-. 

In  order  to  prevent  shock,  it  is  nec- 
essary to  reduce  the  velocity  A  gradual- 
ly, and  this  is  the  purpose  of  the  volute 
and  of  the  guide  vanes  in  the  diffuser 
of  turbine  pumps.  It  is  evident  that 
A"  ~  2g  is  greater  with  radial  vanes 
than  with  curved  vanes  with  the  same 
speed  and  rate  of  flow;  consequently 
the  loss  with  D  is  less  if  the  volute- or 
diffuser  is  poorly  designed.  When  cen- 
trifugal pumps  were  first  made  they  had 
radial  vanes,  but  Appold  found  that 
vanes  like  D  gave  much  higher  effi- 
ciencies. This  was  because  the  pumps 
had  no  diffusers  and  poorly  designed 
volutes;  hence  A-  -^  2g  was  lost.  By 
careful  design,  pumps  can  now  be  made 
with  radial  vanes  that  give  as  high  effi- 
ciencies   as    those    with    curved    vanes. 

From  the  figure  it  is  also  evident 
why  a  pump  with  radial  vanes  would 
overload  worse  than  one  having  curved 
vanes.  The  volume  pumped  is  propor- 
tional to  A^,  while  the  pressure  at  the 
tip  of  the  impeller  is  ( P  —  C")  -^  2g-. 
Now  with  curved  vanes,  if  A^  increases, 
C  increases  much  more  and  (P  —  C), 
the  pressure,  takes  a  heavy  drop.  With 
radial  vanes,  if  A''  increases,  C  is  in- 
creased by  the  same  amount  and  the 
drop  in  pressure  is  not  so  great  as  with 
curved  vanes;  in  other  words,  a  given 
drop  in  head  causes  a  much  larger  in- 
crease in  volume  with  radial  vanes  than 
with   curved   vanes. 

In  this  discussion,  losses  by  friction 
and  shock  are  neglected  and  the  veloc- 
ity of  the  water,  at  the  entrance  to  the 
pump,  is  assumed  to  be  zero. 

George  L.  Sullivan. 

Bozeman,   Mont. 
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Inquiries  of  General  Interest 

Questions  are  not  answered  unless  accompanied  by  the  name  and 
address  of  the  inquirer.     This  page  is  for  you  when  stuck — use  it 


Lead  Keguired  for  a  Slide 
Valve  Engine 

What  lead  is  required  for  a  5x7-in. 
slide-valve   engine? 

D.    J. 

It  is  customary  to  set  the  valve  so  that 
a  knife  blade  can  be  inserted  between 
the  edge  of  the  valve  and  that  of  the  port, 
when  the  engine  is  on  dead  center.  All 
that  is  necessary  is  to  admit  steam 
quickly,  so  that  the  admission  line  of  the 
diagram  will  not  incline  inward. 


Longitudinal  Seams 

Why  are  the  longitudinal  seams  of  a 
boiler  made  double  or  stronger  than  the 
circumferential    seams? 

B.    H. 

The  force  tending  to  pull  a  boiler 
apart  endwise  is  the  pressure  act- 
ing upon  the  area  of  the  head.  The 
metal  resisting  this  is  the  product  of  the 
circumference  and  the  thickness.  The 
force  tending  to  burst  a  ring  1  in.  long  is 
the  product  of  the  pressure  per  square 
inch  and  the  diameter,  and  the  area  of  the 
metal  resisting  it  is,  since  the  length  is 
unity,  the  product  of  the  thickness  by  2. 
The  force  on  each  inch  of  circumferen- 
tial seam  is  proportional  to 

Pressure  X  diam.'  X  3-i4i6 

4 _ 

Thickness  of  sheet  X  diam.  X  3- 141 6 

pressure  X  diam. 
4  X  thickness 
and   the   stress   on   each    inch   in   length 
of  the  boiler  is  proportional  to 

Pressure  X  diam. 
2  X  thickness 
It  is   plain   that,  whatever  the  diameter, 
the  stress  on  the  longitudinal  seams  per 
unit  of  section  will  be  twice  that  on  the 
circumferential   seams. 


Range  of  Cutoff  of  Corliss 
Engi?ies 

Will  the  valves  remain  hooked  and 
the  steam  follow  full  stroke,  in  a  double- 
eccentric  long-range  cutoff  Corliss  en- 
gine when  the  engine  is  running  slow? 
R.  C. 

In  any  Corliss  engine  running  below 
speed,  if  the  safety  cams  do  not  pre- 
vent the  valves  from  hooking  on,  the 
steam  valves   will   remain   open   the  en- 


tire stroke  or  until  shut  off  by  the  lap, 
providing  the  speed  is  reduced  to  such 
an  extent  that  the  detaching  mechanism 
does  not  release. 

On  either  a  single-  or  double-eccentric 
engine  the  cutoff  cannot  happen  after 
the  eccentric  passes  the  center.  On  a 
double-eccentric  engine  the  angular  ad- 
vance is  less  so  the  eccentric  will  not 
pass   so   early   in   the   stroke. 


Slide  Valves  and  Dias^ranis 

Suppose  a  slide  valve  cuts  off  at  three- 
quarters  stroke  and  a  five-eighths  cutoff 
is  desired,  what  is  the  procedure?  How 
is  the  proper  length  of  an  indicator  dia- 
gram determined  for  any  stroke  and  how 
is  the  proper  bushing  for  the  reducing 
wheel  to  be  found? 

F.  W. 

Advance  the  eccentric;  this  will  also 
cause  the  engine  to  take  steam  earlier 
and  release  the  exhaust  and  close  it 
earlier.  To  preserve  the  same  lead,  add 
lap   to  the  valve. 

No  particular  length  of  diagram  is 
imperative,  but  for  purposes  of  analysis 
and  measurement  it  is  generally  desir- 
able to  obtain  the  longest  diagram  con- 
sistent with  good  operation  of  the  indi- 
cator. Diagrams  from  high-speed  en- 
gines— i.e.,  making  200  r.p.m.  and  upward 
— are  usually  taken  only  2  to  3  in.  long, 
so  as  to  reduce  the  error  due  to  the 
inertia  of  the  indicator  paper  drum.  For 
slower  speeds,  most  patterns  of  indi- 
cators are  adapted  for  taking  diagrams 
1  K'xS  in. 

Manufacturers  of  reducing  wheels 
usually  stamp  figures  on  the  edge  of 
each  shell  or  bushing  to  signify  the 
length  of  the  engine  stroke  for  which 
the  bushing  is  suitable.  Of  course,  a 
bushing  may  be  used  with  any  shorter 
stroke  of  engine,  provided  the  length  of 
the  diagram  is  satisfactory  to  the  op- 
erator. The  best  manner  of  finding  the 
proper  size  of  bushing  is  to  hitch  up 
the  reducing  motion  to  the  indicator  with 
any  medium-size  bushing,  and  with  a 
blank  card  on  the  paper  drum  and  pencil 
lightly  pressed  against  the  card,  draw 
out  the  main  indicator  cord  by  hand, 
until  the  pencil  has  marked  off  a  line 
whose  length  is  equal  to  the  desired 
length  of  the  diagram.  In  order  to  find 
the  size  of  the  bushing  required  for  the 
same  length  of  diagram  for  any  stroke 
of  engine,  multiply  the  outside  diameter 
of   the    trial    bushing    in    inches   by   the 


length  of  the  cord  in  inches  which  had 
to  be  drawn  out  by  hand,  and  divide  by 
the  stroke  of  the  engine  in  inches.  The 
quotient  will  be  the  outside  diameter  of 
the  bushing  required  to  produce  the 
length  of  diagram  desired.  As  the  length 
of  the  diagram  need  not  be  exact,  the 
diameter  of  the  bushing  need  be  only 
approximately  the  size  estimated,  but  it 
is  always  desirable  to  obtain  the  travel 
of  the  paper  drum  that  will  produce 
a  diagram  about  1  in.  shorter  than  the 
maximum  travel  of  the  drum,  so  as  to 
leave  a  margin  for  adjusting  the  length 
of  the   cord. 


Effect  of  Increased  Circumference 

Assuming  the  earth  to  be  25,000  miles 
in  circumference  and  to  be  surrounded 
by  a  tight-fitting  steel  band,  how  far 
from  the  earth  would  the  band  be,  if  the 
band  were  cut  and  30  ft.  inserted? 

A.  F.  F. 
The    increase    in    the    diameter    would 
be  30  divided   by  3.14159,   regardless  of 
the  original  diameter.  The  original  diam- 
eter  is 

Circumference 
3-145159 
and  the  new  diameter 

Circumference  -j-  30 
3-14159 
Therefore,  the  difference  will  be 


30 


9-55  I'- 


3->4i59 

whatever  the  original  diameter.  The 
band  will  be  raised  above  the  earth  half 
this  distance,  or  4.77   ft. 


Equalizing   the    PVork    Done  by 
a  Cross-Compound  Engine 

How  can  the  work  done  by  the  high- 
and  low-pressure  cylinders  of  a  cross- 
compound    engine    be    adjusted? 

A.  D.  J. 

By  changing  the  cutoff  in  the  low- 
pressure  cylinder.  The  earlier  the  low- 
pressure  cutoff  the  higher  will  be  the 
receiver  pressure,  i.e.,  the  greater  will 
be  the  back  pressure  in  the  high-pres- 
sure cylinder  and  the  initial  pressure  in 
the  low-pressure  cylinder,  which  will 
have  the  effect  of  reducing  the  work 
done  in  the  high-pressure  cylinder  and 
increasing  that  done  in  the  low-pressure 
cylinder. 
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The  Bristol   Recording  Water 
Level  Gage 

The  Bristol  Co.,  of  ^X'aterbu^y,  Conn., 
has  recently  put  upon  the  market  a  gage 
for  indicating  and  recording  the  depth 
of  liquid  in  a  tanl;  or  stream.  A  bronze 
casing  provided  with  a  very  flexible  dia- 
phragm or  membrane  free  from  tension 
due  to  the  elasticity  of  the  rubber  from 
which  it  is  made,  is  submerged  in  the 
liquid,  the  depth  of  which  is  to  be 
measured  as  shown  in  Fig.  1.  The  space 
above  the  diaphragm  is  air-  and  water- 
tight and  the  pressure  of  the  air  confined 
in  it  is  directly  proportional  to  the  head 
of  liquid  acting  upon  the  under  side  of 
the  diaphragm.  It  remains  only  to  con- 
vey   this    pressure    to    a    recording    gage 


an  orifice,  the  quantity  of  water  flowing 
may  be  determined  and  the  gage  cali- 
brated  to  read   in  these  quantities. 

As  no  float  is  used  and  the  exposed 
portion  of  the  apparatus  is  submerged, 
it  is  not  subject  to  derangement  by  float- 
ing ice  and  is  independent  of  tempera- 
ture, for  the  pressure  is  transmitted  by 
a  column  of  air  and  there  is  nothing 
to  freeze.  In  cases  where  conditions 
require,   as  in  a   rapidly   flowing  stream, 


diaphragms  is  inflated  and  the  aggregate 
movement  of  the  series  is  available  for 
transmission  to  the  recording  arm.  This 
form  of  pressure  tube  is  usually  em- 
ployed for  ranges  under  12  ft.  and  the 
record  may  be  had  upon  any  scale  which 
will  allow  the  total  variation  to  come 
within  the  range  of  the  chart.  For  higher 
ranges  where  a  greater  actuating   force 


Fig.  1.    Sensitive  Bulb  Connected  to  a  Recording  Instrument 


of  sufficient   sensitiveness   to   accomplish 
the  object  sought. 

The  instrument  is  so  set  that  when 
the  liquid  is  at  the  minimum  level  the 
piessure  tube  of  the  recording  instru- 
ment is  subject  on  the  inside  and  out- 
side to  atmospheric  pressure  only  The 
indication  is  not  affected  by  the  relative 


V  here  it  inight  be  interfered  with  by 
the  flow,  the  submerged  casting  may  be 
protected  by  placing  it  inside  a  perforated 
case  or  barrel. 

The  variation  in  pressure  with  water 
is  only  about  y^  oz.  for  each  inch  in 
head.  To  record  this  slight  difference 
upon  the  large  scale   the  same  delicate 


is  available,  a  spiral  tube.  Fig.  3,  is  used. 
If  a  recording  instrument  is  to  be  in- 
stalled in  an  exposed  position,  the  mois- 
ture-proof case,  shown  in  Fig.  4,  is  avail- 
able, while  for  inside  use  the  ordinary 
form,  shown  in  Fig.  1,  will  naturally  be 
used. 


P-K   Expansion  Joint 

In  this  expansion  joint  the  sleeve  flange 
is  made  of  cast  iron  and  faces  against 
the  beveled  surface  of  a  boss  cast  on 
the  end  of  a  brass  sleeve.  The  shell  in 
which  the  sleeve  fits  is  made  of  cast  iron. 
Triple  metallic  packing,  consisting  of  three 
triangular  sections,  the  composition  being 


Fig.  2.    Fle.xible  Diaphragm  of  Record- 
ing Instrument 

level  of  the  gage  and  the  liquid,  so  that 
the  gage  may  be  placed  above  as  well 
as  below  the  tank  and  at  any  reasonable 
distance.  By  applying  the  gage  to  the 
measurement  of  the  depth  of  liquid  flow- 
ing over  the  sill  of  a  weir  or  through 


Fig.  3.    Spiral  Tube  of  Recording 
Instrument 

apparatus  is  used  which  enables  the 
aneroid  barometer  to  indicate  the  differ- 
ence in  atmospheric  pressure  between  the 
table  and  the  floor  level.  This  consists 
of  a  series  of  very  flexible  diaphragms 
shown   in    Fig.   2.      Each   of  the    several 


P.    K.    Expansion   Joint 

determined  by  the  pressure  and  tempera- 
ture under  which  it  works,  is  used  when 
the  joint  is  for  steam.  Rings  of  special 
hydraulic  packing,  composed  of  rubber 
and  heavy  duck,  are  used  for  water  ser- 
vice. 

This  joint  is  manufactured  by  the  P-K 
Engineer,  1309  Syndicate  Trust  Building, 
Tenth  and  Olive  Sts.,  St.' Louis,  Mo. 
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Cylindrical  Header  Boiler 

The  boiler  shown  in  the  accompanying 
figure  has  been  designed  for  use  where 
headroom  is  limited.  It  is  built  in  units 
up  to  150  hp.,  with  five  rows  of  3;/.-in. 
tubes  expanded  into  cylindrical  headers, 
front  and  rear.  These  headers  are  con- 
nected to  a  steam  and  water  drum  of 
suitable  proportions,  as  shown. 


shown  in  Fig.  1,  which  is  closed  at  the 
outlet  ends.  The  inner  water  pipe  is 
connected  to  the  water  manifold  on  the 
front  head,  through  which  the  water  is 
discharged.  The  outer  or  steam  pipe  is 
connected  to  the  outlet  of  the  steam 
separator  on  the  back  head. 

The  water  pipe  has  a  port  opening  its 
entire  length  on  the  upper  side,  to  the 
outside  of  the  steam  pipe,  which  has  a 


Boiler   with   C'ilindric^l  He-\ders 


Boilers  of  larger  size  are  designed  with 
two  or  more  sections,  one  above  the  other, 
each  five  tubes  high.  No  stayed  surfaces 
are  used  in  any  part  of  the  boiler  and 
all   parts  are  cylindrical. 

This  boiler  is  manufactured  by  the  Carr 
Boiler  Co.,  Monadnock  Block,  Chicago, 
111. 


National    Direct    Contact 
Heater  and  Purifier 

The  back  head  of  this  heater  consists 
of  an  oil  separator  of  the  same  diameter 
as  the  shell.  A  manifold,  cast  on  the 
front  head,  serves  as  a  distributing  cham- 
ber to  the  double  cast-iron  contact  pipe. 


port  extending  its  full  length  at  the  bot- 
tom. Water  entering  the  water  pipe  flows 
upward  through  the  port,  and  passes  in 
a  thin  film  over  the  outside  surface  of 
the  steam  pipe  until  it  reaches  a  rib 
projecting  from  each  side  of  the  port 
opening  at  the  bottom,  where  it  is  broken 
up  into   fine   spray. 

The  only  outlet  for  the  steam  in  the 
steam  pipe  is  through  the  port  in  the 
bottom.  The  cold-water  pipe  on  the  in- 
side of  the  steam  pipe  is  surrounded  by 
steam,  and  the  coldest  water  is  heated 
by  the  hottest  steam  through  contact  with 
the  thin  wall  of  the  water  pipe.  The 
water  is  further  heated  as  it  passes  over 
the  outer  surface  of  the  steam  pipe,  and 


finally  all  of  the  water  and  all  of  the 
steam  are  brought  into  direct  contact  as 
the  steam  flows  through  the  bottom  port. 

The  hot  water  and  condensed  exhaust 
are  carried  by  pans  direct  to  the  sedi- 
ment chamber  at  the  bottom  of  the 
heater,  where  the  solid  and  heavy  im- 
purities settle.  The  water  then  passes 
upward  through  a  filter  bed  which  re- 
moves the  remaining  impurities.  Con- 
nection between  the  feed-water  pump 
and  the  hot-water  chamber  is  made  above 
the  filter  bed.  The  filter  is  so  designed 
that  in  case  it  should  become  clogged, 
heated  water  can  be  bypassed  and  fed 
direct  to  the  pump. 

Fig.  2  shows  the  oil  separator.  The 
large  area  allows  the  incoming  steam  to 
expand  and  reduce  its  velocity  to  a  point 
where  oil  or  water  will  fall  out  of  the 
current  by  gravity.     These  particles  im- 


OiL  Separator 


pinge  on  the  main  baffle-plate,  which  is 
provided  with  vertical  ribs  to  prevent  side 
travel  of  water  or  oil.  A  series  of  tube 
ports  are  fitted  in  the  baffle-plate.  The 
steam  makes  a  right-angle  change  in  di- 
rection upon  striking  the  baffle-plate  and 
the  projecting  tubes  cause  a  further 
change  in  its  direction  of  flow.  These 
reversals  of  travel  prevent  oil  from  be- 
ing carried  beyond  the  main  baffle-plate. 
This  heater  is  manufactured  by  The 
National  Pipe  Bending  Co.,  New  Haven, 
Conn. 


Fig.  1.   Showing  the  Heating  Tubes  of  the  Heater 


The  story  is  told  that  a  letter  received 
some  years  ago  by  the  Westinghouse 
Machine  Co.  said  that  the  writer  had 
been  using  one  of  its  standard  vertical 
engines  with  eminent  satisfaction.  For 
eight  years  it  had  been  in  continuous 
service  night  and  day,  handling  its  load 
without  a  hint  of  trouble,  but  that  "upon 
shutting  it  down  the  other  evening  it 
went  all  to  pieces."  The  letter  was  passed 
to  the  eminent  invenjtor  whose  name 
the  company  bears,  and  handed  back 
with  the  remark:  "Ask  the  blamed  fool 
what  he   shut   it  down   for." 
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Study   Questions 

The  answers  to  these  questions  will 
appear  in  the  issue  of  May  21: 

1.  An  engine  having  5  per  cent,  clear- 
ance, cutting-off  at  quarter  stroke,  with 
85  lb.  initial  pressure  (gage)  and  ex- 
hausting at  15  lb.  absolute,  has  an  m.e.p. 
of  44.6  lb.  What  would  be  the  "dia- 
gram factor";  i.e.,  what  percentage  of 
the  ideal  diagram  would  be  covered  by 
the  actual  diagram,  the  product  of  the 
volume  and  pressure  being  assumed  to 
remain   constant   during   expansion? 

2.  If  one  man  can  do  a  piece  of  work 
in  eight  days,  another  in  12  days  and  an- 
other in  10  days,  how  many  days  will  it 
take  all  three  to  do  the  work  if  all  trhee 
work  together? 

3.  An  engine  taking  steam  at  120  lb. 
absolute,  containing  2  per  cent,  of  mois- 
ture, requires  16  lb.  per  horsepower-hour 
running  condensing.  If  the  cooling  water 
in  the  condenser  has  an  initial  tempera- 
lure  of  60  deg.  F.  and  a  final  temperature 
of  100  deg.  F.,  how  many  pounds  of 
water  will  be  required  to  condense  1 
lb.  of  steam  exhausted  by  the  engine, 
neglecting  radiation? 

4.  What  pressure  would  be  necessary 
to  deliver  200  gal.  of  water  per  minute 
through  a  horizontal  4-in.  pipe  line  400 
ft.  long,  the  water  discharging  into  an 
open  tank? 

5.  The  volume  of  a  spherical  segment 
is  29.3216  cu.ft.,  the  diameter  of  the 
sphere  is  6  ft.;  required,  the  height  of 
the  segment  and   the  length  of  its  base. 


Boiler    Explodes   in  Saw  Mill 

On  Friday,  Apr.  19,  a  boiler  exploded 
at  Combs,  Tenn.,  killing  the  fireman  and 
injuring   two  other  employees. 

According  to  our  correspondent,  the 
boiler  was  36  in.  by  12  ft.  and  connected 
to  a  larger  boiler  with  no  stop  valve  in 
between,  and  only  one  safety  valve  for 
both.  The  lever  of  the  safety  valve 
was  not  notched  and  a  large  screw  jack 
was  used  as  a  weight  which  would  slip 
to  the  end  of  the  lever  while  the  boiler 
was  in  operation,  the  weight  being  moved 
back  ever>'  morning  before  starting  the 
fires. 

The  boiler  had  several  patches  on  it 
and  had  not  been  in  service  for  about 
three  years  until  a  week  previous  to  the 
explosion;  its  plates  were  ^  in.  thick, 
but  many  of  them  were  so  badly  cor- 
roded that  they  were  reduced  to  'A  in. 
Although  90  lb.  was  the  usual  pressure, 
140  lb.  was  carried  at  the  time  of  the 
explosion.  The  boiler  was  not  insured 
and  therefore  never  inspected  by  an  of- 
ficial inspector. 

Examination  of  the  plates  showed  that 
while  no  rivets  were  sheared  the  plates 
were  torn  in  many  pieces.  The  larger 
boiler  was  thrown  about  30  ft.  from  its 
settings,  and  the  sheets  were  consider- 
ably sprung  and  distorted.  Our  corre- 
spondent said  he  was  advised  that  "She 
was  all  right,  however,  and  another  sec- 
ond-hand boiler  would  be  installed  in 
place  of  the  exploded  one." 


and  tubes  were  then  passed  through  the 
audience  for  inspection.  The  action  of 
dangerous  corrosive  agents  in  water,  such 
as  chloride  of  magnesium  and  sulphuric 
acid,   were   well   explained. 

Heat  and  the  combustion  of  coal  were 
next  taken  up  and  were  followed  by  an 
actual  analysis  of  the  flue  gases  with 
the  Orsat  apparatus.  This  part  of  the 
lecture  was  particularly  instructive  as 
the  functions,  construction  and  manipu- 
lation of  the  apparatus  were  given  in 
detail.  It  was  explained  that  the  pipettes 
of  the  apparatus  contained  potassium 
hydrate  for  determining  the  percentage 
of  carbon  dioxide,  solution  of  potassium 
pyrogallate  for  determining  the  percent- 
age of  oxygen  and  cuprous  chloride  for 
determining  the  percentage  of  carbon 
monoxide  respectively,  and  that  the  an- 
alyses should  be  taken  in  the  order 
given.  The  readings  of  the  apparatus 
were  made  plainly  visible  by  placing  a 
strong  light  back  of  the   Orsat. 

The  lecture  was  a  success  both  in  at- 
tendance and  in  the  practical  manner  in 
which  the  speaker  handled  his  subject. 


Truro  (N.  S. )  Plant  Wrecked 

On  May  2,  the .  power  plant  of  the 
Chambers  Electric  Light  &  Power  Co.,  at 
Truro,  N.  S.,  was  badly  wrecked  by  the 
explosion  of  a  flywheel.  While  there 
were  no  lives  lost,  it  is  said  that  the 
monetary   loss   was  large. 

According  to  the  press  reports,  the 
flywheel  burst  at  7:15  a.m.,  the  flying 
pieces  destroying  the  dynamo  and  wreck- 
ing the  power-house  interior.  One  piece, 
weighing  172  lb.,  was  blown  through  the 
roof,  landing  in  front  of  St.  Andrew's 
church,  270  yd.  distant.  Another,  weigh- 
ing as  much,  was  blown  through  the  big 
brick  wall  and  forced  its  way  through 
the  second  brick  wall  of  an  adjoining 
furniture  store,  and  a  big  fragment  tore 
through  the  power-house  wall  and  then 
through  the  wall  of  the  laundry  adjoin- 
ing. 

The  president  of  the  company  was  just 
about  to  enter  the  door  of  the  power 
house  and  the  concussion  hurled  him 
many  yards  away,  unhurt.  An  employee 
dashed  into  the  building  amid  falling 
bricks  and  plaster  and  debris  and  shut 
off  the   steam. 

As  the  company  has  duplicate  emer- 
gency engines  and  dynamos,  the  light 
and   power  service   was   not   interrupted. 


The  A  B  C  of  Boiler  Room 
Chemistry 

Under  the  auspices  of  the  Institute  of 
Operating  Engineers,  an  interesting  and 
instructive  lecture  on  the  essentials  of 
boiler-room  chemistry  was  delivered  by 
H.  J.  Atticks,  a  member  of  the  institute, 
in  the  Engineering  Societies  Building,  at 
29  West  Thirty-ninth  St.,  on  the  evening 
of  Apr.  25. 

The  speaker  stated  that  the  purpose 
cf  the  talk  was  not  to  go  into  the  com- 
plexities of  che/nistry,  but  rather  to  give 
a  comprehensive  idea  of  the  funda- 
mentals of  the  science  and  its  relation  to 
power-plant  practice. 

He  told  of  the  indestructibility  of  mat- 
ter and  defined  the  meaning  of  an  ele- 
ment; "compounding  of  the  elements  and 
the  study  of  compounds"  was  the  chief 
purpose  of  chemistry.  The  symbols  of 
the  chemicals  met  with  in  power-plant 
practice  were  also  clearly  explained,  as 
well  as  the  meaning  of  qualitative  and 
quantitative  analyses,  atomic  weight  and 
chemical   affinity. 

Mr.  Atticks  then  took  up  the  analysis 
of  boiler  waters,  illustrating  his  talk  by 
actual  tests  of  water  containing  car- 
bonate of  lime  and  sulphate  of  lime. 
These  samples  were  heated  in  test  tubes 
to  ascertain  the  amount  of  precipitation, 


Diesel   Engines  for  America 

The  London  Times  states  that  on  the 
recommendation  of  a  commission  of 
American  engineers  sent  especially  to 
Europe  to  visit  the  leading  firms  of 
Diesel-engine  makers  in  England  and  on 
the  Continent,  an  English  firm  has  made 
arrangements  whereby  the  General  Elec- 
tric Co.  will  build  Diesel  engines  to 
their  design. 


The  A.  S.  M.  E.  Convention 

The  date  for  the  spring  meeting  of 
the  American  Society  of  Mechanical  En- 
gineers has  been  changed  to  the  last 
week  of  May,  opening  on  Tuesday,  May 
28,  and  closing  on  Friday,  May  31.  Every 
effort  is  being  put  forth  by  the  com- 
mittee on  meetings  and  the  members  in 
Cleveland  to  make  this  one  of  the  great 
conventions  of  the  society,  and  the  variety 
and  importance  of  the  city's  industrial 
works  and  its  attractiveness  as  a  whole 
will  make  it  one  of  the  most  interesting 
cities  in  the  country  for  a  meeting  of 
engineers. 

A  tentative  program  of  the  papers  and 
entertainment,  subject,  however,  to 
change,  follows.  The  professional  ses- 
sions will  be  held  in  the  Hall  of  the 
Chamber   of   Commerce. 

TENTATIVE  PROGRAM 

Tuesday,  May  28 

Opening  of  registration  at  headquart- 
ers, Chamber  of  Commerce  Hall,  after 
10  a.m. 

Informal  reception,  4  to  6  p.m.,  at  the 
home  of  Mr.  and  Mrs.  Ambrose  Swasey, 
7808  Euclid  Ave. 
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Membership  reunion  and  informal  re- 
ception, at  8:30  p.m.,  at  the  Chamber 
of    Commerce    Hall. 

Wednesday,   May   29 

Business  meeting,  10  a.m.;  reports  of 
tellers  of  election  and  committees,  and 
new  business. 

Professional  session,  10:30  a.m. 
Papers:  "A  New  Analysis  of  the  Cyl- 
inder Performance  of  Reciprocating  En- 
gines," J.  Paul  Clayton;  "Equipment  of 
a  Modern  Flour  Mill  on  a  Gradual  Re- 
duction System,"  John  F.  Harrison  and 
W.  W.  Nichols;  "Design  and  Mechanical 
Features  of  the  California  Gold  Dredge," 
Robert  E.  Cranston.  To  be  read  by  title 
only;    discussion    is    invited. 

Gas-power  section,  10:30  a.m.;  simul- 
taneous session  in  Chamber  of  Commerce 
library.  Paper:  "Problems  in  Natural 
Gas  Engineering,"  Thomas  R.  Weymouth. 
Other  papers  to  be   announced. 

Special  inspection  trip  for  ladies,  at 
10  a.m.,  to  the  plant  of  the  H.  Black 
Co.,   cloak   manufacturers. 

Members  and  guests  will  be  enter- 
tained at  luncheon  at  12:30  p.m.  in  the 
Chamber   of   Commerce    Hall. 

Excursions  at  2  to  4  p.m.:  Inspection 
by  members  of  local  manufacturing  and 
power  plants;  automobile  trip  for  ladies 
through  the  parks;  tea  will  be  served  at 
the  Country  Club  at  4  p.m.,  to  which 
members  and  guests  are  invited. 

Lecture,  8:30  p.m.:  "Sound  Waves: 
How  to  Photograph  Them  and  What  They 
Mean,"  Dr.  Dayton  C.  Miller,  of  the 
Case  School  of  Applied  Science.  The 
lecture  will  be  illustrated  with  apparatus 
and  experiments  and  especially  with  the 
new  instrument,  the  "Phonodeik,"  for 
projecting  sound  waves  directly  upon  the 
screen. 

Thursday,  May  30 

Professional  session,  10  a.m.  Papers: 
"New  Processes  for  Chilling  Cast  Iron," 
Thomas  D.  West;  "Strength  of  Steel 
Tubes,  Pipes  and ,  Cylinders  under  In- 
ternal Fluid  Pressure,"  Reid  T.  Stewart; 
"On  the  Control  of  Surges  in  Water 
Conduits,"  W.  F.  Durand;  "Speed  Regu- 
lation in  Hydro-electric  Plants,"  Wil- 
liam F.  Uhl.  To  be  .'ead  by  title  only; 
discussion   is   invited. 

Thursday  afternoon,  at  1  to  5  p.m., 
there  will  be  an  excursion  on  Lake  Erie, 
and  in  the  evening,  at  8:30  p.m.,  a  re- 
ception and  dance  at  the  Colonial  Club. 

Friday,  May  31 

Professional  session,  10  a.m.  Papers:- 
"The  Present  State  of  Development  of 
Large  Steam  Turbines,"  A.  G.  Christie; 
"A  Discussion  of  Certain  Thermal  Prop- 
erties of  Steam,"  G.  A.  Goodenough; 
"The  Reduction  in  Temperature  of  Con- 
densing Water  Reservoirs  Due  to  Cooling 
Effect  of  Air  and  Evaporation,"  W.  B. 
Ruggles;   "Results  of  Te=ts  on  the   Dis- 


charge Capacity  of  Safety  Valves,"  E.  F. 
Miller  and  A.  B.  Carhart.  To  be  read 
by  title  only;  discussion  is  invited. 

The  members  and  guests  will  be  enter- 
tained at  luncheon  at  the  Chamber  of 
Commerce   Hall   promptly   at    12   o'clock. 

An  inspection  of  the  plants  of  the 
Goodrich  Rubber  Co.,  the  Wellman- 
Seaver-Morgan  Co.,  at  Akron,  and  the 
Diamond  Match  Co.,  at  Barberton,  will 
be  made  at  12:30  p.m.;  the  ladies  are 
invited   to  make  the  trip  to  Akron. 

The  plans  for  the  entertainment  and 
reception  of  members  and  their  guests 
are  in  charge  of  the  local  members  in 
Cleveland.  The  executive  committee, 
composed  of  the  chairmen  of  the  vari- 
ous sub-committees,  is  as  follows:  Am- 
brose Swasey,  chairman;  R.  H.  Fernald, 
vice-chairman;  R.  B.  Sheridan;  treasurer, 
F.  W.  Ballard,  secretary;  S.  T.  Well- 
man,  E.  P.  Roberts,  Worcester  R.  War- 
ner, G.   E.   Merryweather,  A.  G.   McKee. 


stallation  of  this  type  in  the  world.  The 
inspection  will  last  until  12  o'clock,  when 
the  party  will  adjourn  to  the  Pittsburg 
Natatorium  for  a  midnight  swimming 
party. 

On  Friday  an  automobile  tour  of  the 
residence  district  has  been  arranged  for 
the  ladies,  starting  at  10  a.m.  from  Hotel 
Schenley.  The  trip  will  conclude  at 
12:30  at  the  Margaret  Morrison  Carnegie 
School  for  Women,  where  luncheon  will 
be  served,  followed  by  an  inspection  trip 
through   the  schools. 

At  the  close  of  the  Friday  morning  ses- 
sion the  men  will  lunch  with  the  stu- 
dents of  Carnegie  Technical  Schools,  and 
tour  the  engineering  and  mechanical  de- 
partment and  testing  laboratories,  con- 
cluding in  time  to  join  the  ladies  and 
attend  the  ball  game  at  Forbes  Field  at 
3:30  p.m.,  as  guests  of  the  Pittsburg 
committee. 

At    6    p.m.    Friday,    a    complimentary 

dinner  will  be  tendered  the  members  and 

their  ladies  at  the  Hotel  Schenley. 
N.  A.  S.  E.  State  Conventions  The  committee  has  arranged  for  pref- 
erential trips  to  the  Westinghouse  works. 
The  following  gives  the  places  and  ,he  Jones  &  Laughlin  Steel  Co.,  and 
dates  of  the  annual  state  conventions  other  Pittsburg  plants  for  Friday  after- 
soon  to  be  held  by  the  associations  of  noon  or  Saturday  morning,  for  those 
the  National  Association  of  Stationary  members  who  are  willing  to  skip  a  part 
Engineers:  of   the    regular   program. 

California,   Santa   Barbara May   23-26  

Coloradcj,    Idalio   .Springs June   7-8 

Coiineitiiut.    Bridgeport June    2S-23 

lllinoi.s.    Decatur May    23-25       r^r>ti\?f»ti tion    nf  rlif    A      O      S      F 

Indiana,    Evansville June    US       *-OnVenUOn   OI   tHC  ^.    KJ.    O.    Cj. 

K^^ucdiy"''owensboi-i'W.W.".'^.""^.":^"         The  twenty-sixth  annual  convention  of 
Massachusetts.  Northampton.. juiy  ii-is      the    American    Order    of    Steam    Bngi- 

Michigan,    Flint Aug.    1-3  .,,    ^       ,     ,.  , ,,  „ 

Minnesota,   Winona July   17-20      neers   Will   be   held   at   AUentown,   Penn., 

NeWerse-'>°^NewaVk. '""^  '■"''      during  the   week  beginning  June  3.    The 

„    ,     ^.     ,     May  30,  31,  June  1,  2     mechanical  exhibit  will  be  located  at  the 

New    lork,    lonkers June    14-lb       _   .       „  ,  ,     .  .  ,     ,, 

Ohio,  Lima June  20-22      Fair   Grounds,   and    in    a   spacious   hall, 

w "s'r  vh^gilfi'a.^ci'^ui'sbulg  ^  adjoining  the  display,  the  business  ses- 

Wisconsin,   Racine July   24-27       sions   of   the   delegates   will   be   held. 

■  Arrangements  have  been  made  for  the 

„.       ,  TV/T        •  t     \  accommodation    of    over    100    exhibitors, 

rittsburg    Meeting    ot    the  and    many    of    the    booths    have    already 

Ohio    Society  been   taken. 

An  excellent  program  of  entertainment 

The  Ohio  Society  of  Mechanical,  Elec-  ^as  been  prepared,  and  the  general  out- 
trical  and  Steam  Engineers  is  determined  j^ok  seems  to  warrant  a  most  successful 
to  set  a  new  high  record   for  its  coming      convention. 

meeting  at  Pittsburg  on  May   16,   17  and  

18.  ' 

A  special  effort  is  being  made  by  the 
Pittsburg  committee  to  make  the  enter- 
tainment program  of  sufficient  interest 
to  induce  a  large  attendance  of  the  mem- 
bers' ladies.  During  the  trip  to  the 
testing  station.  Bureau  of  Mines,  and 
the  laboratories  of  the  Geological  Sur- 
vey, the  ladies  will  be  entertained  at 
the  Arsenal  playgrounds,  near-by. 

The  opening  session,  on  Thursday 
evening,  will  be  at  the  rooms  of  the 
Engineers'  Society  of  Western  Pennsyl- 
vania, Oliver  Building.  An  "owl"  party 
for  the  men  will  be  orsanized  immediate- 
ly after  the  opening  session  at  Engineers' 
Hall.  It  will  visit  the  Phipps  power 
plant  at  11  p.m.  and  inspect  the  powdered 
coal    stoking   equipment,   the   largest   in- 


Master    Boilermakers' 
Convention 

The  sixth  annual  convention  of  the 
Master  Boilermakers'  Association  will  be 
held  in  Pittsburg  from  May  14  to  17. 
The  headquarters  will  be  in  the  large 
English  room  of  the  Fort  Pitt  Hotel.  The 
local  committee  are  J.  B.  Smith,  chair- 
man; Daniel  S.  Rise  and  Charles  J. 
Reynolds. 

Mayor  William  A.  Magee  will  make 
the  address  of  welcome,  and  other  ad- 
dresses wi'l  be  given  by  D.  F.  Crawford, 
of  the  Pennsylvania  R.R.;  L.  H.  Turner, 
of  the  Pittsburgh  &  Lake  Erie  R.R.; 
William  McConway,  of  the  McConway  & 
Torley     Co.,     Pittsburg;     M.     O'Connor, 
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William  H.  Laughbridge,  T.  W.  Lowe, 
George  Wagstaff  and  George  W.  Ben- 
nett, the   president   of  the  association. 

The  women's  auxiliary  will  also  hold 
its  annual  convention  in  the  Fort  Pitt 
Hotel  at  the  same  time.  It  is  said  that 
smoke  prevention  will  be  one  of  the 
most   important   topics   under  discussion. 


N.  E.  L.  A.  Seattle  Convention 

Among  the  papers  and  reports  to  be 
read  at  the  Seattle  convention  of  the 
National  Electric  Light  Association  on 
June  11  to  13,  are  "The  Desirability  as 
a  Central-station  Load  nf  Pumping  for 
Municipally  Owned  Water  Works," 
Charles  A.  Munroe;  "Educating  Central- 
station  Employees,"  H.  E.  Grant; 
"Twenty-four-Hour  Service  in  Small  Cen- 
tral Stations,"  Taliaferro  Milton;  "Work 
and  Publications  of  the  U.  S.  Govern- 
ment Relating  to  Hydro-electric  Develop- 
ment," J.  S.  Hoyt;  reports  on  power 
transmission;  "A  Plan  for  Increasing 
Power  Load,"  H.  W.  Cope;  reports  of 
committees  on  prime  movers  and  elec- 
trical apparatus;  "Care  and  Operation  of 
Transformers,"  W.  M.  McConahey. 

Several  of  these  papers  will  be  ab- 
stracted in  early  issues  of  Power. 


Eighth  International  Congress 
of  Applied  Chemistry 

The  Eighth  International  Congress  of 
Applied  Chemistry  will  be  held  in  Wash- 
ington and  New  York,  on  Sept.  4  to 
Sept.  13,  under  the  patronage  of  Presi- 
dent Taft.  The  honorable  president  of 
the  congress  is  Prof.  Edward  W.  Mor- 
ley,  Sc.D.,  Ph.D.,  LL.D.;  the  president, 
W.  H.  Nichols,  Sc.D.,  LL.D.,  and  the 
secretary,  Dr.  Bernhard  C.  Hesse,  25 
Broad   St.,  New  York   City. 

A  preliminary  pamphlet  may  be  ob- 
tained from  the  honorable  secretary  of 
the  British  organizing  committee,  Charles 
G.  Cresswelt,  Society  of  Chemical  In- 
dustry, Palace  Chambers,  Westminster, 
London,    S.W. 


Special  Meeting  of  N.  A.  S.  E., 
Detroit 

The  Detroit  branch,  N.  A.  S.  E.,  gave 
a  reception  to  National  President  E.  J. 
Kearny,  of  Boston,  on  May  6,  and  he 
was  shown  many  courtesies  during  the 
day.  At  8:30  p.m.,  in  Association  Hall, 
Ray  Silver,  president  of  Council  No.  7, 
introduced  Mr.  Kearny,  who  in  his  ad- 
dress urged  the  members  to  keep  in 
touch  with  progressive  methods  of  op- 
erating engineering  and  told  of  the  ne- 
cessity for  a  state  license  law.  He  ad- 
vocated the  appointment  of  a  civil-ser- 
vice board  of  examiners  which  would 
pass  upon  the  fitness  of  engineers  and 
boiler  inspectors,  and  spoke  of  the  ad- 
vantages of  state  lectures  on  engineering. 

Among  the  other  speakers  were  State 
President    Fuller,    of    Kalamazoo;     Past 


National  and  State  Presidents  E.  J. 
Jacques  and  Pearce;  Vice-president 
Cressey,  of  Council  No.  1,  and  Charles 
Ellis,  president  of  the  United  Engineers. 


Sixth  Congress  of  International 

Association   for   Testing 

Materials 

The  organizing  committee  under  whose 
auspices  the  sixth  International  Con- 
gress for  Testing  Materials  will  be  held 
on  Sept.  2  to  7  at  the  Engineering  So- 
cieties Building,  New  York  City,  an- 
nounces an  informal  reception  on  Mon- 
day evening,  Sept.  2,  under  the  joint 
auspices  of  the  American  Society  for 
Testing  Materials,  the  American  Institute 
of  Electrical  Engineers,  the  American 
Society  of  Mechanical  Engineers  and  the 
American   Institute  of  Mining  Engineers. 

The  congress  will  convene  at  10  o'clock 
a.ra.,  Sept.  3,  with  an  address  of  wel- 
come by  Dr.  Henry  M.  Howe,  acting 
president,  and  by  national,  state  and  city 
officials.  Over  150  reports  and  papers 
are  in  hand  or  promised,  including  35 
American  papers. 

A  list  of  the  delegates  already  ap- 
pointed, together  with  the  titles  of  the 
foreign  papers  to  be  read,  are  included 
in  bulletin  No.  2  issued  in  April  by 
the  organizing  committee,  in  which  is 
also  given  the  itinerary  of  the  excur- 
sions to  points  of  interest  in  neighbor- 
ing cities.  The  bulletin  may  be  had  on 
application  to  H.  F.  J.  Porter,  secretary 
of  the  committee,  1  Madison  Ave.,  New 
York    City. 


SOCIETY  NOTE 

The  twelfth  annual  six-weeks  summer 
school  of  the  College  of  Engineering, 
University  of  Wisconsin,  will  open  on 
June  24.  Courses  of  instruction  and 
laboratory  practice  are  offered  in  elec- 
trical, hydraulic,  steam  and  gas  engi- 
neering, mechanical  drawing,  applied 
mechanics,  testing  of  materials,  machine 
design,  shopwork  and  surveying,  in  ad- 
dition to  which  subjects  may  be  taken 
in  the  College  of  Letters  and  Science. 
Address  F.  E.  Turneaure,  University  of 
Wisconsin,  Madison,  Wis.,  for  further 
particulars. 
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STE.-^M  TliRHINE  DESIGN.  By  John 
Morrow.  Longmans,  Green  &  Co.. 
New  York.  Cloth:  471  pages,  5%x9 
in.:  150  illustrations;  plates:  tables. 
Price.    $4.50. 

THE  STEAM  TURBINE.  By  Robert  M. 
Neilson.  Longmans,  Green  &  Co.. 
New  York.  Fourth  edition;  cloth: 
651  pages.  5%x9  in.:  415  illustra- 
tions: plates.      Price.   $5. 

CENTRIFUGAL  PUMPING  MACHINERY. 
By  Carl  G.  de  Laval.  McGraw-Hill 
Book  Co..  New  York.  Cloth:  184 
pages,  fixS  in.:  160  illustrations; 
tables.      Price.    $3. 

HOUSE  WIRING.  By  Thomas  W.  Poppe. 
The  Norman  W.  Henlev  Publishing 
Co..  New  York.  Flexible  cloth:  125 
pages.  4%x6V4  in.;  74  illustrations. 
Price.    50c. 


KNOTS,  SPLICES  AND  ROPE-WORK. 
By  Hyatt  Verrill.  The  Norman  W. 
Henley  Publishing  Co..  New  York. 
Cloth;  128  pages,  iVsKeVs  in.;  148 
illustrations.      Price,   60c. 

ELEMENTARY  INTERNAL  COMBUS- 
TION ENGINES.  By  J.  W.  Kershaw. 
Luiitiinans,  Green  &  Co.,  New  York. 
Cloth;  174  pages,  5x71/2  in.;  117  illus- 
trations.     Price.    90c. 


OBITUARY 

Spencer   Neemes 

Spencer  Neemes,  of  the  Neemes 
Brothers,  Troy,  N.  Y.,  died  suddenly  at 
his  home,  150  Pawling  Ave.,  Troy,  N.  Y., 
on  May  5. 

Mr.  Neemes  was  born  in  Whitehaven, 
England,  May  6,  1856,  and  came  to  this 
country  with  his  parents  a  year  later. 
The  family  located  in  Albany,  where  Mr. 
Neemes  was  educated  in  the  public 
schools.  He  moved  to  Troy  38  years 
ago  and  with  his  father  and  his  brother 
Joseph  established  the  foundry  business 
now  carried  on  under  the  name  of 
Neemes  Bros.  He  was  noted  for  his 
mechanical  skill  and  inventive  capacity, 
a  genial  companion  and  a  public-spirited 
citizen,  a  well  known  Mason,  a  member 
of  the  Troy  Chamber  of  Commerce  and 
devoted  much  of  his  time  and  money  to 
unostentatious  charity. 

Spencer  Neemes  is  survived  by  his 
wife,  formerly  Cornelia  M.  Cornelius,  a 
daughter,  Grace,  a  son,  Oscar  G.,  his 
grandson,  Spencer  G.  Neemes,  and  his 
brother  Joseph.  The  interment  was  at 
Oakwood  on  May  7  with  the  Knights 
Templar   service. 


PERSONAL 

Mark  A.  Replogle  has  been  appointed 
district  agent  for  the  Northern  Missis- 
sippi River  and  Lake  State  sections  by 
the  Lombard  Governor  Co.,  with  offices 
in  the  Fisher  Building,  Chicago.  Mr. 
Replogle  is  well  known  in  waterwheel 
governor  circles  and  formerly  had  charge 
of  sales  in  the  New  England  and  St. 
Lawrence  River  sections. 

Lawrence  Paddock,  formerly  of  the- 
engineering  department  of  the  Prudential 
Insurance  Co.,  of  Newark,  N.  J.,  has 
taken  charge  of  the  plant  of  the  Rosen- 
baum  Jewelry  Co.,  of  that  city.  Mr. 
Paddock  will  be  remembered  as  the  en- 
gineer whose  coolheadedness  resulted  in 
saving  a  number  of  employees  at  the 
Nathaniel  Glass  Co.'s  fire  in  High  St., 
Newark,  on  Nov.  26,  1910. 

Earnest  T.  Child,  George  M.  Scott  and 
John  E.  Jeffery,  with  the  name  Child  & 
Scott  Co.,  have  succeeded  the  corpora- 
tion of  G.  A.  Suter  &  Co.,  108  to  114- 
Wooster  St.,  New  York  City,  engineers 
and  contractors  for  heating  and  ventilat- 
ing apparatus..  The  members  of  the 
new  firm  have  been  associated  with  Mr. 
Suter  for  many  years  and  will  continue 
in   the   same   line   of  engineering. 
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Moments  with  the  Ad.  Editor 


Many  of  you  who  read  this  page  will  be  sur- 
prised to  know  that  thousands  and  thousands 
of  dollars  have  been  spent  in  the  past  few 
years  by  manufacturers  of  machinery  and  allied 
lines  in  what  are  termed  "  general  magazines." 

That  is  to  say,  they  have  advertised  to 
evervbody  in  the  hope  of  hitting  somebody. 

This  would  be  fine  business  if  they  had 
only  to  pay  for  what  they  hit. 

General  magazines  must  of  necessity  aim 
to  interest  the  universe  from  the  world  of 
politics  to  the  world  of  fashion. 

Hence  their  circulations  are  tremendous, 
and  their  readers  as  varied  in  pursuits,  aims 
and  occupations  as  the  crowd  that  watches  a 
circus  parade. 

Their  advertising  rates  are  based. as  are  those 
of  all  papers,  upon  the  quantity  of  circulation. 
The  advertiser  pays  for  everything — and  gets 
an  infinitesimal  portion  of  the  lot  as  prospective 
customers. 

The  price  per  page,  one  time,  for  general 
magazines  runs  from  $ioo  to  $4000. 

Now,  here  are  some  census  figures  that 
will  show  you,  who  are  interested  from  the 
reader's  point  of  view,  how  little  chance  a 
general  advertiser,  making,  say,  clothing,  has 
in  a  general  magazine. 

Then  you  can  figure  how  little  chance  a 
machinery  advertiser  has  in  general  papers. 

All  men  wear  clothes — only  a  slight  propor- 
tion of  them  buy  machinery. 

Assume  that  this  clothing  maker's  product 
sells  for  an  average  of  $30  per  suit. 

Fifty -two  per  cent,  of  the  people  live  in  the 
country;  10 3-  per  cent,  in  semi-urban  and 
37 J   per  cent,  live  in  cities  and  towns. 

An  average  family  consists  of  five  persons. 

Nearly  33  per  cent,  of  these  families  have 
an  average  income  of  less  than  $400  per  year 
or  about  S80  per  capita. 

Not  many  $30  suits  to  be  sold  there. 

About  2 1  per  cent,  of  these  families  have  an 
annual  income  of  $400  to  $600. 

Some  1 5  per  cent,  have  an  annual  income  of 
$600  to  $900. 

Only  10  2^  per  cent,  of  them  have  an  annual 
income  of  $900  to  $1200. 

Only  7j%  of  them  have  an  annual  income 
of  $1800  to  JS3000.  An  average  per  mem- 
ber of  the  family  of  $360  to  $600.  (Now 
you're  in  the  thirty-dollar-suit  class.) 

And  only   5   per   cent,    have    over  $3000. 


(They  are  out  of  the  "ready-made"  class  into 
made-to-order  clothing.) 

Some  problem  to  advertise  profitably ,  isn  't  it  ? 

If  your  article  is  for  men  only  or  women 
only,  your  public  is  halved. 

There  are  9,000,000  negroes — 10  per  cent, 
of  the  population  is  black. 

If  your  general  magazine  is  a  low  priced 
one  catering  to  the  popular  idea  of  easy 
fiction,  a-b-c  politics,  and  how-to-live-on- 
30-cents-a-day,  the  circulation  strikes  an 
average  of  the  country's  population. 

How  many  machinery  buyers  are  there 
among  them  all? 

Now  witness  why  Power  and  other  good 
technical  papers  can  profitably  advertise 
machinery  and  allied  things. 

The  editorial  contents  of  this  paper  auto- 
matically limit  the  readers  of  it  to  men  actti- 
ally  interested  in  the  generation  and  trans- 
mission of  poji'er. 

Those  men  represent  concerns  which  have 
the  money  to  buy  that  machinery  which  will 
enable  them  to  make  more  money ! 

The  circulation  instead  of  being  himdreds 
of  thousands  is  29,000. 

That  means  a  rate  in  proportion. 

The  advertiser  of  power  belting,  for  in- 
stance, who  spends  $4,000  for  a  single  page 
once  in  a  general  medium  can  buy  more  than 
a  page  in  every  issue  of  Power  for  52  weeks. 

Instead  of  making  the  here-today,  gone-to- 
morrow impression ,  he  gets  the  powerful ,  cumu- 
lative effect  of  week  after  week  advertising. 

Verily,  the  machinery  man  who  listeth  to 
the  lure  of  the  general  magazine  is  putting 
his  shekels  where  they  do  him  the  least  good. 

It's  great  to  be  able  to  show  the  family 
your  ad.  in  "Munbody's;"  it's  a  heap  of  satis- 
faction to  show  the  barber,  the  butcher  and 
the  landlord — but,  bless  you,  it  doesn't  bring 
home  the  bacon. 

Mr.  Power  Reader,  get  this  point: 
The  general  magazine  will  take  any  decent  ad. 
— barring  medical,  cigarette  and  liquor  stuff" — 
whether  for  baby's-food  or  hack-saws.  This 
paper,  PowER.won't  take  anything  thatisn'tby 
way  of  being  intended  for  use  in  a  power  plant. 
That  is  another  reason  why  you  can  read 
the  Selling  Section  through  with  no  danger 
of  wasting  your  time — with  full  assurance 
of  finding  help  in  your  business. 
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THE  value  of  harmony  between  power- 
station  department  heads  in  time  of 
emergency  was  aptly  illustrated  in  a 
Middle  Western  power  station  which  serves 
32  miles  of  interurban  and  street  railway 
lines,  a  large  steam  heating  system  and  num- 
erous factories.  The  boiler  room  contains 
eight  500-lip.  boilers,  the  usual  coal  and  ash- 
conveying  equipment  and  overhead  coal- 
storage  bins.  The  chain-grate  stokers  were 
driven  by  motors  located  in  the  basement. 

In  the  engine  room  are  one  1600-kw.  tur- 
bine, one  800-kw.  cross-compound  Corliss  and 
two  400-kw.  compound  Buckeye  units. 

Due  to  an  excessive  rise  in  the  river,  the 
water  entered  the  engine  and  boiler-room 
basement  on  a  Sunday  morning.  Two  elec- 
trically driven  sump  and  two  duplex  pumps 
were  put  in  service  to  keep  the  water  down, 
but  soon  the  different  departments  were  asked 
to  help. 

The  master  mechanic  of  the  railway  lines 
secured  one  8-in.  and  one  4-in.  centrifugal 
pump,  and  three  large  siphons  from  different 
points  and  delivered  them  Sunday  night.  The 
superintendent  of  the  steam  lines  soon  had 
his  steam  fitters  connect  the  pipe  lines,  and  the 
superintendent  of  the  transmission  lines,  with 
his  linemen  and  electricians,  connected  up  the 
motors  operating  the  pumps  and  removed  all 
the  arc-lighting  transformers  from  the  base- 
ment and  reconnected  them  to  the  switch- 
board, the  top  of  the  last  transformer  being 
but  2  in.  out  of  water  when  removed.  The  pur- 
chasing agent  promptly  arrived  at  the  chief  en- 
gineer's office  to  secure  the  necessary  material. 

The  turbine  auxiliaries  were  motor-driven 
and  as  the  water  entered  rapidly  but  four 
motors  could  be  removed,  leaving  five  sub- 
merged, including  the  two  motor-driven  sump 
pumps.  The  turbine  was  therefore  shut  down 
and  the  load  put  on  the  engines. 


Soon  there  was  8^  ft.  of  water  in  the  boiler 
room  basement,  and  the  stoker  motors  were 
removed  and  reset.  As  the  ashpit  doors  and 
conveyor  were  covered  over,  a  boat  was 
placed  in  the  basement  and  the  ash  doors  were 
opened  under  water  and  spouts  arranged  under 
the  trip  in  the  loft,  the  dumping  of  the  buckets 
aiding  in  disposing  of  the  water.  ■ 

By  Monday  afternoon  there  was  in  oper- 
ation one  8-in.  and  one  4-in.  motor  and  one 
10-in.  steam-driven  centrifugal  pumps,  these 
pumps  operating  four  days  completely  sub- 
merged. 

As  the  oiling  systems  of  all  the  engines 
were  covered,  all  the  drains  were  discon- 
nected and  the  oil  taken  care  of  by  extra  men. 

AU  the  exhaust  and  steam-heating  lines 
were  under  water,  and  large  volumes  of  it 
poured  in  through  the  tunnels  and  drains 
around  the  steam-heating  mains.  The  water 
in  the  basement  was  boiling,  filling  the  station 
with  steam. 

The  bottom  of  the  receiver  of  the  Corliss 
engine  was  under  6  ft.  of  water,  therefore  it 
was  practically  impossible  to  stop  any  of  the 
engines  because  of  danger  from  water  in  the 
cylinders.  All  the  rheostats  were  completely 
buried. 

With  all  these  difficulties  to  contend  with, 
the  service  was  not  interrupted  except  that 
the  steam  heat  was  off  for  18  hours.  All  the 
motors  were  dried  out  in  place,  and  are  run- 
ning as  usual. 

Of  course,  the  point  of  the  story  is  this: 
The  work  went  on  without  any  friction,  be- 
cause each  one  did  his  share  and  the  heads  of 
department  worked  together  in  harmony.  If 
this  had  not  been  the  case,  the  entire  plant 
would  have  been  shut  down. 


POWER 


Vol.  35,  No.  21 


The  Pacific  Gas  &  Electric  Co. 


Contrary  to  the  impression  lingering 
in  the  minds  of  many  Easterners  that  the 
West  is  still  wild  and  woolly,  it  is  the 
land  of  fertile,  irrigated  valleys  where 
intensive  farming  and  scientific  orchard 
growing  are  practised,  of  rapidly  de- 
veloped modern  cities  and  splendid 
natural  resources — it  is,  in  short,  the  land 
of  promise  and  progress. 

Electricity  has  played  a  most  important 
part  in  this  wonderful  growth.  Cheap 
power  is  a  cardinal  requisite  of  industrial 
progress,  and  when  water  power  is  avail- 
able the  cost  of  power  to  the  consumer 
is  usually  lower  than  where  such  power 
is  not  obtainable.  The  West  has  many 
sources  of  water  power,  and  almost  every 
community  is  served  by  water-generated 
electrical  energy. 

In  substantiation  of  this,  the  writer 
will  describe  the  development  of  one 
of  the  largest  power  companies  in  the 
world,  the  Pacific  Gas  &  Electric  Co.,  of 
San  Francisco.  Its  property  value  amounts 
to  over  5100,000,000  and  the  gross  earn- 
ings in  1911  were  upward  of  $14,000,000. 
The  company  is  a  consolidation  of  numer- 
ous electric  power,  gas  and  water  com- 
panies located  in  and  near  San  Francisco. 
It  owns  property  and  operates  in  30  coun- 
ties of  California,  representing  an  area 
of  nearly  38,000  square  miles,  and  sup- 
plies 204  cities,  towns  and  villages  con- 
taining two-thirds  of  the  entire  popula- 
tion of  the  state.  There  are  12  hydro- 
electric generating  plants  ranging  in  size 
from  Alta,  of  500  kw.,  to  Electra,  of 
20,000  kw.  capacity,  and  three  steam- 
generating  plants,  Station  A,  in  San  Fran- 
cisco, of  38,000  kw..  Station  C,  in  Oak- 
land, of  21,000  kw.  and  Station  A,  in 
San  Jose,  2300  kw.   capacity. 

The  map  in  Fig.  I  shows  the  location 
of  the  various  power  houses  and  the 
main  distribution  lines. 

FoLSOM  Plants 

Chronologically,  the  first  power  houses 
to  mention  are  those  at  Folsom,  on  the 
American  River,  by  the  water  of  which 
the  generators  are  driven  under  the  low 
heads  of  55  ft.  at  the  upper  power  house 
and  26  ft.  at  the  lower.  The  upper  plant 
was  completed  in  September,  1895.  Its 
equipment  at  that  time  was  of  250  kw. 
capacity.  Current  was  generated  at  800 
volts  and  stepped  up  to  11,000,  at  which 
voltage  it  was  transmitted  22  miles  to 
Sacramento  to  run  the  street  railway 
and  supply  light  and  power  to  private 
consumers.  The  transmission  voltage  has 
since  been  increased  to  60,000  volts.  The 
combined  capacity  of  the  two  plants  at 
the  present  time  is  3771  kw.,  divided 
among  five  units. 

_  The  feature  of  these  plants  is  the  low 
head  as  contrasted  with  the  very  high 
heads    at    many    of    the    other    plants 


By  A.  R.  Maujer 


Descriptive  and  historical 
sketch  of  one  of  the  largest  pub- 
lic service  companies  in  the 
world,  located  in  San  Francisco. 

There  are  12  hydro-electric  sta- 
tions and  three  steam  plants 
which  have  a  total  generating 
capacity  of  over  131,000  kw. 


throughout  the  West.  During  the  dry 
season  the  upper  plant  uses  practically 
the  entire  flow  of  the  American  River, 
of   70,000   miner's   inches. 


was  not  generated  until  1896.  In  the 
former  year  an  effort  was  made  to  put 
a  diverting  dam  of  logs  across  the  river, 
but  the  work  was  swept  away  by  the 
freshets  of  the  next  spring.  The  next 
attempt  at  building  a  dam,  made  in  1895, 
was  successful  and  the  plant  was  put 
into  service  during  the  next  February. 
The  original  equipment  consisted  of  two 
300-kw.,  133-cycle,  two-phase  Stanley 
generators  direct-connected  to  Pelton  im- 
pulse wheels.  In  1898  a  crib  dam  54 
ft.  high  and  327  ft.  long  was  constructed 
in  Rock  Creek  east  of  the  power  house 
to  back  water  up  into  a  partially  exca^ 
vated  basin  which  had  previously  been 
the  scene   of  some   gold   dredging.     The 
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Fic.  1.    Map  Showing  Location  of  Power  Plants  and  Transmission  Line.? 

Nevada  Plant  water  thus  stored   is  called   Lake  Vera. 

Next  in  order  comes  the  Nevada  plant,  The  capacity  of  this  storage  basin  is  22,- 

on  the   South   Yuba   River,  which   really  500,000  cu.ft. 

dates    back    to     1891,    although    current  The  present  equipment,  of  four  units, 
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Fic.   2.    The   Electra   Plant  on   the    Mokelumne  River 


high  in  the  Sierra  Mountains  at  an  eleva- 
tion of  over  8000  ft.  is  a  group  of  six 
lakes  known  as  the  Blue  Lakes,  vt'hich 
forms  the  head  waters  of  the  Mokelumne 
River,  and  incidentally  storage  reservoirs 
for   Electra. 

Twenty-five  miles  above  the  plant  a 
diverting  dam  was  built  in  the  river  and 
5000  miner's  inches  of  water  are  taken 
out  and  conveyed  through  a  ditch  known 
as  the  "Upper  Standard  Canal"  along 
the  mountain-side  to  a  point  above  the 
power  house  where  it  is  received  in  a 
small  reservoir  known  as  the  Petty  reser- 
voir. Near  the  inlet  of  this  little  reser- 
voir a  flume  branches  westward  carrying 
water  to  the  mines  in  Amador  City, 
Jackson  and  Sutter  Creek.  Along  this 
ditch  are  three  minor  reservoirs,  New 
York  ■  reservoir.  Tanner  reservoir  and 
Amador  reservoir,  which  have  a  combined 
capacity  of  4,600,000  cu.ft.  and  serve 
to  maintain  the  supply  to  the  towns  if 
anything  goes  wrong  with  the  flume  sys- 
tem. 

When  the  demands  for  current  grew 
beyond  the  original  expectation,  a  second 
dam  was  built  at  a  point  two  miles  be- 
low the  first  and  another  ditch,  known 
as  the  "Lower  Standard  Canal,"  brought 
more  water  down  to  the  plant.  This 
canal  lies  practically  parallel  with  the 
first  one  for  its  entire  length,  it  being 
built  along  the  mountain  side  at  an  ele- 
vation 200   ft.  below  that  of  the  first. 

A  storage  reservoir  for  the  excess 
water  brought  down  in  this  canal  was 
formed  on  the  other  side  of  the  ridge 
from  the  plant  by  constructing  a  high, 
earth-filled  dam  at  one  end  of  a  wide 
ravine.  Thus  to  get  the  water  over  on- 
to the  power-plant  side  of  the  ridge  a 
3000-ft.  tunnel  was  dug.     This  reservoir 


of  the   Nevada   plant   has   a   capacity   of 
1267  kw. 

Electra  Power  Plant 

The  most  important  of  the  hydro-elec- 
tric plants  of  the  Pacific  Gas  &  Electric 
Co.  is  Electra,  which  is  located  about 
100  miles  northeast  of  San  Francisco, 
on  the  Mokelumne  River.  The  first  in- 
stallation, in  1902,  consisted  of  five  2000- 
kw.  generators  direct-connected  to  im- 
pulse wheels  operating  under  a  head  of 
14,067  or  12,067  ft.,  as  desired.  The 
present  equipment  includes  two  addi- 
tional units  each  of  5000  kw.  capacity, 
and  current  is  generated  at  2300  volts 
and  stepped  up  to  60,000  for  transmis- 
sion. 

The  extensive  water  supply  of  this 
plant  and  the  storage  arrangement  make 
continuous  operation  practically  an  as- 
sured thing  so  far  as  water  supply  is 
concerned.  The  storage  reservoirs  cover 
an  area  of  some  950  acres  and  have  a 
capacity  of  1,079,903,000  cu.ft. 
•     About   65   miles    above   the   plant   and 


Fig.  3.  Original  Units  in  Electra  Station 
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Fig.  4.    Extension  of  Electra  Plant,   Showing  Two  New  Units 


hand  diagrammatic  sketch  in  Fig.  5.  By 
this  arrangement  it  is  possible  to  run 
all  the  generators  on  either  the  high  or 
low  head  in  case  of  temporary  trouble 
with  either  canal,  and  the  storage  ca- 
pacity of  Lake  Tabeaud  is  sufficient  to 
supply  the  plant  for  several  days  if  op- 
erating difficulties  arise  on  both  canals. 


Yuba  Power  Plant 

In  April,  1898,  the  Yuba  plant  was 
erected  at  the  head  of  Brown's  Val- 
ley, on  the  middle  fork  of  the  Yuba  River. 
The  present  capacity  of  this  plant  is 
664  kw.,  in  two  units.  The  water  for 
the  plant  is  obtained  from  the  main  ditch 
of  the  Colgate  plant,  later  to  be  men- 
tioned, the  water  entering  what  is  known 
as  Brown's  Valley  ditch.  After  passing 
through  the  wheels  in  the  Yuba  plant 
the  water  again  enters  Brown's  Valley 
ditch  and  is  conveyed  to  Brown's  Val- 
ley, north  of  Marysville,  where  it  is  used 
for  irrigation  purposes.  The  construc- 
tion of  the  Colgate  power  plant  on  the 
same  river,  at  a  point  called  Missouri 
Bar,  was  completed  in  September,  1899. 
The  original  capacity  was  three  900-kw. 
generators  and  the  current  was  trans- 
mitted 76.3  miles  to  Sacramento  at  40,000 
volts.  This  was  the  longest  transmission 
line  in  the  world  at  the  time  of  its  erec- 
tion. The  present  capacity  of  the  plant 
is   15,000  kw. 

Colgate  obtains  its  supply  of  water 
from  a  flume  7.6  miles  long  which  has 
a  capacity  of  15,000  miner's  inches. 
Water  is  taken  from  the  river  eight  miles 
above  the  plant  and  brought  to  a  point 
on  the  mountain  above  the  power  house, 
where  it  enters  the  pressure  pipes  1625 
ft.  in  length,  giving  a  static  head  at  the 
plant  of  700  ft.  As  a  safeguard,  addi- 
tional water  for  Colgate  is  stored  in  an 
artificial  lake  known  as  Lake  Frances, 
at  the  head  of  Dobbins  Creek,  just  above 
the  power  house.  This  lake  has  a  capa- 
city of  110,000,000  cu.ft.  and  by  means 
of  a  rapid  flume  8500  ft.  long  with  a 
300-ft.  fall,  it  feeds  into  the  penstock 
of  the  plant.  Current  from  this  plant 
was  first  brought   140  miles  to  Oakland 


Fig.  5.    Sketch  of  Electra  Water 
Syste.m 

is  known  as  Lake  Tabeaud,  has  a  ca- 
pacity of  50,400,000  cu.ft.  and  covers  an 
area  of  nearly  40  acres. 

The  water  from  both  Petty  reservoir 
and  Lake  Tabeaud  passes  through  a  re- 
ceiver-manifold  as   shown   in   the    free- 


FiG.  6.   Interior  View  of  Centerville  Plant 
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by  way  of  the  Straits  of  Carquinez.  In 
crossing  the  straits  the  cables  spanned 
the  enormous  distance  of  4427  ft.  be- 
tween supporting  towers  of  such  a  height 
as  to  give  a  clearance  of  206  ft.  above 
the  extreme  high-tide  level. 

Centerville  and  DeSabla  Plants 

In  history  and  development  the  Cen- 
terville and  DeSabla  plants  are  more  or 
less  closely  connected.  Centerville, 
erected  in  1900,  is  located  on  Butte  Creek 
in  the  bottom  of  a  canon  of  the  same 
name.  The  DeSabla,  erected  in  1903,  is 
located  5',  j  miles  higher  on  the  same 
stream  at  a  point  just  above  the  divert- 
ing dam  which  turns  the  water  into  the 
ditch  of  the  Centerville  plant.  The  static 
head  at  Center\'ille  is  577  ft.  The  equip- 
ment consists  of  one  900-kw.  gen- 
erator driven  by  an  impulse  wheel 
and  one  5500-kw.  generator  driven 
by  a  water  turbine.  At  DeSabla 
there  are  two  2000-,  one  4000-  and  one 
5000-kw.  generators,  all  driven  by  im- 
pulse wheels.  The  head  at  this  plant 
is  1531  ft.  Current  is  generated  at 
2400  volts  and  stepped  up  to  60,000  for 
transmission.  At  Centerville  the  older 
unit  generates  at  2300  volts  and  the  new 
one  at  2400. 

The  DeSabla  plant  utilizes  water  de- 
rived from  Butte  Creek  and  the  west 
branch  of  the  Feather  River,  54  miles 
of  ditch  and  flume  being  required  to 
bring  the  water  down  to  the  head  works 
of  the   plant. 


Fic.  8.    Interior  View  of  the   De  Sabla  Plant 


Central  California  System 

Among  the  numerous  hydro-electric 
companies  absorbed  by  the  Pacific  Gas 
&  Electric  Co.  was  the  Central  Cali- 
fornia Electric  Co.,  which  operated  two 
small  hydraulic  plants,  one  at  Auburn 
and  the  other  at  Newcastle,  in  Placer 
County.  In  1900  a  third  power  house 
was  built  at  Alta,  also  in  Placer  County; 
the  original  transmission  line,  extending 


Fig.  7.    De  Sabla  Plant  in  Butte  Creek  Canyon 


from  the  Auburn  and  Newcastle  plants 
to  Sacramento,  carried  current  at  15,000 
volfs.  Upon  the  completion  of  the  Alta 
plant  the  potential  was  raised  to  30,000 
volts,  while  at  the  present  time  it  is 
60,000.  In  1908  the  fourth  plant  of  this 
group  was  erected  at  Deer  Creek,  in 
Nevada    County. 

At  Auburn,  the  equipment  consists  of 
a  500-kw.  generator  driven  by  an  impulse 
wheel  under  a  head  of  206  ft.  At  New- 
castle, two  400-kw.  generators  driven  by 
impulse  wheels  under  a  head  of  464  ft.; 
at  Alta,  three  1000-kw.  generators,  op- 
erated by  Girard  type  turbines  under  a 
head  of  660  ft.,  and  at  the  Deer  Creek 
plant  the  equipment  consists  of  a  5500- 
kvv.  generator  driven  by  two  impulse 
wheels  under  a  head  of  837  ft. 

Steam  Relay   Plants 

The  Pacific  Gas  &  Electric  Co.  owns 
four  relay  plants,  three  of  which  are 
equipped  with  steam-driven  units  and 
one  is  equipped  with  gas-driven  gen- 
erators. Of  these  the  more  important 
are  Station  C,  in  Oakland,  and  Station 
A,  in  San  Francisco.  The  third  steam 
plant,  at  San  Jose,  is  of  small  size,  hav- 
ing a  capacity  of  only  2300  kw.,  and 
contains  units  of  more  or  less  obsolete 
design  and  arrangement.  It  was  built 
and  originally  operated  by  the  United 
Gas  &  Electric  Co.  and  since  being  taken 
over  by  the  Pacific  Gas  &  Electric  Co. 
it  has  been  used  only  as  an  auxiliary. 
The  gas-engine  plant  is  not  operated  at 
the  present  time  because  of  operating 
difficulties. 

Station  C,  Oakland 

The    rapid    development    of    Oakland, 

located    just   across   the    bay    from    San 

Francisco,   has   led   to   the   extension   of 

Station  C,  which  came  into  the  possession 
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of  the  company  through  the  acquisition 
of  the  Oakland  Gas,  Light  &  Heat  Co. 
The  plant  is  at  First  and  Jefferson  Sts.,* 
on  the  waterfront,  where  fuel  oil  can 
be  secured  at  minimum  cost  of  handling 
and  where  sea  water  is  conveniently 
available  for  condensing  purposes.  The 
original  station  contains  eight  McNaul 
oil-burning  water-tube  boilers  rated  at 
750  hp.  each,  capable  of  40  per  cent, 
overload,  and  a  9000-kw.  General  Elec- 
tric generator  driven  by  a  Curtis  ver- 
tical turbine. 

The  new  unit  also  is  composed  of  a 
General  Electric  generator  and  a  Curtis 
vertical  turbine.  It  has  a  capacity  of 
12,000  kv.-a. 

The  new  boiler  equipment  will  con- 
sist of  four  750-hp.  Parker  boilers  and 
superheaters,  these  boilers  being  capable 
of  carrying  a  60  per  cent,  overload  which 
gives  a  total  capacity  of  4800  boiler 
horsepower,  equivalent  to  upward  of  10,- 
000  engine  horsepower. 

The  condenser  for  the  new  unit  is  a 
Worthington  surface,  two-stage,  turbine- 
base  type,  having  25,000  sq.ft.  of  cooling 
surface.  The  new.  circulating-water  pump 
built  by  the  Byron  &  Jackson  Co.,  is  of 
the  centrifugal  type  and  has  a  capacity 
of  40,000  gal.  per  minute. 

The  hotwell  pumps  are  a  Worthington 
turbine-driven,  two-stage  and  a  Worth- 
ington motor-driven,  two-stage  turbine 
pump.  The  feed  pump  is  of  the  four- 
stage  turbine  type  and  was  made  by  the 
Alberger  Condenser  Co. 

This    station    may    be    operated    either 


Fig.  9.   Boilers  at  Station  C  in  Course  of  Erection 


in  parallel  with  the  main  transmission 
lines  coming  from  the  hydraulic  plants 
or  separately  on  the  Oakland  load. 


Station  A,  San  Francisco 

The  largest  and  most  important  of  all 
the  stations  of  the  Pacific  Gas  &  Elec- 
tric Co.  is  Station  A,  in  San  Francisco, 
ocated  between  Humboldt  and  Twenty- 
third  streets,  on  the  waterfront. 

Originally  this  station  contained  10 
main  units;  five  of  the  engines,  built  by 
Mcintosh     &     Seymour,     were     vertical 


Coubert  Heater 


Fig.  !0.    Sectional  Elevation  through  Station  A,  Showing  Layout  of  Plant 
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loss-compound  condensing,  2000-kw. 
mits,  28  and  58  by  48  in.  in  size,  running 
t  116  r.p.m.  One  of  these  engines  was 
emoved  in  1910  and  a  15,000  kv.-a. 
>urtis  turbo-generator  was  installed  in 
ts  place.  The  balance  of  the  equipment 
nstalled  and  still  in  service  is  composed 
f  one  800-hp.  Mcintosh  &  Seymour  ver- 
ical  cross-compound  engine,  17  and  34 
y  36  in.  in  size  and  running  at  116 
.p.m.;  two  2500-hp.  Union  Iron  Works 
ertical,  triple-e.xpansion  condensing  en- 
ines,  26,  38  and  56  by  48  in.  in  size, 
unning  at  140  r.p.m.;  two  6000-hp. 
Jnion  Iron  Works  vertical,  triple-expan- 
ion,  condensing  engines,  36,  58  and  90 
y  48  in.  in  size,  running  106  r.p.m. 
The  building,  which  was  completed 
ome  12  years  ago,  is  450  ft.  long,  140 
t.  wide  and  80  ft.  high;   the  side   walls 


Saving  the  Heat  Units 

By  J.  C.  Hawkins 

In  a  certain  isolated  plant  quite  a  sav- 
ing was  made  by  using  the  hot  air  for 
combustion  from  over  the  boilers  in  the 
furnace  instead  of  cold  air.  The  boilers 
take  up  the  full  width  of  the  room,  leav- 
ing about  4!  J  ft.  head  room  between 
the  tops  of  the  boilers  and  the  ceiling. 

These  four  boilers  in  the  plant  use 
forced  draft  supplied  by  a  7- ft.  fan  set 
in  a  hall  outside  the  boiler  room  as  that 
was  the  only  available  place.  As  first 
installed  this  fan  received  its  air  supply 
from  the  hall  at  an  average  temperature 
of  about  75  deg. ;  the  temperature  of 
the  air  above  the  boilers  was  from  140 
to  175  deg. 

Some  time  ago  it  was  decided  to  house 


fic.   II.    Interior  View  at  Station  A,  Showing  New  Turbine  Unit 


re  of  brick  and  the  roof  is  of  steel 
overed  with  sheet  iron. 

The  boiler  equipment  is  as  follows: 
fteen  550-hp.  B.  &  W.  units,  six  680-hp. 
i.  &  W.  units  and  six  640-hp.  Heine 
nits.  Ten  of  the  550-hp.  units  have 
een  fitted  with  Foster  superheaters  for 
iving  the  steam  for  the  turbine  a  super- 
eat  of  100  deg.  The  steam  pressure  is 
75  lb.  The  fuel  oil  is  brought  to  the 
tation  in  tankships  and  pumped  into  the 
forage  tanks  on  the  premises,  which 
ave  a  capacity  for  enough  oil  to  keep 
le  station  in  operation  for  30  days. 

The  15,000-kv.-a.  turbine  unit,  which 
■as  put  into  service  in  January,  1911, 
rings  the  total  capacity  of  this  station 
p   to   approximately   38,000  kw. 

For  the  information  contained  in  the 
aregoing  and  for  the  personal  courtesy 
xtended  to  him,  the  writer  is  indebted  to 
le  members  of  the  operating  department 
f  the  Pacific  Gas  &  Electric  Co. 


in  this  fan  and  take  the  air  supply  from 
above  the  boilers  at  the  higher  tempera- 
ture. A  brick  wall  was  built  around  the 
fan  and  engine,  with  large  doors  so  lo- 
cated that  all  parts  of  the  machine  would 
be  accessible.  With  this  arrangement  the 
temperature  of  the  air  supply  is  kept  at 
about  120  deg.  It  cost  about  $200  to 
make   the   change. 

The  plant  uses  about  4000  tons  of  coal 
per  year  costing  S3.30  per  ton  and  hav- 
ing a  calorific  value  of  about  14,000 
B.t.u.  per  pound.  It  is  estimated  that 
24  lb.  of  air  is  used  per  pound  of  coal 
and  a  saving  is  made  because  with  the 
present  arrangement  less  heat  is  required 
to  bring  the  temperature  of  the  entering 
air  up  to  that  of  the  flue  gases,  which 
is  about  500  deg.  This  saving  may  be 
estimated  by  multiplying  together  the 
weight  of  the  air  per  pound  of  coal,  the 
specific  heat  of  air  and  number  of  de- 
grees   difference    in    temperature.      The 


specific  heat  of  air  is  approximately  0.24. 
Thus  the  saving  would  be, 
24  X   0.24   X    (120  —  75)    =  259  B.t.u. 
per  pound   of  coal,   or 

4000  X  2240  >   259        ,      ^    „ 

—  =z  i6"i,76o  lb. 

14,000 

or  74  tons  of  coal  per  year,  which  cost 
$244.  Thus  it  will  be  seen  that  the  in- 
vestment is  more  than  repaid  each  year. 

The  air  for  the  furnaces  could  be  had 
at  a  temperature  somewhat  above  120 
deg.,  but  the  bearings  of  the  fan  and  en- 
gine run  rather  warm  at  this  temperature, 
and  as  the  speed  is  high  at  times  of 
heavy  load  it  was  thoiight  best  to  open 
one  of  the  doors  a  little,  thereby  admit- 
ting some  cold  air  rather  than  risk  melt- 
ing the  babbitt  in  the  bearings. 

Although  great  care  has  been  taken 
to  insulate  the  header  and  steam  pipes, 
the  smoke  flue  and  the  tops  of  the  boil- 
ers, there  is  a  great  deal  of  heat  radiated 
and  much  of  this  is  saved  which  would 
otherwise  be  wasted.  The  space  above 
the  boilers  is  closed  on  the  front  and 
both  sides,  the  rear  end  only  being  open 
and  communicating  directly  with  the  en- 
gine room,  the  rear  end  of  the  boilers 
forming  one  end  of  the  engine  room.  In 
addition  to  the  draft  fan,  the  air  from 
this  area  is  carried  away  by  two  36-in. 
disk  fans  which  discharge  outside  the 
building  and  with  the  draft  fan  gives 
fairly  good  ventilation  to  this  space  as 
well  as  the  engine  room,  the  air  being 
drawn  from  the  halls  through  the  engine 
room  and  thence  over  the  tops  of  the 
boilers  to  either  the  draft  fan  or  venti- 
lating   fan    as   the   case   may   be. 

As  the  front  of  the  boilers  is  closed 
up  with  the  stokers  there  is  very  little 
heat  radiated  out  in  front,  and  good  venti- 
lation is  had  from  the  hall,  making  the 
boiler  room  about  the  coolest  place 
around  the  plant.  When  working  on 
the  boilers  with  the  fans  running,  the 
men  do  not  suffer  as  they  otherwise 
would. 


The  statistics  of  coal  production  in 
Maryland,  collected  by  Edward  W. 
Parker,  of  the  United  States  Geological 
Survey,  in  cooperation  with  the  Mary- 
land Geological  Survey,  show  that  the 
total  production  in  1911  amounted  to 
4,685,795  short  tons,  valued  at  $5,197,- 
066.  Compared  with  the  production  in 
1910,  the  output  in  1911  showed  a  de- 
crease of  531,330  short  tons,  or  10.2 
per  cent.,  in  quantity,  and  of  $637,992, 
or  10.9  per  cent.,  in  value.  Stimulated 
by  the  strike  of  miners  in  the  Middle 
West,  Maryland  in  1910  increased  her 
production  nearly  1,200,000  tons  over 
1909,  and  a  part  of  the  markets  secured 
at  that  time  were  held  in  1911,  but  not 
sufficiently  to  maintain  the  tonnage  of  the 
preceding  year.  The  coal  mines  of  Mary- 
land gave  employment  in  1911  to  5981 
men,  who  worked  an  average  of  243 
days,  against  5809  men  for  an  average 
of  270  days  in   1910. 
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Compressed   Air  Pumping  Systems 


Direct  Displacement  Pumps 
Naturally,  the  first  arrangement 
thought  of  when  it  is  proposed  to  use 
compressed  air  for  pumping  water  is  that 
in  which  the  water  is  displaced  volume 
for  volume  by  the  air,  which  is  com- 
pressed to  a  pressure  corresponding  to 
the  height  of  the  iift,  and  this  scheme 
has  been  worked  up  in  a  great  variety 
of  ways  but  with  little  variation  of  re- 
sult. 

Fig.  1  shows  diagrammatically  a  pump- 
ing apparatus  of  this  type.  The  sub- 
merged chamber  here  shown  is  assumed 
to  have  been  filled  with  water  and  this 
water  is  now  being  expelled  by  air  pres- 
sure. The  air  comes  direct  from  the 
compressor,  passes  the  three-way  valve 
and  enters  the  top  of  the  chamber,  its 
pressure  driving  the  water  up  the  ver- 
tical pipe  at  the  right.  When  the  water 
is  all  expelled,  the  three-way  valve  is 
changed  to  the  other  position,  shutting 
off  the  compressed  air  and  opening  com- 
munication between  the  interior  of  the 
chamber  and  the  atmosphere  and  allow- 
ing the  air  to  escape.  Then  the  valve 
in  the  water  pipe  at  the  upper  right- 
band  corner  of  the  submerged  chamber 
closes  by  its  own  weight  and  the  pres- 
sure of  the  water  above  it,  and  the  water 
rushes  into  the  chamber  through  the 
valve  at  the  bottom.  A  reversal  of  the 
three-way  valve  to  the  position  shown 
puts  the  compressed  air  at  work  again 
and  the  content  of  the  chamber  is  ex- 
pelled as  before,  and  so  on.  The  three- 
way  valve  is  usually  operated  by  a  float, 
making  the  operation  automatic.  There 
are  generally  two  of  these  displacemenc 
chambers,  which  work  in  connection,  the 
same  valve-operating  mechanism  serving 
for  both,  and  thus  as  one  is  filling  while 
the  other  is  discharging,  the  water  flow 
is  almost  continuous. 

It  is  well  understood  that  the  dis- 
placement pump  does  not  use  the  air  to 
good  advantage,  but  for  economy  it  is 
still  much  better  than  the  air-driven,  di- 
rect-acting pump.  There  is  no  friction 
of  reciprocating  parts  and  the  clearance 
losses  are  very  small,  so  that  instead  of 
the  20  and  20  per  cent.,  which  is  al- 
lowed for  the  direct-acting  pump,  a  sin- 
gle 10  per  cent,  will  fully  cover  these 
items,  leaving  at  this  stage  90  per  cent, 
instead  of  64.  The  loss  for  the  same 
pressures  in  not  using  the  air  expansive- 
ly would,  of  course,  be  unchanged,  and 
therefore  the  34  per  cent,  which  was  as- 
sumed would  still  apply,  and  34  per  cent, 
of  90  being  30  there  is  60  per  cent,  effi- 
ciency for  the  displacement  pump  in- 
stead of  the  43  per  cent,  of  the  air- 
driven,  direct-acting  pump,  and  57  per 
cent,  instead  of  41  per  cent,  when  the 
air  leaves  the  compressor. 

The  economy  of  the  displacement  pump 


By  Frank  Richards 


With  direct-displacement 
pumps  the  efficiency,  although 
low,  is  better  than  with  steam 
pumps,  because  friction  and 
clearance  losses  are  reduced. 

With  return-air  systems  the 
efficiency  is  greatly  increased  be- 
cause only  the  actually  required 
pressure  and  volume  are  used. 


♦Continuation  of  article  in  the  May  14 
issue,  entitled  "Raising  "tt'ater  by  Com- 
pressed  .\ir." 

is  much  better  where  the  lift  is  small. 
v,-hich  makes  it  specially  applicable  for 
transferring  sewage  and  similar  service, 
especially  as  the  water  may  be  loaded 
with  a  large  proportion  of  solids  and 
semi-solids  without  impairing  its  action. 

Return-air    Pumping 
The  progress  of  invention   in  any  line 
seems   to   be   one    of   gradual    but   con- 
tinuous    revelation      and      development. 

fc  .    N     Comptrssor 


m 


To  Compressor 


m. 


11— 


Fig.   1 


Fig.  2 


Every  device,  so  that  it  will  work  at  all, 
seems  to  have  a  right  to  be  completely 
tried  out,  and  to  have  all  its  possibilities 
and  its  defects  revealed  before  it  can 
expect  to  be  and  actually  is  displaced  by 
something  better. 

When  the  power-wasting  and  otherwise 
objectionable  direct  air-pressure,  water- 
raising  apparatus  has  had  its  every 
chance  and  has  been  found  wanting, 
then,  and  not  until  then,  comes  another 
device  which  is  at  once  hailed  as  just 
what  is  needed.  The  principle  of  it  is  at 
once  self-evident,  and  its  perfect  suc- 
cess when  applied  requires  no  practical 
demonstration. 

This  is  the  return-air  system  of  com- 
pressed-air pumping.  Its  operation,  in 
contrast  to  that  of  the  direct-displace- 
ment pump,  is  that  while  the  old  pump 
will  take  all  the  air  that  is  given  to  it 
for  raising  and  delivering  a  given  weight 
of  water,  and  will  return  absolutely  noth- 


ing of  what  it  receives,  this  new  device 
will  take  only  the  pressure  and  volume 
of  air  which  exactly  pays  for  the  work 
done,  and,  so  to  speak,  it  returns  all  the 
change. 

The  whole  thing  can  be  simply  ex- 
plained, the  diagrammatic  sketch  in  Fig. 
2  perhaps  assisting.  It  must  be  premised 
that  a  return-air  system  is  not  a  cheap 
and  handy  little  device  ready  to  go,  foi 
instance,  wherever  a  steam  pump  might 
be  employed,  and  to  do  the  same  work; 
it  is  intended  for  large  and  permanent 
installations,  each  plant  being  complete 
in  itself  and  doing  no  other  work. 

The  Apparatus   Used 

There  is,  first  of  all,  an  air  compressoi 
whose  entire  business  it  is  to  operate 
the  one  pump,  the  capacities  of  the  pump 
and  compressor  being  adapted  to  eacl 
other.  There,  is  nothing  special  abou 
the  compressor  except  that  it  is  a  sin 
gle-stage,  reciprocating  machine,  and  it 
of  course,  may  be  driven  by  any  avail 
ble  ^style  of  power  transmission  and  ap 
plication. 

The  pumping  part  of  the  apparatu' 
consists  of  two  similar  chambers  to  b( 
alternately  filled  with  water  and  emptiec 
by  the  expulsion  of  the  water  to  thi 
level  required.  These  chambers  are  sub 
merged  in  the  water  to  be  pumped,  or  a 
least  are  located  near  and  below  thi 
lowest  working  level  of  it,  so  that  thi 
water  will  always  be  able  to  flow  int( 
either  chamber  by  gravity.  The  com 
pressed  air  is  conveyed  to  the  pump  fron 
the  compressor  by  separate  pipes  to  eac! 
water  charrrber,  and  each  pipe  also  lead 
the  air,  after  its  work  of  water  expulsioi 
is  done,  back  to  the  air  intake  of  thi 
compressor.  It  is  thus  a  closed  system 
and  the  same  air  is  used  over  and  ove 
again,  provision  being  made  for  con 
tinually  replacing  the  little  that  may  b' 
lost  by  leakage  or  by  absorption  in  th 
water.  The  valve  arrangements  ar 
c!early  shown  in  Fig.  2. 

Operation 

Assume  that  the  pump  is  actually  a 
work,  that  one  of  the  chambers  is  ful 
of  water,  with  sufficient  air  pressur 
flowing  in  at  the  top  of  the  chambei 
exerting  its  pressure  upon  the  water  an 
driving  it  through  a  retaining  valve  an 
up  a  water  pipe  to  the  point  of  de 
livery. 

Thus  far  the  operation  is  precisely  th 
same  as  with  any  displacement  pumi 
and  when  the  water  is  all,  or  nearly  al 
driven  out  the  chamber  is  full  of  air  ; 
the  pressure  required  and  determined  b 
the  height  of  the  water  delivery.  Th 
regular  operation  by  the  old  way  woul 
now  be  to  close  the  communication  wit 
the  compressor  and   to  open  another  t 
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e  atmosphere,  allowing  the  air,  ex- 
inding  as  it  goes,  to  escape  without 
)ing  any  more  work  and  leaving  the 
;amber  filled  with  air  at  normal  at- 
ospheric  pressure.  Water  is  then  al- 
wed  to  flow  in  and  to  fill  the  chamber 
;ain,  which  drives  out  the  remainder  of 
e  former  charge  of  air,  and  this  cham- 
;rful  of  water  is  driven  out  and  up 
r  another  charge  of  full-pressure  air 
i  before,  and  so  on. 

With  the  return-air  system,  however, 
e  air  is  not  let  off  so  easily,  but  is 
tained  to  do  a  lot  more  work.  The 
r  is  discharged  from  the  water  cham- 
;r  and  up  the  air  pipe  which,  by  the 
:tion  of  an  automatic  or  a  positively 
lerated  switch,  is  now  in  connection 
ith  the  intake  instead  of  the  discharge 
'  the  compressor,  and  whatever  pres- 
ire  this  air  may  have  is  thus  always 
;ing  exerted  upon  the  intake  side  of 
e  compressing  piston,  and  the  pressure 
3on  this  side  overcomes  an  equal 
mount  of  resistance  upon  the  -com- 
■essing  side  of  the  piston,  or  it  deducts 
!St  so  much  from  the  total  power  re- 
hired to  drive  the  piston  and  to  do  the 
ork   of  recompression. 

Using  the  air  in  this  way,  its  entire 
<pansive  force  is  retained  upon  the 
edit  side  of  the  system.  Expansion 
mtinues  until  the  air  pressure  is  lower 
lan  that  of  the  water  which  is  waiting 
1  enter,  the  difference  of  these  pres- 
tres  depending  upon  the  speed  at  which 
le  system  is  being  driven,  and  then  the 
ater  enters  and  drives  the  remainder 
f  the  air  into  the  compressor  intake 
:  this  pressure  instead  of  letting  it  fur- 
ier  expand,  and  thus  raises  the  total 
ean  effective  assisting  pressure  at  the 
ick  of  the  piston  above  that  which  would 
ave  resulted   from   the  expansion  alone. 

Each  return-pipe  installation  is  an  in- 
ividuality,  with  special  conditions  to  be 
atisfied  and  calling  for  special  sizes 
nd  capacities,  both  relative  and  actual, 
he  system  is  advantageously  applicable 
)  both  extremes  of  the  possible  range 
f  practical  requirements,  and  to  all  be- 
veen. 

Constant  Lift  System 

Where  the  lift  is  practically  constant, 
s  in  raising  water  from  a  lake  or  river 
)  a  water-works  reservoir,  the  com- 
ressor  and  the  pump  may  be  so  adapted 
'  capacity  as  to  utilize  all  the  expan- 
ive  force  of  the  air  with  comparatively 
ttle  of  the  follow-up  pressure  from  the 
'ater,  but  still  with  the  higliest  possible 
Itimate  efficiency  and  economy.  In  any 
ase,  as  the  compressor  is  in  immediate 
^uch  with  its  work  there  is  no  loss  from 
vercompression  or  from  compressing 
hove  the  actual  requirement,  as  is  often 
le  case  with  the  direct-displacement 
ystems. 

Variable  Lift  System 
If  the  return-air  system  is  employed 
fhere  the  level  of  the  water  intake  has 


a  considerable  variation  of  height,  as  in 
emptying  a  large,  deep  shaft  of  a  mine, 
the  follow-up  pressure  of  the  water  in 
refilling  the  operating  chambers  will  vary 
constantly  with  the  water  level,  and  at 
all  levels  will  approximately  adjust  the 
work  of  the  compressor  according  to 
the  actual  water  lift  at  the  time;  and,  al- 
though the  water  must  always  be  lifted 
under  the  full  actual  head  at  the  time, 
and  with  the  requisite  over-balancing 
pressure  for  the  expelling  air,  the  com- 
pressing of  the  air  to  that  pressure  will 
require  little  or  much  power  according 
to  whether  the  return,  or  intake,  pres- 
sure at  the  compressor  is  much  or  lit- 
tle, corresponding  to  the  height  of  the 
water  supply.  With  the  direct  displace- 
ment, and  no  return  of  the  air,  there 
would  be  none  of  this  compensation, 
either  from  the  reexpansion  of  the  air  or 
from  the  follow-up  pressure  of  the  in- 
coming water,  and  all  the  water  lifted, 
v.hether  'he  level  of  the  supply  was 
high  or  low,  would  require  the  maximum 
and  entirely  uncompensated  pressure  to 
raise  it. 

An  Example  of  Application 

There  was  a  case  where  it  was  neces- 
sary to  provide,  and  to  have  constantly 
ready  the  means  of  emptying  a  shaft  of 
considerable  area,  more  than  300  ft.  deep 
and  normally  full  of  water,  with  a  tun- 
nel at  the  bottom  of  the  shaft  also  to 
be  emptied.  This  will  be  recognized  at 
once  as  a  problem  easy  enough  of  solu- 
tion, in  a  way,  but  not  so  simple  when 
speed  and  economy  were  to  be  con- 
sidered. There  had  been  actually  in- 
stalled for  this  work  a  hoisting  engine 
and  a  large  cylindrical  bucket,  say  4  ft. 
in  diameter  and  12  ft.  long,  to  be  suc- 
cessively   filled,    hoisted    and    emptied. 

This  might  strike  one  as  a  rather  primi- 
tive arrangement,  but  it  had  at  least  the 
merit  of  using  the  power  with  reasonable 
economy.  The  varying  height  did  not 
at  all  affect  the  weight  of  the  bucket  of 
water,  and  the  power  consumed  was 
therefore  always  directly  as  the  height, 
and  with  engines  showing  good  steam 
economy  the  arrangement  was  not  waste- 
ful of  power.  This  bucket  arrangement 
was  actually  used  for  emptying  the  shaft 
and  tunnel  once  and  it  worked  all  right, 
but  nevertheless  it  was  superseded  by 
the  return-air  system,  which  could  show 
good  power  economy  and  could  do  the 
required  work  in  much  less  time,  which 
in  this  case  was  the  all  important  con- 
sideration 

The  shaft  here  snoken  of  is  known  as 
shaft  25  of  the  "new"  Croton  aque- 
duct, and  the  tunnel  is  the  portion  of 
the  aqueduct  which  crosses  under  the 
Harlem  River,  300  ft.  below  its  surface, 
near  Washington  Bridge,  New  York  City. 

Valve  Arrangement  and  Operation 

In  the  foregoing  outline  of  the  opera- 
tion  of  the  return-air  system   reference 


has  been  made  only  tc  the  action  in 
one  submerged  operating  chamber.  It  is 
understood  that  there  are  two  similar 
chambers  operated  alternately,  one  filling 
while  the  other  is  emptying,  so  that  the 
lifting  is  practically  constant.  The  four- 
way  valve  or  switch,  as  it  is  called,  for 
reversing  the  connections  of  the  two 
pipes  at  the  proper  times  is  operated  in 
different  ways  according  to  the  work. 
For  a  straight,  steady  water-works  job 
the  switch  may  be  operated  mechanical- 
ly, tripping  one  way  or  the  other  for  each 
given  number  of  revolutions  of  the  com- 
pressor; it  may  be  operated  automatical- 
ly by  the  fluctuations  in  the  level  of  the 
water  supply,  and  it  may  also  always 
be  operated  by  hand.  It  is  not  neces- 
sary to  completely  fill  either  chamber 
before  reversing  because  the  unused 
pressure  is  not  lost  in  any  case,  and 
there  is  nothing  corresponding  to  the 
clearance  losses  in  the  direct-pressure 
ejection   system. 

The  actual  installations  of  the  return- 
air  pumping  system  already  show  a  wide 
and  interesting  range  of  successful  em- 
ployment; what  the  device  needs  most 
of  all  is  to  be  better  known.  It  seems 
to  decline  no  job  which  is  possible  by 
any  system,  and  it  works  for  the  lowest 
air  output,  and  is  especially  successful 
in  many  lines  which  are  not  permissible 
to  the  formal  mechanical  devices.  It 
pumps,  for  instance,  water  which  is  so 
charged  with  solid  matter  that  it  can  only 
be  called  semi-liquid.  It  is  in  some  cases 
regularly  employed  for  conveying  the 
solids  so  contained,  as  sand  or  marl, 
the  mixture  when  so  raised  going  to  set- 
tling tanks  where  the  water  is  allowed 
to  flow  off,  leaving  the  solid  portion  to 
be  shoveled  or  otherwise  handled  and 
conveyed  wherever  required. 


A  tribute  to  the  importance  of  the 
field  we  humbly  serve  has  been  rendered 
by  our  popular  contemporary  Scribner's 
Magazine.  The  current  number  has  two 
leading  articles  on  hydraulic  power.  One 
deals  with  locating  and  developing  avail- 
able powers,  and  the  other  with  the 
present  application  of  water  power  in 
the  United  States.  Two  other  articles 
concern  notable  works  in  the  transmis- 
sion of  water,  though  not  for  power — 
from  the  Sierras  across  the  Mojave 
Desert  to  Los  Angeles,  and  the  siphon 
tunnel,  the  deepest  in  the  world,  under 
the  Hudson  River  for  the  New  York 
City  aqueduct.  We  extend  the  right 
hand  of  fellowship  in  greeting  to  our 
new   competitor. 


The  "Queen  Mary,"  the  latest  and 
largest  of  Great  Britain's  dreadnoughts, 
has  a  displacement  of  27,000  tons  and 
an  indicated  horsepower  of  75,000.  Many 
changes  have  been  made  in  her  engines 
and  boiler  room  to  avoid  the  excessive 
heating  that  occurred  on  the  "Lion." 
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Pyrometers  and  Boiler  Efficiency 


Progressive  and  observing  power-plant 
engineers  recognize  the  fact  tiiat  there 
is  more  room  for  economy  In  a  boiler 
house  than  in  any  other  part  of  the 
plant.  In  most  of  the  power  plants  from 
5  'to  25  per  cent,  of  the  available  en- 
ergy of  the  fuel  is  needlessly  wasted, 
due  to  ignorance  of  what  is  actually  tak- 
ing place  in  the  boiler  furnace. 

The  efficiency  of  any  steam  generator 
is  the  ratio  of  the  heat  utilized  to  that 
supplied,  and  depends  upon  complex  con- 
ditions, many  of  which  are  changing. 
Some  of  them  are: 

Humidity  of  the  atmosphere. 

The  quality  of  fuel,  which,  even  at  its 
best,  is  never  quite  uniform,  as  it  may 
vary  in  its  moisture  content,  fixed  car- 
bon, volatile  matter,  oxygen,  hydrogen 
and  ash  and,  unless  specially  prepared, 
its  physical  conditions  may  vary  from 
large  lumps  to   fine  powder. 

The  condition  of  the  boiler  as  to  set- 
ting, dirty  or  clean  heating  surface,  draft, 
air  infiltration,  etc.  The  grates  may  be- 
come choked  with  ?late  and  clinker,  ob- 
structing the  air  passage  and  causing 
irregular  flow,  resulting  in  a  deficiency 
of  air  in  one  place  and  an  excess  in 
another. 


By  C.  F.  Busse 


Fig.  1.  Thermo-electric  Pyrometers 
Applied  to  Steam  Boilers 

The  required  output  which  varies  in 
some  plants  from  50  per  cent,  below 
normal  capacity  to  50  per  cent,  overload 
ir  short  intervals  of  time. 

From  the  foregoing  it  is  quite  evident 
that  no  matter  how  well  a  boiler  may  be 
designed  or  perfectly  constructed,  it  is 
impossible — due  to  the  changing  condi- 
tions just  mentioned — permanently  to  ad- 
just it,  as  in  the  case  of  a  steam  en- 
gine, to  operate   at  maximum  efficiency. 

Heat  Distribution  in  Boiler 
The  heat  generated  in  a  boiler  furnace 
is  dissipated   in  three  ways,  some  pass- 
ing uD  the  stack  with  the  waste  gases. 


Boiler  efficiency  depends  greatly 
upon  the  relative  temperatures 
of  the  flue  gases  before  and  after 
coming  in  contact  with  the  heat- 
ing surface.  Hence,  suitably 
placed  pyrometers  make  it  possi- 
ble to  regulate  boiler  operation  to 
secure  best  economy. 


thus  supporting  the  draft;  some  being 
utilized  in  the  evaporation  of  the  water, 
and  some  being  lost  through  radiation. 
From  a  well  designed  boiler,  properly 
set,  the  radiation  is  always  small,  usual- 
ly being  less  than  5  per  cent.  The  heat 
in  the  gases  passing  up  the  stack  is  nec- 
essarily lost  for  evaporation  effects,  but 
essentially    so    to    maintain    draft    unless 


Fig.  2.  Pyrometers  Applied  to  Econo- 
mizers 

artificial  draft  is  provided.  In  general 
practice  the  heat  carried  off  by  the  flue 
gas  is  rarely  as  lov.'  as  15  per  cent,  and 
often  reaches  40  per  cent,  of  the  calorific 
value  of  the  fuel.  This  loss  is  made  up 
of  two  distinct  factors:  the  sensible  heat 
cf  the  flue  gases  and  the  potential  heat 
of  the  combustible  constituents  of  the 
flue  gases.  The  former  varies  directly 
as  the  stack  temperature,  while  the  lat- 
ter depends  greatly  upon  the  amount  of 
nir  admitted  to  the  fire. 

Calculation  of  Boiler  Efficiency 

In   burning   coal    in   a   boiler   furnace, 
the   sDeciflc   heat  of  the   eases  of  com- 


bustion passing  over  the  heating  surface 
and  through  the  uptake  varies  slightly. 
However,  for  practical  purposes,  this  may 
be  assumed  to  be  constant,  as  the  er- 
ror in  calculating  efficiency  thereby  is 
not  a  serious  one.  Neglecting  the  loss 
by  radiation,  the  percentage  of  heat  uti- 
lized— that  is,  the  efficiency  of  the  boiler 
— may  be  calculated  by  the  formula 

T,  —Ta 

where 

7'i   =  Temperature    of    the    gases    of 
combustion    just    before    they 
first  come  in  contact  with  the 
heating   surface; 
Tr  —  Temperature    of    the    gases    of 
combustion  just  as  they  leave 
the    heating    surface    in    the 
last  pass; 
T,i  —  Temperature  of  the  air. 
The    following    was    taken    from    data 
obtained  in  a  24-hour  test  conducted  by 
the    writer  on   a  350-hp.    Stirling   boiler, 
equipped   with  a  Green   chain  grate   and 
served    a    175- ft.    chimney;    the    ratio    of 
heating    surface    to    grate    surface    was 
42.5    to    1 ;    the    average    running    pres- 
sure was  110  lb.,  gage: 

.steam  pressure,  gage. no  .'>  Ilj 

Temperature  of  the  fire 23T.5' 

7', 1S10< 

Temperature  in  the  second  pass      .  1150' 

7"^ 580= 

T,  .81' 

One   hour  later,  the  data  were: 


1 

Fic.  3.  Indicating  Gages  of  a  Pyrometef 
Installation 


.steam  pressure,  gage 107  .')  II) 

Temperature  of  the  fire 2065 

r,.      16.50 

Temperature  in  the  second  pass  S85' 

Tr.  .    .54,')' 

Substituting  from  the  foregoing  dat£ 
in  the  formula,  we  have 

i8io-59"^  ^ 

iSio  — 8i         '■■■' 

1650-545^    ^^^ 
1650  —  80        '    ^' 

Let  it  be  assumed  that  the  conditions 
of  the  boiler  remained  the  same  in  al 
respects  but  one — i.e.,  either  the  tem 
perature  of  the  first  pass  had  changec 
(the  other  conditions  remaining  th( 
same)    or   that   the    breeching   tempera 


Mav  21,   1912 


POWER 


729 


ture  had  changed;  all  other  conditions, 
including  the  first  pass  temperature,  re- 
maining the  same. 

In  such  a  case,  and  substituting  in  the 
above  formula,  the  results  would  indi- 
cate that  the  heat  utilized  increases  with 
an  increase  in  temperature  in  the  com- 
bustion chamber;  that  the  heat  utilized 
increases  as  the  temperature  of  the  waste 
gases  decreases;  that  there  should  be 
sufficient  heating  surface  to  cool  the 
gases  as  much  as  possible  before  they 
escape,  although  enough  heat  must  be 
left  to  create  a  draft  in  order  to  burn 
the   fuel. 

Relation  between  Flue  Gas  Tempera- 
ture AND  Efficiency 

Experiments  show  that  an  increase  or 
decrease  of  30  deg.  F.  in  the  waste  gases, 
Ell  other  conditions  remaining  the  same, 
means  an  increase  or  decrease  of  1  per 
cent,   in  efficiency. 

Where  CO.-  recorders  and  tempera-- 
ture-indicating  devices  have  been  used 
on  a  boiler,  it  has  been  shown  that  there 
is  a  close  relationship  between  the  tem- 
perature of  the  flue  gases  and  the  per- 
centage of  CO-  contained  in  them.  It 
has  been  found  that  the  higher  the  tem- 
perature in  the  coinbustion  chamber,  the 
higher  was  the  average  percentage  of 
CO=.  On  the  contrary,  however,  it  has 
frequently  occurred  that  when  the  fur- 
nace was  run  so  ?s  to  produce  a  maxi- 
mum percentage  of  CO;,  the  temperature 
of  the  gases  of  combustion  in  the  fire 
chamber  decreased;  being  caused  by  in- 
complete combustion,  due  to  a  minimum 
of  free  o.xygen,  and  thereby  reducing  the 
efficiency. 

If  each  boiler  in  a  plant  be  equipped 
with  a  temperature-indicating  device, 
making  it  possible  to  ascertain  the  tem- 
perature'in  the  first,  second,  or  last  pass 
or  whenever  else  desired,  the  fireman 
has  an  accurate  heat  analysis  of  his 
boilers  and  he  is  able  to  know  the  con- 
dition of  the  furnaces  and  boilers  under 
his  charge,  viz.:  Whether  the  fires  are 
dirty,  the  fires  have  holes  in  them,  the 
boilers  are  dirty  inside  or  outside,  the 
baffles  in  the  boilers  are  breaking  down, 
thus    short-circuiting    the    gases. 

Inasmuch,  however,  as  the  most  eco- 
nomical temperatures  vary  considerably 
with  the  kind  of  fuel  used,  and  to  some 
extent  with  the  method  of  firing,  hand  or 
mechanical,  the  kind  of  stoker,  rate  of 
driving,  and  the  depth  of  fire,  occasional 
tests  in  which  the  effects  of  these  fac- 
tors are  determined,  are  of  great  value 
to   the    fireman. 

Pyrometers  in  Connection  with 
Economizers 

The  temperature  at  which  the  feed 
water  is  fed  to  the  boiler  is  an  important 
factor  in  boiler-plant  economy.  In  many 
plants  the  waste  gases  of  combustion 
are  used  to  heat  the  feed  water,  this  is 
done  in  what  is  known  as  an  economizer. 
By     placing     temperature-indicating     de- 


vices where  the  fiue  gases  enter  and 
leave  the  economizer,  it  is  possible  to 
ascertain  the  drop  in  temperature  be- 
tween the  inlet  and  the  outlet,  thus  show- 
ing the  condition  and  efficiency  of  the 
economizer.  This,  however,  is  not  the 
only  advantage;  if  the  economizers  get 
out  of  order,  because  of  their  construc- 
tion, it  is  almost  impossible  to  detect  the 
fact  without  the  use  of  a  temperature 
indicator.  Economizers  have  shown  an 
absorption  producing  a  temperature  drop 
of  100  deg.  F.  more  when  clean  than  dirty. 

The  Thermo-electric  Pyrometer 

One  of  the  most  practical  instruments 
for  taking  temperatures  in  a  boiler  fur- 
nace is  the  thermo-electric  pyrometer. 
The  principle  upon  which  the  thermo- 
electric pyrometer  is  constructed  is  the 
measurement  of  a  current  of  electricity 
produced  by  a  thermocouple,  composed 
of   two   dissimilar  metallic   elements,   by 


fires  or  boilers  at  any  time,  and  the 
writer  has  found  that  they  watoh  the 
pyrometers  as  closely  as  they  do  the 
steam   gages. 

Firing  when  the  engine  began  to  lag 
was  the  old  way ;  then  the  steam  gage 
came  into  use,  and  the  firing  was  done 
before  the  engine  lagged.  Now  when 
the  pyrometer  is  used  the  firing  is  done 
before  the  gage  lacs. 


Shaft  Fan  Signal 

The  not  uncommon  mistake  made  by 
the  headman  at  a  colliery  shaft  is  to 
allow  the  fans  upon  which  the  cage 
rests  while  at  a  level  to  remain  in  an 
"out"  position,  so  that  when  the  cage 
descends  it,  as  well  as  the  fans,  is  dam- 
aged. 

In  order  to  avoid  such  an  occurrence, 
an  arrangement  has  been  placed  in  op- 
eration at  the  No.  2  shaft  of  the  Sus- 
quehanna Coal  Co.,  Nanticoke,  Penn.,  by 
which  the  engineer  is  signaled  when  the 
fans  are  in  an  "in"  or  "out"  position. 
The    signal    consists    of   a    white  painted 


Arrangement  of   Sh\ft    Fan   Signal 

means  of  a  galvanometer  or  millivolt- 
meter  calibrated  in  degrees  of  tempera- 
ture instead  of  units  of  electricity. 

Where  a  battery  of  two  or  more  boil- 
ers is  equipped  with  pyrometers  and 
working  with  a  capacity  load,  it  is  pos- 
sible to  detect  which  boiler  is  carrying 
the  larger  part  of  the  load.  A  pyrom- 
eter installation,  equipped  with  a  switch 
whereby  a  number  of  thermocouples  may 
be  connected  to  one  indicating  instru- 
ment, makes  it  possible  to  so  supervise 
the  boilers  that  each  will  carry  its  share 
of  the  work. 

Pyrometer  installations  on  boiler 
bieechings  only  have  inade  it  possible  to 
show  an  increase  of  boiler  efficiency  of 
from  1  to  5  per  cent.  The  engineering 
experts  of  a  large  industrial  concern  that 
has  thermocouples  (about  40  in  all)  lo- 
cated permanently  in  the  breechings  of 
all  of  its  boilers  and  in  the  economizers, 
claim  an  increase  from  70  to  77  per  cent, 
in  efficiency  since  the  installation  of  the 
pyrometer  equipment.  The  firemen  are 
able    to    ascertain    the    condition    of    the 


disk  and  is  located  in  the  engine  room 
directly  in  front  of  the  engineer. 

The  fans  are  operated  by  a  lever  at 
the  shaft  opening  by  the  headman.  This 
lever  is  secured  to  a  shaft  upon  which 
a  crossarm  is  attached,  and  which  is 
connected  by  means  of  small  rods  to  a 
second  crossarm  mounted  upon  a  shaft 
at  any  convenient  height.  On  this  sec- 
ond shaft,  a  second  crossarm  is  ar- 
ranged as  shown  in  the  illustration,  and 
is  connected  by  means  of  two  wires  to 
another  shaft  and  crossarm  in  the  engine 
room,  upon  which  is  mounted  a  white 
disk  signal. 

When  the  fans  are  in  an  "out"  posi- 
tion with  the  hoist  resting  upon  them, 
the  disk  will  show  white  in  the  engine 
room.  As  soon  as  the  lever  is  pulled, 
which  brings  the  fans  up  against  the 
side  of  the  shaft,  the  car  is  free  to 
descend  and  the  disk  signal  makes  one- 
quarter  of  a  turn  so  that  only  its  thick- 
ness is  visible  to  the  engineer.  Since 
this  signal  has  been  in  operation,  there 
has  been  no  accident  due  to  the  hoist 
striking  the  fans  when  in  an  "out"  posi- 
tion. In  this  instance,  the  signal  is  op- 
erated from  the  ground  level,  the  coal 
cars  being  hoisted  up  to  the  header,  noth- 
ing but  rock,  men,  etc.,  being  handled  at 
the  surface  head. 
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Calculating  the  Sizes  of  Feed  Pumps 


Questions  in  regard  to  calculating  the 
feed-pump  capacity  of  a  given  boiler  in- 
stallation are  often  asked  in  engineering 
examinations  and  the  form  in  which  they 
are  usually  framed  is  about  as  follows: 
"Assume  a  boiler  plant  consisting  of  two 
72-inch  by  16-foot  horizontal  return- 
tubular  boilers;  what  size  of  feed  pump 
would  be  required  to  supply  this  bat- 
tery?" 

The  amount  of  the  water  that  would 
be  required  is  not  stated;  hence  it  is 
necessary  first  to  estimate  this.  The 
evaporation  within  the  boilers  may  range 
from  nothing  to  the  maximum  capacity; 
therefore,  in  order  that  there  may  be  no 
shortage  of  water  under  any  conditions 
of  service  the  pump  capacity  must  be 
great  enough  to  supply  the  maximum  de- 
mand continuously. 

The  first  step  toward  the  solution  of 
the  problem  is  to  find  the  maximum 
evaporative  capacity  of  the  boilers  and 
when  this  has  been  done,  ascertain  what 
the  pump  size  must  be  to  maintain  the 
water  level  at  this  rate  of  evaporation. 
The  evaporative  capacity  of  the  boilers 
may  be  found  by  multiplying  the  area 
of  the  boiler-heating  surface,  in  square 
feet,  by  the  number  of  pounds  of  water 
evaporated  per  square  foot  per  hour.  No 
data  other  than  the  diameter  and  the 
length  of  the  boilers  are  given  with  the 
question.  Therefore,  it  will  be  assumed 
that  standard  conditions  prevail.  From  a 
table  of  standard  boiler  dimensions  it 
will  be  found  that  the  heating  surface  of 
a  72-inch  by  16-foot  boiler  with  3-incH 
tubes  is  very  close  to  1800  square  feet. 
For  the  two  boilers,  then,  the  total  heat- 
ing surface   would  be  3600  square   feet. 

In  average  practice  an  evaporation  of 
3  to  8  pounds  of  water  per  square  foot 
of  heating  surface  per  hour  is  obtained. 
Basing  the  estimates  upon  an  evapora- 
tion rate  of  5  pounds  per  square  foot  of 
heating  surface  per  hour  will  allow  for 
a  considerable  degree  of  forced  draft.  At 
this  rate,  then,  the  total  evaporation  of 
the  boilers  would  be 

3600  X  5  =  18,000  pounds 
of  water  per  hour.    As  a  gallon  of  water 
weighs    very    nearly    8'/j    pounds,    this 
evaporation  expressed  in  gallons  will  be 

;8,ooo  .         ,, 
j^ —  ^  :  TOO  gallons 

per  hour. 

The  size  of  pump  required  for  deliver- 
ing this  quantity  of  water  might  readily 
be  found  by  referring  to  a  pump  catalog, 
which  usually  contains  tables  of  pump 
sizes  and  capacities.  One  of  these  tables 
is   herewith   reproduced. 

Manufacturers  are  prone  to  rate  the 
pumps  higher  than  they  should  be  worked 
in  continuous  service;  hence  it  is  well 
to  check  the  catalog  figures.  For  the 
purpose  of  facilitating  the  calculations  it 
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498,960  X   100 


^  623,700  cubic  inches 


The 

size  of  a  boiler-feed 

pump 

is  calculated  to  supply  a 

typical 

boiler 

installation.     Low 

piston 

speeds  are  recommended. 

will  be  well  to  reduce  the  evaporative 
capacity  of  boilers  to  cubic  inches,  as  the 
pump  dimensions  will  all  be  derived  in 
inches. 

A  standard  United  States  gallon  con- 
tains 231  cubic  inches,  so  that  the  evap- 
oration of  2160  gallons  per  hour  reduces 
to 

2160  X  231   ==  498,960  cubic  inches 
For   continuous   service   the    speed    of 
the  water  piston  should  seldom  be  more 
than   25   feet  per  minute,   or    1500   feet 


80 

The  piston  travels  ISjOOO  inches  per 
hour;  therefore,  in  order  that  its  vol- 
umetric displacement  per  hour  may  be 
623,700  cubic  inches,  its  area  in  square 
inches  must  be 

623,700  ^  .    , 

— T ^  34-D5  square  inches 

18,000        o-t    J    ■i 

The  area  is  equal  to  the  square  of  the 
diameter  multiplied  by  0.7854.  Then, 
letting  d  represent  the  diameter  of  the 
water  piston 

0.7854  X  rf'  =  34.65 


1=     I  34-65  ^ 
Nl  0.7854 


6f  inches 


That  is,  a  7-inch  plunger  would  be 
required  if  the  pump  were  of  the  single- 
cylinder  double-acting  type.  More  prob- 
ably, however,  for  boiler-feed  purposes 
a  pump  of  the  duplex  double-acting  type 
would  be  selected.  The  calculated  pis- 
ton area  then  of  34.65  square  inches 
would  be  divided  between  two  plungers, 


C.\PACITY  IN  GALLONS  PER  HOUR  AX  60  DOUBLE  STROKES  PER   MINUTE 
Single  cylinder,  no  slip  or  leakage  allowance 


.Stroke,  Inches 

Diameter  of 

Plunger,  Inclies 

2 

3 

4 

5 

6 

' 

8 

9 

10 

., 

195 

293 

391 

489 

606 

684 

780 

880 

978 

■Jl 

300 

458 

610 

763 

900 

1,208 

1,220 

1,374 

1.500 

3 

440 

660 

880 

1,100 

1,320 

1,500 

1.760 

1,980 

2,202 

3i 

600 

900 

1,200 

1,500 

1,800 

2,100 

2,400 

2,700 

3,000 

4 

7S0 

1,200 

1,572 

1.956 

2,340 

2,748 

3,132 

3,534 

3.900 

■»i 

1,000 

1,500 

1,980 

2,478 

2,960 

3,468 

3,960 

4,464 

4.950 

1,320 

1,800 

2,440 

3,054 

3,660 

4,260 

4.890 

5,496 

6,100 

6 

1,800 

2,640 

3,528 

4,400 

5,280 

6,180 

7,050 

7.938 

8,808 

2,400 

3,600 

4,788 

6,000 

7,200 

8,400 

9,600 

10.800 

12,000 

S 

3,120 

4,700 

6,260 

7,800 

9.400 

10,980 

12,528 

14,040 

15,696 

9 

3,960 

5,940 

7,932 

9,900 

11,904 

14,220 

15,840 

17,826 

.19,800 

10 

4,890 

7.320 

9,280 

12,240 

14.688 

17,160 

19,560 

22,020 

24,500 

per  hour.  This  is  equivalent  to  a  piston 
s^eed  of  18,000  inches  per  hour.  The 
distance  traversed  by  the  piston  multi- 
plied by  its  area  will  be  the  total  volume 
displaced  by  it,  and  this  must  be  equal 
to  the  quantity  of  water  to  be  pumped, 
plus  an  allowance  for  slip  and  leakage. 

Slip  in  a  reciprocating  pump  is  a  loss 
arising  from  the  reflowing  of  a  portion 
of  the  water  through  the  valves  before 
they  have  had  time  to  seat  when  the  pis- 
ton reverses  its  motion  at  the  end  of  the 
stroke.  In  a  centrifugal  pump  the  slip 
is  the  difference  between  the  velocity  of 
the  impeller  and  that  of  the  water.  Slip 
varies  from  75  per  cent,  of  the  volume  in 
small  centrifugal  pumps  to  as  low  as  5 
or  6  per  cent,  'n  high-grade  waterworks 
pumps.  In  the  ordinary  boiler-feed  pump 
the  usual  allowance  is  about  20  per  cent, 
to  cover  this  loss.  Therefore,  if  the 
actual  amount  of  water  that  must  be 
pumped  per  hour  is,  as  figured  in  the 
present  case,  498,960  cubic  inches,  the 
water-piston  dirplacement  per  hour  must 
be 


or   pistons,    each    having    17.325   square 

inches. 

The  diameters  of  these  plungers  are 
found  by  the  same  method  as  used  in 
connection  with  the  single-cylinder  pump. 
This  gives  for  the  diameters  of  the  dup- 
lex plungers 


I 


=  4.7  inches 


0.7854 

or,   say,   4 '4    inches. 

Having  found  the  plunger  diameters 
for  both  the  single  cylinder  and  the 
duplex  types  of  pumps,  the  next  step 
is  to  fix  upon  the  length  of  stroke.  The 
length  of  stroke  multiplied  by  the 
number  of  strokes  gives  the  average 
plunger  speed.  The  plunger  speed  has 
been  established  already  at  18.000  inches 
per  hour,  so  that  it  now  remains  merely 
to  so  proportion  the  length  of  stroke  and 
the  number  of  strokes  that  their  product 
will  be  equal  to  this  speed. 

On  account  of  the  changing  and  seat- 
ing of  the  valves  at  the  end  of  each 
stroke,  the   more   time   that   is   taken   in 
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reversing  the  direction  of  motion  of  the 
plunger,  the  quieter  and  more  efficient 
the  pump  action  will  be.  Practice  has 
shown  a  diversity  of  opinion  in  this  re- 
spect, but  20  double  strokes  per  minute 
will  not  be  far  out  of  the  way  for  sat- 
isfactory service  and  the  vibration  and 
wear  and  tear  on  pumps,  valves,  piping, 
etc.,  will  be  sufficiently  reduced  to  more 
than  offset  the  saving  in  first  cost  that 
might  be  effected  by  installing  a  smaller 
but  faster-running  pump. 
At  this  rate  there  would  be 
2  X  20  X  60  =  2400 
single  strokes  per  hour  and,  as  previous- 
ly stated,  the  number  of  strokes  per 
hour  multiplied  by  the  length  of  stroke 
equals  the  plunger  travel  per  hour.  The 
latter  has  been  fixed  at  18,000  inches  and 
the  number  of  strokes  at  2400;  hence 
the  length  of  stroke  is 

i8,ooo  .    , 

=  7.S  inches 

2400         '  ^ 

Therefore,  for  the  single-cylinder  pump 
the  size  of  the  water  end  would  have  to 
be  7x7;  J  inches  in  order  to  pump  the 
required  amount  of  water  to  the  boilers 
at  40  single  strokes  per  minute. 

In  the  case  of  the  duplex  type  the 
total  plunger  area  and  the  average  num- 
ber of  strokes  are  the  same  as  that  of 
the    single-cylinder    type;    consequently, 


the  2160  gallons  per  hour  calculated, 
while  the  duplex  pump,  which  is  equiva- 
lent to  two  single-cylinder  pumps,  would, 
of  course,  have  about  the  same  pumping 
capacity  of  9000  gallons. 

It  will  be  noticed,  however,  that  the 
ratings  in  the  table  are  based  on  a  much 
higher  speed  of  operation  and  the  writer 
believes,  from  long  years  of  practical  ex- 
perience in  the  operation  of  various  types 
of  pumps,  that  better  service  in  the  long 
run  will  be  obtained  by  operating  them 
at  speeds  not  much,  if  any,  in  excess 
of  what  has  been  used  in  the  foregoing 
calculations. 

The  steam  end  of  a  pump  must,  of 
course,  drive  the  water  end,  but  in  boiler 
feeding  the  same  pressure  per  unit  area 
acts  on  both  water  and  steam  pistons. 
Therefore,  it  is  necessary  to  make  the 
latter  the  larger  in  order  to  get  sufficient 
total  pressure  to  drive  the  former.  The 
difference  in  the  sizes  of  the  two  is 
usually  fixed  somewhat  empirically  ac- 
cording to  the  work  required  of  the 
pump,  but  in  order  that  the  pump  may  be 
serviceable  under  a  wide  range  of  con- 
ditions, the  steam  piston  is  usually  made 
much  larger  than  might  be  necessary  for 
merely  overcoming  the  resistance  of  the 
water  plunger.  Then  any  excess  of  speed 
that  may  tend  to  develop,  where  the  work 
is  not  sufficient  to  hold  it  down,  is  pre- 


type   the   figures   would    be,   diameter   of 
steam  pistons, 

4;^    X    1.4   =   6.65   inches 
say,  6H   inches;   diameter  of  water  pis- 
tons, 4-?4    inches;   length   of  stroke,   7'j 
inches;    number   of  single   strokes,  each 
side,  40  cer  minute. 


How  a  Cracked  Cylinder  was 
Repaired 

At  the  No.  2  shaft  of  the  Susquehanna 
Coal  Co.,  Nanticoke,  Penn.,  can  be- found 
a  large  hoisting  engine  on  which  an  in- 
teresting repair  job  has  been  made.  The 
cylinders  are  28x32  in.,  and  each  is  fitted 
with  a  main  steam  chest,  from  which 
the  steam  is  supplied  to  both  ends  of 
the  cylinder  through  a  steam  passage 
cast  on  one  side  of  the  cylinder. 

The  outer  casing  of  the  steam  passage 
leading  to  the  head-end  port  on  one  cyl- 
inder cracked  for  a  distance  of  about  12 
in.,  which  not  only  leaked  steam,  but 
rendered  the  cylinder  dangerous  to  op- 
erate. The  hoisting  engine  is  in  constant 
use,  and  when  that  stops,  the  output  of 
the  mine  also  stops.  Hence  it  was  nec- 
essary to  make  repairs  as  quickly  as  pos- 
sible, which  was  done  in  the  following 
manner: 

Four    I'l-in.   studs  were  screwed   into 


Fig.  1.  Straps  and  Bosses  Bolted  to 
Engine  Frame 


Fig.  2.  Angle  Irons  with  Attached  Chains  Bolted  to 
Engine  Frame 


the  length  of  stroke  must  be  the  same 
in  both  types.  The  duplex  water  end 
will,  therefore,  be  4>4  inches  in  diameter 
by  llA   inches  stroke. 

These  dimensions,  both  in  the  case  of 
the  single-cylinder  and  the  duplex  types, 
are  fairly  well  in  accordance  with  stand- 
ard pump  design.  By  referring  to  the 
table  previously  given  it  will  be  found 
that  pumps  of  these  dimensions  are  rated 
at  much  higher  capacities  than  that  for 
which  they  have  been  figured  in  the 
present  case.  The  single-cylinder  pump, 
according  to  the  table,  has  a  capacity, 
neglecting  slip  and  leakage,  of  approxi- 
mately 9000  gallons  per  hour,  as  against 


vented  by  throttling  the  steam  supply  at 
the  throttle  valve.  "The  ratio  of  the  diam- 
eter of  the  steam  piston  to  that  of  the 
water  piston  is  often  fixed  at  about  1.4 
to  1. 

To  sum  up  then,  for  one  single-cylin- 
der pump,  taking  the  diameters  of  the 
steam  and  water  pistons  at  this  ratio, 
the  diameter  of  the  steam  piston  would 
be 

7  X   1.4  =  9.8  inches 
say,  10  inches;  the  diameter  of  the  water 
piston.   7   inches;   the   length   of  stroke, 
7'j    inches;    and   the   number  of  single 
strokes  per  minute,  40.     For  the  duplex 


the  frame  of  the  engine  on  both  sides, 
as  shown  on  the  accompanying  illustra- 
tions. On  the  side  of  the  cylinder  on 
which  the  crack  occurred.  Fig.  1,  four 
straps  of  wrought  iron,  each  3;^<  in. 
wide  and  %  in.  thick,  were  fitted  with 
bosses  which  were  bolted  to  the  strap  by 
five  34-in.  bolts.  Each  boss  was  drilled 
for  an  eye-bolt  to  which  was  attached  a 
■-2-in.  chain.  The  other  end  of  each  chain 
was  secured  to  an  angle  iron  which  was 
bolted  to  the  framework  on  the  opposite 
side  of  the  cylinder,  Fig.  2.  The  lagging 
and  asbestos  covering  were  then  re- 
moved from  the  cylinder,  the  chains  and 
eye-bolts  were  put  in  place  through  the 
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boles  in  the  iron  bands  and  were  screwed 
up  tight  by  bolts,  as  shown  in  Fig.   1. 

This  prevents  the  crack  from  extending 
a  greater  distance  and  practically  stops 
all  leakage  of  steam. 


The  Ewart  Clutch  Guard 

This  metallic  guard,  shown  herewith, 
incloses  the  clutch  mechanism  and  pro- 
tects the  operator  against  accidental  con- 
tact with   it. 


The  valve  can  be  reground  by  unscrew- 
ing the  locknut,  placing  a  pin  through 
the  disk  holder  and  the  stem  and  screw- 
ing in  the  valve  stem  until  the  disk  bears 
against  the  seat.  The  valve  stem  and 
disk  are  then  turned  until  the  true  surface 
is  obtained.  The  pin  is  afterward  re- 
moved so  that  the  disk  can  turn  and  seat 
in  a  new  position  each  time  the  valve  is 
closed.  The  valve-stem  packing  is  held 
in  by  a  gland   and  nut. 

In  Fig.  2  is  shown  a  removable  valve 
disk.     It  is  held  in  place  by  a  threaded 


Ewart  Clutch  Guard 

It  is  manufactured  by  the  Link-Belt 
Co..  Chicago.  111.,  for  applving  to  its 
line   of   clutches. 


Penberthv  Globe  Valve 

The  accompanying  illustrations  show 
sectional  views  of  a  new  line  of  valves 
manufactured  by  the  Penberthy  Injector 
Co.,   Detroit,   Mich. 

Fig.  1  shows  a  regrinding  globe  valve. 
For  the  body  a  form  intermediate  be- 
tween the  sphere  of  the  original  globe 
valve  and  the  flattened  shape  adopted  by 
some  makers  has  been  chosen  after  study 
and  experiment  to  determine  the  form 
of  passage  which  would  offer  the  least 
resistance  to  the  passage  of  the  fluid.  The 
bonnet  fits  to  the  valve  body  with  a 
ground  joint,  and  is  held  in  place  by  a 
locknut  which  bears  against  a  machined 
surface  on  the  upper  side  of  the  bonnet. 


washer.  Should  one  side  of  the  disk  be- 
come cut  or  worn,  it  can  be  reversed  or 
renewed  when  both  surfaces  have  be- 
come   injured. 


Goulds  Single    and    Doubl 
Acting  Triplex  Pump 

A  double-  and  single-acting  piston 
pump,  made  for  pressures  up  to  150  lb. 
and  in  capacities  ranging  from  25,680 
to  57,600  gal.  per  hour,  is  shown  in  Figs. 


Fig.   1.    Double  Acting  Triple.x   Piston 
Pump 

1  and  2.  They  are  for  general  water 
services  requiring  large  capacities  at 
moderate  pressures.  ' 

The  new  feature  of  these  pumps  is 
that  the  two  sets  of  gears  have  been 
replaced  by  a  single  gear  and  pinion. 
This  gear  is  located  between  the  two 
heavy  standards  of  the  frame.  The  pinion 


Fig.   2.    Renewable   Disk  Valve 


Single  Acting  Triplex  Piston 

Pump 

shaft  is  extended  beyond  the  frame  for 
a  pulley  or  for  direct  connection  to  an 
electric  motor  or  other  driver.  The  con- 
struction has  been  made  such  as  to  give 
easy  access  to  the  cylinders.  These 
pumps  can  be  supplied  with  bronze  plung- 
ers, cylinder  linings,  glands,  etc. 

These  pumps  are  manufactured  by  the 
Goulds  Mfg.  Co.,  56  West  Fall  St., 
Seneca  Falls.  N.  Y. 
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Conducted  to  be  of  service  to  the  men  in  charge  of  electrical  equipment  in  the  power  house 


Catechism  of  Electricity 

Inclosed    Flame-arc   Lamps 

1244.  Arc  flame-arc  lamps  built  in 
the  inclosed  form  ? 

Yes.  Most  of  the  flame-arcs  now  in- 
stalled  are   of   the   inclosed   type. 

1245.  Is  the  inclosed  type  like  the 
open   type? 

No.  The  carbons  are  arranged  in  line 
with  each  other,  like  those  of  the  ordi- 
nary carbon  arc  lamp,  and  the  mechan- 
isms are  very  similar  to  those  of  the 
ordinary   kind. 

1246.  What  kind  of  carbons  are  used 
in  the  flame-arc  lamp? 

"Mineralized"  carbons;  that  is,  rods 
which  consist  either  of  a  mixture  of 
carbon  and  certain  light-giving  salts, 
or  which  are  made  of  pure  carbon  with 
a  hole  through  the  center,  this  hole  be- 
ing filled  with  a  mixture  of  carbon  and 
salts. 

1247.  What  effect  do  the  salts  have 
upon  the  light? 

They  produce  a  much  greater  intensity 
of  light  than  carbon  alone  and  also 
counteract  the  tendency  to  give  a  bluish 
or  violet  light,  which  inclosed  carbons 
have.  The  light  is  a  brilliant  golden  yel- 
low. 

The  Metallic  Flame-arc  Lamp 

1248.  Arc  there  any  other  forms  of 
arc  lamp? 

Yes;  the 'metallic  flame-arc  lamp,  one 
of  the  common  forms  of  which  is  shown 
in  Fig.  412.  This  is  the  most  efficient 
arc  lamp  so   far  produced. 

1249.  What  voltage  is  required  by 
the  metallic  flame-arc  lamp? 

Across   the   terminals,   about   68   volts. 

1250.  Describe  the  principal  features 
of  this  lamp. 

The  lamp  takes  its  name  from  the 
metallic  electrodes  used  in  place  of  the 
carbon  rods  of  other  lamps.  Referring 
to  Fig.  412,  it  will  be  evident  that  the 
lower  electrode  is  in  the  form  of  a  but- 
ton or  plug;  this  is  made  of  copper  and 
is  the  positive  electrode.  The  upper  elec- 
trode is  a  pencil  composed  of  metallic 
oxide  called  "magnetite"  and  is  the  nega- 
tive electrode  of  the  lamp.  It  is  fed 
downward  by  a  mechanism  as  it  wastes 
away  somewhat  as  in  the  case  of  the 
ordinary  carbon  lamp.  The  positive  but- 
ton is  not  consumed;  hence  it  is  not 
necessary  to  use  the  rod  form. 

1251.  Describe  the  functions  of  the 
mechanism   shown   in   Fig.   412. 


A  diagram  of  this  mechanism  and  the 
lamp  circuits  is.shown  in  Fig.  413.  When 
the  circuit  to  the  lamp  is  closed,  the 
current  passes  from  the  terminal  P 
through  the  resistor  R,  feed  magnet  and 
contacts  ./  and  /  to  the  negative  terminal 
A'.  This  energizes  the  feeding  magnet, 
which  pulls  its  cores  EE  dow^nward  and 
thereby  lowers  the  negative  rod  into 
contact  with  the  positive  button.  This 
contact  shunts  most  of  the  current  out 
of  the  feeding  magnet,  the  current  pass- 
ing to  the  positive  button  directly  through 
the  series  cutout  magnet,  which  lifts  its 


Fig.  412.  Working  Parts  of  Lamp 

armature  /  and  opens  the  circuit  through 
the  feeding  magnet.  The  spring  above 
the  feeding  magnet  then  pulls  the  cores 
EE  up  again,  separating  the  electrodes 
and  striking  the  arc. 

1252.  How  does  the  mechanism  con- 
trol the  length  of  the  arc  as  the  rod 
burns  away? 

The  shunt  cutout  magnet  K  is  con- 
nected across  the  arc,  and  when  the  arc 


lengthens,  due  to  the  burning  away  of 
the  rod  electrode,  this  magnet  becomes 
strong  enough  to  lift  its  plunger  core 
with  the  contact  /  until  the  latter  touches 
the  contact  /,  which  was  previously  lifted 
by  the  series  cutout  magnet.  This  re- 
stores the  circuit  through  the  feeding 
magnet,  which  pulls  the  electrodes  into 
contact   again,   and    is    again   cut   out   of 


Series  Cutout 
Magnet 


Fig.  413.    Diagram  of  Mechanism  and 
Circuits 

circuit    as    just    described,    allowing    the 
spring  to  strike  the  arc  again. 

1253,  Then  the  arc  is  put  out  when 
if  becomes  too  long,  and  a  new  one  es- 
tablished? 

Yes;  the  rod  electrode  does  not  "float" 
under  the  control  of  the  feed  magnet  as 
in  the  carbon  arc  lamp.  The  spring 
pulls  the  armature  up  against  a  stop 
which  is  set  for  the  correct  length  of 
arc. 

1254.  What  is  the  reason  for  placing 
the  negative  electrode  above  the  posi- 
tive ? 

There  are  two  advantages;  the  greater 
portion  of  the  light  comes  from  the 
flame  of  volatilized  oxide  from  the  nega- 
tive electrode,  and  the  length  of  the  nega- 
tive electrode  is  not  limited  except  by 
the  height  of  the  lamp.  This  permits 
the  use  of  an  electrode  having  a  long 
burning  life.  The  latest  forms  of  mag- 
netite or  metallic  arc  lamp,  however,  are 
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made  with  the  positive  electrode  above 
and  the  negative  rod  below. 

1255.  Can  this  type  of  lamp  be  op- 
erated  on   alternating   current? 

No.  Since  the  positive  electrode  must 
be  copper  and  the  negative  electrode 
metallic  oxide,  the  current  must  always 
pass  through  the  lamp  in  the  same  di- 


FiG.   414.    StfowiNC  Air  Circulation 

rection.      Direct    cfurrent    must   therefore 
be  used. 

1256.  Is  the  negative  rod  consumed 
by   the    current  ? 

Not  entirely  r  there  is  some  ash  and 
whatever  is  not  carried  out  of  the  chim- 
ney of  the  lamp  by  the  strong  air  cir- 
culation is  deposited  in  a  little  pan  be- 
low the  lower  electrode.  Fig.  414  will 
make  these  references  clear. 

1257.  Does  the  lamp  operate  with 
constant   potential   or   constant   current? 

The  mechanism  just  described  op- 
erates only  with  constant  current,  but 
other  mechanisms  are  made  for  operation 
on   constant-potential   circuits. 

1258.  How  is  constant  direct-current 
obtained? 

Either  from  a  constant-current  direct- 
current  dynamo  or  from  what  is  known 
as  a  mercury  rectifier,  supplied  from  an 
alternating-current  circuit.  The  constant- 
current  dynamo  was  formerly  the  only 
available  source  of  such  current,  but 
since  the  development  of  the  mercury 
rectifier  the  constant-current  machine 
has   become   practically   obsolete. 

The  Mercury  Rectifier 

1259.  What  is  the  mercury  rectifier 
outfit  for  converting  alternating  current 
into   a   constant   direct  current? 

The  mercury  rectifier  outfit  consists 
of   a   constant-current    regulating   trans- 


former, a  mercury  bulb  and  a  small 
starting  transformer,  connected  up  as 
shown  in  Fig.  415  and  mounted  on  a 
panel  containing  the  necessary  switches, 
instruments,  etc.,  for  operating  it. 

1260.  Explain  the  connections  shown 
in  Fig.  415. 

The  two  secondary  coils  of  the  regu- 
lating transformer  are  connected  in 
series,  and  their  free  ends  are  con- 
nected to  the  upper  electrodes  of  the 
rectifier  bulb,  which  are  called  "anodes." 
The  two  leads  from  the  lower  terminals 
of  the  rectifier,  which  are  "cathodes," 
are  connected  to  the  secondary  terminals 
of  a  small  starting  transformer,  the 
primary  of  which  is  supplied  from  a 
small  auxiliary  secondary  coil  on  the 
regulating  transformer.  The  positive 
lead  to  the  direct-current  circuit  is 
brought  out  from  the  middle  of  the  start- 


Al-ternating  Current  Supply 


Direct  Current  Circuit 


Fig.  415.    Connections  for  Mercury 
Rectifier 

ing  transformer  secondary  winding.  The 
negative  direct-current  lead  is  brought 
out  from  the  connection  between  the 
two  main  secondary  coils  of  the  regulat- 
ing transformer. 

1261.  Describe  the  operation  of  the 
rectifier    outfit. 

The  bulb  is  tilted  so  that  the  mercury 
in  the  two  lower  electrode  pockets 
bridges  the  space  between  them,  there- 
by short-circuiting  the  starting  trans- 
former'secondary,  which  is  connected  to 
these  lower  electrodes,  or  cathodes.  When 
the  bulb  is  returned  to  the  vertical  posi- 
tion, the  breaking  of  the  mercury  bridge 
between  the  cathodes  produces  a  spark 
which  breaks  down  the  resistance  at  the 
surface  of  the  cathodes  and  vaporizes 
the  mercury,  from  which  current  passes 
freely  from  the  mercury  to  the  upper 
electrodes,  or  anodes,  which  are  of  graph- 
ite. The  alternating  electromotive  forces 
from   the   regulating  transformer,   which 


are  alternately  impressed  upon  the  two 
graphite  anodes  of  the  rectifier,  cannot 
pass  from  one  of  the  graphite  electrodes 
to  the  other,  because  the  current  can- 
not flow  from  mercury  vapor  into  a 
solid  electrode,  although  it  flows  easily 
from  a  solid  electrode  to  the  mercury 
vapor.     Each   impulse,   however,   passes 


Fig.  416.    Mercury  Rectifier  Bulb 

down  from  one  anode  through  the  vapor 
to  one  or  both  of  the  mercury  cathodes, 
from  which  they  all  emerge  in  the  same 
direction,  resolving  into  a  direct  current 
slightly   pulsating    in   character. 

1262.  Illustrate  and  describe  the  mer- 
cury rectifier  bulb  in  detail. 

The  mercury  rectifier  bulb  is  shown 
separately  in  Fig.  416.  It  consists  of  a 
pear-shaped  glass  bulb  about  7  in.  in 
diameter  at  its  largest  part,  provided 
with  four  electrodes.  The  two  upper 
electrodes,  or  anodes,  A  and  A,  are 
graphite  blocks  and  they  are  mounted 
within  glass  tubes  which  serve  to  direct 
the  course  of  the  current  from  the  anodes 
to  a  point  over  the  two  cathodes,  C  and 
C,  which  are  little  pools  of  mercury.  The 
leading-out  wires  from  thp  sr.'^rhitp 
anodes  pass  through  heavy  glass  plugs 
which  serve  to  prevent  flashing  across 
in  case  conditions  should  accidentally 
arise  to  provoke  that.  The  glass  bulb 
is  exhausted  of  air,  like  that  of  an  in- 
candescent lamp,  to  prevent  oxidation  of 
the  mercury  and  graphite. 


A  prize  of  which  the  amount  shall  be 
the  accrued  interest  at  3  per  cent,  upon 
150,000  francs  donated  for  the  purpose 
by  George  Montefiore  Levi  will  be 
awarded  in  1914  for  the  best  original 
work    presented    on    scientific    advance- 
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ment  and  progress  in  the  technical  ap- 
plication of  electricity.  The  jury  will 
consist  of  ten  electrical  engineers,  five 
of  whom  must  be  Belgian,  under  the 
presidency  of  the  professeur-directeur  of 
the  Institut  Electrotechnique  Montefiore. 
The  conditions  and  particulars  of  the 
competition  may  be  obtained  by  address- 
ing G.  L.  Hoest,  secretary-general,  31 
rue  St.  Gilles,  Liege,  Belgium. 


LETTERS 

Some  Experiences  in  a  Small 
Electric  Plant 

The  article  by  E.  M.  Graham  in  the 
issue  of  Apr.  9  reminded  me  of  the  diffi- 
culties that  were  experienced  by  some 
young  men  in  trying  to  make  a  success 
of  an  electric-lighting  business  in  a  town 
of  about  3500  inhabitants. 

The  first  attempt  in  the  electric-lighting 
line  was  made  by  the  town  authorities, 
who  constructed  a  street-lighting  system 
and  contracted  with  the  electric  company 
of  a  neighboring  town  to  supply  the 
current.  This  arrangement  became  very 
unsatisfactory  after  a  time,  particularly 
as  the  company  supplied  the  system  from 
a  water-power  plant  which  frequently 
failed  to  give  service  in   dry  weather. 

As  the  outlook  seemed  good  for  work- 
ing up  a  lighting  business,  three  young 
men  who  were  constructing  a  small  man- 
ufacturing plant  in  which  they  expected 
to  use  electric  current  thought  that  they 
might  gain  something  by  operating  the 
plant  at  night  to  light  the  town.  With 
this  in  view  a  single-phase  alternator 
was  purchased  to  be  driven  by  a  high- 
speed engine  and  a  return-tubular  boiler 
was   to   supply   the    steam. 

The  attention  required  by  the  electric 
end  of  the  business  soon  left  all  other 
departments  far  behind.  The  contract 
was  purchased  from  the  other  lighting 
company  and  the  work  of  putting  up 
commercial  lines  proceeded  quite  rapidly. 
After  the  plant  was  in  operation,  troubles 
began  to  multiply  and  the  young  men 
failed  to  realize  that  the  business  was 
not  large  enough  to  allow  them  to  hire 
all  of  their  work  done  and  that  they 
should  expect  to  do  most  of  it  them- 
selves until  the  business  was  large 
enough  to  justify  more  help.  They  hired 
two  men  to  operate  the  plant,  which  ran 
only  during  the  hours  when  lights  were 
necessary,  and  a  man  to  look  after  the 
lines  and  do  the  inside  wiring.  They 
sometimes  had   still   another  man. 

After  about  a  year  of  operation  the 
engine  began  to  give  trouble  and  it  con- 
tinued to  give  more,  until  it  finally 
wrecked  itself  so  badly  that  it  was  nec- 
essary to  buy  a  second-hand  engine 
from  another  company  and  haul  it  over- 
land and  install  it  on  the  foundation  of 
the  first  one.  Of  course,  the  bolts  did 
not  fit,  and  two  hard  pine  timbers  were 
first   bolted   down    and    the    engine    was 


bolted  to  them,  then  the  lights  were  put 
on  again  after  two  nights  of  darkness. 

The  older  engine  was  repaired  and 
preparations  were  made  to  put  it  back 
on  its  foundation,  make  a  new  one  for 
the  second  one,  buy  a  new  generator,  so 
as  to  have  a  duplicate  plant.  Before 
these  plans  could  be  more  than  thought 
of  a  careless  engineer,  after  keying  up, 
left  the  setscrew  loose  which  held  the 
key  in  the  crankpin  box,  and  it  came 
out  soon  after  starting  up  for  the  night. 
This  caused  the  engine  to  lose  a  cyl- 
inder head,  a  pair  of  guides  and  a  cross- 
head  and  to  injure  various  other  parts. 
Then  this  engine  was  pulled  off  the  make- 
shift foundation  and  the  first  one  put 
back  on  to  take  up  the  labor  as  before. 
During  the  next  six  months  the  town 
had  to  do  without  lights  only  one  night. 

The  other  engine  was  repaired,  put  on 
a  new  foundation,  and  all  arrangements 
were  made  to  put  in  another  generator, 
but  the  firm  was  not  able  to  buy  it  and 
had  to  worry  alone  as  before. 

It  can  easily  be  imagined  what  the 
lighting  service  furnished  by  this  plant 
would  be;  it  was  the  laughing  stock  for 
the  whole  town  and  there  seemed  to  be 
no  hope  of  improvement  for  there  was 
no  way  to  procure  the  extra  apparatus 
to  bring  about  better  service.  The  help 
had  to  wait  long  periods  for  their  wages, 
which  did  not  make  them  very  loyal  or 
as  interested  as  they  might  have  been. 
Yet  all  this  might  have  been  prevented 
if  the  owners  of  the  business  had  not 
tried  to  live  too  high  and  had  let  the 
plant  take  a  fair  share  of  its  income 
for  repairs  and  improvements. 

That  this  was  a  fine  opportunity  for  a 
central-station  man  as  we  understand  the 
term  today  will  not  be  denied  and  as  a 
large  electric  company  was  buying  all 
of  the  small  suburban  companies  this 
one  was  obliged  to  sell  out  to  it  or  see 
an  opposition  system  set  up  which  would 
be  immediately  patronized  by  all  those 
who   wanted   electric  service. 

G.  H.  Kimball. 

East  Dedham,  Mass. 


If  lamps  were  used  alone,  in  synchro- 
nizing "dark,"  a  broken  filament  would 
cause  trouble,  as  stated  in  the  answer 
to  "M.  H.  J.,"  and  it  would  cause  at 
least  an  objectionable  delay  in  synchro- 
nizing "bright.'" 

F.   P.  Joseph. 

Baton  Rouge,  La. 

[The  only  reliable  method  of  synchro- 
nizing is  by  means  of  a  synchronoscope, 
which  indicates  differences  of  phase 
positively    and    quantitatively. — Editor.] 


Synchronizing  with  Lamps 

Referring  to  the  inquiry  by  "M.  H.  J." 
in  the  Apr.  9  issue  as  to  the  use  of 
lamps  for  synchronizing,  I  wish  to  point 
out  the  advisability  of  using  a  voltmeter 
in  addition  to  the  lamps.  When  lamps 
are  used  alone,  the  indication  of  actual 
synchronism  is  not  possible  because  the 
eye  cannot  distinguish  small  differences 
in  brilliancy  when  synchronizing  "bright," 
and  the  filaments  will  not  show  any  color 
until  there  is  a  serious  difference  of 
potential,    when    synchronizing    "dark." 

If  a  synchronism  indicator  is  not  pro- 
vided, a  voltmeter  should  be  included  in 
the  arrangement  and  connected  across 
the  lamps  in  one  of  the  phases.  When 
the  voltmeter  reads  zero  and  the  lamps 
are  dark,  the  switch  should  be  closed. 


Burnt    Commutator    Bars 

I  have  a  25-kw.  compound-wound  gen- 
erator of  117  volts,  with  a  two-path 
armature  winding.  There  are  two  com- 
mutator segments  side  by  side  that  show 
a  discoloration  as  if  burnt;  some  days 
it  appears  regularly,  and  sometimes  not 
for  a  day  or  two,  occasionally  skipping 
four  or  five  days. 

The  discoloration  begins  on  the  out- 
side end  and  extends  along  the  two  seg- 
ments about  an  inch.  Very  little  rub- 
bing with  fine  sandpaper  is  sufficient  to 
clear  the  discoloration  and  make  the  bars 
bright  again. 

The  mica  strips  do  not  stand  above 
the  bars  and  are  not  loose  or  broken 
away  at  any  point.  Who  can  tell  me  what 
causes  the   apparent  burning? 

George   Kramer. 

Brooklyn,  N.  Y. 


A  Lighting  Circuit  for  Either 
220  or  110  Volts 

It  was  necessary  to  wire  a  building 
for  lights  in  such  a  manner  that  either 
220  or  110  volts  could  be  used  without 
changing  the  lamps.  Only  one  pair  of 
power  leads  came  into  the  building,  so 
that   only   one   voltage    was   available   at 


110  Voli  Lamps 


Extension  Blade 
\SupplY  Leads 
Mr.    Forbing's    Connections 

one  time.  When  current  supply  of  one 
voltage  was  not  available,  current  of  the 
other  voltage  was. 

In  order  to  meet  the  requirement 
described,  a  double-throw  double-pole 
knife  switch  with  an  extension  finger  on 
one  blade  was  installed  and  connected 
up  as  shown  by  the  accompanying  dia- 
gram. Closing  the  switch  to  the  left 
connected  the  lamp  circuits  in  two  series 
groups  for  the  220-volt  supply  and 
closing  it  to  the  right  put  thern  in  paral- 
lel   for    110-volt   supply. 

F.   J.    FORBING. 

Ft.   Casey,  Wash. 
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Gas   Power   Department 

Worth-while  gas-engine  and  producer  information  treated  in  a  way  that  can  be  of  practical  use 


Extensive    Use    of  Coke-Oven 
Gas* 

BV    C.    .A.    TbPPER 

The  use  of  coke-oven  gas  in  internal- 
combustion  engines  has  rapidly  developed 
until  now  a  great  number  of  large  plants 
of  this  kind  are  in  successful  operation. 
While  the  majority  of  these  plants  are  to 
be  found  in  Germany,  there  are  many  op- 
portunities   for    similar    development    in 


with  engines  built  by  the  Maschinen- 
fabrik  Augsburg-Niirnberg,  direct-coupled 
to  alternating-current  generators  from 
the  shops  of  the  Allgemeine  Elektricitats 
Gesellschaft.  at  Berlin.  There  are  nine 
of  these  units  at  present  installed,  with 
an  aggregate  rated  capacity  of  15,000 
hp.,  and  provision  is  being  made  for 
others.  The  gas  used  here  is  supplied 
from  several  batteries  of  Koppers 
regenerative  coke  ovens,  partially   illus- 


tions.  For  these  comparatively  small 
power  stations,  the  total  running  expense 
and  cost  of  upkeep  were  relatively  high, 
particularly  as  it  was  necessary  to  carry 
a  spare  engine  in  each  locality. 

Gas-enhine  Driven  Electric  Plant 

The  ob\'ious  remedy  for  such  conditions 
lay  in  the  construction  of  a  central  elec- 
tric-generating station  and  the  complete 
electrification  of  all  the  company's  plants. 


Fig.  1.  Pou-ER  Plant  Using  Coke-oven  Gas,  Eschveiler  Bergwerke  Verein 


this  country'.  The  accompanying  illustra- 
tions will  serve  to  give  an  idea  of  the 
extent  to  which  such  gas  power  is  being 
utilized  abroad.  Fig.  1  shows  the  in- 
terior of  the  electric  generating  station  of 
the  Eschweiler  Bergwerks  Verein.  at  Als- 
dorf,  Gerinany,  which  is  said  to  be  the 
largest  power  station  in  the  world,  op- 
erated on  coke-oven  gas.     It  is  equipped 


•Reprinted  from  "Coal  Age." 


irated  in  Fig.  2,  in  connection  with  which 
there  is  operated  a  byproduct  plant  for 
the  recovery  of  ammonium  sulphate,  tar 
compounds,  etc. 

Originally,  the  gas  from  the  coke  ovens 
in  use  here,  was  burned  under  boilers, 
and  the  steam  thus  produced  was  con- 
sumed in  a  number  of  isolated  engine 
plants  installed,  wherever  necessan",  over 
the  wide  area   of  the  company's  opera- 


When  it  came,  however,  to  deciding  upon 
the  type  of  prime  mover  to  be  installed, 
the  verdict  was  in  favor  of  gas  engines, 
rather  than  the  continued  use  of  steam, 
for  the  reason  that,  with  a  steam  plant 
of  even  the  most  efficient  type  ordinarily 
used,  it  is  only  possible  to  convert  into 
power  a  much  smaller  percentage  of  the 
calorific  value  of  the  gas  than  can  be 
utilized  with  gas  engines.     The  manage- 
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Fic.  2.  KoppERs  Coke  Ovens  with  Byproduct  Plant  in  Background 


work  shelves,  fans  being  used  for  forc- 
ing the  gas  through  the  filter  frames,  and 
the  tar  extractors,  originally  used,  have 
been  eliminated.  After  the  Koppers-type 
ovens  had  been  substituted  for  an  older 
type,  these  extractors  were  found  unnec- 
essary, as  the  byproduct  plant  effectually 
removed  all  tar.  A  central  chamber  also 
has  been  provided,  where,  as  the  ore  be- 
comes saturated,  it  can  be  dumped  from 
the  frames  and  regenerated  by  exposure 
to  the  air.  The  two  sides  of  the  filter  are 
operated  alternately,  so  as  to  afford  op- 
portunity for  this  freshening  process,  and 
thus  the  same  ore  can  be  used  for  a  con- 
siderable length  of  time. 

The  gas,  as  cleaned,  has  a  composition 
approximately   as   follows: 

Per 
cent. 

Carbon   dioxide CO..  2.00 

O-xygen cj..  0.S2 

Carbon   monoxide    CD  5.82 

llethane   CH,  20.8S 

Other    hydrocarbons CnHni  1.40 

Hydrogen    H:..  55.11 

Nitrogen .N\.  14.02 

100.00 

From  the  filter  plant,  the  gas  can  be 
sent  directly  to  the  gas  engines  or  to  one 


nient  therefore  decided  to  dispose  of  the 
steam  engines,  one  after  another,  and 
gradually  concentrate  the  production  of 
power  in  a  gas-engine-driven  electric 
plant. 

The  gas  being  used  under  the  boilers 
at  that  time  would  not,  however,  do  for 
use  in  gas  engines;  and  the  next  problem 
was  to  secure  a  product  sufficiently  free 
from  impurities  to  serve  this  latter  pur- 
pose. The  installation  of  a  byproduct  re- 
covery plant  was  determined  upon  at  the 
same  time,  and  this  provided  for  the  re- 
moval of  tar  compounds,  as  well  as  some 
other  deleterious  substances;  but  the  ne- 
cessity remained  for  extracting  the  large 
percentage  of  sulphur  present,  and  'o  pro- 
vide for  the  effective  removal  of  this,  a 
special  cleaning  plant  was  constructed. 
This  consists  primarily  of  layers  of  bog 
iron   laid    out   on    rough    wooden    lattice- 


Fic;.  3.  Gas-power  Plant,  at  Nancy,  France 


1 

1  '' 
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Fig.  4.  Koppers  Byproduct  Plant,  at  Oespel 


of  two  gas  holders,  having  a  combined 
capacity  of  52,500  cu.ft.,  from  each  of 
which  two  separate  lines,  with  drain-off 
valves,  etc.,  lead  to  the  power  station. 
Ordinarily  the  gas  passes  through  these 
holders.  To  insure  a  sufficient  supply  of 
gas  when  the  number  of  ovens  in  service 
is  not  equal  to  the  demand,  gas  producers 
have  been  installed  as  auxiliaries.  The 
present  output  of  power  represents  about 
twice  the  amount,  proportionately,  that 
was  formerly  obtainable  from  the  same 
number  of  ovens  when  steam  engines 
were  used. 

Combined   Gas-engine   and  Stea.m- 
turbine  System 

Without  going  further  into  the  details 
of  this  station,  the  gas-power  plant  of 
the  Royal   Prussian  Mines   for  the  Saar- 
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briicken  district,  at  Heinitz,  Germany  will 
next  be  considered  This  contains  seven 
engines,  totaling  10,000  hp.  and  two  more, 
which  are  to  be  put  in  operation  before 
long,  will  increase  the  total  to  16,000  hp. 
All  the  gas  here  used  is  supplied  from 
Koppers  ovens,  similar  to  those  shown  in 
Fig.  2,  first  passing  through  a  byproduct 
plant  and  gas  holders  of  210,000  cu.  ft. 
capacity.  There  are  no  producers  held  in 
reserve,  but  a  steam-turbine  plant  at  the 
other  end  of  the  district  is  connected 
with  this  station  by  transmission  lines  and 
is  operated  in  parallel  with  it,  supplying 
whatever  excess  power  is  needed. 

The  gas,  as  it  leaves    the    byproduct 
plant,  is  cleaned  in  a  dry  filter  and  its 


averages  only  113  B.t.u. ;  so  it  will  be 
seen  that  the  coke  ovens  furnish  a  com- 
paratively rich  gas. 

The  situation  in  the  Saarbriicken  dis- 
trict is  similar  to  that  at  Alsdorf,  but  the 
field  is  vastly  more  extensive,  as  the  dis- 
tribution system  serves  27  mines  and  ag- 
gregates more  than  70  miles  in  main 
cables,  with  a  network  of  feeder  lines. 
This  is  all  linked  together  on  the  "ring" 
plan,  and  any  point  can  be  supplied  from 
either  the  gas-engine  plant  or  the  steam 
auxiliary  station  at  the  other  end  of  the 
district.  Originally,  each  mine  or  group 
of  mines  was  served  by  its  own  steam- 
engine  plant. 

In  Fig.  3  is  shown  the  4000-hp.  power 


Power  Equivalent  of  Coke-oven 
Gases 

Taking  the  gas-power  station  at  Heinitz 
as  fairly  representative  of  advanced  Ger- 
man practice  in  the  utilization  of  coke- 
oven  gas,  it  may  be  said  that  120  ovens 
now  in  service  there,  with  the  long  cok- 
ing period  of  41  hours  and  a  daily  produc- 
tion of  6.7  tons  of  coke  per  oven,  yield 
surplus  gas  to  the  quantity  of  3,600,000 
cu.ft.  during  each  24  hours.  This  is  found, 
in  actual  operation  as  utilized  in  gas  en- 
gines driving  alternating-current  genera- 
tors, to  be  equivalent  in  electric  power 
to  about  100,000  kw.-hr.,  or  120  kw.-hr. 
per  ton. 


average    composition    may    be    given    as 
follows : 


Carbon   dioxide    CO^ 

Oxygen O; 

Carbon  monoxide    CO 

Methane     CH, 

Other   hydrocarbons    ....  CnHm 

Hydrogen    H; 

Nitrogen N; 


It  will  be  noted,  in  both  the  cases 
cited,  that  the  gas  from  coke  ovens  is 
not  unlike  natural  gas,  although  lower 
in  methane.  At  Alsdorf  it  runs  from  340 
to  450  B.t.u.  per  cu.ft.,  and  at  Heinitz 
from  470  to  540  B.t.u.  The  producer 
gas  generated  in  the  auxiliary  plant  of  the 
Eschweiler  Bergswerk  Verein,  at  Alsdorf, 


station  of  the  Societe  Anonyme  des 
Hauts-Fourneaux,  Pompey,  near  Nancy, 
France,  which  is  practically  identical  in 
appearance  and  in  the  design  of  the  elec- 
tric units  with  the  3000-hp.  plant  of  the 
Rheinpreussen  Colliery,  Homberg,  Ger- 
many, operating  on  coke-oven  gas. 

Fig.  4  illustrates  one  of  three  Nurnberg 
gas  engines,  aggregating  6000  hp.,  run- 
ning on  coke-oven  gas  in  the  power  plant 
of  the  Powell  Duffryn  Steam  Coal  Co., 
Ltd.,  at  Bargoed  near  Cardiff,  Wales,  and 
a  similar  plant  of  the  same  capacity,  but 
with  direct-current  generators,  is  oper- 
ated by  the  Luxemburger  Bergwerks  & 
Saarbriickner  Eisenhiitten  A.  G.  at  Bur- 
bach,  near  Saarbriicken,  Germany,  on  a 
combination  of  blast-furnace  and  coke- 
oven  gas. 


Comparing  this  with  the  installation  of 
560  Koppers  ovens  made  for  the  Steel 
Corporation  at  Gary,  Ind.,  with  a  coking 
time  of  16  to  18  hours  and  a  yield  of 
surplus  gas  amounting  to  about  45,000,- 
000  cu.ft.,  some  idea  can  be  obtained  of 
the  enormous  power  possibilities  of  the 
latest  byproduct  system.  By  "surplus" 
gas  is  meant  the  quantity  available  after 
heating  the  regenerative  ovens,  which  re- 
quires from  50  to  65  per  cent,  of  the 
whole,  and  after  deductions  are  made 
for  other  minor  purposes.  Taking  as  a 
basis  the  figures  compiled  by  German  en- 
gineers, prior  to  the  recent  increase  in 
coking  capacity,  it  is  apparent  that  up- 
ward of  2,800,000  kilowatt-hours  of  elec- 
tric energy  would  be  available  each  day 
of  the  year,  if  all  the  coke  consumed  were 
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t»  be  produced  in  modern  byproduct 
ovens.  Even  this  does  not  allow  for  re- 
duced coking  periods  and  refinements  of 
practice  such  as  have  been  introduced  at 
Joliet,  Gary,  Birmingham  and  elsewhere 
in  this  country.  However,  it  might  not  be 
economical  to  convert  all  this  energy  into 
electric  power,  as  there  is  usually  a  good 
market  for  much  of  the  gas  for  illumina- 
tion and  heating  in  cities  and  towns;  but 
the  surplus  for  utilization  in  internal-com- 
bustion engines  wouM  still  be  large. 

Where  the  gas  is  to  be  used  in  gas  en- 
bines,  the  byproduct  plant  is  a  necessity; 
for  otherwise  the  matter  carried  in  sus- 
pension and  chemically  combined  with  the 
gas  cannot  be  removed  without  dispro- 
portionate expense.  In  connection  with 
the  origin  of  the  byproduct  system,  it  is 
interesting  to  note  that  an  Alsatian  coke- 
maker  named  Stauf,  of  Saarbriicken, 
made  practical  experiments  along  this  line 
with  a  battery  of  ovens,  as  far  back  as 
1772. 

Byproduct  Recovery  Plants 
Since  that  time,  and  particularly  in  re- 
cent years,  a  number  of  effective  systems 
have  been  developed;  among  the  best 
known  are  the  Semet-Solvay,  Otto  Hoff- 
man, Otto  and  Koppers.  A  typical  plant 
for  the  recovery  of  byproducts,  and  con- 
sequently the  preliminary  cleansing  of  the 
gas,  is  described  by  Prof.  Chas.  E.  Mun- 
roe,  of  George  Washington  University,  in 
his  report  to  the  U.  S.  Government  on 
coke  making.  First  in  importance  in  such 
plants,  are  the  exhausters,  which  remove 
the  gas  from  the  ovens,  draw  it  through 
the  mains  and  coolers,  force  it  through 
tar  scrubbers,  where  the  tar,  which  exists 
in  finely  divided  particles  in  suspension, 
is  removed  through  friction,  and  thence 
lead  it  to  the  ammonia  scrubbers.  These 
are  followed  by  the  ammonia  recovery 
plant,  where  weak  ammoniacal  liquor  is 
converted  by  distillation  into  concentrated 
crude  liquor  or  into  ammonium  sulphate. 
The  gas  itself  passes  from  the  ammonia 
scrubbers  to  the  benzol  recovery  plant, 
where  benzol  is  obtained  by  scrubbing  it 
with  dead  oil.  It  is  then  drawn  through 
the  dry  filter  previously  described,  for 
the  separation  of  the  remaining  sulphur 
and  cyanogen  compounds.  The  details 
and  ramifications  of  byproducts  plants 
vary  widely,  because  the  substances  ob- 
tainable from  crude  coke-oven  gas  are 
quite  numerous.  So  far  as  the  subject 
of  this  article  is  concerned,  however,  the 
main  object  is  to  strip  the  gas  of  every- 
thing carried  in  suspension  which  would 
be  deleterious  to  the  cylinders  or  other 
parts  of  gas  engines,  and  deliver  it  at  the 
final  dry  filter  plant  with  only  such  chem- 
ical compounds  as  are  there  readily  re- 
movable. Fig.  4  is  a  view  of  a  Koppers 
plant  at  Oespel,  Germany,  showing  the 
condensers,  coolers,  tanks,  etc. 

Additional  power  from  coke  ovens  can 
also  be  obtained  by  utilization  of  the 
waste  coke,  or  coke  "riddlings"  in  a  pro- 


ducer especially  designed  for  that  pur- 
pose. This  system  will  be  described  in  a 
later  article. 

As  previously  mentioned,  the  gas  is 
customarily  passed  through  holders,  in 
which  it  is  blended,  and  then  drawn  by 
natural  suction  to  the  cylinders  of  the  gas 
engines.  The  four  stroke-cycle,  double- 
acting  type  of  engine  has  been  most  suc- 
cessfully used  abroad;  and  for  large 
plants  twin-tandem  machines,  with  heavy 
flywheel  rotors  in  the  generators  are  pre- 
ferred. Quality,  or  constant  compression, 
regulation  has  displaced  the  quantity  reg- 
ulation originally  tried,  and  with  this 
change  there  have  been  removed  the  prin- 
cipal difficulties  which  were  still  encoun- 
lered  after  the  problem  of  cleaning  the 
gas  had  been  solved.  Trouble  with  the 
stuffing  boxes,  uneven  heating  of  the  cyl- 
inders, distortion  of  piston  rods,  defective 
ignition  systems,  etc.,  which  were  so  dis- 
couraging at  first  and  had  such  a  deter- 
rent influence  upon  similar  efforts  in 
this  country,  have  practically  been  elim- 
inated. Water  jacketing  and  cooling,  lu- 
brication, etc.,  have  also  been  made  both 
effective  and  economical. 


Gas-Producer  Investigations  of 
the  Bureau  of  Mines 

The  forthcoming  annual  report  of  the 
director  of  the  Bureau  of  Mines  in  re- 
ferring to  the  gas-producer  investigations 
being  carried  on  by  that  department, 
says : 

"These  investigations  were  undertaken 
with  a  view  to  the  possible  discovery 
of  more  efficient  means  of  utilizing  coals 
without  smoke  in  various  government 
power  plants,  and  especially  to  the  pos- 
sible discovery  of  a  more  efficient  means 
of  generating  producer  gas  for  use  as 
power   on    board    government    ships. 

"Accordingly,  a  small  experimental 
producer  of  150  hp.  was  erected  for 
these  investigations.  It  has  been  operated 
at  high  temperatures  for  the  purpose  of 
d-etermining  the  possibility  of  removing 
the  ashes  from  the  producer  in  the  form 
of  a  liquid  slag,  and  of  improving  the 
quality  of  gas  for  power  purposes,  toke 
was  the  principal  fuel  used;  limestone 
was  added  in  varying  proportions  to  aid 
in  fluxing  the  ash  and  thus  making  the 
slag  more  liquid.  It  was  found  that  with 
coke  and  the  proper  proportion  of  lime- 
stone the  ash  can  be  made  to  slag  readily 
and  to  flow  freely.  The  operation  of 
the  producer  at  high  temperatures  showed 
also  that  the  quality  of  the  gas  is  much 
improved  because  of  the  greater  reduc- 
tion of  carbon  dioxide  to  carbon  mon- 
oxide   at    such    temperatures. 

"The  producer  has  water-cooled  tuyeres, 
and  the  lining  of  that  part  of  the  pro- 
ducer subject  to  high  temperature  is  of 
special  brick.  Back  of  these  bricks  is 
a  water-coil  cooling  device,  which,  it  is 
believed,  will  aid  in  preventing  rapid 
deterioration  of  the  lining." 


LETTER 

Broken  Piston 

The  accompanying  illustration  shows 
the  location  of  a  break  in  the  piston  of 
a  13x20-in.  single-cylinder  horizontal 
250-r.p.m.,   four-stroke-cycle   gas  engine. 

The  piece  broken  out  is  about  10  in.  in 
diameter  with  two  cracks  extending  part 
way  around  the  piston,  as  shown;  one 
crack  is  5  in.  long  and  the  other  2  in. 
long.  The  crnsshead  pin  was  loose  in  the 
piston,  which  undoubtedly  was  the  main 
cause  of  the  break,  although  several 
other  causes  helped. 

A    new    shop    was    being    built,    and 


Section  Broken  out  of  Piston 


most  of  the  machines  were  transferred 
to  the  new  shop,  leaving  the  engine 
running  under  a  very  light  load  at  the 
time,  and  it  began  to  backfire  severely, 
which  put  added  strain  on  the  loose  pin. 

The  engine  had  been  in  service  10 
hours  a  day,  for  five  years,  and  under 
a  heavy  load  most  of  the  time  to  within 
a   few  weeks  before  the   accident. 

M.   W.    Utz. 

Minster,  Ohio. 


Clarion  River  (Penn. )  Power 
Proiect 

The  Pennsylvania  Water  Supply  Com- 
mission has  announced  the  conditions 
upon  which  it  would  approve  the  charters 
of  the  18  companies  interested  in  the 
Clarion  River  power  project,  the  general 
idea  being  that  these  companies  will 
be  merged  into  one  organization  later. 

The  companies  must  not  build  an  ob- 
struction or  dam  without  the  commis- 
sion's approval;  they  must  file  a  map 
showing  the  area  which  would  be  af- 
fected by  the  damming  of  the  streams, 
and  also  the  extent  to  which  the  reser- 
voirs formed  can  be  used  to  lessen  the 
flood  dangers  in  the  Clarion  and  Al- 
legheny Rivers.  The  state  reserves  the 
right  to  inspect  the  work  and  requires 
reports  from  two  recognized  engineers. 
The  operation  of  reservoirs  so  far  as 
floods  and  low  water  flow  are  concerned, 
are   to  be   subject   to   state   control. 

The  requirement  of  the  United  States 
engineers  in  this  district  as  to  the  stored 
water  must  be  lived  up  to,  thus  protect- 
ing the  water  supply  at  down-river  places. 
The  companies  must  also  satisfy  the 
commission  within  18  months  of  their 
ability  to  proceed   with   the  work. 
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Refrigeration  Department 

Principles  and  operation  of  ice-making  and  refrigerating  plant  and  machinery 


Annual  Meeting  of  the  Ameri- 
can Association  of  Re- 
frigeration 

On  May  6  and  7  the  American  Associa- 
tion of  Refrigeration  held  its  annual 
meeting  in  the  New  Willard  Hotel,  Wash- 
ington, D.  C.  Plans  for  the  forthcom- 
ing international  congress  of  refrigera- 
tion were  passed  upon  and  committees 
selected  to  carry  on  the  work,  new  officers 
and  committees  for  the  association  were 
elected  and  reports  were  made  by  the 
various  standing  committees. 

The  first  session  was  opened  at  10:30, 
Monday  morning,  with  an  address  by 
President  William  J.  Rushton,  of  Bir- 
mingham, Ala.,  and  was  followed  by  the 
report  of  the  secretary,  who  said  that 
during  the  year  54  names  had  been  added 
to  the  419  reported  at  the  last  meeting. 

.^n^ouncement  was  made  that  E.  H. 
Larkin,  president  of  the  Larkin  &  Schaefer 
Chemical  Co.,  of  St.  Louis,  and  a  mem- 
ber of  the  association,  had  offered  to 
the  David  Rankin,  Jr.,  School  of  Me- 
chanical Trades  sufficient  money  to  in- 
stall a  refrigerating  plant  in  the  school 
provided  it  should  be  used  in  instructing 
its  pupils  in  the  practical  operation  of 
such  machinery  and  in  addition  give  a 
course  on  refrigeration.  The  Tait  & 
Nordineier  Engineering  Co.,  of  St.  Louis, 
offered  to  make  the  necessary  plans  for 
the  refrigerating  plant  without  remunera- 
tion. The  spirit  which  prompted  these 
offers  was  highly  commended  on  the 
suggestion  of  the  secretary,  as  these  ac- 
tions made  it  possible  to  put  in  the  first 
installation  of  this  character  under  the 
auspices  of  the  American  Association  of 
Refrigeration. 

In  addition,  the  secretary  has,  upon  the 
request  of  the  chairman  of  the  board  of 
engineers  on  educational  work,  communi- 
cated with  all  the  schools  of  technology 
and  other  similar  institutions  in  the  coun- 
try for  the  purpose  of  ascertaining  which 
institutions  were  equipped  with  refrigera- 
tion machinery  and  also  which  were  giv- 
ing instruction  on  refrigeration.  Many 
institutions  expressed  their  willingness  to 
extend  their  present  courses  on  refrigera- 
tion and  others  to  add  this  instruction. 
The  data  and  replies  received  were  re- 
ferred to  the  board  of  engineers  for  con- 
sideration. 

The  most  important  work  of  the  ex- 
ecutive committee,  of  which  Theodore  O. 
Vilter  is  chairman,  was  the  preparation 
of   a   preliminary   announcement   of   the 


third  inte^fnational  congress  of  refrigera- 
tion to  be  held  during  the  month  of 
September,  1913.  The  report  outlined 
the  objects  of  the  congress,  which  in 
brief  are  to  provide  opportunity  and 
means  for  drawing  into  concerted  and 
harmonious  effort  of  the  scientific  and 
practical  men  of  the  world  engaged  in 
developing  the  science  and  art  of  refrig- 
eration, to  encourage  education  and  gen- 
eral progress  in  the  refrigerating  and 
ice  industries,  to  determine  correct  basic 
data  and  standards  employed  in  refrigera- 
tion, to  stimulate  investigation  experi- 
ments and  tests  to  demonstrate  correct 
solutions  of  scientific  technical  and  in- 
dustrial problems,  to  determine  the  best 
methods  of  applying  refrigeration  to 
perishable  foods,  to  encourage  the  expan- 
sion of  trade  and  to  study  existing  laws 
that  in  any  way  affect  legitimate  in- 
dustrial and  commercial  interests  em- 
ploying refrigeration.  This  was  followed 
by  a  statement  on  the  eligibility  of  mem- 
bers, the  dues  and  other  details.  The 
duties  of  the  various  officers  and  com- 
mittees, rules  for  sessional  procedure  and 
for  the  handling  of  papers  were  also 
presented.  A  tentative  program  and  a 
list  of  officers  for  the  coming  congress 
were  offered  to  the  association  for  ap- 
proval. 

On  Tuesday  the  program  was  adopted, 
subject  to  change,  and  the  officers  sug- 
gested by  the  committee  were  elected 
The  President  of  the  United  States  agreed 
to  act  as  patron  and  the  Hon.  James 
Wilson,  Secretary  of  Agriculture,  was 
made  honorary  president.  The  vice-presi- 
dents were  G.  H.  Powell,  Los  Angeles, 
Calif.;  Homer  McDaniel,  Cleveland, 
Ohio;  Theodore  O.  Vilter,  Milwaukee, 
Wis.?  and  W.  J.  Rushton,  Birmingham, 
Ala.  J.  F.  Nickerson,  of  Chicago,  was 
made  secretary-general  and  James  B. 
Forgan,  of  Chicago,  treasurer-general. 

The  most  extended  reports  of  standing 
committees  were  those  of  J.  E.  Starr, 
chairman  of  the  commission  on  testing  re- 
frigeration machinery  and  insulating  ma- 
terials, and  of  Peter  Neff,  chairman  of 
the  commission  on  industrial  refrigera- 
tion. 

The  scope  of  the  work  of  the  commis- 
sion headed  by  Mr.  Starr  has  so  far 
included  methods  of  testing  the  capacity 
of  refrigerating  machinery;  first,  by  brine 
circulation,  where  the  total  work  of  the 
machine  is  used  for  cooling  brine,  and 
also  by  testing  the  weight  of  the  working 
fluid  condensed  and  evaporated  in  ma- 
chines using  a  liquefiable  gas.  The  meth- 


ods under  consideration  are  weighing 
liquids  in  alternative  receivers  and  also 
measuring  in  alternating  calibrated  re- 
ceivers from  gage-glass  readings. 

The  commission  is  collecting  data  on 
the  average  relation  of  the  actual  amount 
of  fluid  handled  by  various  types  of  com- 
pressors to  the  nominal  displacement  fig- 
ured from  the  dimensions  and  speed  of 
the  compressor  in  order  to  establish  as 
far  as  possible  an  approximate  standard 
volumetric  efficiency,  and  therefore  an 
estimate   of  capacity. 

Efficiency  tests,  showing  the  relation  of 
power  used  per  unit  of  refrigeration  ac- 
complished, is  anothe^r  subject  on  which 
the  commission  is  working  and  it  is  also 
looking  into  the  strength  of  materials  and 
methods  of  construction,  standardization 
of  fittings,  surfaces,  etc. 

It  has  taken  up  the  various  methods  of 
testing  insulation  heretofore  followed  by 
different  investigators  and  concludes  that 
the  most  practical  data  desired  are: 

1.  Transmission  of  air  from  one  side 
of  the  insulation  to  air  on  the  other,  both 
in  fan-induced  moderate  circulation. 

2.  Transmission  from  air  on  one  side 
to  air  on  the  other  side,  both  in  natural 
circulation. 

3.  Transmission  from  warm  air  on  one 
side  to  a  cold  liquid  on  the  other,  the 
liquid  practically  quiescent  except  for  cir- 
culation set  up  by  convection  in  the  liquid. 

4.  Transmission  from  warm  air  on  one 
side  to  a  cold  liquid  on  the  other  at 
various  rates  of  speed  of  liquid  against 
the  surface. 

5.  Transmission  from  air  through  in- 
sulation to  the  cold  liquid  in  pipes  at 
various  rates  of  speed  of  the  liquid. 

At  a  later  date,  the  commission, hopes 
to  report  its  recommendations  on  the  fol- 
lowing points:  number  of  square  feet  of 
insulation  to  be  considered  as  standard 
for  tests,  location  and  number  of  ther- 
mometers per  square  foot,  distance  of 
thermometer  bulls  from  the  surface  of 
the  insulation,  methods  of  measurement 
of  the  amount  of  heat  conditions  as  to 
moisture,  and  arrangement  of  test  ap- 
paratus that  may  be  deemed  standard. 

It  has  been  greatly  hampered  by  the 
great  difference  in  various  tabulations 
given  by  different  authorities  as  to  the 
properties  of  working  fluids  used  in  re- 
frigerating processes.  It  has  endeavored 
to  secure  the  best  and  supposedly  most 
correct  tabulations,  but  on  submitting 
them  to  physicists  in  this  country  it  met 
with  1  still  wider  difference  of  opinion 
from  these  reviewers.     For  instance,  in 
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the  case  of  carbon  dioxide  tiie  difference 
in  calculation  in  some  cases  runs  as  high 
as  20  or  30  per  cent.  Even  the  standard 
unit,  the  latent  heat  of  fusion  of  ice, 
varies  from  142  to  144  B.t.u.,  or  about 
1.4  per  cent.  The  association  was  asked 
for  instructions  as  to  what  standards 
should  be  used  in  carrying  on  the  work 
and  will  probably  be  informed  by  the 
commission  on   standards  in  due  course. 

The  duties  of  the  commission  on  in- 
dustrial refrigeration,  headed  by  Mr.  Neff, 
are  to  answer  inquiries  as  to  the  uses  of 
refrigeration,  to  collect  information  on 
the  subjects  called  for  and  make  suit- 
able response  either  in  the  form  of  a 
letter  or  a  bulletin,  giving  the  Inquiry 
and  the  reply.  A  sample  bulletin  was 
presented  at  the  convention  in  which  the 
information  solicited  was  answered  very 
fully  and  In  convenient  form. 

A  resolution  of  regret  was  read  over 
the  death  of  J.  deLoverdo,  secretary-gen- 
eral of  the  International  Association  of 
Refrigeration,  and  a  request  from  the 
Frerel  associaticn  for  a  contribution  for 
Tellier  was  granted.  In  France,  Mr.  Tellier 
is  styled  the  father  of  refrigeration,  but 
the  American  association  was  not  willing 
to  concede  this  as  a  number  of  men  ante- 
dated him  in  this  country. 

On  Tuesday  the  various  delegates  con- 
vened at  the  Bureau  of  Standards  and 
listened  first  to  an  Interesting  address 
by  Dr.  Stratton  on  the  work  of  the  bu- 
reau. The  address  was  followed  by  a 
long  discussion  on  ways  and  means  of 
securing  an  appropriation  from  Congress 
which  would  enable  the  Bureau  of  Stand- 
ards to  carry  on  the  work  so  badly  needed 
of   standardizing    refrigerating    data. 

A.  M.  Howser,  of  the  Crane  Co.,  then 
read  a  very  interesting  paper  on  the 
standardization  of  flanges  for  ammonia 
refrigerating  equipment  which,  due  to 
Its  length,  will  be  presented  In  a  sep- 
arate article.  A  committee  was  appointed 
to  consider  Mr.  Howser's  plea  for  stand- 
ardization. 

The  election  of  the  association  officers 
closed  the  business  of  the  meeting.  The 
results  were  as  follows:  President,  W. 
J.  Rushton,  Birmingham;  vice-presidents, 
E.  O.  McCormIck,  San  Francisco;  Thomas 
Shipley,  York;  Jacob  Rupert,  Jr.,  New 
York;  Homer  McDaniel,  Cleveland;  W. 
McCochran,  Indianapolis;  George  L. 
Flanders,  Albany;  R.  H.  Tait,  St.  Louis; 
secretary,  J.  F.  NIckerson,  Chicago,  and 
treasurer,  John  S.  Field,  Chicago.  Chair- 
men of  the  various  committees  and  com- 
missions  were   also   elected. 

Luncheon  was  served  at  the  bureau 
and  afterward  the  delegates  were  split 
up  into  several  parties  and  conducted 
through  the  various  buildings  of  the  in- 
stitution. The  present  work  carried  on  by 
the  bureau  was  inspected  with  a  great 
deal  of  interest.  Its  variety  and  char- 
acter were  surprising  and  some  intima- 
tion was  obtained  of  what  might  be  done 
with  a  larger  appropriation. 


The    Value    of  Expert  Advice 

By  T.  H.  Reardon 

In  nearly  every  business  proposition 
today  It  is  of  the  utmost  importance  be- 
fore any  disbursement  of  cash  occurs  that 
the  party  contemplating  a  business  ven- 
ture, be  It  steam,  electrical,  hydraulic, 
artificial  refrigeration  or  any  one  of  a 
hundred  different  things  in  the  technical 
line,  should  have  the  advice  of  a  man 
thoroughly  competent  to  advise  and  who 
Is  at  the  same  time  independent  and 
impartial.  A  failure  to  have  proper  re- 
gard for  such  fundamental  principles,  has 
caused  many  a  man  to  part  with  his 
hoard,  or  at  least  a  good  portion  of  it.  In 
accepting  the  gold  brick  that  the  wily 
salesman  has  to   offer. 

The  manufacture  of  artificial  ice  with 
cold  storage  as  an  Important  adjunct  in  a 
certain  New  England  city  forms  the 
groundwork  of  the  following  narrative: 
The  board  of  trade  in  any  city  has  got 
to  be  recognized  as  the  exponent  of  all 
that  pertains  to  a  business  venture.  This 
is  the  popular  verdict  at  least,  and  while 
success  is  highly  lauded,  the  failures  that 
abound  in  the  schemes  fostered  by  boards 
of  trade  are  usually  given  a  very  quiet 
interment  with  none  other  than  the  Im- 
mediate relatives  In  attendance. 

Artificial  ice  making  is,  under  certain 
conditions,  a  paying  proposition  and  the 
investment  of  money  in  such  an  enter- 
prise is  in  no  way  to  be  discouraged,  but 
it  does  make  a  vast  amount  of  differ- 
ence where  the  plant  is  located. 

The  board  of  trade  in  a  certain  city  de- 
cided that  it  should  have  a  new  enter- 
prise, and  as  an  artificial-ice  plant  seemed 
to  be  the  only  thing  that  would  lower 
the  temperature  of  the  enthusiasm  that 
prevailed,  bids  were  solicited,  offers  were 
considered  and  a  S30,000  ice  plant  of  the 
absorption  type  was  soon  under  headway. 
The  building  was  rushed  to  completion 
and  soon  triple-refined  Ice  was  offered 
the  fastidious  public  at  the  same  price  as 
the  common  article  that  nature  furnished 
by  the  square  mile  in  northern  latitudes. 

The  ice  was  free  from  bacteria  and  air 
bubbles,  and  was  highly  transparent,  and 
the  argument  that  it  was  slow-melting  and 
therefore  economical  appealed  to  the  good 
housewife. 

In  a  short  time  the  slow-melting  prop- 
erties of  the  Ice,  Instead  of  giving  im- 
petus to  its  sale,  had  the  opposite  effect. 
Culinary  incumbents  understood  in  a  sort 
of  practical  w-ay  that  the  ice  was  not 
borrowing  heat  units  from  the  surround- 
ings and  the  cooler  temperature  failed  to 
touch  the  low  mark.  The  natural  ice  again 
had  ascendancy  on  account  of  its  readi- 
ness to  liquefy  without  any  special  in- 
struction  to  do   so. 

The  plant  continued  to  make  Ice  for 
about  a  year  under  conditions  that  gave 
the  largest  possible  output  for  the  amount 
of  capital   invested,  but  it  was  not  on   a 


paying  basis.  Then  artificial-ice  making 
was  cut  out  and  cold  storage  was  main- 
tained for  three  or  four  years,  likewise 
on  a  nonpaying  basis.  The  plant  was 
finally  shut  down  so  far  as  refrigeration 
was  concerned  and  the  sale  of  its  equip- 
m.ent  was  closed  out  to  a  shrewd  dealer 
in  second-hand  machinery  and  old  junk. 
He  had  a  smile  of  satisfaction  on  his 
face  as  he  informed  the  writer  that  he 
had  recovered  about  a  thousand  dollars' 
worth  of  ammonia  that  was  overlooked  by 
the  selling  party  and  himself  at  the  time 
that  the  deal  was  consummated.  The 
stock  of  calcium  chloride  has  not  been 
heard  from,  but  In  all  probability  there 
was  enough  of  it  to  yield  considerable 
revenue. 

Good,  sound  technical  advice  at  both 
the  commencement  and  the  finish  would 
have  paid  for  itself  and  left  something 
for  the  owners,  but  in  this  case,  as  in 
many  others,  the  leading  business  man 
or  the  prominent  townsman  felt  the  suffi- 
ciency of  his  own  knowledge  to  such  an 
extent  that  he  really  did  not  need  to  load 
himself  down  with  any  data  that  an  en- 
gineer   could    furnish. 


Standardization  of  Flanges  for 

Aminonia  Refrigeration 

Equipment* 

By  a.  M.  HowsERf 

The  manufacturers  and  users  of  valves 
and  fittings  for  ammonia  refrigerating 
plants  have  for  some  time  realized  the 
necessity  for  a  universal  standard  for 
flanges.  Existing  conditions  in  this  work 
have  conclusively  demonstrated  the  ne- 
cessity for  such  a  standard,  and  the  ex- 
perience of  manufacturers  and  consum- 
ers of  steam  goods  in  the  standardiza- 
tion of  flanges  has  brought  this  matter 
out  more  forcibly.  A  short  summary  of 
the  history  of  the  standardization  of 
flanges  and  flanged  fittings  for  steam 
and   water  is   in   order  at  this   time. 

As  far  back  as  August,  1S94,  the 
Master  Steam  and  Hot  Water  Fitters' 
Association  and  the  American  Society  of 
Mechanical  Engineers,  together  with  the 
manufacturers  of  valves,  fittings  and 
pipe,  at  a  conference  of  committees, 
adopted  a  standard  of  dimensions  for 
pipe  flanges,  in  sizes  2  to  48  in.  inclusive, 
for  standard  working  pressures.  While 
this  standard  was  originally  designed  for 
200  lb.  working  water  pressure,  It  is 
generally  accepted  by  the  engineers  and 
manufacturers  throughout  the  United 
States  for  steam  working  pressures  up 
to  125  lb.  This  standard  is  printed  in 
"Kent's  Handbook,"  pages  197-198,  1910 
edition. 

Previous  to  the  year   1901,  the  manu- 
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facturers  of  extra-heavy  flanged  fittings 
for  steam  did  not  have  the  same  stand- 
ard. This  was  a  source  of  inconvenience 
to  consumers  and  manufacturers  alike. 
Realizing  the  necessity  for  a  standard, 
a  conference  was  held  on  June  28,  1901, 
at  which  were  present  representatives 
of  the  various  manufacturers.  At  this 
conference  an  extra-heavy  standard  of 
sizes  2  to  24  in.,  inclusive,  was  adopted 
and  all  manufacturers  and  the  majority 
of  steam  users  are  using  it  at  the  pres- 
ent time. 

A  committee  of  the  various  manu- 
facturers of  steam  and  water  goods  are 
now  conferring  with  the  Master  Steam 
and  Hot  Water  Fitters'  Association  and 
the  American  Society  of  Mechanical  En- 
gineers regarding  a  few  proposed  changes 
and  additions  to  the  generally  accepted 
standard  for  flanged  fittings,  and  it  is 
expected  that  an  agreement  will  be 
reached  in  the  near  future. 

The  history  and  development  of  the 
standard  for  steam  and  water  goods  is 
an  excellent  guide  to  the  manufacturers 
and  users  of  valves  and  fittings  for  am- 
monia-refrigeration plants,  as  the  same 
problems  present  themselves  at  this  time 
in  the  standardization  of  flanges  for  am- 
monia goods  as  have  been  met  with  and 
solved  in  the  standardization  of  steam 
flanges.  The  disadvantages  resulting  from 
the  existence  of  numerous  ammonia 
standards  now  in  use  are  no  doubt  ap- 
parent to  both  the  manufacturers  and  the 
consumers.  The  consumer  is  put  to  con- 
stant annoyance  and  inconvenience,  be- 
cause in  replacing  valves  or  fittings  in 
his  plant  he  must  buy  goods  from  the 
original  manufacturer,  or  else  have  them 
made  special  with  the  proper  flanges. 
This  naturally  causes  delay  in  making 
repairs  and  frequently  entails  consider- 
able additional  expense,  because  of  spe- 
cial goods  which  must  be  made  up  to  fit 
the  existing  standard.  And  the  incon- 
venience to  the  consumer  is  not  confined 
entirely  to  obtaining  repairs  for  his  plant. 
When  several  different  standards  for 
flanges  exist,  a  consumer  who  contem- 
plates building  a  new  plant  must  neces- 
sarily exercise  extreme  care  in  select- 
ing goods  which  will  be  of  undoubted 
quality.  As  some  standards  may  be 
lighter  or  heavier  than  others,  it  is 
naturally  a  doubtful  question  as  to  which 
standard  is  right,  and  the  consumer  fre- 
quently runs  the  chance  of  obtaining 
goods  of  inferior  quality  as  regards 
strength  of  flanges  and  bolting. 

Where  a  universal  standard  is  adopted 
by  the  manufacturers,  it  being  the  result 
of  the  combined  experience  of  manufac- 
turers, consumers  and  engineers,  the  in- 
convenience to  the  consumer  in  making 
repairs  and  additions  to  his  plant  is  re- 
duced to  a  minimum,  as  the  goods  of  all 
manufacturers  will  then  be  interchange- 
able. Furthermore,  there  will  be  no 
doubt  in   the   mind   of  the  consumer  re- 


garding the  strength  of  flanges  and  bolt- 
ing. 

The  existence  of  several  standards  is 
annoying  and  inconvenient  to  the  manu- 
facturer as  well  as  to  the  consumer.  It 
frequently  prevents  the  former  from  ob- 
taining business  in  a  particular  plant,  be- 
cause his  standard  for  flanges  will  not 
interchange  with  the  standard  in  use  in 
that  plant.  Furthermore,  it  necessitates 
the  manufacture  of  a  greater  amount  of 
special  goods  with  flanges  made  to  inter- 
change with  some  other  manufacturer's 
goods. 

In  adopting  a  new  standard  several 
very  important  points  must  be  given  care- 
ful consideration. 

1.  It  must  be  based  upon  the  experi- 
ence not  only  of  the  consumer  but  also 
of  the  manufacturer.  A  purely  theo- 
retical standard  which  does  not  take  into 
consideration  all  the  conditions  met  with 
in  the  manufacture  and  use  of  the  goods 
would  obviously  be  of  little  value. 

2.  It  should  provide  the  consumer 
with  goods  of  ample  strength  and  qual- 
ity for  all  working  conditions,  and  be  of 
a  design  which  will  be  thoroughly  prac- 
tical from  a  manufacturing  standpoint 
and  economical  in  cost  of  manufacture. 
The  change  in  standards  should  entail 
as  little  expense  to  the  manufacturer  in 
changing  his  pattern  equipment  as  pos- 
sible, but,  of  course,  it  is  realized  that 
where  so  many  standards  exist,  it  is 
necessarily  a  difficult  matter  to  adopt  a 
new  standard  whicli  will  not  require  a 
radical  change  on  the  part  of  a  majority 
of  manufacturers. 

The  difference  in  the  standards  for 
flanges  of  the  various  manufacturers  are 
very  wide.  The  number  and  size  of  bolts 
and  the  strength  of  bolting  are  very  dif- 
ferent; the  bolt  circles  do  not  agree,  nor 
does  the  shape  of  flanges  for  a  given 
size.  Some  manufacturers  use  a  square 
flange,  others  a  scallop  or  a  round  flange, 
and  still  others  an  oval  flange.  The  di- 
mensions of  the  tongues  and  grooves  are 
also   widely  different. 

In  general,  in  adopting  a  new  standard 
the  experience  of  the  trade  in  reference 
to  the  strength  of  bolting,  the  shape  of 
flanges,  etc.,  should  be  taken  as  a  guide; 
but  it  will  be  a  difficult  matter  to  effect 
a  compromise  between  the  various  manu- 
facturers in  the  matter  of  detailed  di- 
mensions. In  other  words,  it  appears  as 
if  the  problem  resolves  itself  into  adopt- 
ing a  standard  which  experience  has 
proved  satisfactory  and  considering  the 
matter  of  expense  in  changing  patterns 
as  a  secondary  consideration. 

The  Crane  Co.  started  to  manufacture 
valves  and  fittings  for  refrigeration  plants 
over  eight  years  ago.  At  that  time  the 
same  position  was  confronted  that  this 
body  now  realizes;  as  the  company  was 
fully  aware  of  the  confusion  existing 
among  the  various  manufacturers.  At 
the  time  the  necessity  for  a  universal 
standard  was  realized  and  after  careful 


investigation  a  standard  was  adopted, 
the  quality  of  which  was  considered  fully 
commensurate  with  the  severe  service  to 
which  these  goods  are  subjected.  Briefly 
stated,  the  standard  for  extra-heavy  end 
flange  bolting,  which  had  been  agreed 
upon  by  the  manufacturers  of  steam 
goods  on  June  28,  1901,  was  adopted; 
this  applied  on  sizes  1  in.  and  up.  As 
the  manufacturers  had  adopted  no  stand- 
ard for  a  smaller  size,  two-bolt  flanges 
on  sizes  i-4  in.  and  down  were  adopted. 
The  shape  of  the  flange  was  made  oval 
where  two  bolts  are  used,  square  for  four 
bolts  and  round  for  eight  bolts.  The 
flanges  were  chamfered  on  the  face, 
which  was  in  accordance  with  the  gen- 
erally accepted  practice  for  ammonia 
goods. 

In  view  of  the  fact  that  various  styles 
of  joints  were  being  used  throughout  the 
trade,  it  was  decided  to  furnish  goods 
made  up  with  four  different  styles  of 
joints,  as  follows:  Tongue-and-groove, 
Boyle,  screwed  end  and  screwed  end  with 
gland. 

In  adopting  the  dimensions  for  the 
diameter  of  the  tongue-and-groove  and 
the  Boyle  joint,  the  diameter  of  the 
tongue  was  made  the  same  for  either  the 
Boyle  or  the  tongue-and-groove  joint. 
The  inside  diameter  of  the  tongue,  there- 
fore, was  made  slightly  larger  than  the 
outside  of  the  pipe,  and  the  outside  diam- 
eter of  the  tongue  was  made  large  enough 
to  provide  liberal   gasket  area. 

In  deciding  these  joints  the  practice 
of  all  the  leading  manufacturers  as  well 
as  the  engineering  profession  was  con- 
sidered. Furthermore,  a  standard  loca- 
tion for  the  tongues  and  grooves  was 
adopted  as  follows:  Globe,  angle  and 
cross  valves  were  made  groved  on  the 
inlets  and  tongued  on  the  outlets.  El- 
bows were  made  tongue-and-groove.  Tees 
were  made  tongue-and-groove  on  the  run 
and  tongue  on  the  branch.  Return  bends 
were  made  tongue-and-groove. 

A  standard  center  to  face  and  face  to 
face  for  both  valves  and  fittings  was 
adopted,  thus  making  it  possible  to  put 
a  valve  in  place  of  a  fitting,  or  vice  versa, 
without  changing  the  piping  or  flanges. 

While  the  demand  is  limited  on  sizes 
7  to  12  in.  for  ammonia,  there  are  calls 
for  these  goods,  and  as  the  standard  used 
for  extra-heavy  steam  is  practically  the 
same  in  Germany,  England  and  the 
United  States,  as  well  as  the  United 
States  Navy,  it  would  therefore  seem  rea- 
sonable to  use  and  adopt  the  extra-heavy 
steam  dimensions  on  all  sizes  for  am- 
monia work. 


Specialization  and  scientific  manage- 
ment, says  London  Engineering,  have 
come  about  by  a  process  of  natural  de- 
velopment, and  have  not  been  imposed 
upon  society  as  a  cut-and-dried  system 
or  a  worked-out  thesis.  It  is  simply  a 
case  of  picking  out  the  good  things  as 
they  come. 
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Co-operation  in  Power 
Plant  Testing 

In  most  power  plants  some  form  of 
record  is  usually  kept  that  will  show 
the  performance  of  the  plant  as  a  whole 
from  day  to  day.  These  records  are  of 
value  for  checking  costs  from  month  to 
month  and  also  for  comparison  with  the 
results  obtained  in  other  plants  of  sim- 
ilar size.  If  suitable  recording  apparatus 
has  been  installed,  the  performance  of 
various  groups  of  machines  can  be 
studied  as  well  as  that  of  the  whole 
plant. 

The  only  criticism  that  might  be  made 
here  of  such  a  system  is  that  these  rec- 
ords are  not  always  available  for  pub- 
licity in  the  technical  press,  where  they 
would  create  competition  among  engin- 
eers by  showing  what  other  fellow-engin- 
eers have  done  and  would  thus  act  as  a 
stimulus  to  economy. 

While  such  records  show  the  perform- 
ance of  the  plant  as  a  whole,  or  of  only 
certain  portions,  from  day  to  day,  they 
are  not  always  suitable  for  the  study  of 
the  performance  of  individual  machines, 
of  their  alterations  or  of  different  meth- 
ods of  handling  them.  For  instance,  sup- 
posing it  is  desired  to  study  the  effect 
of  changing  the  baffling  of  flue  gases  in 
a  boiler,  the  method  of  firing,  smoke  con- 
sumers, or  the  effect  of  a  change  in 
the  vacuum  on  steam  engines  or  turbines, 
such  studies  can  best  be  made  by  spe- 
cial tests.  Most  plants  are  not  provided 
with  the  necessary  apparatus  or  extra 
help  for  making  extensive  tests,  and, 
besides,  such  tests  are  often  expensive 
to  carry  out;  therefore,  in  many  cases 
a  force  of  sufficiently  skilled  observers 
would  not  be  available  in  a  single  plant. 
It  is  evident,  then,  that  there  are  many 
obstructions  and  difficulties  in  the  way 
of  the  isolated-plant  engineer  who  de- 
sires to  make  tests  in  his  own  plant. 

This  problem  has  come  up  in  othei 
countries  and  has  been  solved  in  a  very 
simple  manner  in  Germany,  where  the 
engineers  have  formed  societies  at  local 
points  to  cooperate  with  one  another  in 


power-plant  testing  and  to  jointly  own 
all  the  necessary  test  apparatus  for  mak- 
ing complete  tests  on  engines,  boilers 
and  auxiliaries.  They  have  had  the  moral 
and,  to  a  certain  extent,  the  financial 
support  of  the  plant  owners  in  this  work. 
All  their  tests  are  made  with  the  great- 
est care  and  the  results  are  accepted  as 
accurate  by  the  -engineering  world. 
Studies  are  made  of  the  various  forms 
of  stokers,  furnaces  and  smoke-consum- 
ing devices,  of  the  methods  of  burning 
certain  grades  of  coal,  of  different  types 
of  boilers,  engines,  turbines,  etc.,  and 
of  other  power-plant  apparatus.  This 
work  all  leads  to  closer  study  of  power- 
plant  problems  and  to  keener  friendly 
rivalry  between  the  engineers  of  isolated 
power  plants. 

Similar  steps  have  been  begun,  on  a 
smaller  scale,  by  a  number  of  the  op- 
erating engineers'  societies  in  this  coun- 
try, but  in  most  cases  the  available  test- 
ing apparatus  is  limited.  What  is  needed 
is  more  active  cooperation  and  a  large 
scope  of  the  activities  in  this  line. 


Fire  Drills  in  Power  Plants 

The  desirability  of  fire  drills  in  power 
plants  employing  enough  men  to  require 
organized  work  in  case  of  an  incipient 
blaze  needs  little  argument.  Where  such 
drills  have  been  tried  and  maintained 
through  long  periods  without  interruption, 
many  lessons  have  been  taught  to  the 
alert  engineer. 

Some  of  the  causes  of  poor  protective 
service  are  indicated  in  the  following 
difficulties  with  which  the  staff  had  to 
deal  in  the  case  of  a  company  which  has 
for  nearly  a  decade  been  keenly  inter- 
ested in  improving  the  protection  of  its 
physical  property.  In  one  test,  the  hose 
burst  almost  as  soon  as  it  was  subjected 
to  water  pressure.  In  another,  the  fire- 
alarm  gong  rang  so  feebly  that  it  could 
not  be  heard  more  than  a  few  feet  away 
from  the  wall  where  it  was  located.  Fail- 
ure to  get  water,  neglecting  the  valves  or 
opening  them  only  part  way  were  also 
noted  by  the  inspecting  engineer  as  ob- 
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stacles  to  efficient  fire  fighting.  Again, 
bad  couplings  were  made  in  the  hurry 
of  the  test,  the  hose  also  being  laid  with 
kinks  and  sharp  bends  which  prevented 
the  prompt  delivery  ot  water.  In  another 
instance,  the  fire-doors  stuck  and  the 
shift  on  duty  displayed  poor  team  work, 
as  there  was  no  leader  in  attacking  the 
imagined  blaze;  ignorance  of  the  loca- 
tion of  extinguishers  and  of  the  au.xiliary 
city  alarm  also  existed. 

These  points  are  most  important  in  the 
first  few  minutes  of  a  fire,  and  every 
operating  engineer  who  is  alive  to  his 
responsibilities  and  prepared  to  handle 
such  emergencies  >vill  see  to  it  that  his 
force,  through  conscientious  drilling,  does 
not  commit  such  hasty  and  ill-considered 
acts  as  were  found  in  the  single  instance 
above  outlined. 


and    includes   204   cities,   towns   and   vil-  With  one  exception,  these  men  were  dan- 

lages.     The  article   is   one   we   can   com-  gerously   burned. 

mend    to   the   attention    of   all    engineers  This    accident    was    the    result    of   one 

interested  in  that  vital   problem  of  more  man's   carelessness   and   disobedience   of 

and  cheaper  power.  orders. 


Western  Big  Things 

The  grand  scale  on  which  everything 
is  done  in  the  West  is  always  a  marvel 
to  the  uninitiated.  It  is  a  characteristic 
of  the  Westerner  to  be  bolder  in  his  un- 
dertakings than  his  cousin  of  the  East. 
He  is  accustomed  to  think  in  larger  fig- 
ures than  the  conservative  Easterner 
whether  it  is  in  acreage  of  farm  or 
orchard,  if  he  is  an  agriculturist,  or  size 
of  power  development,  or  length  of  trans- 
mission line,  if  he  is  an  engineer. 

It  is  particularly  in  the  utilization  of 
the  wealth  of  available  water  powers 
that  notable  strides  are  being  made  on 
the  distant  side  of  the  Rocky  Mountains. 
With  the  increasing  cost  of  coal  con- 
fronting us,  not  only  by  the  gradual  de- 
pletion of  the  sources  of  supply,  but  the 
shortages  that  may  come  temporarily  at 
any  time  from  labor  difficulties,  to  say 
nothing  of  the  monopolistic  control  of 
the  production  and  distribution,  it  be- 
hooves all  sections  of  the  country,  and 
of  the  world  for  that  matter,  to  acquaint 
themselves  with  progress  in  the  hydraulic 
generation  of  power. 

The  importance  of  this  subject  has 
made  it  seem  justifiable  to  devote  con- 
siderable space  in  this  issue  to  an  ac- 
count of  one  of  the  most  notable  power- 
generating  systems  in  the  world,  that  of 
the  Pacific  Gas  &  Electric  Co.  (page 
720).  While  this  company's  plants  are 
not  all  hydro-electric,  twelve  out  of  its 
total  fifteen  are,  and  the  territory  it 
serves  covers  nearly  38,000  square  miles 


Obeying    Orders 

The  enforcement  of  orders  is  one  of 
the  difficulties  chief  engineers  encounter. 
Even  though  every  other  man  on  the 
force  follows  instructions  and  one  does 
not,  the  chief  never  knows  that  the  con- 
ditions about  the  plant  are  as  they  should 
be. 

Not  infrequently  disobedience  of  orders 
results  fatally  and  more  often  in  serious 
injury  to  fellow  workmen.  It  is  bad 
enough  that  carelessness  is  sometimes  re- 
sponsible for  these  conditions,  but  more 
often  orders  are  wilfully  ignored  so  that 
the  individual  may  escape  a  slight  in- 
convenience. 

At  the  Redondo  power  plant,  on  the 
Pacific  coast,  an  installation  that  prob- 
ably earned  a  larger  bonus  for  its  build- 
ers than  any  other  in  the  world,  the  use 
of  oil-burning  lanterns  about  the  premises 
is  absolutely  prohibited  because  of  the 
danger  from  fire  due  to  gases  arising 
from  the  fuel  oil  used  in  the  boiler  fur- 
naces. 

Oil  for  immediate  use  is  stored  in  aux- 
iliary concrete  reservoirs  placed  outside 
of  the  building.  To  facilitate  its  separa- 
tion from  the  oil,  the  water  is  heated  to 
a  temperature  of  80  deg.  before  being 
pumped  to  the  oil  heaters  where  the  tem- 
perature is  raised  to   130  deg.  F. 

Electric  lights  are  so  arranged  that 
they  illuminate  the  thermometer  placed 
in  each  tank,  thereby  removing  any  ex- 
cuse for  taking  a  lighted  lantern  on  the 
platform  covering  the  tank.  This  rule 
was  disregarded,  and  as  a  consequence, 
five  men  were  severely  burned. 

Briefly,  the  cause  of  the  accident  was 
a  broken  incandescent  lamp  which  il- 
luminated one  of  the  tank  thermometers, 
and  rather  than  replace  it  with  a  new 
one  the  tankman  hunted  up  an  oil  lantern, 
and  went  on  the  tank  platform,  when 
the    gas    arising    from    the    oil    ignited. 

A  fireman  who  knew  that  the  tankman 
was  in  the  tank  attempted  a  rescue  and 
was  caught  in  a  second  explosion.  Then 
three  others,  one  of  whom  was  the  chief 
engineer,  in  rescuing  the  first  two  men 
were    also    caught    in    the    burning    oil. 


Concerning  Our  Study   Ques- 
tions 

Our  study  questions,  first  printed  as 
an  experiment,  have  been  so  well  re- 
ceived that,  in  response  to  expressions  of 
appreciation  and  requests  for  more,  we 
have  decided  to  give  five  every  week  in- 
stead of  every  other  week.  The  answers 
will  appear  one  week  later  as  before,  so 
that  each  week  we  will  have  the  answers 
for  the  previous  week's  questions  and 
five  new  ones.  We  have  also  given  the 
questions  a  more  conspicuous  head  like 
our  various  departments  and  they  will 
hereafter  appear  in  the  same  part  of  the 
paper  so  that  they  can  be  quickly  found 
by  those  interested. 

These  questions  are  not  to  be  confused 
with  the  "Inquiries  of  General  Interest," 
for  they  will  generally  be  of  a  different 
nature  and  a  different  motive  exists  for 
printing  them.  With  the  inquiries  the 
answers  are  given  at  once  so  that  there 
is  not  the  same  incentive  to  work  out 
one's  own  solution.  The  study  questions 
are  not  intended  primarily  as  direct  helps 
in  working  out  your  special  problems 
for  you  have  the  "Inquiries"  department 
for  that,  but  rather  as  exercises  for  one's 
thinking  powers,  to  cultivate  alertness, 
observation  and  common-sense  reasoning 
— in  short,  brain  developers.  On  this 
account  they  will  not  be  confined  to  any 
one  class,  but  the  object  will  be  to  give 
an  assortment  that  will  contain  some- 
thing of  interest  to  all,  mathematical, 
geometrical,  general.  Many  may  be  some- 
what in  the  nature  of  puzzles,  but  it  will 
not  be  the  purpose  to  confuse  or  make 
them  in  any  sense  tricky,  as  by  plays  on 
words,  nor  will  any  incomplete  problems 
nor  ones  impossible  of  solution  be  given. 
If  you  like  this  department  we  will 
be  glad  to  have  you  write  us,  and  any 
suggestions  as  to  kinds  of  questions  you 
would  like  to  see  or  specific  ones  you 
would  like  to  submit  will  be  welcome. 


A  Baltimore  inventor  has  discovered 
the  hollow  bridge-wall.  His  advertise- 
ments announce  that  "it  will  bum  30 
per  cent,  air  instead  of  coal."  Better  be 
getting  in  your  winter  supply  of  air. 


May  2t,   1912 


POWER 


Readers  with  Something  to  Say 

A  letter  good  enough  to  print  will  be  paid  for.     Ideas,  not  mere  words,  wanted 


Improving  a  Neglected   Plant 

In  a  Western  plant  I  found  the  equip- 
ment In  bad  condition.  The  engine  was 
pounding  and  gave  forth  a  peculiar  rat- 
tle which  the  engineer  said  he  could 
not  eliminate. 

With  the  fireman  as  helper,  I  equalized 
the  clearance,  which  was  nearly  all  on 
one  end.  On  removing  the  steam-chest 
cover  I  found  the  springs  that  held  the 
pressure  plate  on  the  valve  to  be  con- 
siderably worn  at  the  ends.  The  engine 
was  next  put  on  both  centers  and  the 
valve  given  the  required  lead  by  ad- 
justing the  eccentric  which  had  slipped 
about  '4  in.  from  its  correct  position. 
The  application  of  a  straight  plate  showed 
the  springs  to  be  so  worn  that  the  edge 
was  allowed  to  slam  and  cause  the   an- 


mediately  over  the  fire.  One  of  the  in- 
jectors worked  well,  but  the  other  did 
very  little  work.  Examination  of  the 
suction  pipe  which  took  water  from  the 
barrel,  showed  that  it  had  been  reduced 
from  1  in.,  the  correct  size,  to  '  _■  in. 
This  pipe  was  changed  to  1  in.  for  its 
entire  length,  and  a  4'j-in.  header  put  in 
at  the  boilers;  a  reducing  valve  was  also 
put  on  the  line  to  the  dry  kiln,  thus 
eliminating  the  practice  of  regulating  the 
pressure  by  hand. 

The  changes  made  resulted  in  quiet 
running  equipment  and  the  economy  ob- 
tained amply  paid  for  the  expense  of  the 
alterations. 

C.    F.    King. 

Portland,  Ore. 


Arrangement  of  Boiler  Room  Piping 

noying  rattle.  By  putting  pieces  of  '<- 
in.  round  iron  into  the  four  holes  in  the 
plate  in  which  the  springs  were  placed 
the  proper  tension  was  obtained.  The 
steam-chest  cover  was  then  replaced,  and 
the  crank  and  main  bearings  adjusted  as 
the  lost  motion  was  causing  much  of  the 
pound. 

The  boiler  room  was  laid  out  as  shown 
in  the  accompanying  illustration.  The 
steam  opening  in  the  boiler  dome  was 
4'j  in.,  which  had  been  reduced  to  2'j 
in.  A  number  of  branches  were  taken 
off  this  line  which  then  continued  on  to 
the  engine,  which  required  a  2'j-in. 
steam  pipe.  The  feed  pipe  had  been  re- 
duced from  I'^  in.  to  1  in.  and  entered 
through  the   front  head,  discharging   im- 


inner  nut  was  then  removed,  the  rod 
taken  out,  the  second  nut  unscrewed  and 
the  rod  was  then  heated  in  an  old  hand 
forge.  In  order  to  prevent  bruising  the 
threads,  one  of  the  cool  nuts  was  screwed 
on,  after  which  the  hot  rod  was  straight- 
ened with  a  hammer.  It  was  then  re- 
placed, the  nuts  adjusted  and  more  dia- 
grams taken,  which  showed  that  the 
valves  opened  at  the  proper  time  to  give 
good  results.  The  rod  showed  no  ill 
effects  of  its  heating  in  the  forge. 

W.  H.  Wakeman. 
New  Haven,  Conn. 


Accident  Bends  Eccentric  Rod 

Not  being  satisfied  with  the  operation 
of  one  of  his  engines,  a  certain  engi- 
neer borrowed  an  indicator  and,  assisted 
by  another  engineer,  proceeded  to  at- 
tach the  instrument  and  take  diagrams. 
As  the  machinery  in  the  shop  was  op- 
erated every  working  day,  he  had  to  do 
this  work  on  Sunday.  After  taking  a 
pair  of  diagrams  he  decided  to  improve 
matters  by  moving  the  eccentric  forward 
on  the  crankshaft.  It  was  necessary  to 
loosen  the  setscrew  in  the  governor  pul- 
ley and  move  it  toward  the  flywheel  be- 
fore the  eccentric  could  be  loosened. 

Having  adjusted  the  eccentric,  he 
quickly  moved  the  pulley  back  as  far 
as  it  would  go,  tightened  the  setscrew, 
and  started  the  engine.  An  unusual  noise 
called  his  attention  to  the  eccentric,  and 


Bent   Eccentric   Rod 

he  closed  the  throttle  valve.  As  the 
crank  stopped,  a  large  piece  of  cast  iron, 
broken  out  of  the  rim  of  the  pulley,  fell 
to  the  floor.  It  did  not  run  perfectly 
true,  and  being  closer  to  the  eccentric 
than  usual,  it  had  caught  the  shank  and 
bent  the  rod  as  shown  in  the  illustra- 
tion. 

An    attempt   to    heat   the   bend    with    a 
gasoline  torch  was  not  successful.     The 


Serviceable  Pipe  Joint 

In  a  large  hotel  the  entire  hot-water 
system  was  installed  with  galvanized-iron 
pipe    which,    after   considerable    service, 


Ferrule  Pipe  Joint 

was  the  source  of  much  trouble.  The 
lines  leaked  at  the  joints  and  through 
holes  in  the  pipes  and  did  much  damage 
to  the  hotel  furnishings. 

The  old  pipe  was  removed  and  extra- 
heavy  solid-drawn  copper  pipe  put  in. 
The  system  was  of  the  return-flow  type 
and,  as  the  boiler  was  fired  very  irregu- 
larly, the  expansion  and  contraction  were 
extreme.  Despite  such  unfavorable  con- 
ditions, the  new  piping  and  joints  have 
thus  far  exhibited  no  signs  of  leaking. 
This  satisfying  result  is  due  mostly  to 
the  type  of  joints  used,  which,  while 
rigid,  are  flexible  enough  to  allow  for 
the   expansion   and   contraction. 

In  the  illustration,  ,4  is  a  brass  ferrule, 
the  face  of  which  has  the  same  diam- 
eter as  the  pipe.  The  sides  are  tapered 
to  about  15  deg.  and  fit  inside  the  pipe 
as  shown  at  B;  the  flanges  are  shown 
at  C.  To  make  the  joints  the  flanges  are 
slipped  over  the  pipe  and  the  latter 
hammered  to  form  the  bell-mouth  ends. 
The   ferrule   is  then  given  a  coat  of  red 
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lead  and  entered  into  the  ends  of  the 
pipe,  and  the  flange  is  then  drawn  tight 
to  complete  the  joints.  This  installation 
was  expensive,  but  the  management  feels 
that  the  results  justify  the  investment. 
O.  G.  A.  Pettersson. 
Manitoba,  Can. 


30-in.   Siplion 

The  accompanying  illustration  show: 
one  of  four  very  interesting  siphons  used 
in  connection  with  the  condenser  equip- 
ment of  a  Western  power  house.  The 
sipihon  is  built  of  30-in.  cast-iron  pipe, 
and  the  section  shown  under  water  is 
24  ft.  long.  It  was  built  before  being 
lowered  into  the  water,  after  which  the 
cross-pieces  X  were  fastened  to  the  pil- 
ings y  by  a  driver.  The  leg  B  is  about 
12   ft.  long. 

To  start  the  siphon  at  low  water  it  is 
only  necessary  to  draw  the  air  out  by 
means  of  the  3-in.  pipe  shown  attached 
to  an  air  pump.  With  the  water  in  the 
well  about  2  ft.  lower  than  the  river,  one 
of  these  siphons  will  pass  about  24,000,- 
000  gal.  every  24  hours.     They  will  run 


The  valve  V  has  its  valve  stem  extended 
to  the  floor  above  high-water  mark. 

The  method  of  screening  the  water  is 
by  means  of  bar  screens  of  1-in.  mesh. 
There  are  four  of  these  siphons  in  the 
pumping  station,  which  has  a  daily  ca- 
pacity of  60,000,000  gal.  against  a  32-ft. 
head. 

Edward  H.  Lane. 

Kansas  City,  Mo. 


Plant  Economy 

I  have  three  125-kw.  dynamos  direct- 
connected  to  high-speed  engines,  a  steam- 
driven  duplex  air  compressor  rated  at 
200  hp.,  four  250-hp.  water-tube  boilers, 
each  connected  to  a  14-in.  steam  header 
and  also  to  a  smaller  auxiliary  header 
which  supplies  steam  through  a  reducing 
valve  at  75  lb.  to  the  pumps  and  to  all 
live-steam  lines. 

The  engines  are  designed  to  operate  at 
a  pressure  of  about  100  lb.,  but  will 
run  well  and  carry  50  per  cent,  overload 
at  160  lb.;  they  will  also  carry  their 
rated  load  with  a  pressure  as  low  as 
75  lb.  The  load  is  such  that  I  can  carry 
it  on  two  units  by  keeping  the  pressure 
up  to  120  lb.,  but  a  lower  pressure  would 
require  all  three  on  account  of  the  tem- 
porary heavy  overloads. 

By  way  of  experiment  I  intend  to 
connect    boilers    Nos.    1    and    2    to    the 
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from  three  to  five  months  without  "break- 
ing"; that  is,  losing  the  water — unless 
the  quantity  pumped  from  the  well  is 
reduced  to  about  5000  gal.  per  minute, 
when  one  out  of  the  4  will  stop  flowing. 
This  is  perhaps  due  to  the  fact  that  the 
velocity  of  the  water  is  so  reduced  that 
it  will  not  carry  the  air  down  with  it  in 
the  leg  B. 

On  the  other  hand,  if  the  water  is 
drawn  out  of  the  well  so  rapidly  that  the 
level  is  within  a  foot  of  the  end  of  the 
leg  B,  it  will  break  again,  owing  to  the 
violent  agitation  of  the  water  at  that 
point,  thus  allowing  air  to  back  up  the 
drop  leg,  in  which  case  it  is  necessary  to 
use  the  air  pump  every  six  or  eight  hours. 

The  valve  V  is  used  only  during  high 
water  or  in  case  it  is  desired  to  clean 
the  well.  During  low  water  it  is  only 
necessary  to  admit  air  to  the  siphon 
through  the  3-in.  pipe  to  stop  the  siphon. 


main  header  and  disconnect  them  from 
the  auxiliary  header  by  closing  the  valve; 
connect  boiler  No.  3  to  the  auxiliary 
header  and  disconnect  it  from  the  main 
header  by  closing  the  valve.  Boiler  No. 
4  is  out  of  service  but  it  can  be  con- 
nected to  either  header  if  I  simply  ma- 
nipulate the  two  valves;  disconnect  the 
air  compressor  from  the  main  header  and 
connect  it  to  the  auxiliary  header.  All 
the  units  now  exhaust  into  one  main 
header.  I  will  rearrange  this  piping  so 
that  the  engines  will  exhaust  into  No.  3 
boiler;  the  compressor  and  pumps  will 
exhaust  as  at  present  into  the  vacuum- 
heating  system  and  open  feed-water 
heater. 

My  plan  is  to  run  Nos.  1  and  2  boil- 
ers, supplying  steam  to  the  high-speed 
engines,  at  150  lb.  and  have  them  work 
against  a  back  pressure  of  75  lb.,  leav- 
ing an  available  working  pressure  of  75 


lb.,  which  will  necessitate  running  the 
three  generating  units.  The  air  com- 
pressor, pumps  and  live-steam  lines  will 
take  steam  from  the  auxiliary  header  at 
75  lb. 

The  auxiliary  header  will  be  equipped 
with  a  back-pressure  valve  specially  de- 
signed for  75  lb.,  providing  the  4-in.  pop 
valve  already  on  should  prove  too  small 
to  relieve  it  at  times  of  overload. 

I  expect  that  by  using  the  high-speed 
engines  as  reducing  valves,  a  saving  of 
25  per  cent,  will  be  realized.  I  am 
anxious  to  learn  how  many  of  the  in- 
terested readers  will  agree  with  me. 

W.  J.  Bailey. 

Bedford,  Ind. 


Simple  Oiling  System 

To  save  time  and  trouble  in  filling  oil 
cups  on  high-speed  or  large  engines  the 
oiling  arrangement  shown  in  the  illustra- 
tion may  be  installed.  By  its  use  all 
the  oil  cups  can  be  filled  in  less  time 
than  it  formerly  took  to  fill  the  oil  can. 

This  outfit  is  operated  by  compressed 
air,  but  steam  may  be  used  if  air  is  not 
available  by  connecting  it  as  shown  in 
the  dotted  lines.  Provision  must  then 
be  made  for  drawing  off  the  water  of 
condensation  from  the  bottom  of  the 
tank,   and   the  oil   outlet  should   be   con- 
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Arrangement  of  Oiling  System 

nected  to  the  top  of  the  tank  to  prevent 
the  water  from  flowing  to  the  cups.  A 
drain  must  be  connected  to  the  bottom 
of  the  tank  to  draw  off  the  water. 

To  operate  with  compressed  air,  close 
the  air  cock  A  and  open  the  vent  B; 
then  open  the  filling  cock  and  swing 
the  offset  under  the  faucet  on  the  filter. 
After  filling  the  tank,  close  C  and  B 
and  open  A.  The  offset  may  now  be 
turned  away  from  the  faucet  so  that 
other  receptacles  may  be  filled  from  the 
filter. 

J.   A.    Lane. 

Meriden,  Conn. 
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Questions  Before  the  House 

Comment,  criticism,  suggestions  and  debate  upon  various  articles, 
letters   and   editorials    which  have  appeared  in  previous  issues 


Oil  Pump  and  Lubricator 
Filler 

In  the  Apr.  9  issue,  W.  E.  Stickney 
comments  on  my  letter  under  the  above 
title  in  the  Jan.  23  issue.  I  agree  with 
him  in  most  of  his  statements,  but  he 
seems  to  forget  that  lubricators  differ 
in   their  construction   and   operation. 


Construction  of  Lubricator 

Mr.  Stickney  states  that  it  is  not  nec- 
essary to  drain  the  body  of  the  lubri- 
cator through  the  drain-cock  when  fill- 
ing it  with  oil.  That  may  be  true  of 
his  lubricator,  but  not  of  mine;  it  is  im- 
possible, as  shown  by  the  accompanying 
illustration,  as  water  could  not  be  forced 
beyond  the  check  valve  A.  With  a  lubri- 
cator of  this  construction  it  is  neces- 
sary to  drain  it  by  opening  the  drain- 
cock    B. 

Martin  McGerry. 

Holley,  N.  Y. 


Boilers  Tran.sfer  Water 

W.  E.  Warner's  boiler  puzzle  in  the 
/,pr.  9  issiie  may  be  rather  hard  to  an- 
swer if  one  is  not  acquainted  with  the 
plant  in  question. 

It  is  obvious  that  if  No.  1  was  the 
best  steamer,  it  surely  would  not  get  the 
water  from  No.  2,  as  No.  1  would  evap- 
orate more  water  and  the  water  level 
would  be  more  quickly  lowered.  My 
experience  is  that  the  boiler  which 
is  doing  the  least  gives  the  least  resist- 
p-ice   to  the  water  coming  into  it.     In  a 


battery  of  three  boilers  I  found  that  the 
one  next  the  stack  evaporated  water 
much  faster  than  either  the  second  or 
third  boiler,  and  that  in  order  to  keep  the 
fire  equal  it  would  have  been  necessary 
to  regulate  the  draft  so  as  to  give  the 
one  next  the  stack  no  more  draft  than 
the  other  two. 

In  this  case,  if  No.  I  boiler  is  next 
the  stack  and  a  long-bend  steam  pipe  is 
used,  I  fail  to  see  how  it  can  pull  water 
from  No.  2. 

John  Leonard. 

Columbus,   Ohio. 


Meyer's  "Power  Plant 
Testing"   Defended 

In  a  recent  number  of  Power  there 
appeared  a  rather  severe  review  of  J.  A. 
Moyer's   "Power   Plant   Testing." 

To  a  broadminded  reader  it  is  evident 
that  this  book  was  written  with  the  ob- 
ject of  conveying  to  the  student  first 
entering  a  mechanical  course,  the  un- 
derlying principles  concerning  the  test- 
ing of  various  machines  and  engineering 
materials.  To  explain  the  why  and  where- 
fore of  engineering  things  is  not  easy, 
and  must  of  necessity  be  approached 
through  laborious  and  winding  channels, 
which  to  the  experienced  theorist  seem 
to  be  unnecessary,  since  he  is  familiar 
with  the  cuts,  and,  therefore,  loses  sight 
of  the  fact  that  the  beginner  must  be 
led  slowly  and  painstakingly. 

Another  group  this  book  is  intended 
for  is  the  operating  engineers.  We  all 
know  that  an  operating  engineer,  like 
myself,  is  well  acquainted  with  the  op- 
eration of  the  various  machines  under 
his  supervision,  which  familiarity  was 
obtained  only  through  years  of  intimate 
contact  with  them,  arid  the  operation  has 
become  more  a  matter  of  habit  rather 
than  an  analytical  process  of  thinking 
of  what  he  is  doing.  As  for  the  testing 
of  the^f  machines,  the  average  operator 
is  blissfully  ignorant,  as  is  attested  by 
the  many  rudimentary  articles  on  test- 
ing various  machines  appearing  in  Power 
from   time  to  time. 

That  a  "long  felt  want"  has  been  Riled 
by  the  book  in  question  is  confirmed  by 
the  fact  that  technical  schools  all  over 
the  country,  with  prejudiced  exceptions, 
have  adopted  it  both  as  a  textbook  and 
laboratory  guide,  and  very  many  operat- 
ing engineers  like  myself  have  learned 
to   appreciate   it   most   highly. 

In   justice  to  the  author  and   to  many 


other    practical    engineers,    including    the 
writer,    1    sincerely    trust    that    you    will 
find  space  in  your  columns  for  this  letter. 
A.    Linker. 
Brooklyn,  N.  Y. 


Advertisers,    Catalogs   and 
Follow-up  Methods 

The  contributions  of  Messrs.  Bailey 
and  Dickson  on  the  above  subject  in  the 
issue  of  Feb.  21  are  true  to  reality.  Some 
firms  do  object  to  their  engineers  re- 
ceiving catalogs,  etc.,  at  the  plant,  but 
most  concerns  are  glad  to  use  the  knowl- 
edge  the   engineer   gained   by   their   use. 

I  always  have  such  correspondence 
sent  to  my  home  address,  and  discourage 
the  sending  of  follow-up  letters.  I  can- 
not understand  why  some  manufacturers 
are  reluctant  to  forward  catalogs  of  their 
product  when  they  are  requested  by  in- 
terested engineers.  The  request  is  an  in- 
dication of  progressiveness  and  frequent- 
ly means  an  eventual  sale.  When  a  re- 
quest is  flatly  ignored  it  antagonizes  what 
otherwise  might  have  been  a  good  cus- 
tomer. 

Recently  I  employed  a  man  to  care 
for  our  belting.  He  was  one  of  a  large 
number  of  applicants  and  was  put  on  be- 
cause he  said  he  was  thoroughly  familiar 
with  a  well  known  belt  dressing  and  with 
belt-lacing  machines;  he  was. 

The  mistake  made  by  many  advertisers 
lies  in  sending  follow-up  letters  before 
there  is  really  anything  tangible  to  fol- 
low. 

J.  Parnell. 

Belfast,   Ire. 


Cost  of  Power  in   New    Fng- 
land   Mills 

Mr.  Brinckerhoff's  article  on  the  cost 
of  power  in  New  England  mills,  in  the 
Apr.  9  issue,  is  interesting  but  some-- 
what  misleading.  He  makes  the  state- 
ment that  under  motor  drives  the  shaft 
friction  would  be  15  per  cent.  This  is 
evidently  an  error. 

If  it  is  assumed  that  the  friction  loss 
in  each  line  shaft  is  15  per  cent,  in  any 
mill,  it  will  mean  that  for  the  total  mill 
the  loss  will  be  far  greater  than  24  per 
cent,  as  found  in  the  Fitchburg  Yarn 
Co.  The  reason  for  this  is  that  the  fric- 
tion losses  in  a  belted  plant  are  cumula- 
tive— that  is  to  say,  the  engine  not  only 
has  to  supply  the  power  to  each  line 
shaft,  but  it  also  has  to  supply  the  power 
which   may  be  used   up   in    friction   from 
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one  shaft  to  another.  Taking  the  shaft 
farthest  from  the  engine,  it  may  require 
20  hp.  to  run  the  machinery  at  this  shaft, 
and  if  the  friction  loss  is  15  per  cent., 
the  total  power  required  to  supply  power 
to  it  would  be  20,  plus  15  per  cent,  of  20, 
or  23  hp.  The  ne.\t  shaft  also  sup- 
plies power  to  machines  of  20  hp.,  and 
it  must  therefore  transmit  43  hp.  The 
total  power  required  to  drive  this  shaft 
would  be  15  per  cent,  more,  or  49  hp., 
and  so  it  would  go  from  shaft  to  shaft. 
With  electric  drive,  this  condition  of  af- 
fairs does  not  exist. 

If  Mr.  Brinckerhoff  will  carry  this 
process  through  the  large  number  of 
shafts  in  a  yarn  mill,  and  allow  15  per 
cent,  loss,  he  will  find  that  the  total  losses 
under  these  conditions  would  be  nearer 
50  per  cent,  than  24. 

There  is  no  reason  why,  with  properly 
laid  out  shafting  and  belting  with  group 
drives,  the  loss  should  exceed  5  per 
cent.  The  loss  from  the  motor  to  the 
line  shaft  can  be  made  very  small  by 
properly  adapting  the  drive,  using  either 
chain,  rope  or  belt,  and  the  loss  from 
the  shaft  to  the  machines  can  be  made 
equally  small  if  the  conditions  are  rightly 
assumed  and  properly  laid  out.  The 
motor  efficiency  will  depend  largely  on 
the  speed  and  frequency,  but  in  motors 
of  the  size  selected  it  should  not  be  un- 
der 90  per  cent.  The  loss  in  the  line 
if  the  wiring  is  laid  out  as  it  should 
be  will  not  exceed  1  per  cent.,  niaking 
the  total  loss  but   16  per  cent. 

Mr.  Brinckerhoff  also  states  tnat  the 
friction  loss  in  the  Fitchburg  Yarn  Co. 
was  418  hp.,  or  24  per  cent.,  showing  an 
excellent  condition  of  drive  and  one 
which  would  be  very  hard  to  beat  under 
conditions  of  belt  drive.  The  figures, 
however,  are  misleading,  inasmuch  as 
they  were  obtained  without  any  load  up- 
on the  shafting;  friction  will  increase 
materially  with  the  load,  so  that  at  least 
20  per  cent,  should  he  added  to  this  fric- 
tion loss  to  cover  loading  the  shafting. 
This  would  make  the  total  power  loss 
502,  or  28.8  per  cent,  and  leave  1242  hp. 
to  operate  the  machinery.  This  1242  is 
the  indicated  horsepower  required  to 
drive  the  machinery.  The  actual  me- 
chanical horsepower  would  be  93  per 
cent,  of  this  if  the  mechanical  efficiency 
of  the  engine  is  93  per  cent.;  this  would 
leave  1155  hp.  required  at  the  machin- 
ery, or  1375  electrical  horsepower  at  the 
switchboard,  or,  at  S22.50  per  horse- 
power, a  total  cost  of  $30,937.50. 

The  present  cost  of  power  is  S29,090, 
showing  a  saving  of  S1847.50  for  the 
present  method  of  drive.  This  is  quite 
different  to  the  figures  given  by  Mr. 
Brinckerhoff,  and  proves  that  conser\'a- 
tive  figures  would  not  show  such  a  de- 
cided saving  for  the  present  method  of 
operation.  In  addition  to  this,  as  he 
states,  there  should  be  added  the  interest 
on  the  cost  of  the  equipment,  and  the 
coal  required  for  heating  and  other  pur- 


poses, in  order  to  make  the  comparison 
a  fair  one;  but  at  the  prices  submitted, 
the  electric  drive  cost  of  power  is  nearer 
the  belted  drive  than  in  the  figure  sub- 
mitted by  him.  With  the  belted  drive 
it  is  very  uneconomical  to  operate  the 
plant  in  small  sections,  as  the  friction 
loss  is  excessive;  whereas,  by  the  elec- 
tric drive,  small  sections  can  be  operated 
as  economically  as  the  large  ones,  pro- 
vided the  cost  of  power  is  on  a  flat-rate 
basis. 

It  would  be  interesting  to  make  a  care- 
ful examination  of  the  conditions  that  ex- 
ist in  the  Fitchburg  Yarn  Co.,  to  see 
what  could  be  done  by  operating  this 
plant  electrically,  power  being  supplied 
from  its  own  plant.  It  is  evident  from 
the  figures  given  that  it  would  not  be 
economical  for  the  company  to  purchase 
power  at  the  quoted  price,  but  these  fig- 
ures do  not  show  that  it  would  not  be 
economical  for  it  to  operate  its  own 
plant  electrically. 

Mr.  Brinckerhoff  states  that  it  will 
take  1  i.hp.  to  drive  4.5  looms,  while  for 
the  electric  drive  the  same  power  was 
consumed  to  drive  3.4  looms.  Does  this 
mean  that  it  took  1  i.hp.  to  drive  3.4 
looms  under  conditions  of  electrification? 
If  it  does,  it  is  evident  that  the  plant 
was  not  properly  laid  out. 

In  many  plants  the  electric  installa- 
tion has  been  too  elaborate,  individual 
motors  being  used  in  some  instances 
where  they  are  entirely  unwarranted,  or 
motors  direct-connected  to  a  line  shaft 
operating  at  such  a  slow  speed  that  the 
motor  efficiency  was  necessarily  bad. 
Under  conditions  like  this,  poor  econ- 
omy  is   inevitable. 

Henry  D.  Jackson. 

Boston,   Mass. 


If  Mr.  Hull  will  note  the  way  he  has 
his  lubricator  connected  up,  he  will  fire 
that  he  ought  to  connect  the  condensing 
line  from  the  lubricator  above  the  throi 
tie  valve;  then  it  will  work  satisfactoril; 
and  feed  both  pumps  without  furthe 
trouble.  As  at  present  connected  thi 
lubricator  does  not  get  enough  boiler 
pressure  steam  for  condensation  to  fil 
it  up  as  the  oil  goes  out. 

My  experience  is  that  there  may  b' 
too  little  or  too  much  condensation  ii 
lubricator  practice.  It  depends  on  th 
location;  if  it  is  in  a  warm  place  it  take 
more  condensation  pipe  than  in  a  col 
place. 

John  K.  Vogler. 

EUwood  City,  Penn. 


Why  Lubricator  Will  Not 
Work 

Referring  to  Mr.  Hull's  illustration  in 
his  letter  in  the  Apr.  2  issue,  valve  C 
has  nothing  to  do  with  the  working  of 
the  lubricator.  Its  proper  place  is  next 
to  the  main  steam  line;  here  it  may 
be  shut  off  if  work  is  to  be  done  on  the 
pump  or  line.  Valves  D  and  B  should 
be  located  within  24  in.  of  the  pump; 
valve  B  ought  to  be  placed  where  it 
formerly  was,  and  valve  D  left  undis- 
turbed. If  there  is  a  valve  on  the  pump 
steam  line,  valve  C  may  be  discarded. 

The  lubricator  should  be  left  where 
it  is  and  the  U-bend  removed  and  a 
small  pipe  used  to  connect  the  con- 
denser and  the  steam  line.  This  pipe 
should  have  a  vertical  length  of  about 
24  in.  and  be  provided  with  a  valve. 
Plug  the  lower  steam  connection  left 
open  by  the  removal  of  the  U-hend  by 
using  a  blind  gasket.  The  lubricator 
will    then    give   good   ser\'ice. 

M.  C.  Reynolds. 

Carey,    Ohio. 


That  the  lubricator  works  when  th 
pump  is  running  with  the  'i-in.  valve  j 
wide  open  and  using  valve  C  as  a  throi 
tie  shows  the  trouble.  The  lubricato 
being  of  the  single-connection  type,  i 
caused  to  act  by  the  vacuum  produce 
which  draws  the  oil  from  the  lubricato 

The  friction  met  with  at  valve  B  whe 
using  pump  A  and  throttling  with  valv 
C  is  enough  to  prevent  the  feeding  of  oi 
The  pipe  between  the  lubricator  and  tY 
pump  should  not  contain  a  valve  unles 
of  large  size,  so  as  to  reduce  the  fri( 
tion  to  a  minimum.  If  a  34. in.  sto| 
cock  is  used  in  place  of  the  valve  i 
and  kept  open  while  the  pump  A  is  rur 
ning,  no  trouble  will  be  experienced. 

Edward    L.    Johnson. 

Brooklyn,   N.   Y. 


Bending  Sand-Filled  Pipe 

While  reading  the  article  under  tl 
above  heading  in  the  Apr.  23  issue, 
noticed  that  the  blacksmith  was  so  bad 
scared  that  he  said  he  would  never  aga 
bend  a  piece  of  pipe  he  could  not  loi 
through.  The  accident  should  not  st( 
him  from  filling  the  pipe  with  dry  san 
as  it  will  never  blow  out. 

I  have  had  several  years'  experien 
in  pipe  bending,  and  when  making  rig! 
angle  and  U-bends  we  always  filled  t 
pipe  with  dry  sand.  In  some  shops  t 
filings  and  turnings  from  the  machi 
shop  are  added  to  the  sand,  which  shou 
be  good  and  "sharp,"  such  as  is  us 
in   the   manufacture   of  cement. 

Good  bends,  however,  may  be  ma 
without  the  use  of  sand  or  other  m 
terial  for  filling  the  pipe.  By  flatteni 
the  pipe  at  the  point  where  the  bend 
desired  and  pulling  against  the  bend, 
satisfactory  job  may  be  made.  The  u 
of  sand,  however,  is  to  be  recommend 
as  the  sand  retains  the  heat,  thus  e 
abling  even  good-sized  bends  to  be  ma 
in  one  heat.  U-bends  may  be  made  t 
tween  rollers  without  using  sand,  a 
if  care  is  exercised  they  will  turn  c 
perfect. 

J.   H.    DiEHL. 

Philadelphia,  Penn. 
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Inquiries  of  General  Interest 

Questions  are  not  answered  unless  accompanied  by  the  name  and 
address  of  the  inquirer.     This  page  is  for  you  when  stuck — use  it 


Carbonic  Acid  Refrigerating 
System 

What  are  the  objections  to  a  carbonic- 
acid    refrigerating    system? 

A.  A.  B. 

The  extremely  high  condenser  and 
suction  (pressures  required  to  operate 
them;  the  difficulty  in  keeping  the  sys- 
tem tight  on  account  of  the  high  pres- 
sure necessary;  the  very  cold  cooling 
and  condensing  water  required  to  obtain 
good  efficiency  of  operation.  The  power 
required  to  do  certain  refrigerating  work 
increases  rapidly  with  an  increase  in 
condenser  pressure.  A  leak  in  the  sys- 
tem is  not  easily  detected  as  carbonic 
acid  is  odorless;  it  does  not  give  any 
warning  of  its  presence  when  it  is  escap- 
ing, and  persons  walking  into  a  room 
filled  with  it  have  been  overcome  by  the 
gas. 


Corliss  Efigine  Valves 
Are  the   steam   valves  open,  with  the 
wristplate  central,  of  a  tandem-compound 
Corliss  engine? 

J.  K. 
If  the  valve-gear  of  each  cylinder  is 
controlled  by  a  single  eccentric,  the 
steam  valves  should  be  closed,  the  lap 
varying  with  the  size  of  the  cylinder. 
If  the  exhaust  and  steam  valves  are 
controlled  by  separate  eccentrics,  the 
steam  valves  will  be  open  with  the  wrist- 
plate  central,  and  have  a  lead  or  nega- 
tive lap  of  -h  to  t'b  in.,  depending  on 
the  size  of  the  cylinder. 


Negative  Lap 

How  much  negative  lap  should  the 
steam  valves  of  a  double-eccentric  Cor- 
liss engine  have  with  the  wristplate  cen- 
tral? 

A.  D.  K. 

There  should  be  a  lead  or  negative 
lap  of   :h. 


Coking   Arch  and  Dutch   Oven 

Under  what  conditions  is  a  coking  arch 
used  in  a  boiler  furnace,  and  what  is  a 
dutch  oven? 

J.    P. 

A  coking  arch  is  used  with  a  me- 
chanical stoker  and  is  of  such  length 
that  the  coal  is  completely  coked  by 
the  time  the  fuel  has  passed  the  arch. 
A  dutch  oven  is  a  furnace  in  which  the 
flame  of  the  burning  gases  is  confined 
in   an   oven;    that   is,   a   brick   inclosure 


of  such  size  and  shape  that  no  (lame  will 
touch  any  metal  parts  of  the  boiler  and 
hence  be  chilled  before  combustion  is 
complete. 


Inc/ined  Arches 

What  is  the  advantage  of  an  inclined 
arch  with  a  mechanical  stoker? 

K.  J. 

An  inclined  arch  sloping  in  the  direc- 
tion of  the  travel  of  the  stoker  has  the 
advantage  over  a  straight  arch  in  that 
the  heat  is  reflected  back  on  the  green 
fuel   and   aids   combustion. 


Horse  Power  oj  a  Pelton  Wheel 

What  is  the  horsepower  of  a  10'.i-ft. 
Pelton  wheel,  supplied  with  water  under 
an  effective  head  of  80  ft.  through  two 
nozzles  each  7  in.  diameter? 

F.  W.  K. 
A    formula    for  the   horsepower  of  a 
Pelton  wheel  is 

Hp.  =:  0.00496  Bcnd^  y  h^ 
Where 

E  =  Efficiency  of  the  wheel; 
c  =  Coefficient    of    discharge    from 

nozzle; 
n  =  Number    of    nozzles    of    equal 

diameter; 
d  =  Diameter  of  jet  in  inches; 
h  —  Effective    head    in    feet. 
Assuming  the  efficiency  B  to  be  80  per 
cent,   and   the    coefficient   c    =    0.9,   the 
formula  will  be  reduced  to 

Hp.  =  0.00 j(57  nd^  1/  fe^ 
Substituting  figures,  the  formula  would 
be   expressed   thus 

«/>.  =  0.00357  X  2  X  7"  V  8o3  =  250.3 


Furnace  Arches 

What  is  the  greatest  span  and  rise 
of  furnace  arches? 

P.  K. 

The  span  of  the  arches  is  approximate- 
ly the  width  of  the  boiler  firebox  and 
is  limited  therefore  only  by  the  size  of 
the  unit;  the  rise  is  approximately  1  in. 
per  foot  of  space. 


Mercurial  Barometer 

Is  the  vacuum  in  the  upper  end  of  a 
mercurial  barometer  perfect? 

C.  A. 

There  is  not  an  absolutely  perfect  vac- 
uum in  the  end  of  a  mercurial  barometer- 
There  is  present  the  vapor  of  mercury  un- 
der the  pressure  and  temperature.    It  is 


practically  impossible  to  prevent  some  gas 
being  occluded  in  the  mercury  and  re- 
leased into  the  highly  vacuous  space, 
even  if  the  mercury   is  boiled. 


Load  071  Stavholts 

What  is  the  load  per  square  inch  on 
each  staybolt  of  a  firebox  boiler,  the 
distance  between  the  centers  of  the  stays 
being  4  in.  and  the  staybolts  1  in.  in 
diameter  and  the  pressure  160  lb.  per 
square   inch? 

P.   R. 

To  find  the  load  on  each  staybolt  in 
pounds,  multiply  the  vertical  pitch  by 
the  horizontal  pitch  and  subtract  the 
area  of  one  stay.  Multiply  the  difference 
by  the  pressure  per  square  inch,  and 
divide  the  result  by  the  area  of  the  stay. 
In  this  case  it  would  be 
(4  X  4  —  0.7854)  X  160 


0.7854 


:^  3099  Ih. 


Safe  ana  Bursting  Speed  of 
Flywheels 

How  are  the  bursting  ana  safe  speeds 
of  flywheels  calculated? 

P.  S. 

As  little  or  no  assistance  is  rendered 
by  the  flywheel  arms  in  resisting  the 
centrifugal  force  which  tends  to  disrupt 
the  rim  of  an  ordinary  flywheel,  the  cal- 
culations are  based  solely  on  the  strength 
of  the  rim.  The  resistance  of  the  rim 
is  considered  with  reference  to  its  ten- 
sile strength  in  the  direction  of  the  cir- 
cumference and  is  based  upon  the  ten- 
sile strength  of  its  weakest  part,  whether 
that  may  be  at  a  point  where  its  seg- 
ments are  held  together  or  at  a  section 
of  continuous  portion  of  rim. 

To  determine  the  number  of  revolu- 
tions per  minute  at  which  a  flywheel  will 
burst,  divide  the  tensile  strength  in 
pounds  of  the  weakest  part  of  the  rim 
(taken  circumferentially)  by  its  weight 
in  pounds,  and  divide  this  quotient  by 
the  mean  radius  of  the  rim  in  feet;  ob- 
tain the  square  root  of  the  last  quotient 
and  multiply  by   135.7. 

To  determine  the  safe  speed,  use  42.88 
for  a  multiplier  in  place  of  135.7.  As- 
suming the  weight  of  cast  iron  to  be 
0.26  lb.  per  cubic  inch  and  its  safe  tensile 
strength  1000  lb.  per  square  inch  of 
section,  an  application  of  the  rule  to 
cast-iron  flywheels  having  solid  rims,  will 
show  that  they  may  be  considered  safe 
against  bursting  from  centrifugal  force 
up  to  a  rim  speed  of  6085  ft.  per  minute. 
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Study    Questions 

This  W^eek's  Questions 
Last  Week's  Answers 


6.  What  size  wire  is  required  to  carry 
a  direct  current  of  320  amperes  700  ft. 
with  a  3  per  cent,   drop   in   voltage? 

7.  A  stone  is  projected'  down  a  well 
with  a  velocity  of  50  ft.  per  second.  How 
many  seconds  will  it  take  to  reach  the 
bottom  if  the  well  is  493  ft.  deep,  neg- 
lecting air  resistance? 

8.  The  storekeeper  of  a  large  street 
railway  found  that  in  each  of  its  three 
plants  they  had  on  hand  the  same  quan- 
tity of  lubricating  oil  and  the  same  num- 
ber of  barrels.  There  were  21  barrels 
in  all,  of  which  seven  were  full,  seven 
half  empty  and  seven  empty.  How  were 
they  divided  among  the  three  plants? 

9.  The  lever  of  a  lever  safety  valve 
is  42  in.  long  from  the  fulcrum  to  the 
end  and  4  in.  from  the  fulcrum  to  the 
center  of  the  valve  stem.  The  valve  is 
3  in.  in  diameter  and  with  its  stem  weighs 
7  lb.  The  effect  of  the  weight  of  the 
lever  is  a  downward  pressure  of  14  lb. 
at  its  free  end.  The  weight  weighs  30 
lb.  At  what  pressure  per  square  inch 
will  the  valve  blow  off  when  the  weight 
is  15  in.  from  the  free  end  of  the  lever? 

10.  What  should  be  the  diameter  of 
a  cast-iron  water  main,  one  mile  long, 
laid  without  sudden  bends  or  elbows; 
to  deliver  water  at  the  rate  of  50,000 
gal.  in  ten  hours,  from  a  reservoir  hav- 
ing 200  ft.  elevation  above  the  point  of 
discharge  with  a  discharging  pressure 
of  45   lb.   per   square   inch? 


Answers  to  the  above  will  appear  in 
the  next  issue.  Answers  to  last  week's 
questions  follow: 

1.  The  mean  forward  pressure  per 
pound  of  absolute  initial  pressure  for  5 
per  cent,  clearance  and  one-quarter  cut- 
off is  0.6258  of  the  initial  pressure  as 
found  by  the  formula  Pm  =  1  +  log.E 
R  (f  +  c)  —  c  where  Pm  =  the  mean 
forward  pressure;  log.E  R  =  the  hyper- 
bolic logarithm  of  the  ratio  of  expan- 
sion; /  =  fraction  of  stroke  completed 
at  cutoff  and  c  =  the  clearance  expressed 
asa  fraction  ofthecylinder  displacement. 
The  absolute  initial  pressure  is  85  -f 
14.7  =  99.7  lb.  The  mean  forward  pres- 
sure is  then  99.7  X  0.6258  =  62.39  lb. 
Since  the  exhaust  pressure  is  15  lb.  ab- 
solute, the  m.e.p.  of  the  idea!  diagram 
\vould  be  62.39  —  15  =  47.39  lb.  As  the 
actual  and  ideal  diagrams  will  be  of  the 
sr.me  length,  their  areas  will  be  pro- 
portional   to   their   mean   effective   pres- 


•Tables  for  the  value  of  Pm  for  differ- 
ent clearances  and  points  of  cutoff  are 
given  in  Low's  "Steam  Engine  Indicator," 
paKC  115. 


sure.     The  m.e.p.  of  the  actual  diagram 

being   given   as   44.6  lb.,   the   percentage 

of    the    ideal    diagram    covered    by    the 

actual  diagram,  or  the  diagram  factor  is 

44.6  X  100        .  .  , 

=  94.1  per  cent. 

2.  The  man  who  can  do  the  work  in 
eight  days  does  'A  in  one  day.  Similarly 
the  others  do  t'j  and  ^V  in  one  day  and 
all  three  together  can  do  Yi  +  -h  +  t'o 
=  tVs  in  one  day  and  finish  the  work  in 
Jj-'r  =  ^ir  days. 

3.  To  raise  a  pound  of  water  from 
32  deg.  to  the  temperature  of  steam  at 
120  lb.  absolute  requires  312.3  B.t.u.  To 
evaporate  the  whole  pound  would  require 
877.2  B.t.u.  But  2  per  cent,  of  it  remains 
as  water  and  to  evaporate  the  other  98 
per  cent,  would  require  0.98  x  877.2  = 
859.656  B.t.u.  Each  pound  of  the  wet 
steam  then  carries  312.3  +  859.656  = 
1 172  B.t.u.  into  the  engine  measured  from 
32  deg.  One  horsepower-hour  is  equiva- 
lent to  2545  B.t.u.  The  engine  uses  16 
lb.  of  steam  per  horsepower-hour.  Of  the 
heat  contained  in  each  pound  of  steam 
2545  -^  16  =  159  B.t.u.  are  converted 
into  work.  This  leaves  1172  —  159  = 
1013  B.t.u.  to  be  rejected  to  the  con- 
denser. In  the  condenser  this  will  be 
reduced  to  water  at  100  deg.,  which  con- 
tains 67.97  B.t.u.  per  lb.  The  difference 
1013  —  67.97  =  945  B.t.u.  to  be  ab- 
sorbed by  the  cooling  water. 

One  pound  of  water  at  100  deg.  con- 
tains (37.97  and  at  60  deg.  28.08  B.t.u. 
above  32  deg.  Each  pound  of  water  in 
being  raised  from  60  to  100  deg.  would 
absorb  practically  40  B.t.u. 

It  would  therefore  take 

945  -4-  40  =  23.6  lb. 
of  water  per  pound  of  steam. 

4.  The  pipe  being  horizontal  and 
open  at  the  end  the  only  pressure  re- 
quired is  that  necessary  to  overcome  the 
friction  of  the  water  in  the  pipe.  The 
answer  is  most  quickly  found  from  tables 
for  friction  heads,  as  given  in  hand- 
books. For  example,  Ellis  &  Howland's 
tables  in  "Kent's  Pocketbook"  give  .the 
friction  head  for  200  gal.  discharged  per 
minute  through  a  4-in.  pipe  as  28.09  ft. 
per  1000  ft.  of  length.  For  a  400-ft. 
length  this  will  be  ji  of  28.09  or  11.236 
ft.,  which,  reduced  to  pounds,  is  11.236 
X  0.433  =  4.865  lb.  The  result  can 
also  be  obtained  from  Cox's  formula 

L4V^-  +  5V  —  2 
~d  1200 

where  H  =  the  friction  head ;  L  =  the 

length  of  pipe  in  feet;   V  =  the  velocity 

of  the   water  in   feet  per  second,   and  d 

=    the   diameter   of   the   pipe   in   inches, 

after   finding  the   velocity   of  the   water 

by  diviHine  the  volume  of  water  in  cubic 

feet  passed  per  second,  by  the  area  of 

the  pipe  in  square  feet,  i.e.,  the  volume, 

200  gal.  per  minute   =    W    =  3^  gal. 

3.6666 
per  second  =    -    „  ,   =  0.49  cu.ft.  per 


second.      The    area    of    the    pipe    equals 
(-)"  X    3.14159 


=  0.0874  sq.ft. 


Velocity  ^- 


'0.0S74" 


:  5.(>  jl.  per  sec. 


The  other  values  required  in  the  formula 
were  given  in  the  problem. 

5.     One  equation  for  the  volume  of  a 
spherical  segment  is 

V  =  ^7ra=  (3i?  —  2  a) 
where  V  —  the  volume;  v  =  the  con- 
stant 3.14159;  a  =  the  altitude  or  height 
of  the  segment,  and  R  =  the  radius  of 
the  sphere.  Given  V  =  29.3216  cu.ft. 
and  /?  =  6  ft.  and  solving  the  above 
equation  for  a,  it  will  be  found  that  the 
height  of  the  segment  is  2  ft.  Knowing 
a  and  R,  the  radius  of  the  base  of  the 
segment  V  may  be  determined  from  the 
equation 

»-=  =  2A'a  — a2     r- =  1/^20  =  4.47 /^ 


Colliery    Boiler    Explodes 

A  boiler  exploded  recently  at  the  plant 
of  the  Rock  Cannel  Coal  Co.,  of  Cook 
County,  W.  Va.,  killing  one  and  serious- 
ly injuring  several  employees,  including 
the  engineer.  The  boiler  was  of  the  lo- 
comotive type  carrying  125  lb.,  and  is 
said  never  to  have  been  inspected. 


President  of  N.   A.   S.   E. 
on  Tour 

On  Wednesday  evening.  May  8,  Il- 
linois Association  No.  1,  of  the  National 
Association  of  Stationary  Engineers,  Chi- 
cago, entertained  National  President  Ed- 
ward H.  Kearney,  who  is  officially  visit- 
ing in  the  Middle  West.  Many  enthusi- 
astic members  from  No.  1  and  sister  as- 
sociations welcomed  him. 

National  Secretary  Fred  Raven,  past 
president  of  No.  1,  introduced  President 
Kearney,  who  spoke  of  his  efforts  and 
aims  as  executive  head  of  the  largest 
operating  engineers'  association  in  the 
world.  He  said  that  the  association  was 
spending  more  money  now  than  ever  be- 
fore in  promotion  of  its  educational  work; 
that  the  problem  of  extending  educa- 
tional opportunity  to  all  is  complex,  as 
the  size  and  needs  of  the  different  as- 
sociations are  various.  He  also  felt  en- 
couraged by  the  support  his  educational 
policy  is  receiving  throughout  the  or- 
ganization. 

National  Vice-president  John  McGrath 
spoke  briefly  of  his  hearty  accord  with 
President  Kearney's  policies  and  his  hope 
that  succeeding  national  presidents  will 
recognize  the  wisdom  of  carrying  them 
even  further. 

Past  National  President  John  P.  Beck- 
erleg.  who  recently  celebrated  his  seventy- 
ninth  birthday  and  mentally  is  one  of 
the    youngest    of    the    national    officers, 
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spoke  reminiscently  of  the  modest  be- 
ginnings of  the  N.  A.  S.  E.  30  years  ago 
and  optimistically  of  its  splendid  future. 
Mr.  Beckerleg  was  the  organization's  sec- 
ond national  president. 

Past  Presidents  Charles  Naylor  and 
John  Lane  followed,  paying  tribute  to 
President  Kearney's  ability  and  energy. 
Among  the  other  speakers  were  W.  L. 
Parker,  state  deputy  for  Illinois;  W.  G. 
Lighty,  president  of  Illinois  No.  1 ; 
George  Noward,  past  president  Illinois 
No.  2;  W.  O.  Barnhart,  president  Il- 
linois No.  28;  J.  H.  Cappers,  past  presi- 
dent Illinois  No.  32;  Herman  Tavernier, 
president  Illinois  No.  38;  Alfred  John- 
son, past  national  trustee;  Harry  Ashton, 
president  National  Exhibitors'  Associa- 
tion, and  Thomas  Andresen,  past  presi- 
dent of  Illinois  No.  38. 

Fred  Hickey,  of  the  Dearborn  Drug  & 
Chemical  Co.,  sang  witty  songs  and  gave 
a  humorous  monologue. 

Illinois  No.  1  has  been  conducting  a 
members'  contest  for  the  best  paper  on 
"Cost  of  Operation  of  an  Office  Building 
Plant."  Prizes  were  awarded  as  follows: 
First  prize,  S25,  Jonathan  R.  Moore; 
second  to  si.xth  prizes,  $5  each,  A.  E. 
Christophersen,  Lawrence  McNeill,  R.  G. 
Allison,   Jacob    Reitz,   A.    S.    Harrington. 

President  Kearney's  tour  included  De- 
troit, Milwaukee,  Des  Moines,  Kansas 
City  and  Cincinnati.  At  Kansas  City  he 
transacted  preliminary  business  in  con- 
nection with  the  coming  national  conven- 
tion in  September. 


Steel  Corporation";  "Safeguarding  the 
Traveling  Public  and  Protecting  the  Em- 
ployees of  the  Electric  Street  Railway 
Association";  "Proper  Illumination  and 
Accident  Prevention,"  by  J.  V.  Lansingh, 
president  of  the  Illuminating  Engineer- 
ing Society. 


International  Accident   Pre- 
vention Convention 

The  new  American  idea  of  the  safety 
engineer,  an  accident  prevention  special- 
ist, will  be  brought  to  the  notice  of 
world  industrialists  at  an  international 
safety  congress  to  be  held  in  Milan, 
Italy,  for  five  days,  beginning  May  27, 
1912.  This  congress,  the  first  of  its 
kind  of  international  scope,  will  be  for 
the  purpose  of  setting  in  motion  a  world- 
wide movement  for  the  conservation  of 
human  life  in   industry. 

The  American  Museum  of  Safety,  29 
West  Thirty-ninth  St.,  is  making  prepara- 
tions so  that  the  United  States  will  be 
well  represented.  An  American  national 
committee  has  been  selected  by  the 
museum  to  cooperate  with  the  interna- 
tional body  and  to  promote  the  Ameri- 
can ideas  and  views  at  the  congress.  Dr. 
W.  H.  Tolman,  director  of  the  Ameri- 
can Museum  of  Safety,  and  other  mem- 
bers of  the  committee  will  attend. 

The  following  papers  will  be  read: 
"The  Safety  Engineer  on  a  Large  Trans- 
portation System,"  by  Dr.  W.  H.  Tolman; 
"How  the  New  York  Edison  Safeguards 
the  Lives  and  Limbs  of  Its  Employees," 
by  Arthur  Williams;  "The  Work  of  the 
Safety  Committee  of  the   United   States 


SOCIETY  NOTES 

The  Pennsylvania  State  Association, 
N.  A.  S.  E.,  will  hold  its  annual  conven- 
tion in  Du  Bois  on  Friday  and  Satur- 
day, June  7  and  8.  The  exhibit  will  be 
of  high  standard  and  the  attendance  of 
delegates  is  expected  to  be  unusually 
large.  A  lively  program  of  entertain- 
ment is  being  arranged  by  the  local  com- 
mittee. 

The  National  Association  of  Stationary 
Engineers  of  New  Jersey  will  hold  its 
twenty-first  annual  convention  at  Newark, 
May  30  to  June  2.  In  consequence  of 
the  overcrowded  condition  of  the  hall 
occupied  by  the  1911  convention,  the 
local  committee  has  this  year  engaged 
Kruger's  Auditorium,  the  largest  hall  in 
the  state.  The  Auditorium  has  been  ar- 
ranged with  every  possible  convenience 
for  the  exhibitor,  and  the  mechanical  dis- 
play promises  to  be  larger  and  better  than 
ever  before.  The  delegates  will  hold 
their  meetings  in  the  same  building.  On 
Saturday,  June  1,  a  banquet  and  enter- 
tainment will  be  given,  and  several  other 
features  of  entertainment  will  be  pro- 
vided. 

The  Connecticut  State  Association  of 
the  N.  A.  S.  E.  will  hold  its  annual  con- 
vention at  Bridgeport,  Conn.,  on  Fri- 
day and  Saturday,  June  28  and  29.  There 
will  be  a  full  representation  of  delegates, 
and  the  mechanical  display  will  be  large. 
The  Board  of  Trade  and  the  Business 
Men's  and  Manufacturers'  Association  of 
the  city  are  aiding  the  local  committee 
in  making  the  convention  a  success.  Dur- 
ing the  business  session  many  interest- 
ing papers  will  be  read,  and  lectures  of 
importance  to  the  engineer  will  be  given. 
The  entertainment  program  includes  trips 
to  the  various  industrial  plants  in  Bridge- 
port, the  main  feature  being  a  sail  on 
Long  Island  Sound.  The  national  presi- 
dent and  many  persons  prominent  in  the 
association  have  promised  to  be  in  at- 
tendance. 

The  seventeenth  annual  convention  of 
the  New  York  State  Association  of  the 
National  Association  of  Stationary  Engi- 
neers will  he  held  at  Yonkers,  July  14 
to  16,  with  headquarters  at  the  Getty 
House.  The  Armory  has  been  secured 
for  the  mechanical  exhibition,  and  the 
display  promises  to  be  elaborate.  The 
drill  hall  has  been  fitted  up  with  booths 
and  arrangements  made  for  the  accommo- 
dation of  100  exhibits,  nearly  all  of 
which  have  been  taken.  The  business 
meetings  of  the  delegates  will  be  held  in 
the  hall  adjoining  the  exhibit.    On  Friday 


evening  there  will  be  a  banquet,  to  which 
several  prominent  speakers  have  been  in- 
vited as  well  as  some  good  entertainers. 
There  will  be  many  other  interesting  en- 
tertainment features,  among  them  being 
a  visit  to  the  Otis  Elevator  plant  where 
lunch  will  be  served.  This  convention 
will  be  the  largest  in  the  history  of  the 
New  York  State  Association,  and  great 
credit  is  due  the  local  committee  for 
its  earnest  work. 


OBITUARY 

Samuel  A.  Tinkham 

On  May  8,  Samuel  A.  Tinkham,  for 
many  years  chief  engineer  of  the  Joy 
Line  steamer  "Tennessee,"  died  suddenly 
in  the  engine  room  while  the  steamer 
was  at  her  dock  in  Providence,  R.  I.  He 
was  widely  known  among  marine  engi- 
neers along  the  coast. 

Mr.  Tinkham  was  about  60  years  old 
and  lived  at  Fairhaven,  Mass.,  where  a 
brother  and   a   daughter   reside. 

Otto  Jahn 

Otto  Jahn,  chief  engineer  of  the  Vilter 
Manufacturing  Co.,  of  Milwaukee,  Wis., 
for  23  years,  died  Apr.  29  at  his  home, 
2431  Cold  Spring  Ave.,  after  a  short  ill- 
ness. 

Mr.  Jahn  was  born  in  Luetjenburg, 
Schleswig-Holstein,  59  years  ago,  and 
studied  at  the  Gymnasium  in  Kiel,  and 
later  on  at  the  Royal  Institute  of  Tech- 
nology in  Chemnitz,  Saxony.  After  serv- 
ing in  the  army,  he  was  graduated  from 
the  Polytechnic  Institute,  Berlin.  In  1879 
he  came  to  America  and  entered  the  em- 
ploy of  the  Scranton  Locomotive  Works, 
Scranton,  Penn. 

For  six  years  Mr.  Jahn  was  superin- 
tendent of  the  plant  of  the  Morton  Frog 
&  Crossing  Works,  in  Chicago,  and  then 
took  a  responsible  position  in  the  mining 
department  of  the  Eraser  &  Chalmers 
Co.,  now  the  Chicago  works  of  the  Allis- 
Chalmers  Co.  He  came  to  Milwaukee 
2y2  years  later,  and  in-  April,  1889,  en- 
tered the  employ  of  the  Vilter  Manufac- 
turing Co.  as  chief  engineer  in  charge 
of  construction  and  design,  in  which  ca- 
pacity he  served  until  a  few  days  before 
his  death. 

During  his  long  connection  with  this 
company  the  business  developed  from 
an  output  of  a  few  plants  to  over  150 
plants  yearly,  many  of  them  of  large 
capacity.  The  successful  application  of 
refrigeration  to  many  diversified  in- 
dustries is  due  in  a  large  measure  to 
his  extensive  experience  in  this  field  and 
a  careful  study  of  the  problems  involved. 

Mr.  Jahn  was  a  member  of  the  Turn- 
verein  Milwaukee,  of  the  Association  of 
Graduate  German  Students  and  of  the 
German  Engineers  Society.  He  is  sur- 
vived by  his  wife  and  daughter,  a  sister, 
Mrs.  C.  Warns,  and  a  brother,  Dr.  Lud- 
wig  Jahn,  both  of  whom  live  in  Germany, 
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We  are  guilty !  And  have  decided  to  make 
a  clean  breast  of  it — here  it  is. 

1.  Any.  concern  that  does  business  under 
any  system  of  protection  is  accepting  graft — 
but  ail  of  'em  want  to  keep  it,  and  yell  murder 
when  it  is  proposed  to  reduce  the  protection 
by  a  penny. 

2.  The  one-cent -a-pound  postage  on  news- 
papers is  a  form  of  protection— it  is  govern- 
ment pap,  a  subsidy — the  Postmaster  General 
savs  so,  and  that  that  is  the  reason  of  the 
deficit.  Never  mind  the  law.  Never  mind 
the  hundreds  of  businesses  founded  on  that 
law.     Upset  'em. 

3.  Canada  carries  her  newspaper  mail  free 
in  a  forty-mile  radius  and  anywhere  in  the 
Dominion  for  a  quarter  of  a  cent  a  pound — 
and  her  post  office  department  shows  a  big 
profit.  But,  of  course,  our  politician  ridden 
department  can't  do  that — who  expects  it 
to? 

4.  This  concern  sends  practically  all  its 
papers  through  the  mail  at  second  class  rates. 

5.  We  acknowledge  receipt  of  letters  and 
envelope  fillers  from  our  advertisers  contain- 
ing the  assertion  that  if  some  League  can 
force  the  newspapers  and  magazines  to  pay 
two  cents  a  pound,  that  "we,  the  people" 
can  have  one  cent  letter  postage,  but — 

6.  The  newspapers  are  fighting  this  tooth 
and  nail  (sic). 

7.  We  wish  to  announce  here  and  now  that 
this  change  would  save  us  money,  and  ive 
would  welcome  it  like  finding  a  pocket  book. 

8.  We  confess  that  when  the  government 
made  its  first  investigation  some  four  years 
ago,  our  President  proposed  a  plan  of  charging 
the  present  rate  of  one-cent-a -pound  for  car- 
riage alone  and  a  fraction  of  a  cent  per  copy 
for  delivery.  This  would  have  more  than 
doubled  the  revenue  from. mail  matter  of  the 
second  class  and  made  the  papers  receiving 
service  pay  for  it. 

9.  We  confess  that  later  on  he  proposed 
a  uniform   rate  for   all   printed  matter,   fully 


routed  and  delivered  to  a  post  office,  as  re- 
quired of  newspapers. 

10.  We  confess  that  none  of  these  plans 
were  very  popular  with  publishers,  or  at 
Washington. 

11.  We  confess  that  the  object  of  these 
suggestions  to  increase  our  own  expenses 
was  for  the  purpose  of  taking  the  cen- 
sorship off  publications,  and  putting  pub- 
lishing on  a  par  with  other  commercial  enter- 
prises. 

12.  We  confess  that  all  civilized  countries 
carry  all  forms  of  disseminating  information 
at  the  lowest  possible  rate. 

13.  We  confess  that  the  technical  press 
of  America  is  the  best  in  the  world  and  ad- 
mired and  respected  in  every  foreign  country 
except  the  District  of  Columbia. 

14.  We  confess  that  this  same  technical 
press  is  expected  to  defend  the  sacred  cow 
of  protection  set  up  before  the  high  altar  of 
the  industry  which  each  paper  represents, 
and 

15.  To  be  glad  that  there  are  more  foreign 
than  American  papers  entered  at  the  New 
York  Post  Office  for  transportation  through 
our  mails  at  one  cent  a  pound,  and 

16.  Notice.  Members  of  the  League  need 
not  write  on  the  margin  of  their  yowls  that 
if  it  wasn't  for  us,  "they"  (whoever  that 
may  be)  would  have  one  cent  letter  postage — 
we  are  right  icith  you,  and  will  petition  Uncle 
Sam  to  make  that  trade  at  once. 

17.  But,  we  hang  our  heads  in  shame  when 
this  great  Country  of  ours  confesses  that  it 
can  not  conduct  its  post  office  department 
as  well  as  Canada  for  instance.  No  wonder 
the  Canucks  wouldn't  "reciprocit"  with  us. 
They  have  us  skinned  on  a  lot  of  things, 
and  it  looks  as  if  the  distribution  of  informa- 
tion essential  to  the  whole  jieople  is  one  of 

the  things. 

The  Old  Man. 
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To  The  College  Grad. 


We  had  a  wise  editorial  in  our  issue  of 
May  14,  entitled  "The  Technical  Graduate 
and  the  Power  Plant."  If  you  have  not  read 
it  yet,  do  so.  Its  ideas  are  those  of  one  of 
your  own  professors  of  engineering,  whose 
opinion  you  should  accept.  The  subject 
seemed  so  very  important  and  timely  that  we 
were  constrained  to  add  these  words  empha- 
sizing the  advantages  to  the  young  me- 
chanical engineering  graduate  in  starting  his 
career  in  the  power  plant. 

Apparently  you  feel 
you  must  get  into  an 
engineering  office  at  once 
and  be  ready  to  start  de- 
signing some  important 
work  as  soon  as  your  abil 
ity  is  recognized.  It  is 
a  serious  mistake  to  try  to 
begin  in  the  designing  end 
before  first  acquiring  val- 
uable operating  experi- 
ence while  you  are  young 
and  can  afford  to  do  so. 
After  you  have  spent  a 
few  months  or  a  year  each 
as  regulator,  operator, 
water-tender,  oiler,  watch 
engineer,  etc.,  you  can 
bring  far  greater  judg- 
ment to  bear  when  you 

finally  do  get  into  the  designing  office  and 
you  will  rise  faster  than  the  man  whose  only 
foundation  is  his  school  training. 

The  pay  of  the  beginner  in  the  power  house 
is  as  good  as,  or  even  slightly  better  than,  that 
of  the  beginner  in  the  drafting  room.  The 
difference  lies  in  the  hours  and  the  work. 
In  the  drafting  room  the  hours  are  from 
9  a.m.  to  5  p.m.  or  at  the  outside  8 :30  a.m.  to 


5  :30  p.m.  Here  you  may  wear  good  clothes 
and  white  collars  and  revel  in  a  sense  of  dig- 
nity that  some  think  belongs  to  the  handling 
of  drawing  instruments  and  being  surrounded 
by  imposing-looking  blueprints,  slide-rule,  etc. 

On  the  other  hand,  as  a  novice  in  the 
operating  department  you  must  perform  long 
hours  of  manual  work  probably  in  less  com- 
fortable surroundings  and  certainly  in  less 
polite  garb.  You  deal  in  such  commonplace 
materials  as  cotton  waste,  oil  and  grease, 
even  dust  and  dirt.  Many 
times  a  day  you  must 
swallow  your  pride  and 
perform  some  humble 
task  at  the  none  too  po- 
lite order  of  a  superior, 
but  such  work  ultimately 
brings  its  compensation 
in  the  form  of  useful 
knowledge  of  operating 
problems  and  ability  to 
judge  the  merits  of  new 
schemes  from  the  prac- 
tical operating  viewpoint, 
lack  of  which  has  led 
many  a  man  to  commit 
follies  which  lived  long 
to  discredit  his  ability. 

To  the  largest  suc- 
cess, both  practical  and 
theoretical  knowledge  are  necessary.  Until 
you  recognize  this  fact  the  practical  engineer 
will  have  the  advantage  of  you.  Your 
theoretical  knowledge  he  may  get  from  books 
and  at  home.  His  practical  knowledge  you 
can  never  get  that  way. 

Take  it  from  the  professor  and  the  present 
sermonizer — when  you  doff  the  "cap  and 
gown,"  don  the  "cap  and  overalls." 
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Rope  Brakes,  Construction  and  Design 


For  some  reason,  the  rope  brake  has 
not  found  as  much  favor  as  other  forms 
of  absorption  dynamometer.  In  spite  of 
this,  however,  it  has  certain  advantages 
which,  in  some  cases,  make  it  preferable 
to  the  wooden-block  prony  brake.  The 
principal  one  is  that  it  may  be  easily 
made,  a  rope  brake  often  being  put  to- 
gether in  a  few  minutes  with  only  such 
materials  as  are  at  hand.  Furthermore, 
it  is  inexpensive,  light  and  portable,  and 
will  cover  a  larger  range  of  load  than 
the  wooden-block  prony  brake,  which 
fact  makes  it  desirable  when  necessary 
to  test  an  engine  at  various  outputs.  It 
gives  a  more  uniform  frictional  resist- 
ance to  be  overcome  by  the  engine  and 
this  in  spite  of  lubrication  being  un- 
necessary. 

More  accurate  measurements  can 
therefore  be  made  as  the  chattering 
due  to  lack  of  uniform  resistance  is 
avoided.  In  the  usual  forms  it  is  not 
necessary  to  measure  the  unbalanced 
weight  as  is  the  case  with  the  prony 
brake,  and  this  makes  for  ease  and  ac- 
curacy. It  is  more  readily  applied  to 
vertical  shafts  and  one  brake  is  adaptable 
to   several   sizes   of   flywheel. 

The  only  disadvantages  of  the  rope 
brake  are  such  as  may  be  avoided  by 
proper  design.  There  is  a  tendency  for 
the  rope  to  stretch  in  operation,  and  such 
stretching  may  decrease  the  frictional 
resistance  of  the  brake  and  therefore  the 
output  of  the  engine.  This  difficulty, 
however,  is  avoided  in  two  of  the  forms 
about  to  be  described.  Also,  in  some  de- 
signs, it  is  necessary  to  take  readings  of 
two  brake  forces  instead  of  one  to  de- 
termine the  brake  horsepower;  but  this 
inconvenience  may  also  be  avoided. 

The  simplest  form  of  rope  brake  con- 
sists of  a  rope  wrapped  around  a  fly- 
wheel or  pulley  on  the  shaft  the  power  of 
which  is  to  be  measured,  as  in  Fig.  1. 
The  ends  of  the  rope  are  attached  to 
some  stationary  apparatus  through  spring 
balances  for  measuring  the  pull  which 
is  created  by  previously  tightening  the 
rope.  Because  of  the  friction  between 
the  rope  and  the  flywheel,  the  motion  of 
the  flywheel  tends  to  make  the  left-hand 
end  of  the  rope  tighter  and  the  right- 
hand  end  more  slack.  Hence,  there  will 
be  a  greater  tension  in  the  left-hand  than 
in  the  right-hand  end,  and  the  difference 
between  these  tensions  will  be  the  net 
force  overcome  by  the  engine.  To  vary 
this  force,  it  is  necessary  only  to  change 
the  initial  tightness  of  the  rope. 

This  force  applied  at  the  rim  of  the 
wheel  multiplied  by  the  circumference 
and  the  number  of  revolutions  per  min- 
ute gives  the  number  of  foot-pounds  de- 
veloped per  minute,  and  this  divided  by 
33,000,  the  brake  horsepower.  Since  the 
circumference  is  the  diameter   (or  twice 
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Description  of  several  arrange- 
ments of  rope  brakes  with  direc- 
tions for  using  tliem  and  for  cal- 
culating the  horsepower  from 
the  scale  reading. 

Also  how  to  design  a  brake  to 
absorb  a  given  horsepower;  the 
size  of  rope,  number  of  turns, 
and  whether  to  employ  water 
cooling. 
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the    radius)     multiplied    by    3.1416,    the 
horsepower  becomes 

2  X  radius  X  3.1416  X  force  X  r.p.tn 

s''/'= ^^;o^o 

B.h.p.  =  0.00019   X   radius  X  r.p.tn.   X 

force 
That   is,  to   find   the   brake  horsepower: 

Multiply  the  radius  of  the  brake  in 
feet  by  the  revolutions  per  minute  and  by 
0.00019.  Multiply  the  number  so  found 
by  the  net  force  in  pounds  indicated  by 
the  scale  or  scales  and  the  product  will 
be  the  brake  horsepower. 

Strictly  speaking,  the  radius  of  the 
brake  should  be  taken  as  the  radius  of 
the  wheel  plus  the  radius  of  the  rope, 
but,  in  most  cases,  the  radius  of  the 
wheel  only  is  sufficiently  accurate. 

It  is  seen  that  since  only  the  difference 
between  the  rope  tensions  is  needed  it  is 
not  necessary  to  measure  them  separate- 
ly. Separate  measurement,  however,  al- 
lows a  form  of  brake  which  is  easier 
to  make,  although  it  is  not  so  convenient 
to  use. 

The  form  of  brake  shown  in  Fig.  1  may 
be  applied  to  a  vertical  shaft,  and  the 
rope  tensions  are  measured  by  the  spring 
balances  SS,  the  turnbuckle  being  pro- 
vided to  vary  the  tensions.  This  brake 
is  suitable  for  small  torques  (that  is, 
where  the  mechanical  power  divided  by 
the  revolutions  per  minute  is  small)  and 
high  rotative  speeds  such  as  yielded  by 
an  electric  motor  or  a  steam  turbine. 
For  large  torques,  at  least  one  of  the 
spring  balances  must  be  replaced  by  a 
measuring  device  having  a  larger  capa- 
city. Fig.  2  shows  how  this  may,  be  done 
when  the  plane  of  the  pulley  is  hori- 
zontal. The  force  is  transmitted  through 
a  wooden  bellcrank  to  the  pedestal  which 
rests  on  the  platform  of  a  platform 
scales.  The  bellcrank  should  be  hinged 
carefully  to  avoid   friction   at  this  poin't. 

The  force  on  the  slacker  side  of  the 
rope  is  generally  small  and  therefore  a 
spring  balance  is  sufficient  to  measure  it. 
The   use   of  two   spring   balances,   even 


with  small  torques,  is  objectionable  as 
they  are  apt  to  allow  bodily  motion  of 
the  rope.  This  may  result  in  chattering. 
In  Fig.  3  one  of  the  balances  and  the 
turnbuckle  are  dispensed  with  by  using 
dead  weights  on  the  rope  extremity  hav- 
ing the  greater  tension.  The  horsepower 
is  varied  by  adding  or  removing  these 
weights.  This  brake  has  the  advantage 
that  an  increase  of  length  of  the  rope 
does  not  affect  the  brake  load  since  such 
an  increase  would  be  accompanied  by  a 
lowering  of  the  weights  only,  the  tensions 
remaining  the  same.  The  weights  should 
be  provided  with  a  stop  P,  to  prevent  an 
accidentally  excessive  friction  from  rais- 
ing or  throwing  them.  The  spring  bal- 
ance of  Fig.  3  may  be  replaced  by  an- 
other but'  smaller  set  of  dead  weights. 
Then,  when  weight  is  added  to  one  side, 
enough  should  also  be  added  to  the  other 
to  produce  equilibrium.  It  is  an  awkward 
matter,  however,  to  do  this  nicely  as 
unavailable  subdivisions  of  weights  are 
at   times   required. 

In  Power  of  September  19,  1911,  page 
442,  the  author  described  a  rope  brake 
similar  to  that  shown  in  Fig.  3,  except 
that  a  single  heavy  weight  is  used  on 
the  left  side  and  a  set  of  small  weights 
on  the  right.  The  heavy  weight  rests  on 
a  platform  scales  so  that  the  rope  ten- 
sion on  this  side  is  the  difference  be- 
tween the  platform-scale  reading  and  the 
weight  on  the  scales.  The  brake  load  is 
varied  by  changing  the  weights  on  the 
right  side.  This  device  has  been  found 
very  satisfactory  in  that  fine  regulation 
may  be  secured  with  very  uniform  re- 
sistance. In  this  case  the  net  force  over- 
come at  the  rim  of  the  flywheel  is  the 
heavy  weight  minus  the  sum  of  the  scale 
reading  and  the  small  weights. 

In  some  cases  there  is  not  room  to 
hang  weights  from  the  flywheel,  in  which 
case  a  brake  of  the  type  shown  in  Fig. 
4  is  applicable.  The  heavier  tension  is 
measured  by  the  platform  scales,  being 
transmitted  from  the  rope  end  by  a 
lever  L,  having  equal  arms.  The  fulcrum 
is  preferably  a  triangular  piece  of  steel 
in  order  to  avoid  friction,  but  may  be  a 
pin,  as  shown.  The  handwheel  is  used 
to  make  fine  adjustments  of  the  load  by 
tightening  the  rope;  the  turnbuckle  may 
be   used    for  coarse   adjustments. 

In  volume  XVI  of  the  Transactions  of 
the  American  Society  of  Mechanical  Engi- 
neers is  described  a  rope  brake  with 
which  the  difference  of  tensions  is  meas- 
ured directly;  that  is,  only  one  scale 
reading  is  necessary.  Fig.  5  is  a  modi- 
fied form  of  this  brake.  The  ends  of 
the  rope  are  attached  to  the  cross  pieces 
C  C  of  a  wooden  frame  which  rests  on 
a  platform  scales.  If  a  handwheel  is 
not  conveniently  obtained,  a  nut  will 
serve  the  purpose  for  adjusting  the  rope 
tensions.     It  is  important  that  the  stops 
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SS  be  provided  to  prevent  the  lifting  of 
the  framework,  if  it  is  possible  for  the 
engine  to  reverse.  The  author  has  on 
several  occasions  used  this  type  of  rope 
brake  and  found  it  very  satisfactory.  It 
should  be  noted  that  the  weight  of  the 
frame  should  be  carefully  determined 
with  the  ropes  detached,  and  this  weight 
subtracted  from  the  readings  taken  dur- 
ing operation. 

Fig.  6  shows  another  brake  of  this 
type,  suitable  for  small  torques  and  high 
rotative  speeds.  The  wedge  is  used  to 
adjust  the  tensions,  and  the  net  tension 
is  measured  by  a  single  spring  balance. 
The  radius  to  be  used  in  calculating  the 
horsepower  should  be  measured  as 
shown.  The  weight  of  the  block,  wedge, 
etc.,  should  be  subtracted  from  the  scale 
readings,  if  the  brake  is  held  by  the  bal- 
ance from  above,  and  added  to  them  if 
below. 

In  Fig.  7  is  shown  a  brake  by  which 
the  thrust  on  the  scales  is  kept  low  by 
the  use  of  a  brake  arm  F,  the  ends  of 
the  rope  being  fastened  to  the  cross 
pieces  C  C.  The  arm  is  hung  on  the  fly- 
wheel by  the  short  ropes  H  H,  and  the 
thrust  is  measured  by  a  platform  scales 
through  a  strut  S.  The  radius  for  use 
in  the  horsepower  formula  is  as  shown. 
This  brake  has  the  advantage  of  fitting 
various  sizes  of  flywheel  with  a  change 
only  in  the  length  of  the  rope. 

The  weight  of  this  brake  is  not  bal- 
anced; that  is,  some  of  it  is  recorded 
on  the  platform  scales.  This  must  be 
determined  and  subtracted  from  the 
gross  readings  of  the  scales  in  opera- 
tion. To  find  the  unbalanced  weight,  the 
brake  may  be  removed  from  the  flywheel, 
its  strut  end  supported  as  in  use  and 
its  flywheel  end  on  a  knife  edge  or  small 
pin  placed  at  the  point  Z  which,  when  the 
brake  is  adjusted,  is  just  over  the  center 
of  the  shaft.  The  rope  should  be  en- 
tirely disengaged.  With  this  arrange- 
ment the  scales  will  indicate  the  unbal- 
anced weight  of  the  brake. 

Water  Cooling 

Generally,  if  a  brake  load  is  to  be 
carried  by  an  engine  for  any  length  of 
time,  some  provision  must  be  made  to 
withdraw  the  heat  generated  by  the  fric- 
tion to  prevent  the  rope  charring  or 
catching  fire.  This  is  usually  accom- 
plished by  feeding  water  into  the  trough 
formed  by  internal  flanges  on  the  rim 
of  the  flywheel  or  pulley  to  which  the 
brake  is  attached.  The  water  is  flattened 
against  the  inside  of  the  rim  and  retained 
there  by  centrifugal  force.  Usually,  an- 
other pipe  with  a  scoop-like  entrance  is 
arranged  to  withdraw  the  heated  water. 
Very  often,  however,  this  is  unnecessary, 
since,  if  boiling  is  allowed,  the  water 
supply  may  be  adjusted  so  as  to  equal 
the  evaporation;  that  is,  evaporation  dis- 
poses of  the  water  without  allowing  the 
rope  to  get  too  hot.     If  the  flywheel   is 


not  too  small  for  the  power  absorbed, 
this  means  of  disposal  will  be  found  ef- 
fective. 

Air  radiation  sometimes  provides  am- 
ple cooling  when  the  brake  pulley  is 
large  in  comparison  to  the  power  ab- 
.sorbed.  This  is  particularly  the  case 
when  the  brake  load  is  to  be  applied  for 
a  short  time  only. 

Some  safeguard  is  needed  generally 
to  prevent  the  rope  from  slipping  off  the 
pulley.  The  rope,  like  a  belt,  tends  to 
run  to  the  center  of  a  crowned  pulley, 
and  where  only  a  single  turn  or  half  turn 
is  used  on  such  a  pulley  no  other  pro- 
vision need  be  made  to  keep  it  on.  For 
large  powers,  where  a  number  of  ropes 
are  necessary,  it  is  well  to  provide  some 
other  means  to  accomplish  this  purpose. 
An  externally  flanged  pulley  will  do  this 
simply;  if  one  is  not  available,  blocks 
like  that  shown  in  Fig.  8  may  be  fitted  to 
the  rope.  This  shows  a  block  suitable 
to  a  single  turn,  or  less,  of  double  rope. 
Fig.  9  shows  a  block  which  may  be  used 
with  a  rope  arrangement  such  as  is  repre- 
sented diagrammatically  by  Fig.  10.  This 
permits  opposite  motion  of  the  ropes  rr 
from  that  of  r'  r'  when  the  whole  rope 
stretches.  Enough  of  these  blocks  should 
be  fastened  to  the  rope  to  hold  it  se- 
curely to  the  wheel. 

Except  for  light  powers,  it  is  better  to 
use  double  rope,  as  this  provides  more 
surface  to  resist  wear  without  altering 
the  desired  relation  of  the  tensions.  Fig. 
10  shows  I'j  turns  of  double  rope  where- 
by the  relative  values  of  the  tensions 
on  the  tighter  and  slacker  sides  are  the 
same  as, would  be  obtained  by  a  single 
rope  wound  in  1'..  turns. 

It  is  preferable  to  attach  the  device 
for  adjusting  the  rope  tension  to  that 
end  upon  which  the  tension  is  smaller, 
namely,  the  end  which  points  in  the  di- 
rection of  rotation.  The  preference  is 
made  because,  the  force  being  less,  it 
requires  less  effort  to  change  it. 

If  two  spring  balances  are  used  the 
springs  should  be  of  different  stiffnesses; 
otherwise  their  vibrations  are  likely  to 
synchronize  and  a  chattering  will  result. 

The  Design  of  Rope  Brakes 

The  design  is  usually  adapted  to  the 
size  of  pulley  or  flywheel  at  hand.  It  is 
first  necessary  to  ascertain  if  the  avail- 
able pulley  is  large  enough,  if  water 
cooling  will  be  required,  or  if  air  cooling 
will  suffice.  For  this  information  the  fol- 
lowing rule  may  be  used: 

Multiply  the  width  of  the  wheel  face 
in  inches  by  the  velocity  of  the  vheel 
rim  in  feet  per  minute  and  divide  by  the 
horsepower  to  be  absorbed.  If  the 
quotient  exceeds  900.  air  cooling  will  do. 
If  it  lies  between  400  and  900,  the  brake 
should  be  water  cooled.  If  if  is  less  than 
400,  a  larger  wheel  should  be  used. 

This  rule  is  due  to  Flather  (see 
Flather's    "Dynamometers")    and    is   in- 


tended to  proportion  the  parts  of  woodei 
block  prony  brakes.  The  rubbing  su 
faces  of  this  type  of  brake  are  muc 
larger  than  those  of  the  rope  dynamon 
eter;  nevertheless,  within  the  author 
experience,  the  rule  also  applies  to  tti 
latter  type.  This  is  probably  due  to  th 
fact  that  the  radiating  surfaces  in  th 
two  types  are  about  the  same.  With  th 
rope  brake,  the  heat  generated  by  tf 
friction  is  quickly  transferred  from  th 
limited  contact  surface  to  the  adjacei 
parts  of  the  rim,  where  it  finds  amp! 
opportunity  for  radiation. 

In  order  to  determine  the  size  ati 
number  of  ropes  to  use,  there  must  fir 
be  found  the  net  force  which  the  brat 
must  handle;  that  is,  the  force  which  wi 
be  indicated  upon  the  scale,  or  the  di 
ference  of  the  forces  if  two  scales  ai 
used.    To  find  this: 

Multiply  the  horsepower  by  5250  an 
divide  the  product  by  the  radius  of  th 
wheel  in  feet  and  the  number  of  revolt 
tions  per  minute.  The  final  quotient  wi 
be  the  net  tension. 

It  is  well  here  to  emphasize  the  meai 
ings  of  the  terms  "net  force"  and  "rof 
tensions."  The  net  force  is  the  effecti\ 
force  overcome  by  the  engine.  The  rof 
tensions  are  the  forces  existing  in  tl 
ends  of  the  rope  and  their  differenc 
equals  the  net  force.  The  tension  in  tf 
tight  end  of  the  rope  is  therefore  great( 
than  the  net  force,  and  the  rope  mu 
be  strong  enough  to  carry  this  tension. 

The  relative  values  of  the  rope  tei 
sions  depend  upon  the  number  of  turr 
around  the  wheel  and  the  condition  < 
the  rubbing  surfaces.  Table  1  gives  quai 
titles  that  will  reduce  the  calculations  f( 
design  in  the  general  case. 

TABLE   1 

Ratio  of  Ratio  of 

NumbtT  of      Greater  Tension  Greater  to 

Turns  of  Rope     to  Net  Force  Lesser  Tensio 

i                        1.40  3.51 

i                        1    IS  6.59 

I                           1.09  12  3 

U                          l.O.i  23  2 

IS                          1.02  43  4 

The  data  apply  to  well  worn  mani 
rope  on  smooth  pulleys.  This  table  givi 
the  ratios  of  the  brake  forces  for  var 
ous  numbers  of  rope  turns.  From  it 
seen,  for  instance,  that  with  a  one-ha 
turn,  the  greater  rope  tension  is  1 
times  the  ngt  force  and  3.51  times  tl 
lesser  tension.  It  follows  that  to  fir 
the  greatest  tension  resisted  by  the  rop( 

Multiply  the  net  force  by  the  figui 
in  the  second  column  of  Table  1,  corri 
spending  to  the  number  of  turns  in  tl 
first  column. 

Using  this  result,  a  suitable  rope  ■ 
carry  the  load  m.ay  be  selected  fro 
Tabic  2.  This  gives  the  working  strengi 
of  good  manila  rope  of  three  strand 
These  values  agree  well  with  the  da 
given  by  Flather,  Reuleaux  and  tl 
American  Manufacturing  Company, 
factor  of  safety  of  about  five  being  use 
The  rope  is  listed  according  to  its  lari 
est  diameter. 
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TABLE    2 

Diameter,  Inches  Working  Strength,  Pounds 

ft  300 

i  -150 

I  JOO 

i  1000 

1  1300 


Take,  as  an  example,  the  design  of  a 
rope  brake  of  the  type  shown  in  Fig.  5 
for  a  50-horsepower  engine  having  a  fly- 
wheel 5  feet  in  diameter  and  an  8-inch 
face,  and  running  at  200  revolutions  per 
minute.     The  velocity  of  the  rim  is  then 

3.1416  X  5  X  200  =  3141  feet  per 
minute 
Using  the  rule  for  cooling, 

Width  of  face  X  velocity 8  X  3Hi  _ 

Horsepower  50 

Since  503  lies  between  400  and  900, 
water  cooling  is  necessary.  Using  the 
rule   for  the  net   force. 


503 


Net  force : 


5250  X  horsepower 

Radius  X  r.p.m. 

5250X50^  ^„„„^, 

2.5  X  200       ^  ^  ' 

If  one  turn  of  rope  is  used,  then,  from 

Table  1    the  ratio  of  the  greater  tension 

to  the  net  force  is  1.09.    Therefore, 

Greater  rope  tension  =  1.09  X  525  = 

572  pounds 

From  Table  2  it  is  seen  that  two  V-- 
inch  ropes  would  carry  this  load  satis- 
factorily, since  the  working  strength 
would  be  twice  300  pounds.  But,  to  re- 
sist wear,  it  is  better  to  use  rope  at 
least  58  inch  in  diameter  except  in  the 
case  of  small  powers.  For  this  brake  one 
•14-inch  rope  would  do,  but  two  s.s-inch 
ropes  are  selected  for  convenience  in 
fastening  the  blocks. 

For  a  brake  of  the  type  shown  in  Fig. 
7,  the  calculation  of  the  rope  size  is  the 
same  as  that  just  given,  but  the  thrust  on 
the  brake  scales  will  be  less  than  the 
difference  between  the  rope  tensions  in 
the  inverse  proportion  of  the  distances 
of  these  forces  from  the  shaft  center. 
For  instance,  if  a  brake  arm  of  7.5  feet 
were  used  with  the  brake  in  the  preced- 
ing example,  the  thrust  on  the  scales 
would  be 


525  X 


175  pounds 


If  the  tensions  are  to  be  measured 
separately  as  in  the  type  of  the  brake 
shown  in  Fig.  4,  the  capacity  of  the  ap- 
paratus measuring  the  greater  tension  for 
the  engine  in  the  example  must  be  at  least 
572  pounds.  If  a  scales  of  this  capacity 
is  not  available,  the  arms  of  the  lever 
may  be  made  of  unequal  length  to  reduce 
the  force  measured.  The  value  of  the 
lesser  tension  is  found  by  dividing  the 
greater  tension  by  the  ratio  given  in  the 
third  column  of  Table  1,  thus. 


Le'ser  tension  : 


57:: 


=:  465  pounds 


The  third  column  of  Table  1  is  com- 
piled from  the  well  known  belt  formula 
which  is  also  applicable  to  ropes;  that  is: 

Ratio  of  tensions  equals  the  number 
whose  logarithm  is  2.73  times  the  product 
of  the  coefficient  of  friction  and  the  num- 
ber of  turns. 

For  the  coefficient  of  friction,  Unwin 
gives  the  value  0.28  for  ropes  on  flat 
pulleys,  and  Flather  uses  a  number  some- 
what higher.  These  figures,  however, 
apply  to  the  conditions  of  rope  drive. 
Experiments  made  by  the  author  to  de- 
termine the  coefficient  of  friction  of  well 
worn  rope  on  a  smooth  pulley  indicate 
that  it  is  a  quantity  which  varies  marked- 
ly with  the  velocity  between  the  rubbing 
surfaces  and  with  the  rope  tensions. 
From  these  experiments  it  appears  that 
an  average  value  of  the  quantity  is  0.4, 
and  this  value  was  assumed  in  compiling 
the  table. 

The  second  column  of  the  table  was 
found  by  the  relation: 

Ratio  of  greater  tension  to   net  force 


years  where  it  has  been  necessary  to 
repair  the  shell  plating  of  boilers,  al- 
though during  the  old  compound-engine 
days  it  was  common.  This  is  because,  in 
almost  all  cases,  the  shell  plates  have 
been  made  of  steel  of  large  size,  and 
have  been  riveted  by  hydraulic  pressure. 
Not  only  have  the  shell  joints — the  longi- 
tudinal and  circumferential  seams — been 
properly  designed,  but  the  former  have 
been  properly  placed  well  up  on  the  boiler 
side.  In  the  eighties  it  was  no  uncom- 
mon thing  to  find  longitudinal  seams  at 
the  bottom  center  line,  and  in  not  a  few 
instances  has  it  been  necessary  to  fit  new 
butt  straps  or  rerivet  the  old  straps  owing 
to  leakage. 


Emergency  Boiler  Repair 

In  a  certain  boiler  plant  it  was  found 
necessary  to  remove  one  of  the  equalizing 
pipes  running  from  the  rear  to  the  cen- 
ter drum.     After  the  equalizing  pipe  had 


Ho\X''  THE  Holes  in  the  Drums  Were   Covereo 


equals  ratio  of  rope  tensions  divided  by 
the  ratio  of  rope  tensions   minus  one. 

These  formulas  for  finding  the  ratios 
of  the  brake  forces  will  enable  one  to 
design  a  brake  the  conditions  of  which 
are  not  included  in  Table  1,  as,  for  in- 
stance, would  be  the  case  if  the  wheel- 
rim  surface  were  rough  enough  to  make 
reasonable  the  assumption  of  a  higher 
value  of  the  coefficient  of  friction  than 
0.4. 

In  conclusion,  it  may  be  well  to  em- 
phasize the  fact  that  the  rope  brake,  in 
general,  is  readily  adaptable  to  given 
conditions.  A  selection-  from  the  types 
described  may  be  governed  entirely  by 
the  consideration  of  the  materials  at 
hand;  or,  if  a  superior  product  is  wanted, 
the  rope  brake  may  be  designed  to  be 
quite  equal  to,  and  often  better,  than 
other  dynamometers  in  refinement,  ac- 
curacy, convenience  and  cost. 


which    determines    the    capacity    of    the 
spring  balance  shown  in  Fig.  4. 


It  is  pointed  out  by  James  Innes,  in 
a  paper,  "Marine  Boilers,"  read  before 
the  Institute  of  Marine  Engineers,  that 
there   have  been   but  few  cases  of  late 


been  removed  and  the  workmen  were 
ready  to  put  in  a  new  one  it  was  dis- 
covered that  those  on  hand  were  too  small 
in  diameter  to  fit  the  hole  in  the  steam 
drum.  The  engineer  therefore  decided 
to  plug  the  holes. 

Two  blank  pieces  of  cast  iron  were  ob- 
tained which  were  an  inch  larger  in  diami 
eter  than  the  hole  in  the  drum.  A  shingle 
was  cut  so  that  one  end  was  of  the  same 
curvature  as  the  inside  of  the  steam 
drum.  This  was  used  as  a  pattern  for 
the  second  gage.  The  inside  plate  was 
ground  and  filed  until  the  second  gage 
made  a  perfect  fit  with  the  outside  sur- 
face of  the  blank  piece. 

The  outside  blank  flange  was  fitted  to 
the  outside  diameter  of  the  drum  in  the 
same  way,  a  bolt  hole  was  drilled  through 
both  pieces,  and  after  a  solid-rubber  gas- 
ket had  been  put  on  the  inner  blank 
flange  a  nut  was  placed  on  the  threaded 
end  of  the  bolt  and  the  whole  tightened 
up.  Both  holes  in  the  drums  were  treated 
in  the  same  manner,  after  which  the 
boiler  was  operated  until  a  proper  size 
of  equalizing  pipe  was  obtained. 
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Operating  Records  of  a  Small  Plant 


The  furnishing  of  light,  heat  and  power 
from  a  central  plant  to  a  group  tof 
buildings  involves  a  number  of  factors, 
all  of  which  must  be  considered  before 
a  comprehensive  plan  can  be  worked  out. 
When  these  buildings,  as  in  the  case 
of  the  Moody  Bible  Institute  of  Chicago, 
represent  a  number  of  different,  though 
closely  allied  interests,  so  that  the  rec- 
ord of  the  service  rendered  to  each  by 
the  power  plant  must  be  kept  separate- 
ly, each  bearing  its  proportionate  share 
of  the  expense,  the  book-keeping  prob- 
lem involved  necessitates  an  accurate 
account  of  operating  costs  and  a  clear 
knowledge  of  all  operating  conditions. 

The  power  plant.  Figs.  1  and  2,  of 
the  institute  is  located  in  the  basement 
of  what  is  known  as  the  old  building, 
which,  as  shown  in  Fig.  3,  is  about  the 
center  of  the  property;  there  are  walks 
and  alleys  on  all  sides  of  the  building 
so  that  the  engine  and  boiler  rooms  re- 
ceive plenty  of  light  and'  air. 

Equipment 

The  main  pieces  of  equipment  are 
three  72-in.  by  I8-ft.,  horizontal,  return- 
tubular  boilers,  with  Burke  furnaces; 
one  75-kw.  and  one  150-kw.  Westing- 
house  generator,  direct-connected  to  Ball 
engines.  These  are  both  three-wire  ma- 
chines and  are  provided  with  balance 
coils.  There  are  also  located  in  the  en- 
gine room  two  boiler-feed  pumps,  two 
vacuum  pumps,  a  large  house  pump,  a 
feed-water  heater  and  a  hot-water  ser- 
vice  heater. 

Two  electric  passenger  elevators,  an 
ice  machine  and  various  ventilating  fans 
throughout  the  building  furnish  the  power 
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Some  actual  figures  from  a 
plant  serving  a  group  of  build- 
ings with  light,  heat,  power,  hot 
water,  etc. 

During  the  heating  season  the 
cost  of  current  amounts  simply 
to  the  fixed  charges  against  the 
electrical  apparatus  as  all  of  the 
exhaust  steam  is  used  for  heating. 


load,  and  to  keep  the  cost  data  as  ac- 
curately as  possible  the  plant  was 
equipped  with  the  necessary  measuring 
devices  to  check  the  daily  operation  in 
all  of  the  various  departments. 

Besides  a  hot-water  meter  in  the  feed- 
water  line,  the  boilers  are  fitted  with  a 
COs  recorder,  so  arranged  that  a  read- 
ing can  be  taken  from  any  boiler  at  any 
time,  a  direct-reading  pyrometer  and  a 
differential  draft  gage. 

A  wagon  scale  is  installed  in  the  al- 
ley and  all  coal  received  is  weighed. 
The  engineer's  gage  board  is  provided 
with  a  recording  steam  gage  and  an 
integrating  wattmeter  on  the  switchboard 
checks  the  electrical  output. 

Heating  Arrangement 

The  first  problem  was  to  take  care 
of  the  heating  of  the  eight  buildings, 
new  and  old,  from  one  central  heating 
plant,  and  at  the  same  time  provide  some 
means  of  measuring  the  amount  of  steam 
used  in  each  building  so  that  a  charge 
could  be  made.  The  two  new  buildings, 
located  as  shown  in  Fig.  1,  have  Webster 


vacuum-heating  systems,  and  one  of  the 
old  buildings  was  changed  over  from  a 
gravity-return  to  the  vacuum  system. 
Three  of  the  old  buildings,  equipped 
with  ordinary  gravity  systems,  were  dis- 
connected from  their  old  independent 
boilers  and  connected  to  the  new  system. 
The  equipment  in  the  Moody  Church 
consists  of  a  blast  coil  system  and  fan 
designed  for  steam  at  50  lb.  pressure. 
This  was  connected  to  the  central  plant 
by  means  of  special  supply  line,  carry- 
ing steam   at  60   lb.   pressure. 

Meters 

In  each  of  the  buildings  comprising 
the  group  a  dip  meter  was  installed  to 
measure  the  condensation  from  the 
radiators.  It  was  found  that  the  hot 
return  water  working  under  a  vacuum 
was  accompanied  by  a  large  amount  of 
vapor  which  was  not  accounted  for  by 
the  meters.  To  make  these  meters  read 
correctly  an  ordinary  double-pipe  con- 
denser coil  was  connected  into  the  return 
line  between  the  heating  system  and  the 
meter  to  sufficiently  cool  the  return  water 
to  prevent  vaporization. 

Traps  were  placed  between  the  heat- 
ing returns  and  the  dip  meters  on  the 
giavity  systems,  and  by  this  means  it 
was  possible  to  condense  the  steam. 
Readings  of  these  meters  are  made  on 
the  first  of  each  month  by  the  operat- 
ing engineer. 

Each  of  the  buildings  is  also  provided 
with  a  house-type  wattmeter  on  the  elec- 
trical-supply feeders  and  they  are  read 
on  the  first  of  each  month.  From  these 
readings  the  various  departments  are 
charged  for  the  light  and  heat  used. 


Fic.  1.    Engine  Room  of  the  Moody  Bible  Institute,  Chicago 
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As  a  check  on  the  heating  system  and 
,0  be  able  to  account  for  the  total  water 

used  in  the  plant,  the  f^ed  jater  is 
measured  by  a  hot-water  ^^l^^'J^l 
boilers.  During  the  ^''"«e^'^°f "' .^JT 
there  is  no  steam  going  to  the  atmos- 
phere the  difference  between  the  to  al 
read  ng  of  the  dip  meters  and  the  bo.ler 
feed-water  meter  is  charged  to  the  heat- 
TABLE  2.  MONTHLY  STATEMENT  OF  HEAT- 
ING, LIGHTING  AND  PQ-SVER 

Date  March  1,  1911 


POWER 

ing  of  hot  water  for  the  buildings,  the 
feed-water  heater,  vacuum  cleaner  and 
o  steam  used  in  the  kitchen  for  coohng 
and  dish-washing.  This  amounts  to  abou 
30  per  cent,  of  the  total  steam  used  for 
all  purposes  during  the  winter  months. 
Distribution  of  Costs 
Under  the  foregoing  conditions  with 
the  steam  heating  approxmiately  70  per 


759 

Monthly  statements  are  made  by  the 
engineer  on  the  form  shown  in  Fig.  4, 
the  figures  being  for  March,  1911.  From 
these  data  it  is  possible  to  figure  the 
cost  of  any   item  desired. 

Two  methods  of  arriving  at  the  elec- 
trical cost  may  be  used.  If  the  total 
cost  per  month  is  S1735.40  and  the  out- 
put  is  14,928  kilowatt-hours,  then  the 
cost   per   kilowatt-hour   is    11.6c.     This, 


suo  no 


Labor 

Chief  engineer 

First  engineer 75  00 

Second  engineer 68  00 

First  fireman 30  00 

Second  fireman 30  00 

Third  fireman $3gS .  00 

General  helper 


Lb. 

Supplies  110,000 

Coal,  on  hand    .  .  ■  ■  ■^^.-  664,200 

Coal  bought  durmg  montn 774,200 

Total..  .  .  ■  ■  - 120,000 

Coal  onhand 654,200 

Net 

Lubricants 

Boiler  compound 

Packing ■  ' '  '    '/,'.,'... 

Miscellaneous 


$168.8.5 
1019.55 
1188.40 
184.20 
1004 . 20 
0.95 


$1005.40 


cent  of  the  total  boiler  load,  the  elec- 
tricity generated  is  considered  pract.cal- 
;;  as' a  byproduct.  Even  in  the  summe 
months,   live   steam   is   required   for  the 


General  expenses 

Fixed  charges,  1  per   cent,   per  ^^^^  .^   

annum  on  Jt^z,^ou 30  .  50   

Repairs..  . 78.00   ■  ■ 

Hauling  ashes ■  S332.00 

Miscellaneous '    '  ' 

.   $1735.40 

Total 

Boiler  Plant 

.u  672  hr. 

Total  rundurmgmonth      .  .^  .  ■  •  • 3,S69,190  lb. 


Of  course,  is  unjust,  as  all  of  the  heat- 
ins  ventilating,  cooking,  elevator  service, 
etc  should  be  considered.  As  a  mat- 
ter  of  fact,  there  would  be  just  as  many 


Total  water  evaporated 

Total  coal  consumed. 

l^trS^  ralhl-  removed  to  ■coal 


654,100  lb. 


Pounds  of  water  ■evaporated  per  pound 

of  coal  consumed.  ■.■•.■ 

^-tTc^^lTvTpTrX^T^O^POundsof 

Co"s?oTproducingl000  pounds  of  steam    . 
and   Generator   Plant 


Engl. 


Total  run  during  ^onth.^.^-  ■  .^^_  •  ■  • 
,  all  buildings  


672  hr 


15,600  kw.-hr. 

23  kw. 

in  ail  Duiiuiugo , 

Consumption  of  steam  per  kw.-hr ■  ■ 

Cost  per  kw.-hr 

Water-meter  Reading 

Present  Last     Net 
Men's  building,   153,   city  64,486 cu.ft. 

water 

Steam-meter   Readings 

Present  Last  Net 

„      ,  370,000  lb. 

Men'sbmlding,lo2,return3 725,000  lb. 

Men's  building,153,  returnB 

Women's  building,  81.!.  re       100, .500  lb. 

Women's  building,  830,  re-       480,000  lb. 

B.I.C.A.^  building,  826,  re-       106,000  lb. 

Chu™handY.'p;  building,            157,000  1b. 

returns 

1,938.500  lb 

Total 

Electric  Meier   Readings 

Present  Last  Net 

Men'sbuilding.  152,  am-  2,435  kw.-hr 

meter 

Men'sbuilding,  IM,  am-        4,930  kw.-hi 

Women's  building,  830,  ^  ^^g  kw.-hi 

ammeter.      . •■    •    

B.I.C.A.   building,    82b,  298  kw.-hi 

ammeter. .....  ■•■.V, 

Church  and  \  V.  build-  ^  g22  kw.-h 

ing,  ammeter., 

Elevator,  men  s  buiiu-  kw.-hr. 

ing,  ammeter.  .,. ,  •    ■  ■    

Elevator,  women  s  builQ-  kw.-hr. 

ing,  ammeter g4  kw.-hr. 

Kitchen,  ammeter.    . 

Street  Ughts  and  boUer  ^^^p^  kw.-hr. 

room   14,928  kw.-hr 

Total.    .  •  , 196  hr. 

Vacuum  cleaner  run 

Si«"ed.: Engineer. 


Fig.  2.  The  Boiler  Equipment 


vacuum  cleaner,  kitchens,  laundry,  etc, 
in  the  main  buildings  and  the  ventilatmg- 
fan  engine  in  the  church,  while  the  ex- 
haust from  the  electrical  units  heats  the 
feed  water  and  the  hot  water  for  the 
buildings. 

Table  1  gives  a  good  idea  of  the  gen- 
eral  costs   and  power  requirements,   one 

rg^'amme^r?.:;;'."    1,622  kw.-hr.       ^^^^^,^    ^^^^^^    ^^.^^    j.^en    for    each    0 

levator,  men's  build-  ^.„  .,„.     ^^^  ^^^^  seasons  of  the  year.     The  coal 

consumption  shown  is  the  total  cost  used 
for  all  purposes,  including  firing  up, 
banking,  etc.;  in  quality  it  is  equal  to 
No.  4  or  No.  5  Illinois  screenings,  which 
run   rather   high   in   ash. 


boilers  in  use. 


much  coal  burned  and 
supervision  'necessary  if  the  electrical 
plant  were  not  installed. 

The  proper  method  of  figurmg  the  unit 
electrical  cost  in  this  instance,  therefore 
is  to  charge  the  electrical  output  with 
the  fixed  charges  on  the  investmem  in 
the  apparatus  necessary  to  generate  the 
current.  This  amounts  to  12  per  cent, 
per  annum  on  SIO.OOO,  or  SlOO  per  month 
making  the  cost  0.66c.  per  kilowatt-hour 
Tr  the  month  of  March,  1911,  with  the 
engines  used  as  reducing  valves  on  the 


heating  system. 

As  a  basis  for  arriving 


at  the  cost  of 
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1000  lb.  of  steam  it  is  figured  thiat  if 
tlie  charges  against  the  electrical  equip- 
ment amount  to  $100  per  month,  the 
total  monthly  cost  minus  $100  gives  the 
cost  of  the  steam  generated.  This,  in 
the  case  of  March,  1911,  is  $1635.40, 
and  as  3,869,190  lb.  of  water  were  evap- 
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Fig.  3.    Plat  of  Buildings 

orated  in  the  boilers  for  this  month,  the 
cost  per   1000  lb.  is  42.3c. 

A  nominal  charge  is  made  against  each 
building  for  the  current  used  and  a  rate 
per  1000  gal.  of  condensation  in  the 
heating  system  is  charged  such  as  will 
enable  the  total  cost  of  the  power  plant 
to  be  divided  among  the  several  build- 
ings according  to  the  service  rendered; 
with  the  data  available  this  becomes  a 
simple  matter. 

W.  A.  Blonck  &  Co.,  consulting  engi- 
neers of  Chicago,  designed  and  installed 
the  plant. 


Boiler  Waters 

On  the  evening  of  Apr.  30,  W.  A. 
Converse,  chemical  director  of  the  Dear- 
born Drug  &  Chemical  Works,  of  Chi- 
cago, 111.,  lectured  on  boiler  waters  be- 
fore the  Modern  Science  Club  at  its 
quarters,  125  South  Elliott  PI.,  Brooklyn, 
M.   Y. 

The  lecture  was  illustrated  by  many 
stereopticon  views  of  analysis  charts, 
corroded  tubes  and  scale  formations; 
views  of  the  Dearborn  Laboratories  and 
of  natural  lime  formations  in  Yellowstone 
National  Park.  The  demonstrations  given 
of  methods  of  analyzing  feed  waters 
were  very  thorough  as  the  apparatus  and 
paraphernalia  used  by  Mr.  Converse 
were  equal  to  that  found  in  many 
laboratories. 

After  dwelling  on  the  constituents  of 
water  and  briefly  defining  a   few  chem- 


ical terms,  the  speaker  said  that  the 
carbonates  of  lime  were  supposed  by 
many  engineers  to  cause  only  a  scale 
formation  in  the  boiler.  He  contended 
that  serious  cases  of  foaming  were 
sometimes  due  to  their  presence  in  the 
water.  The  dissolving  effect  of  alkaline 
substances  in  boiler  water  on  the  gas- 
kets and  packing  used  on  the  boilers  was 
well  brought  out.  Mr.  Converse  stated 
that  Eastern  engineers  are  favored  with 
extraordinarily  good  feed  water  as  com- 
pared with  Western  districts.  He  il- 
lustrated by  analysis  charts  some  West- 
ern waters  which  showed  that  they  con- 
tain very  little  carbonates  of  lime,  while 
,hey  are  high  in  sulphates  of  lime  and 
therefore  dangerous  on  account  of  the 
rapid  formation  of  exceedingly  hard 
scale. 

A  case  was  cited  where  there  were  27 
lb.  of  lime  substance  deposited  every 
24  hours  in  a  boiler  located  in  a  Western 
state.  The  deleterious  action  of  sul- 
phuric acid  when  present  in  feed  water 
was  explained  as  due  to  its  concentra- 
tion. With  feed  water  high  in  sulphuric 
acid,  the  water  is  evaporated  while  the 
acid  remains  in  the  boiler.  As  the  vol- 
ume of  water  evaporated  becomes 
greater,  the  amount  of  acid  also  in- 
creases to  a  point  where  corrosion  io 
very  rapid,  owing  to  the  affinity  of  sul- 
phuric  acid    for  iron. 

Analysis  cards  of  other  Western  waters 
showed  a  high  percentage  of  sodium  and 
potassium  sulphates,  the  action  of  which 
is  severe  on  boiler  plates.  These  sub- 
stances are  not  precipitated  and  are 
therefore  difficult  to  deal  with;  the  only 
cure  for  such  water  is  to  distill  it  be- 
fore its  use.  The  corrosive  action  of 
magnesia  salts,  said  Mr.  Converse,  is 
due  to  the  salts  being  affected  by  high 
steam  pressures  and  thereby  giving  off 
muriatic-acid  fumes  which  not  only  affect 
the  boiler  plates  but  are  injurious  to 
the  steam  piping  and  engine  cylinders 
as  the  acid  is  carried  by  the  steam  used 
in  them.  The  causes  of  foaming  and 
priming  were  also  clearly  explained. 

The  speaker  cautioned  against  unwise 
legislation  governing  the  use  of  feed 
waters,  stating  that  in  many  Western 
districts  it  was  possible  to  obtain  only 
one  grade  of  water,  and  that  often  this 
water  was  highly  deleterious  for  boiler 
purposes,  but  as  better  water  was  not 
available  it  was  a  case  of  tolerating  an 
unavoidable  evil. 

Analysis  cards  of  waters  taken  from 
the  East  and  Middle  West  districts  were 
then  explained.  A  recent  analysis  of 
Croton  water  showed  that  it  contained 
hard  scale-forming  agents,  but  could  be 
considered  a  fairly  good  water.  Brook- 
lyn city  water  was  also  said  to  be  fair. 
The  water  from  Clifton,  Staten  Island, 
the  speaker  said,  was  low  in  carbonates 
of  lime,  but  as  a  water  containing  cor- 
rosive agents  it  was  one  of  the  worst 
he  had  met  with  in  20  years'  experience 


in  analyzing  and  treating  boiler  waters. 
The  action  of  this  water  is  to  pit  and 
corrode,  forming  very  deep  grooves  above 
the  water  line  and  a  hard  scale  below 
the    water    line. 

The  water  of  South  River,  N.  J.,  was 
considered  remarkable,  inasmuch  as  it 
contained  an  exceedingly  high  percent- 
age of  sulphuric  acid,  while  there  was 
no  apparent  reason  for  its  presence  in 
the  '.vater.  The  sulphates  were  also 
high;  consequently  it  was  a  vicious  water 
for  boiler  purposes.  Monongahela  River 
water  at  Pittsburg  also  proved  high  in 
sulphuric  acid.  The  water  at  Atlantic 
City  was  shown  to  be  high  in  silica. 
Satilla  River  water,  taken  from  Way- 
cross,  Ga.,  contained  dangerous  corrosive 
agents;  the  galvanic  action  set  up  by 
this  water  was  said  to  be  one  of  its 
characteristic  features. 

To  illustrate  how  river  water  varies 
in  substances  injurious  to  boilers,  the 
speaker  showed  several  analysis  cards 
of  Mississippi  River  water  the  samples 
of  which  were  taken  from  points  between 
Minneapolis  and  New  Orleans.  It  was 
surprising  how  the  percentage  of  im- 
purities increased  at  each  southerly  point. 
The  waters  of  the  Great  Lakes  are  also 
similar    in    their   variation   of   impurities. 

Views  of  lime  formations  were  next 
shown;  among  them  that  of  an  internal 
feed  pipe,  on  the  end  of  which  was  an 
enbow.  The  lime  had  accumulated  on 
the  fitting  until  it  appeared  nearly  three 
times  its  original  size;  the  opening  had 
been  reduced  to  about  one-fifth  its  origi- 
nal diameter. 

The  lecture  was  well  attended,  and 
Mr.  Converse  was  highly  successful  in 
reducing  the  technical  matter  to  ordinary 
and  understandable  terms. 


Oil  Burning  Plant  at  Irish 
Shipyard 

To  he  independent  of  coal  as  a  fuel, 
four  large  boilers  at  Harland  &  Wolff's 
Shipbuilding  Works  on  Queens  Island, 
Belfast,  Ireland,  have  been  adapted  for 
oil  fuel.  Using  coal  for  fuel,  one  of 
these  boilers  evaporates  16,000  lb.  of 
water  an  hour  and  the  other  three  12,000 
lb.  each,  and  with  liquid  fuel  they  will 
generate  4000  hp.  per  hour.  The  work 
of  installation  is  so  simple  that  it  can  be 
carried  on  without  letting  the  steam  out 
of  the  boilers. 

The  steam-jet  system  is  used.  The  oil 
enters  the  boiler  through  a  branch  pipe 
and  is  given  a  whirling  motion  by  the 
prolonged  spiral  stem  of  the  valve  spindle, 
the  amount  of  oil  being  governed  by  a 
handwheel  at  the  end  of  the  spindle.  The 
steam  enters  at  another  valve  and  passes 
through  slots  i:.  the  cylindrical  part  of 
the  cone.  All  the  oil  passing  through 
the  burner  is  thus  steam  jacketed.  One 
or  two  men  can  attend  to  a  dozen  boil- 
ers burning  liquid  fuel. 
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Notes  on  Steam  Boiler  Efficiency 


Fifty  years  ago  a  steam  engine  that 
consumed  less  than  40  lb.  of  steam  per 
horsepower-hour  was  quite  the  exception. 
Twenty-five  years  ago  30  lb.  was  accepted 
as  good  practice.  Today  a  steam  con- 
sumption above  20  lb.  is  considered  un- 
satisfactory, and  in  exceptional  cases  a 
steam  consumption  as  low  as  10  lb.  per 
horsepower-hour  has  been  reached. 

The  best  average  boiler  efficiency  fifty 
years  ago  was  probably  close  on  to  60 
per  cent;  25  years  ago  it  was  about  60 
per  cent.,  and  today  the  average  boiler 
efficiency  still  hangs  close  to  60  per  cent. 
Thus  while  the  steam  engine  has  been 
so  improved  that  a  given  amount  of 
steam  will  produce  nearly  three  times 
the  power  obtainable  50  years  ago,  the 
steam  boiler  continues  to  waste  40  per 
cent,  of  the  heat  energy  contained  in 
the  fuel.  There  are  several  reasons  why 
this  is  so: 

To  begin  with,  the  steam  boiler  (in- 
cluding its  setting)  because  of  the  sim- 
plicity of  its  function,  had  been  developed 
into  a  far  more  perfect  apparatus  for 
the  purpose  of  generating  steam  50  years 
ago  than  was  the  steam  engine  of  that 
time.  Later,  ^however,  thorough  investi- 
gations of  the  properties  of  steam  were 
carried  on  by  scientists,  who  formulated 
the  laws  of  expansion,  thereby  not  only 
revealing  the  great  wastefulness  of  the 
then  existing  steain  engine,  but  at  the 
same  time  pointing  out  the  upper  limits 
possible  to  attain.  Based  on  these  revela- 
tions of  science,  inventive  genius  and  me- 
chanical skill,  in  combination  with  prac- 
tical experience,  wrought  the  great  im- 
provements embodied  in  the  many  types 
of  engines  of  today,  including  the  steam 
turbine. 

The  principal  reason  for  the  slow  pro- 
gress in  the  economical  operation  of  the 
steam  boiler  is  due  largely  to  the  fact 
that  it  is  of  necessity  a  rough  and  un- 
couth apparatus,  placed  in  dirty,  dingy 
surroundings,  generally  indifferent  and 
often  inadequately  housed. 

Brawn  and  muscle  are  considered  the 
principal  requirements  in  a  boiler  at- 
tendant. As  a  rule,  neither  compensa- 
tion nor  environment  is  calculated  to 
attract  the  more  intelligent  from  among 
the  men  available,  and  perhaps  there  is 
not  one  fireman  in  a  thousand  who  has 
any  conception  of  the  chemical  reactions 
that  constitute  the  process  of  combustion. 

The  steam  engine,  on  the  other  hand, 
is  a  highly  finished  machine,  housed  in 
well  lighted  and  well  appointed  quarters; 
therefore  commanding  and  receiving  close 
attention.  Furthermore,  it  is  attended 
by  high-class  men,  trained  by  education 
and  long  experience,  who  understand  its 
mechanism   and  mode  of  operation. 

Again,  in  the  steam  engine,  although 
it  is  a  complex  mechanism  as  compared 
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Boilers  under  test  contlitions 
compared  with  those  under  ordi- 
nary working  conditions.  The 
relation  of  draft  and  the  per- 
centage of  CO-  to  efficiency. 


*Fnnii  a  paper  rt  ad  l^efore  thi'  Master 
Mucha!iios  A.ssociation  of  Amt-rira,  at 
Boston,    on    Apr.    2tj. 

with  the  steam  boiler,  the  regulations  and 
adjustments  necessary  to  maintain  maxi- 
mum efficiency  are  exceedingly  simple  in 
comparison  to  what  is  required  to  attain 
and  maintain  the  highest  boiler  efficiency. 

A  steam  engine  correctly  designed  and 
properly  constructed,  accurately  adjusted 
and  adapted  to  the  work  to  be  performed, 
will  give  maximum  economy.  The  speed 
is  uniform  and  the  steam  used  is  auto- 
matically regulated  to  suit  the  load.  Cer- 
tain definitely  fixed  and  automatic  ad- 
justments have  been  found  to  give  maxi- 
mum efficiency;  the  attendant  has  only 
to  maintain  these  adjustments  to  insure 
efficiency. 

The  efficiency  of  the  steam  generator 
depends  on  far  more  complex  conditions, 
many  of  which  are  not  only  beyond  con- 
trol, but  are  continually  changing.  Some 
of  them  are  atmospheric  conditions,  qual- 
ity of  the  fuel  and  the  condition  of  the 
boiler  as  to  setting,  dirty  heating  sur- 
face, air  infiltration,  draft,  etc.  The 
grates  become  choked  with  slate  and 
clinker,  obstructing  the  air  passages  and 
causing  irregular  flow,  resulting  in  a  de- 
ficiency of  air  in  one  place  and  an  ex- 
cess in  another.  Every  one  of  these  vari- 
ables affects  the  efficiency  of  the-  boiler 
furnace.  Furthermore,  the  required  out- 
put, which  varies  in  some  plants  between 
very  wide  limits,  is  an  important  factor. 
One  is  therefore  forced  to  the  conclusion 
that  the  lack  of  progress  in  boiler  effi- 
ciency under  actual  operating  conditions 
is  not  due  to  any  want  of  improvements 
in  design  and  construction  of  the  [sresent- 
day  boiler  and  setting,  though  much  re- 
mains to  be  desired,  but  that  it  is  due 
almost  entirely  to  insufficient  knowledge 
of  the  conditions  involved  and  conse- 
quent wasteful  manipulation. 

That  this  is  true  is  proved  by  the  fact 
that  almost  invariably  official  boiler  tests, 
made  by  or  under  the  direct  supervision 
of  experts,  show  from  10  to  20  per  cent, 
greater  efficiency  than  is  obtained  from 
the  same  boilers  in  everyday  practice. 
This  raises  the  question,  can  the  high 
efficiency  obtained  by  an  expert  be  at 
least  approximately  maintained  in  every- 


day practice?  If  so,  how  can  it  he  ac- 
complished? What  does  the  expert  do 
to  get  his  results? 

He  analyzes  the  coal  for  the  purpose 
of  ascertaining  its  heat  value,  and  to 
find  out  how  to  burn  it  effectively.  He 
brings  with  him  one  or  more  expert  fire- 
men, or  selects  the  best  available  from 
the  existing  staff,  and  generally  pays 
them  extra  to  insure  good  work.  He 
makes  sure  that  the  boiler  is  clean,  in- 
side and  out,  that  the  grate  bars  are 
whole  and  straight  and  suitable  for  the 
kind  of  coal  to  be  burned.  He  sees  to  it 
that  there  are  no  cracks  and  crevices  in 
the  boiler  wells  and  that  the  cleaning 
doors  closed  tight. 

He  is  also  assisted  by  a  staff  of  trained 
observers.  One  keeps  a  careful  record  of 
the  weight  of  coal  fired;  another  ac- 
curately weighs  or  measures  the  feed 
water;  a  third  analyzes  the  flue  gas  and 
notes  its  temperature,  while  the  fourth 
ascertains  the  quality  of  the  steam.  Many 
other  data  are  noted  and  recorded,  all  of 
which  are  necessary  to  enable  the  ex- 
pert to  calculate  the  efficiency  of  the 
boiler  under  test  and  to  strike  a  heat  bal- 
ance. But  with  the  exception  of  those 
appertaining  to  the  composition  and  tem- 
perature of  the  flue  gas,  none  of  the  data 
noted  and  recorded  by  the  staff  of  as- 
sistants is  of  the  least  aid  in  attaining 
high  efficiency.  And  since  the  two  es- 
sential elements  in  the  flue-gas  records, 
CO;  and  temperature,  can  be  auto- 
graphically  recorded  and  continuously  in- 
dicated by  appliances  readily  available 
at  reasonable  cost,  an  expert  and  a  corps 
of  assistants  are  not  required  to  assure 
economic  boiler  operation  in  everyday 
practice. 

Sifting  the  essentials  from  the  non- 
essentials in  the  progam  of  the  expert 
boiler  testing,  there  are: 

(1)  Clean  boilers;  (2)  tight  settings; 
(3)  skillful  firing;  (4)  knowledge  of  the 
chemical  composition  and  physical  prop- 
erties of  the  coal  used;  (5)  furnace 
adapted  to  the  fuel;  (6)  draft  regulation; 
(7)  continuous  knowledge  of  the  per- 
centage of  CO;  contained  in  the  fiue  gas, 
also  its  temperature  at  the  point  where  it 
leaves  the  boiler. 

The  first  five  of  these  conditions  es- 
sential to  boiler  efficiency  should  be  quite 
self-evident. 

!.  As  to  clean  boilers,  it  should  not  re- 
quire the  services  of  an  expert  to  keep 
the  boilers  clean,  yet  a  great  deal  of 
coal  is  wasted  because  of  dirty  and  scaly 
heating  surfaces. 

2.  Tight  boiler  settings  are  the  ex- 
ception rather  than  the  rule.  Should  an 
expert  and  a  staff  of  assistants  be  re- 
quired to  keep  the  settings  tight?  Cer- 
tainly not.  It  is  nevertheless  a  deplor- 
able fact  that  air  infiltration  is  one  of  the 
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most   prolific   causes   of   low   boiler   effi- 
ciency. 

3.  Every  material  change  in  the  chem- 
ical and  physical  property  of  the  coal 
requires  a  change  in  the  method  of  fir- 
ing, the  frequency  of  cleaning  the  fire, 
the  strength  of  draft,  etc.;  a  correct 
knowledge  of  the  chemical  composition 
and  physical  poperties  of  coal  used  will, 
therefore,  be  of  material  assistance  in 
maintaining  high  efficiency  in  everyday 
practice. 

4.  Regarding  the  furnace  and  grate 
bars,  every  steam  engineer  of  experience 
ls:nows  that  they  must  be  adapted  to  the 
kind  of  coal  available  if  good  results 
are  to  be  realized.  It  may  and  generally 
does  require  the  service  of  a  combustion 
expert  to  determine  the  grate  and  furnace 
construction  best  adapted  to  burning  a 
given  fuel;  but  when  these  conditions 
are  once  established  there  is  no  good 
reason  why  they  should  not  be  main- 
tained. 

5.  Draft  regulation  is  one  of  the  most 
important  factors  and  is  probably  the 
least  understood.  Draft,  whether  natural, 
forced  or  induced,  is  manifested  by  a 
difference  in  pressure.  The  effective  draft 
is  the  difference  in  pressure  between  the 
air  under  the  grate  bars  and  that  at  the 
point  of  leaving  the  boiler.  It  may  be 
considered  as  divided  into  two  parts, 
namely,  the  furnace  draft  and  the  boiler 
draft.  The  former  is  the  pressure  differ- 
ence between  the  ashpit  and  the  furnace, 
and  the  latter  is  the  pressure  difference 
between  the  furnace  and  the  uptake.  The 
boiler  draft  varies  directly  with  the  vol- 
ume of  gas  coming  from  the  furnace; 
hence  for  the  same  rate  of  combustion 
it  varies  inversely  as  the  percentage  of 
C0=  in  the  flue  gas,  and  for  the  same 
percentage  of  CO.-  it  varies  directly  as 
the  rate  of  combustion. 

The  furnace  draft  depends  on  many 
things:  the  kind  of  coal,  the  rate  of 
driving,  the  thickness  of  the  fire,  and  its 
condition,  the  formation  of  clinker,  etc., 
from  all  of  which  it  is  evident  that  the 
proper  regulation  of  the  draft  requires 
close  and  intelligent  obser\'ation  and 
judgment. 

6.  Skillful  firing  and  intelligent  ma- 
nipulation are  therefore  prime  requisites 
in  the  economic  operation  of  steam  boil- 
ers, and  that  is  why  the  expert,  when  he 
is  conducting  an  efficiency  test,  is  so 
particular  in  selecting  his  firemen.  To 
overcome  any  errors  in  judgment  on 
the  part  of  the  firemen,  he  resorts  to 
analyzing  the  flue  gases,  which  is  the 
only  correct  and  adequate  method  of 
controlling  the  process  of  combustion. 

Maximum  efficiency  results  when  the 
necessary  amount  of  fuel  is  completely 
burned  with  a  minimum  excess  of  air, 
and  the  fiue  gases  leave  the  boiler  with 
the  lowest  temperature  consistent  with 
the  rate  of  driving.  Without  adequate 
means  of  knowing  when  this  condition 
obtains,    it    is    impossible    for   even    the 


most  expert  fireman  to  maintain  maxi- 
mum efficiency. 

Combustion  experts  when  conducting 
efficiency  tests  generally  determine  the 
percentage  of  CO.,  CO  and  O;  but  for 
everyday  practice  it  is  necessary  only 
to  know  the  percentage  of  COj  and  the 
temperature  of  the  flue  gas  to  be  able 
to  tell  whether  the  boiler  is  being  op- 
erated economically  or  wastefuUy,  and 
to  what  extent  heat  is  going  to  waste  up 
the  chimney. 

Not  less  than  90  per  cent,  of  the  avoid- 
able heat  losses  in  the  operation  of  steam 
boilers  are  due  to  excessive  air  supply, 
and  since  the  percentage  of  CO;  in  the 
flue  gas  is  a  correct  index  of  the  ex- 
cess of  air  it  contains,  an  instrument  that 
will  continuously  indicate  and  record  this 
constituent  is  a  most  important  if  not  an 
absolutely  necessary  factor  in  attaining 
and  maintaining  maximum  boiler  effi- 
ciency. 

A  continuous  record  of  the  tempera- 
ture of  the  escaping  flue  gas,  although 
less  valuable  for  controlling  the  boiler 
operation,  is  nevertheless  of  great  im- 
portance. The  temperature  when  recorded 
simultaneously  with  the  CO;  will  give 
most  valuable  information  as  to  the  con- 
dition and  operation  of  a  boiler.  The 
temperature  of  the  flue  gases  is  but 
slightly  affected  by  excess  of  air  supplied 
to  the  furnace;  hence  cannot  be  directly 
controlled  by  the  fireman.  This  depends 
on  the  ratio  of  the  heating  surface  of  the 
boiler  to  the  grate  area,  on  the  condition 
of  the  heating  surface,  and  on  the  rate 
of  driving;  also,  the  stack  temperature 
is  markedly  affected  by  air  infiltration, 
while  an  excess  of  air  supplied  to  the 
furnace  affects  the  stack  temperature  but 
slightly. 

Thus  it  is  seen  that  while  the  stack 
temperature  alone  may  give  very  mis- 
leading information,  in  conjunction  with 
a  determination  of  the  C0=  very  valu- 
able information  is  had  about  the  condi- 
tion of  the  boiler  itself  as  well  as  the 
boiler  setting. 

A  draft  gage  applied  to  the  furnace 
shows  the  resistance  through  the  ashpit 
door,  the  grates,  the  ashbed  and  the  fire. 
With  a  given  effective  draft,  if  the  ash- 
pit doors  are  partially  closed  the  fur- 
nace draft  is  increased,  but  the  rate  of 
combustion  is  decreased.  The  same  ef- 
fect is  produced  by  the  accumulation  of 
ashes,  the  formation  of  clinker  and  the 
caking  of  the  coal.  The  furnace  draft  is 
thus  increased  by  at  least  four  distinct 
causes,  all  of  which  tend  to  check  the 
rate  of  combustion.  On  the  other  hand, 
if  the  fire  is  sliced,  the  furnace  draft  is 
decreased  and  combustion  is  increased, 
and  still  more  is  this  the  case  if  the 
fire  is  cleaned.  It  is  clear  then  that  the 
readings  of  a  draft  gage  in  the  furnace 
cannot  be  relied  upon  as  an  index  to  the 
rate  of  driving,  much  less  to  economical 
operation. 

From   the   foregoing   it   would   appear. 


first,  that  the  chimney  draft  is  affected 
favorably  by  wasteful  boiler  operation, 
due  to  high  stack  temperature,  and  un- 
favorably by  wasteful  operation,  due  to  a 
low  percentage  of  00=  in  the  flue  gas; 
but  that  a  knowledge  of  the  chimney 
draft  and  temperature  is  of  great  value 
as  a  check  on  economic  operation  of  a 
boiler  plant;  second,  that  the  effective 
draft  upon  which  depends  the  rate  of 
combustion  is  itself  dependent  on  the 
variable  conditions  of  the  furnace,  that 
it  cannot  be  relied  on  as  a  guide  by  which 
to  regulate  combustion;  third,  that  fur- 
nace draft  due  to  the  ever  changing  con- 
ditions, must  necessarily  vary  if  a  definite 
rate  of  combustion  is  to  be  maintained, 
and  is,  therefore,  useless  as  a  guide,  but 
is  of  the  greatest  value  as  an  index  to 
the  condition  of  the  furnace,  provided 
there  is  a  true  index  to  the  rate  of  com- 
bustion. Fortunately,  such  an  index  can 
be  made  available. 

From  what  has  been  said  in  the  fore- 
going, it  should  appear  evident  that  in 
order  to  attain  and  maintain  high  boiler 
efficiency  it  is  necessary  to  employ 
scientific  means  for  the  purpose  of  gain- 
ing the  information  necessary  to  eco- 
nomical operation. 


Damper  and  Fan  Control 

The  method  of  controlling  the  damper 
and  engine-driven  forced-draft  fan  at 
the  new  power  plant  of  the  Hazard  Man- 
ufacturing Co.,  Wilkes-Barre,  Penn.,  is 
interesting  and  out  of  the  ordinary. 

The  gcses  of  combustion  pass  from 
the  boiler  to  a  rear  connection,  which  is 
built  at  the  back  end  of  the  boiler  set- 
ting and  is  separated  from  the  smoke 
flue  built  in  the  basement  by  a  damper, 
which  covers  an  opening  2  ft.  6  in.  wide 
and  extends  the  width  of  the  boiler  set- 
ting. Each  boiler  is  equipped  with  this 
type  of  damper,  so  that  any  one  boiler 
or  all  can  be  cut  out  from  the  smoke- 
stack connection. 

Da.mper  Arrangement 

This  damper  is  hinged  on  the  inner 
edge  and  is  provided  with  an  eye-bolt, 
to  which  a  chain  is  attached.  The  other 
end  of  the  chain  is  connected  to  an  ad- 
justable rod  that  connects  at  the  upper 
end  with  an  arm  which  is  secured  to  a 
shaft.  This  shaft  is  carried  by  hangers 
attached  to  the  back  wall  of  the  boiler 
room  and  extends  over  the  boiler  set- 
tings. The  general  arrangement  of  the 
damper  regulator,  shaft  connections  and 
damper  arrangement  is  shown  in  the  ac- 
companying illustration.  The  flat  rod  to 
which  the  chain  from  the  damper  is 
connected  is  made  with  suitable  holes 
for  adjustment,  so  that  the  damper  can 
be  regulated  as  to  the  amount  of  opening. 
As  a  means  of  counter-balancing  the 
weight  of  each  damper, pulleys  which  hang 
in  a  bracket  attached  to  the  brick  wall 
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f  the  engine  room  serve  as  guides  for 
.■eight  cords,  the  several  weights  acting 
s  a  counter-balance  to  the  several  damp- 
rs. 

The  shaft  in  the  boiler  room  is  ar- 
anged  with  clutches,  so  that  the  arm  to 
vhich  the  damper  rod  is  connected  can 
>e  disengaged  from  the  shaft,  and  the 
ither  dampers  operated  independent  of 
he  cut-out  damper.  This  permits  of  the 
lamper  being  closed  on  any  particular 
)oiler  when  it  is  out  of  commission  for 
epairs,  etc.    . 

The  end  of  the  damper  shaft  D  is 
itted  with  an  arm,  to  which  is  connected 
mother  shaft  C  running  at  right  angles 

0  it,  and  which  is  in  turn  connected  by 

1  similar  arm  to  a  shaft  A.  This  shaft 
s  hung  to  the  wall  just  above  the  damper 
•egulator  in  the  pump  room,  and  is  con- 
lected  by  means  of  an  arm  and  rod  to  an 
juxiliary  cylinder,  the  plunger  of  which 
is  operated  by  means  of  the  damper 
•egulator,  the  connection  being  as  shown. 

An  ingenious  method  of  determining 
:he  amount  any  damper  is  open  has  been 
irranged  in  the  center-shaft  C,  in  that  the 
shaft  is  made  in  two  sections  and  is 
drilled  and  tapped  with  a  right-  and  left- 
band  thread. 

Damper  Inidcator 

The  rod,  which  is  threaded  and  screws 
into  the  two  ends  of  the  shafts,  is  fitted 
with  a  V/heel  over  which  a  chain  is  run. 
There  is  also  an  index  pointer  which,  as 
the  wheel  is  revolved  by  means  of  the 
chain,  is  moved  either  to  the  right  or 
the  left,  according  to  the  way  the  screw 
connection  is  revolved.  This  indicates 
on  the  scale  placed  above  the  indicator 


Fan  Reculaton 

The  speed  of  the  fan  engine  is  also 
regulaied  by  means  of  the  damper  regu- 
lator.    Attached  to  the  end  of  the  shaft 

A,  mounted  above  the  damper  regulator, 
is  an  arm  that  is  connected  with  a  lever 

B,  pivoted  as  shown.  To  the  end  of  this 
lever  a  rod  is  'connected  to  which  a 
turnbuckle  has  been  fitted  and  which  con- 
nects with  the  lever  attached  to  a  butter- 
fly valve  in  the  steam  pipe  leading  to 
the  cylii'.der  of  the  fan  engine. 

When  the  steam  pressure  rises,  the 
damper  regulator  causes  the  piston  in 
the  auxiliary  cylinder  to  rise  and  thus 
actuates  the  adjustable  cross  shaft  in  the 
direction  of  the  arrow,  and  this  motion 
is  communicated  to  the  several  dampers 
that  are  attached  to  the  arms  extending 
from  the  damper  shaft  and  closes  them. 
At  the  same  time  the  end  arm  is  moved 
upward,  which  will  cause  the  end  con- 
nected with  the  rod  attached  to  the  steam 
valve  to  move  downward,  and  this  closes 
the  sterm  valve  in  the  fan  engine's  steam 
pipe.  Thus  the  draft  is  decreased  in  the 
furnace  A  reversal  of  this  operation 
opens  the  furnace  to  the  natural  draft 
in  the  chimney  and  at  the  same  time  the 
fan  is  speeded  up.  The  arrangement  is 
automatic  and  allows  of  close  regulation 
as  the  amount  of  damper  opening  in  the 
boiler  smoke  flue  can  be  regulated  for 
increased  draft  as  the  furnace  fires  be- 
come dirty. 


inder.  On  this  rail  a  pulley  runs  to 
which  is  fitted  a  yoke  through  which  a 
pin  passes,  and  upon  which  the  pulley 
revolves.  Secured  to  the  lower  side  of 
the  yoke  is  an  iron  rod  which  has  a 
hook  formed  at  one  end  and  an  eye  at 
the  other.  A  second  similar  rod  is  hooked 
to  the  first  one,  both  of  which  are  Ya 
in.  in  diameter.  To  the  eye  of  the  sec- 
ond rod  a  turnbuckle  arrangement  is  se- 
cured, which  consists  of  a  rod  in  which 
a  threaded  screw  turns,  the  bottom  end 
of  the  screw  being  drilled  for  a  rod  to 
turn  the  screw.  The  lower  end  of  the 
screw  is  made  with  a  swivel  joint,  as 
shown,  and  the  lower  end  of  the  swivel 
is  made  with  an  eye.     An  auxiliary  piece. 


Device  for   Removing  Cyl- 
inder Heads 

A    device    for    removing    the    cylinder 
heads  of  hoisting  engines  is  shown  in 


How    THE    Regulator    Controls    the 


Damper  and  Fan  Engine 


pointer  the  amount  the  damper  is  open. 
Thus,  the  fireman  is  in  a  positron  to 
know  the  open  position  of  the  dampers. 


the  accompanying  illustration.  A  T-rail 
is  suspended  by  means  of  suitable  hang- 
ers directly  over  the  center  of  the  cyl- 


Cylinder  Head  Crane 

with  one  end  threaded,  screws  into  a 
suitable  hole  in  the  cylinder  head;  the 
other  end  is  made  in  the  form  r;  a  U 
with  a  hole  drilled  through  the  open 
end  so  that  a  pin  can  be  passed  through 
it  and  the  eye-screw. 

As  soon  as  the  stud-bolt  nuts  have 
been  removed,  the  swivel  screw  is  tight- 
ened so  that  the  weight  of  the  cylinder  is 
suspended  by  the  arrangement  when  the 
whole  is  pushed  back  out  of  the  way. 
This  device  is  in  use  at  the  No.  2  col- 
liery of  the  Susquehanna  Coal  Co.,  Nan- 
ticoke,  Penn. 


POWER 


Vol.  35,  No.  22 


Electrical     Department 

Conducted  to  be  of  service  to  the  men  in  charge  of  electrical  equipment  in  the  power  house 


Catechism  of  Electricity 

Care  and  Management  of  Arc  Lamps 

1263.  What  are  the  principal  fea- 
tures to  watch  out  for,  to  insure  the 
proper  operation  of  arc  lamps? 

Assuming  that  the  lamps  are  sub- 
stantially made,  their  prolper  operation 
depends  chiefly  upon  their  being  prop- 
erly trimmed  and  correctly  adjusted  for 
the  voltage  at  which  they  are  designed 
to  work. 

1264.  In  trimming  an  arc  lamp,  what 
are  the  important  points  to  be  observed? 

The  use  of  proper  carbons;  removal 
of  dirt  from  the  clutch  rod  before  push- 
ing the  rod  up;  placing  the  carbons  so 
that  they  are  vertically  in  line  with  each 
other  and  have  enough  vertical  play  to 
allow  the  lamp  to  pick  up  its  arc;  care 
to  see  that  the  carbon  rods  are  firmly 
screwed  into  their  holders;  inner  globes 
thoroughly  cleaned,  and  if  nicked  or 
cracked  so  as  to  allow  leakage  >.of  air, 
to  be  replaced  by  new  globes'r  proper 
adjustment  of  the  moving  parts. 

1265.  How  should  the  carbons  for  in- 
closed arc  lamps  be  selected  and  re- 
placed? 

The  carbons  used  should  be  of  the 
best  quality  so  that  the  quantity  of  de- 
posited matter  due  to  combustion  will 
be  as  small  as  possible;  they  should  be 
free  from  blisters,  or  roughness,  hard 
spots  and  curves.  A  good  guide  as  to 
the  quality  of  the  carbon  is  the  appear- 
ance of  tl]^  burned  ends.  Good  carbons 
after  being  used  present  a  dull  surface, 
whereas  the  ends  'of  hard  carbons  pre- 
sent a  glossy   pitted   surface. 

The  trimming  of  inclosed  arc  lamps 
outdoors  is  facilitated  by  the  trimmer 
taking  with  him  a  clear  inner  globe  fitted 
with  a  lower  carbon,  to  replace  the  old 
one  in  each  lamp.  It  is  necessary  that 
the  carbons  be  of  the  proper  length.  The 
upper  carbons  can  be  purchased  of  the 
desired  length,  but  as  the  lower  ones  are 
often  made  up  of  the  part  left  over  from 
the  upper  carbon  they  should  be  cut 
to  the  proper  length  before  being  used 
for  this  purpose. 

The  proper  operation  of  an  inclosed 
arc  lamp  depends  largely  upon  the  free 
passage  of  the  upper  carbon  through  the 
cap  of  the  inner  globe.  A  'j-in.  carbon 
should  not  be  smaller  than  0.5  in.,  nor 
larger  than  0.52  in.;  if  smaller  than  0.5 
in.,  too  much  air  will  be  admitted  and  the 
arc  will  flame. 

1266.  What  is  the  method  of  adjust- 
ing an  arc  lamp  for  the  proper  voltage? 


Before  an  arc  lamp  is  installed,  it 
should  be  adjusted  for  its  proper  arc 
voltage,  which  is  usually  70  to  75  volts 
measured  across  the  inclosed  arc.  The 
lamp  should  be  burned  about  ten  minutes 
before  this  measurement  is  taken  so  as 
to  allow  the  carbons  to  assume  their 
ncrmal  operating  condition.  Directions 
for  adjusting  the  different  makes  of  arc 
lamps  vary  considerably,  so  that  no 
specific  rules  can  be  given  to  fit  all 
cases.  Directions,  however,  can  be  ob- 
tained from  the  manufacturers  and  they 
should  be  closely  followed  to  secure  sat- 


FiG.   417.    Clutches 


D  )  Dynamo 


Fig.  418.  Arc  Lamps  in  Series 


Fig.  419.   Arc  Lamps  in  Parallel 

isfactory  results.  When  adjustments  are 
made  without  the  use  of  a  voltmeter,  it 
is  well  to  bear  in  mind  that  if  the  arc 
hisses  it  is  too  short,  and  if  it  flames 
badly  it  is  too  long.  By  watching  the 
fluctuations  of  a  voltmeter  across  the 
arc,  as  the  carbons  burn,  a  good  idea 
may  be  formed  of  the  smoothness  with 
which  the  mechanism   feeds. 

1267.  In  case  a  lamp  does  not  feed 
properly,  where  is  the  trouble  usually 
found? 

In  the  dashpot  or  in  the  clutch,  if  the 
feed  magnet  is  not  burned  out. 

1268.  How  may  trouble  in  the  dash- 
pot  be  remedied? 

By  wiping  it  clean  with  a  dry  cloth. 
If  this  does  not  clear  the  trouble,  remove 
the  dashpot  and  clean  with  gasoline  the 
little  check  valve  which  has  probably 
become  stuck.    Oil  should  never  be  used 


on  it.  If  the  valve  is  all  right,  the  pis- 
ton has  probably  worn  loose,  in  which 
case   a   new   one   should   be   used. 

Where  arc  lamps  are  used  only  oc- 
casionally, but  must  be  kept  ready  for 
immediate  use,  the  formation  of  scale 
inside  the  cylinder  of  the  dashpot  may 
be  prevented  by  lighting  the  lamp  for  a 
minute  or  two  every  day.  This  daily 
action  of  the  piston  will  scrape  off  the 
scale  before  it  hardens  sufficiently  to 
interfere  with  the  performance  of  the 
dashpot. 

1269.  How  may  trouble  in  the  clutch 
be  remedied? 

In  two-part  metal  clutches,  such  as 
shown  at  A  and  B,  Fig.  417,  dirt  is 
liable  to  work  in  between  the  parts, 
which  will  then  require  cleaning.  If, 
through  the  breaking  of  the  upper  car- 


FiG.  420.    Methods  of  Suspension 

bon  lead,  the  clutch  is  forced  to  carry 
the  lamp  current,  it  is  liable  to  burn 
and  bind  the  pivot  pins.  In  all  two-part 
metal  clutches  it  is  necessary  to  keep 
these  pins  loose  to  insure  free  opera- 
tion. The  porcelain  washer  clutch  C, 
Fig.  417,  is  not  subject  to  pin  trouble, 
but  may  break  if  there  is  "jumping"  of 
the  carbons,  in  which  case  a  new  porce- 
lain washer  must  be  substituted. 

Connection  of  Arc  Lamps  in  Circuit 

1270.  How  are  arc  lamps  usually 
connected    for    street    lighting? 

In  series,  as  indicated  in   Fig.  418. 

1271.  What  are  the  current  and  the 
voltage  conditions  in  a  series  circuit? 

The  current  through  all  the  lamps  is 
the  same,  assuming  there  is  no  leakage, 
and  this  current  must  be  kept  constant 
to  obtain  a  steady  illumination.  If  each 
lamp  requires  75  volts,  and  there  are 
fifty  lamps  in  circuit,  the  generator  must 
develop 

50   X   75  =  3750  volts 
plus   the   drop    in    the    line. 
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In  case  any  of  the  lamps  are  cut  out 
by  short-circuiting  them,  this  being  the 
only  way  in  which  lamps  on  a  series 
system  can  be  cut  out  without  opening 
the  circuit,  it  is  evident  that  if  the  volt- 
age remains  constant  the  current  will 
increase  and  perhaps  burn  out  the  lamps 
remaining  in  circuit.  To  prevent  an  in- 
crease of  current  under  these  condi- 
tions, an  automatic  regulator  is  used  in 
connection  with  the  dynamo. 

1272.  How  many  lamps  can  be  op- 
erated in  a  series  circuit? 

About  100  lamps  is  the  maximum  that 
is  considered  practicable  on  a  single  cir- 
cuit. This  requires  an  e.m.f.  of  approxi- 
mately  7500  volts. 

1273.  How  are  arc  lamps  usually 
connected  for   interior   lighting? 

In  parallel  across  a  constant-potential 
circuit,  as  shown  in  Fig.  419. 

1274.  What  are  the  voltage  condi- 
tions in  the  multiple  circuit? 

As  the  usual  interior  constant-potential 
circuit  is  »perated  at  about  1 10  volts 
and  the  voltage  across  the  inclosed  arc 
is  about  75,  there  remains  about  35 
volts  to  be  taken  up  by  the  resistor  in 
the  direct-current  lamp,  or  by  the  react- 
ance in  an  alternating-current  lamp.  In 
an  open-arc  lamp,  however,  the  voltage 
across  the  arc  is  only  about  45  to  50,  so 
that  about  60  to  65  volts  is  wasted  in 
dead  resistance. 

1 275.  Is  this  greater  loss  of  voltage  in 
the  open-arc  lamp  responsible  for  this 
lamp  being  superseded  by  the  incloscd- 
arc  lamp  for  multiple  connection? 

Not  entirely,  because  it  is  possible  to 
operate  two  open-arc  lamps  in  series 
across  a  UO-volt  circuit,  leaving  only 
about  20  volts  to  be  lost.  The  inclosed- 
arc  lamp  won  out  chiefly  by  reason  of 
the  slower  combustion  of  the  carbons 
and  consequent  saving  in  operating  and 
maintenance  cost,  the  softer  light  it  gives, 
the  better  distribution  of  this  light  by 
means  of  the  inner  globe,  the  impos- 
sibility of  heated  carbon  particles  flying 
out  and  setting  fire  to  inflammable  ma- 
terial,  and   its   quietness   in   operation. 

1276.  How  are  indoor  lamps  sus- 
pended? 

Two  approved  methods  of  arc-lamp 
suspension  are  shown  in  Fig.  420;  at  the 
left,  the  method  for  exposed  wiring,  and 
at  the  right  the  method  for  concealed 
wiring.  In  addition  to  the  insulator  at 
the  top  of  the  lamp,  there  should  be  one 
in  the  suspension  hook  or  wire  to  serve 
*as  further  protection.  Each  lamp  on  a 
constant-potential  circuit  should  be  pro- 
tected by  an  inclosed  fuse,  which  may  be 
of  the  cartridge  type  mounted  above  the 
lamp,  as, shown  at  the  left  of  Fig.  420, 
or  it  may  be  of  any  other  approved  form 
connected  in  the  lamp  circuit  and  mounted 
at  a  distance  from  the  lamp.  This  latter 
method  is  the  more  convenient  one  when 
concealed  wiring  is  used  and  accounts 
for  the  absence  of  protective  devices 
in   the   sketch   at   the   right   of    Fig.   420, 
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the  conduit  and  junction  box  there  shown 
being  merely  for  convenience  in  wiring 
the   lamp  into  circuit. 


ElectriciiUy  Operated  Valves* 
By  H.  M.  Gassman 
Valves  of  24  in.  diameter  and  larger 
are  usually  operated  other  than  by  hand 
for  the  reason  that  generally  such  valves 
must  be  closed  in  a  very  short  time, 
which  is  impossible  by  hand  operation, 
and  also  because  such  valves  are  fre- 
quently located  in  out-of-the-way  places 
and  are  more  conveniently  controlled 
from  some  operating  point  more  or  less 
remote  from  the  valves. 

As  large  valves  usually  control  very 
important  service  connections  it  is  es- 
sential that  the  electrical  equipment  of 
these  valves  be  dependable.  To  guard 
against  failures  the  valves  should  be  in- 
spected and  tried  out  regularly,  par- 
ticularly where  they  are  likely  to  remain 
in  one  position  for  long  periods. 

The  power  required  to  open  a  valve 
is  a  maximum  when  starting  the  valve 
from  its  seat.  After  the  gate  has  been 
opened,  say  one-fourth,  comparatively 
little  torque  is  required  to  complete  the 
operation.  The  proportion  of  starting  to 
running  torque  varies  with  the  construc- 
tion of  the  valve,  the  amount  of  cor- 
rosion and  the  condition  of  the  valve 
seat.  When  closing  hydraulic  valves  un- 
der pressure,  the  starting  and  running 
torques  are  comparatively  small  until  the 
valve  is  about  three-quarters  closed.  From 
that  point  on,  the  pressure  on  the  gate 
increases  approximately  as  a  square  of 
the  decrease  in  the  opening;  consequent- 
ly the  torque  at  closing  in  such  cases  in- 
creases rapidly  but  does  not  reach  the 
value  of  the  starting  torque  required  to 
open  the  valve  under  the  same  pressure 
conditions. 

To  overcome  the  sticking  of  the  valve 
when  it  is  to  be  opened,  the  drive  is 
sometimes  provided  with  a  lost-motion 
device  so  as  to  give  a  hammer  blow  when 
starting  the  valve  from  its  seat.  With 
alternating-current  motors  such  lost  mo- 
tion also  allows  the  motor  to  develop  a 
high  speed  and  therefore  a  greater  torque 
before  starting  the  valve  from  its  seat. 

Unless  some  provision  is  made  for 
limiting  the  torque  of  the  motor  or  con- 
trolling the  circuit  when  closing  the 
valve,  it  is  possible  to  jam  and  injure 
the  mechanism  of  the  valve,  making 
further  operation  difficult.  A  slip  gear 
cannot  be  used  for  this  purpose  as  the 
slipping  torque  in  opening  will  be  prac- 
tically the  same  as  when  closing,  unless 
the  gear  be  designed  to  act  in  the  clos- 
ing direction   only. 

Where  compactness  is  a  consideration 
the  motor  is  rigidly  attached  direct  to  or 
on  an  extension  of  the  valve  casing.  The 


•From  a  paper  delivered  at  the  Pitts- 
Imrg-  meeting  of  the  American  Institute 
of   Electrical   Eng-lneers.   Apr.    25-27. 
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motor  and  drive  should  be  so  arranged 
that  there  will  be  ample  room  for  hand 
operation.  An  inclosed  motor  is  pre- 
ferred on  account  of  exposure  to  damp- 
ness, water  and  flooding,  inclosing  being 
permissible  without  affecting  the  size  of 
the  motor,  owing  to  the  intermittent  ser- 
vice. Terminals  and  wiring  also  must 
be  protected  against  water  and  any  me- 
chanical injury  which  might  result  while 
repairs  are  being  made  to  the  valve. 

A  valve  should  not  be  overpowered  by 
a  motor  for  the  reason  that  there  is  con- 
siderable risk  of  damaging  the  valve,  and 
should  not  be  underpowered  because  it 
increases  the  chance  of  failure  when  the 
conditions  are  extraordinary.  The  cor- 
rect size  of  motor  for  the  valve  will  vary 
with  the  duty  and  the  general  conditions 
under  which  the  valve  operates. 

Where  there  is  any  choice  of  system 
the  direct  current  is  preferred  in  order 
to  secure  the  advantages  of  a  series- 
wound  motor,  giving  a  high  starting 
torque  and  increased  speed  under  light 
load.  The  commutator  and  brushs,  how- 
ever, are  apt  to  give  trouble  in  damp  or 
wet  locations.  The  alternating-current 
motor  best  adapted  to  valve  operation 
is  the  squirrel-cage  type,  because  of  its 
simplicity.  The  motor  should  be  designed 
with  a  high  resistance  rotor  to  increase 
the  starting  torque. 

For  equivalent  performance — that  is, 
the  same  assurance  against  failure  of  the 
motor  to  operate  the  valves — the  alter- 
nating-current motor  should  be  from  20 
to  40  per  cent.  larger  than  the  direct- 
current  motor.  In  such  applications  motor 
efficiency  does  not  enter,  but  operating 
efficiency  does,  and  therefore  it  is  econ- 
omy to  put  on  motors  of  greater  capa- 
city than  would  be  actually  required  un- 
der ordinary  conditions. 

For  remote  control  the  ideal  arrange- 
ment is  one  which  permits  of  auto- 
matically starting  and  stopping  the  motor 
by  simply  throwing  a  switch  or  controller 
and  one  that  makes  it  impossible  to  start 
the  valve  in  the  wrong  direction  and 
wreck  some  part  of  the  valve  or  mech- 
anism. 

Where  valves  require  direct-current 
motors  larger  than  can  be  thrown  direct- 
ly across  the  line  without  resistance,  such 
resistance  should  be  designed  to  give 
the  maximum  torque  required  to  open 
the  valve  and  be  retained  permanently 
in  circuit.  As  the  motor  speeds  up  due 
to  a  decrease  in  load,  a  step  of  sufficient 
resistance  should  be  inserted  in  series 
with  the  motor  to  prevent  excessive  speed 
at  light  load,  to  slow  down  the  motor 
as  the  torque  increases  near  the  closing 
point  and  to  limit  the  torque  finally 
should  the  valve  seat  itself  before  the 
motor  is  disconnected  from  the  circuit. 
There  are  various  schemes  for  obtaining 
this  result  with  a  two-point  reversing 
drum  controller  or  with  a  pilot  switch 
control  in  combination  with  shunt-  and 
series-wound  contactors.     In  either  case, 
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limit  switches  should  be  provided  at  each 
end  of  the  travel. 

For  alternating-current  motors  the 
same  general  scheme  can  be  used  as  this 
type  of  motor  will  not  increase  in  speed 
appreciably  with  change  in  load,  but  the 
resistance  in  the  stator  circuit  will  also 
have  the  effect  of  limiting  the  torque  in 
closing  the  valve. 

The  limit  switches  can  be  designed  to 
handle  the  motor  current  instead  of  the 
contactor  exciting  current.  For  small 
valves  the  limit  switch  is  sometimes 
omitted  and  the  motor  allowed  to  in- 
crease its  torque  to  the  point  of  operat- 
ing an  overload  circuit-breaker.  Such 
an  arrangement,  however,  is  not  fool- 
proof in  that  it  allows  the  operator  to 
start  the  gate  in  the  same  direction  at 
the  end  of  its  travel. 


Detecting  Defects  in  Armatures 

By  E.  R.  Parli.man 

In  the  Jan.  16  issue,  Gordon  Fox  de- 
scribed a  method  for  locating  defects  in 
direct-current  armatures.  In  this  connec- 
tion he  recommended  the  use  of  a  U- 
shaped  magnet  for  inducing  a  small  elec- 
tromotive force  in  the  armature  and  then 
detecting  the  defects  from  bar  to  bar  by 
means  of  a  telephone  receiver. 

In  the  writer's  opinion,  the  telephone 
test    would    be   made   much    simpler   by 


Defective  Coil  Cut  Out  and  Jumper 
Across   Comutation   Segments 

using  a  battery  and  buzzer  combination 
in  place  of  the  magnet.  In  making  this 
test,  place  the  terminals  of  the  buzzer 
circuit  over  three  bars  on  the  commu- 
tator; then  the  terminals  of  the  telephone 
receiver  must  bridge  any  two  adjacent 
bars,  between  those  in  contact  with  the 
buzzer  circuit.  By  revolving  the  arma- 
ture, the  receiver  will  record  each  sep- 
arate coil  in  the  armature  winding. 

There  are  three  sources  of  trouble  in 
a  coil,  a  short-circuit,  a  ground  and  a 
coil  having  crossed  wires.  The  indicator 
on  the  receiver  with  a  short-circuit  will 
sound  dead  when  the  receiver  terminals 
bridge  the  commutator  bar  connected  to 
the  lead  nearest  to  the  short-circuit  in 
the  coil;  while  the  bar  connected  to  the 
other  lead  at  commutator  pitch  distance 
will  sound   low. 


The  indications  for  a  grounded  coil 
will  sound  low  on  the  bars  connected 
with  the  defective  coil  and  dead  if 
one  of  the  terminals  of  the  buzzer  cir- 
cuit is  placed  on  the  armature  shaft, 
while  the  other  terminal  remains  on  the 
armature  commutator. 

The  best  method,  however,  for  testing 
out  a  ground  is  to  place  one  terminal  of 
a  high  potential  circuit  on  the  shaft  while 
the  other  terminal  is  applied  to  each  bar 
of  the  commutator  successively.  An  arc 
will  be  produced  when  the  second  ter- 
minal makes  contact  with  the  bar  con- 
nected  to   the   grounded   coil. 

The  indications  for  a  crossed  wire,  com- 
monly known  as  a  crossed  lead,  will  be 
very  loud  on  the  bars  connected  to  the 
defective  coil  and  low  on  the  adjacent 
bars.  A  quick  remedy  for  the  short- 
circuited  and  grounded  coils  is  to  connect 
the  defective  parts  with  a  "jumper";  for 
example,  consider  the  four-pole,  eleven- 
bar  commutator  armature  shown  in  the 
illustration.  Assume  that  in  detecting 
the  trouble,  Nos.  1  and  1 1  sound  dead, 
while  bars  Nos.  5,  6  and  7  sound  low. 
Cut  the  lead  A  from  bars  1  to  6  and  B 
from  bars  6  to  11,  then  cut  the  coil  on 
the  peripheral  side,  so  that  the  coil,  if 
grounded,  will  not  become  an  isolated 
generator.  The  next  step  is  to  connect 
jumper  D  from  bar  No.  !  to  bar  No.  6 
and  jumper  £  from  bar  No.  6  to  bar  No. 
11,  so  that  the  circuit  will  be  complete. 

This  repair  will  not  reduce  the  power 
to  any  great  extent,  as  only  two  coils 
will  be  out  of  use,  but  if  a  number  of 
coils  were  cut  out  the  power  would  be 
reduced  greatly. 

This  method  in  the  second  case  might 
work  temporarily,  but  the  only  systematic 
method  to  follow  in  such  a  case  would 
be  to  install  a  new  similar  armature  or 
rewind  the  old  one. 


LETTER 

An  Original  Equalizing 
Connection 

We  recently  installed  a  voltage-regu- 
lator panel,  in  addition  to  our  switchboard, 
which  called  for  the  operation  of  the 
compound-wound  exciters  in  parallel 
when  both  alternators  are  running  or 
while  changing  over.  The  diagram  in 
Fig.  1  shows  practically  how  they  were 
to   be   wired    according   to   the   blueprint. 

After  we  had  them  wired  as  indi- 
cated, we  started  up  exciter  No.  2,  and 
adjusted  its  voltage  to  equal  the  voltage 
of  No.  I,  which  was  running;  on  throw- 
ing in  No.  2  exciter  switch  to  put  them 
in  parallel,  the  polarity  on  No.  1  was 
reversed,  "killing"  the  alternator  excita- 
tion and  putting  out  the  lights  all  over 
town  until  we  could  throw  in  No.  2 
alternator. 

We  had  a  double-pole  double-throw 
switch  connected  as  shown  in  Fig.  2  for 
charging  batteries  from  either  exciter, 
so  by  taking  the  positive  lead  and  hold- 


ing it  on  the  positive  terminal  of  No.  1 
exciter,  holding  the  negative  lead  on 
the  negative  terminal  and  closing  the 
switch  to  No.  2  exciter  for  a  few  sec- 
onds, we  got  the  polarity  reversed  back 
again. 

We  ran  a  couple  of  temporary  wires 
from  the  lower  contacts  of  the  switch 
on  the  back  of  the  board  on  No.  1  ex- 
citer to  the  alternator  field  rheostat, 
leaving  the  switch  on  No.   1   exciter  out 


Exciter  Connections 


to  run  the  exciters  separately  and  change 
the  generators  until  we  could  locate  the 
trouble. 

On  looking  over  one  of  my  books  I 
found  a  diagram  that  fitted  our  case  and 
discovered  that  the  equalizer  wire  should 
run  from  the  junction  of  the  series  field 
terminal  and  the  brush  cable  (/)  to  the 
middle  pole  of  the  switch.  Instead  of 
doing  it  that  way,  they  ran  a  connection 
from  the  junction  point  /  to  the  ter- 
minal of  the  series  field  winding,  as 
shown  by  the  dotted  line  in  Fig.  1,  on 
exciter  No.  2,  and  left  the  middle  pole 
of  the  switch  free.  I  asked  if  that 
would  not  cut  out  the  series  field  coil, 
and  was  assured  they  had  tried  that  and 
it  did  not. 


To  Exciter  No.  I 


To  Exciter  No. 2 


To  Battery 

Fig.  2.   Battery  Connection 

The  manager  took  me  over  to  exciter 
No.  1  that  was  running,  and  bridged 
across  with  a  piece  of  wire  as  indicated 
by  the  dotted  lines  on  No.  2. 

"Now,"  he  said,  "you  don't  see  the 
voltage  vary  any,  do  you?" 

"Only  about  fifteen  or  twenty  volts," 
I  said. 

After  they  had  changed  the  eonnec- 
tions  to  those  shown  by  the  solid  lines 
everything  was  all   right. 

R.  F.  Calderwood. 

Ida   Grove.   Iowa. 


The  diagram  illustrating  Mr.  J.  A.  Cro- 
teau's  letter  on  "Unexpected  Wattmeter 
Readings"  in  the  April  23  issue  showed 
the  two  current  transformers  of  watt- 
meter No.  2  on  the  same  line.  This  is  in- 
correct; instead,  one  transformer  should 
be  on  the  first  line  and  the  other  on  the 
second  line. 
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Gas   Power   Department 

Worth-while  gas-engine  and  producer  information  treated  in  a  way  that  can  be  of  practical  use 


Present  Status  of  the  Diesel 
Engine 

Following  his  election  to  honorary  mem- 
bership in  the  American  Society  of  Me- 
chanical Engineers  on  Apr.  30,  Dr. 
Rudolph  Diesel,  inventor  of  the  well 
known  engine  bearing  his  name,  delivered 
a  lecture  upon  "The  Present  Status  of 
the  Diesel  Engine."  While  the  general 
scope  of  the  lecture  was  along  much 
the  same  lines  as  his  London  address  of 
some  weeks  ago  and  many  of  the  points 


Figs.  I  and  2.   First  and  Second  Experi- 
mental Diesel  Engines 

had  been  brought  out  from  time  to  time 
in  the  technical  press,  still  the  paper 
covered  in  logical  order  the  development 
of  the  Diesel  engine  from  its  inception 
to  its  present  position  as  an  important 
commercial  factor.  Furthermore,  many 
points   were   brought   out   which   are   not 


of  common  knowledge,  especially  as  ap- 
plied to  American  practice. 

Fuel 

By  way  of  introduction,  Dr.  Diesel 
pointed  out  the  influence  which  his  en- 
gine is  having  upon  the  coke  and  gas 
industries  in  Europe,  the  byproducts  from 
these,  such  as  tar  and  creosote  oils  as 
now  produced,  being  especially  adaptable 
for  use  in  the  Diesel  engine.  Of  course 
this  is  not  of  so  great  importance  in  the 
United  States  on  account  of  its  rich- 
ness in  natural  oil,  but  it  is  of  utmost 
importance  in  those  countries  which  have 
practically  no  oil  production  of  their  own. 
For  instance,  it  is  estimated  that  the  tar 
production  of  Germany  is  sufficient  for 
furnishing  approximately  IM  million  hp. 
for  300  days  of  10  hr.  each  per  year. 

Dr.  Diesel  also  called  attention  to  the 
fact  that  it  is  possible  to  use  vegetable 
and  animal  oils  in  his  engine,  a  fact  not 
generally  known.  While  this  is  insignifi- 
cant at  present,  in  the  course  of  time 
it  may  play  an  important  part. 

Early  History 
Reverting  to  the  early  history  of  the 
engine.  Dr.  Diesel  stated  that  the  first 
attempt  brought  forth  a  vertical  four- 
stroke-cycle  engine  constructed  in  1893 
(Fig.  1).  This  was  fitted  with  a  piston 
rod  and  external  crosshead,  the  cylinder 
having  no  water  jacket  and  the  camshaft 
placed  low  with  the  valves  actuated  by 
means  of  long  rods.  There  was  no  air- 
supply  pump  and  the  fuel  was  injected 
directly.  This  engine  never  ran,  but  at 
the  first  injection  of  fuel  an  explosion 
occurred  and  the  indicator  went  to  pieces. 
It  served  to  prove,  however,  that  it  was 


possible  to  compress  air  so  high  that  the 
fuel  injected  into  it  would  ignite  and 
burn. 

The  second  engine  (Fig.  2)  had  a 
water-jacketed  cylinder  and  the  camshaft 
was  placed  higher.  Furthermore,  it  was 
fitted  with  an  air  pump.  This  engine  also 
would  not  run. 

Fig.  3  shows  the  first  successful  Diesel 


Fig.  3.   First  Successful  Diesel  Engine 

engine.  This  was  constructed  at  Augs- 
burg in  1897  and  developed  18  hp.  It 
had  the  piston  connected  to  an  external 
crosshead  and  worked  on  the  four-stroke 
cycle. 

Commercial  Four-stroke-cycle  Types 
A  few  years  later  the  external  cross- 
head   was  abandoned  and  the  trunk  pis- 
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Fig.  4.    Plant  of  Prairie  Pebble  Phosphate  Co. 


Fig.  5.    Plant  of  Unitld  Gas  Improvement  Co 
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ton  adopted.    Engines  of  this  design  hav-     of  this  kind  are  now  built  up  to  700  hp.      gine  into  the  United  States  and  after  it 


ing  cylinders  of  10  to  250  hp.  each  were 
constructed  and  by  adopting  the  multi- 
cylinder  type  as  high  as  1000  hp.  per 
engine  was  attained.  These  ran  at  com- 
paratively low  speed,  from  160  to  200 
r.p.m.,  and  were  of  heavy  construction. 
Gradually  the  sizes  were  increased,  al- 
though the  general  design  remained  the 
same. 


After  the  vertical  engines  had  been  in 
use  for  about  12  years,  horizontal  four- 
stroke-cycle  engines  were  built.  At  first 
these  were  practically  vertical  engines 
laid  on  their  sides  without  any  inde- 
pendent structural  innovations.  Gradual- 
ly, however,  the  details  were  altered  in 
such  a  way  as  to  render  them  more  suit- 
able for  a  horizontal  position,  and  a  type 


had  proved  successful  here  this  departure 


^^r 


Fig.  6.   Large  Two-stroke  Cycle  Enginf, 


Fig.  7.   Large  Cylinder  Unit  Arranged 
TO  .Allow  for  Expansion 


Scavenging 
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Fig.  8.   General  Layout  of  Diesel  Locomotive 


As  the  central  stations  took  up  the 
Diesel  engines,  the  necessity  arose  for 
higher  speeds.  Accordingly,  engines  were 
built  with  speeds  ranging  from  300  to 
600  r.p.m.,  the  principal  difference  be- 
tween these  and  the  earlier  type  being 
that  the  cylinders  were  supported  by 
light  steel  columns  instead  of  heavy  cast- 
iron  frames.  This  reduced  the  weight 
considerably.     Four-stroke-cycle  engines 


was  evolved  resembling  very  closely  the 
horizontal  gas  engine.  Double-acting 
four-stroke-cycle  horizontal  engines  with 
two  or  four  cylinders  arranged  tandem 
are  now  built  in  sizes  up  to  2000  hp. 

American  Practice 

The  abandonment  of  the  crosshead  and 
the  adoption  of  the  trunk  piston  began 
with   the    introduction   of  the    Diesel   en- 


was  followed  by  the  European  builders. 
Other  modifications  adopted  in  American 
practice  were  a  closed  base  frame,  valves 
in  a  chamber  at  the  side  of  the  cylinder 
instead  of  in  the  head  and  an  inde- 
pendently driven  air  pump.  Some  of  these 
modifications  have  now  been  adopted  in 
European  practice  and  others  are  about 
to  be. 

Dr.     Diesel    stated     the    aggregate    of 
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Diesel  engines  in  the  United  States  is  at 
present  about  300  units,  having  a  com- 
bined horsepower  of  150,000.  He  then 
showed  views  of  a  number  of  these 
plants.  The  largest  is  that  of  the  Prairie 
Pebble  Phosphate  Co.  at  Mulberry,  Fla. 
This  is  shown  in  Fig.  4  and  comprises 
sixteen  Diesel  engines  arranged  in  eight 
double  units  of  450  hp.  each,  and  served 
by  five  air  compressors. 

Another  important  American  Diesel  en- 
gine plant  is  that  of  the  United  Gas  Im- 
provement Co.  in  Philadelphia.  This  is 
shown  in  Fig.  5  and  has  three  225-hp. 
engines. 

Two-stroke-cycle  Engines 

It  will  be  remembered  that  in  the  Diesel 
engine  the  scavenging  is  not  done  with  a 
mixture  of  fuel  and  air,  but  with  pure  air; 
thus  one  source  of  fuel  loss  is  avoided, 
making  this  type  especially  adaptable  to 
the  two-stroke  cycle.  Dr.  Diesel  admitted, 
however,  that  the  four-sfroke-cycle  en- 
gine was  still  the  more  efficient,  due  to 
better  combustion.  On  the  other  hand, 
the  two-stroke-cycle  engine,  owing  to  its 
smaller  cylinders,  has  come  into  favor 
for  stationary  plants  of  higher  power  and 
for  marine  work.  Two  types  of  the  two- 
stroke-cycle  engine  have  so  far  been  in 
competition.  That  built  by  Sulzer  Bros. 
has  a  separate  scavenging  pump  and  the 
other,  built  by  the  Maschinenfabrik,  Augs- 
burg, Niirnberg,  has  the  scavenging 
pump,  which  has  an  annular  piston, 
placed  underneath  each  combustion  cyl- 
inder. Both  engines  are  single  acting. 
A  four-cylinder  two-stroke-cycle  Sulzer- 
Diesel  engine  of  2400  hp.  is  shown  in 
Fig.   6. 

'Marine   Engines 

In  reviewing  the  application  of  his  en- 
gine to  marine  practice,  Dr.  Diesel  stated 
that  at  the  start  attempts  were  made  to 
make  the  four-stroke-cycle  engine  re- 
versible. This  resulted  in  a  very  compli- 
cated mechanism,  and,  although  a  few  of 
these  are  still  being  built,  this  type  has 
almost  entirely  given  place  to  the  re- 
versible two-stroke-cycle  engine,  which 
for  marine  work  also  embodies  other  ad- 
\  antages,  such  as  less  weight,  etc. 

Very  important  experimental  work  is 
now  being  carried  on  for  the  purpose  of 
developing  high-power  marine  engines 
with  cylinder  units  reaching  1000  to  2000 
hp.  In  this  connection  Sulzer  Bros,  have 
just  completed  a  single  cylinder  of  2000 
hp.  with  single-acting  piston  based  on 
the  construction  shown  in  Fig.  7,  which 
permits  free  expansion  of  the  cylinder 
under  the  action  of  high  temperatures. 

Dr.  Diesel  stated  that  there  were  at 
present  365  ships  fitted  with  Diesel  en- 
gines. One  of  these,  around  which  pop'u- 
lar  interest  centers,  is  the  "Fram,"  in 
which  Capt.  Amundsen  made  his  success- 
ful   trip   to    the    south    polar   regions. 

Also   two    submarines    for   the    United 


States    Navy    are    being    fitted    out    with 
Diesel  engines. 

Diesel  Locomotive 

One  of  the  most  interesting  points 
covered  by  Dr.  Diesel's  lecture  was  the 
application  of  his  engine  to  locomotives. 
This  is  an  entirely  new  phase  of  the  sub- 
ject and,  although  experiments  have  been 
in  progress  for  the  past  five  years  at  the 
Winterthur  works  of  Sulzer  Bros.,  prac- 
tically nothing  has  heretofore  been  made 
public  regarding  it. 

The  first  locomotive,  which  is  of  1200 
hp.,  has  just  been  completed  and  is  at 
present  undergoing  tests.  This  is  repre- 
sented in  Fig.  8.  The  application  of  the 
Diesel  engine  to  locomotive  practice  pre- 


maneuvering  and  going  up  hill,  in  such  a 
way  that  auxiliary  compressed  air  and 
oil  fuel  are  supplied  to  the  cylinders.  For 
ordinary  running  the  engines  work  like 
an  ordinary   Diesel  motor. 

Air-storage  tanks  are  provided  for  sup- 
plementing the  work  of  the  auxiliary 
pumps.  At  the  top  of  the  car  at  one  end 
is  a  device  for  cooling  the  circulating 
water,  and  for  heating  the  train  a  small 
donkey  boiler  is  installed.  The  total 
weight  of  the  locomotive  is  about  85  tons 
and  the  outcome  of  the  tests  now  being 
made  upon  it  is  awaited  with  keen 
anticipation. 

To  substantiate  the  claims  made  for  his 
engine.  Dr.  Diesel  produced  a  set  of 
curves    (Fig.   9),   showing   a   comparison 


Fig.  9.    Heat  Distribution  in  Different  Types  of  Plant 


sented  a  rather  difficult  problem,  owing 
to  the  difficulties  of  maneuvering  with 
this  type  of  motor  and  to  the  limitations 
in  space  and  weight. 

Referring  to  Fig.  8,  the  motor  is  a  two- 
stroke-cycle  Diesel  engine  with  four  in- 
clined cylinders  set  in  pairs  at  an  angle 
of  90  deg. ;  the  cranks,  however,  are 
set  at  180  deg.  to  afford  a  balancing  ef- 
fect. Between  the  working  cylinders  are 
placed  two  scavenging  pumps  driven  by 
links  from  the  connecting-rod.  At  one 
end  of  the  car  is  placed  an  auxiliary  en- 
gine which  drives  the  horizontal  air 
pumps.  These  serve  to  increase  the  power 
of     the     main     engines     when     starting. 


between  an  ordinary  noncondensing  plant, 
a  condensing  plant,  a  producer  plant  and 
the  Diesel  engine,  all  based  on  the  heat 
consumption  per  unit  of  power  per  hour. 
This  unit  was^  a  "pferdekraft,"  which  is 
equivalent  to  0.9863  hp.  in  English 
units. 

The  American  rights  to  the  later  Diesel 
patents  (the  early  ones  having  expired) 
have  been  taken  over  by  the  Busch-Sulzer 
Bros.  Diesel  Engine  Co.,  of  St.  Louis, 
who  are  now  erecting  a  large  plant 
capable  of  turning  out  many  thousand 
horsepower  in  Diesel  engines  yearly.  We 
are  indebted  to  this  firm  for  the  illustra- 
tions herein  shown. 


POWER 


Vol.  35,  No.  22 


Heating  and  Ventilation 

Considered  as  power-plant  problems.     Layout  and  operation  of  systems  and  apparatus 


Heating   and  Ventilation  of 
New    Bosch    Factory 

The  Bosch  Magneto  Co.,  of  New  York, 
has  erected  at  Springfield,  Mass.,  a  fac- 
tory for  the  manufacture  of  Bosch  pro- 
ducts. The  plant  is  located  between 
North  Main  St.  and  the  Boston  &  Maino 
R.R.  and  at  present  comprises  the  manu- 
facturing building,  the  power  house  and 
the  boiler  house,  besides  a  number  of 
smaller  temporary  buildings.  The  build- 
ings are  arranged  to  form  a  large  block, 
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Fig.  2.    Typical  Window,  Radiator  and 
Work  Bench  Arrangement 

inclosing  two  light   courts  in  which   the 
power  and  heating  plants  will  be  located. 

Heating 
Heating  is  effected  by  what  may  be 
termed  an  indirect  system.  It  uses  air 
as  the  convecting  medium,  but  it  differs 
from  the  ordinary  system  of  indirect  heat- 
ing in  that  instead  of  one  large  heater 
through  which  the  air  is  forced  with  great 
velocity,  there  are  a  great  many  ordinary 
radiators  along  the  outside  walls,  around 
which  the  air  travels  rather  slowly.  The 
radiators  are  supplied  with  low-pressure 
steam,  the  condensation  returning  to  the 


boilers  by  gravity.  Two  cast-iron  sec- 
tional boilers,  each  of  30-hp.  capacity, sup- 
ply the  steam.  The  boiler  house  is  placed 
entirely  underground. 

The  gases  of  combustion  pass  through 
economizers.  Fig.  1,  where  a  part  of  their 
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Fig.  1.   Savinij  HhAi  of  Flue  Gases 

heat  is  taken  off  and  they  are  then  led  to 
the  smoke-stacks  erected  within  the  main 
building.  In  this  way  a  great  part  of  the 
heat  from  the  gases  is  utilized.  An  en- 
closure about  9  ft.  high  on  each  floor 
protects  the  workmen  against  the  direct 
radiation  of  the  smokestacks.  The  warm 
air  coming  from  the  economizer  room  is 
used  to  heat  the  stock  room  on  the  first 
floor,  which  is  next  to  the  boiler  house 


shows  a  cross-section  through  the  out- 
side wall  at  a  window.  The  radiator  is 
separated  from  the  outside  wall  by  a 
partition  of  sheet  metal  which  extends 
from  the  window  sill  to  the  lower  part  of 
the  radiator.  It  is  also  separated  from 
the  interior  of  the  room  by  a  partition 
running  from  the  window  sill  to  the  floor. 
The  two  partitions  together  with  the  out- 
side wall  form  a  casing  with  two  separate 
spaces  covered  on  top  by  expanded  metal. 
When  the  radiator  is  heated  the  surround- 
ing air  will  rise  in  the  inner  space  and 
draw  the  cold  air  through  the  space  next 
to  the  wall.  The  cold  air  comes  through 
the  outer  space  and  rises  in  the  inner 
space  of  the  radiator  casings.  The  warm 
air  leaving  the  casing  is  drawn  away  by 
the  suction  caused  by  exhaust  fans  lo- 
cated in  the  main-stair  tower. 

This  arrangement  of  the  radiators  has 
a  number  of  advantages  over  the  old 
method  of  setting  them  directly  against 
the  wall.  The  losses  of  heat  through 
the  walls  and  windows  are  reduced  and 
the  lower  part  of  the  wall  is  protected 
against  direct  radiation. 

The  work  benches  can  be  set  directly 
against  the  radiator  casings  as  the  rising 
warm    air    protects    the    workmen    from 
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Fig.  3.    General  Outline  of  Ventilating  System 


and  occupies  about  one-quarter  of  the 
Boor.  As  the  amount  of  heat  furnished 
by  the  economizers  is  much  greater  than 
necessary  for  the  stock  room,  part  of  the 
warm  air  will  be  piped  to  the  upper 
stories. 

The  radiators  are  made  up  of  cast-iron 
pipes  with  radiating  fins  to  increase  the 
heating  surface.  The  arrangement  of  the 
radiators  may   be   seen   in   Fig.   2,   which 


draft  and  cold  and  the  inner  walls  of  the 
casings  keep  off  the  direct  radiation. 

Ventilation 

The  buildings  are  ventilated  by  me- 
chanical draft.  See  Fig.  3  for  the  general 
arrangement.  The  stairwells  are  used  as 
ventilating  llues,  and  the  exhaust  fans, 
Fig.  4,  are  placed  near  the  top  of  the  stair- 
well.    There  are  two  disk  fans  at  the  top 
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Fig.  4.    Exhaust  Fans  in  Main  Stair    Well 


of  the  main  stairway,  eacli  having  a  max- 
imum capacity  of  100,000  cu.ft.  per  min- 
ute. The  discharging  capacity  of  the  two 
fans  together  can  be  varied  from  50,000 
to  200,000  cu.ft.  a  minute.  A  blower 
fan  of  30,000  cu.ft.  capacity  is  placed 
over  each  of  the  other  two  stairways,  on 
the  north  and  south  ends  of  the  build- 
ing. The  direction  and  intensity  of  the 
flow  of  air  through  the  workrooms  to  the 
e.xhaust  fans  are  regulated  by  louvers, 
see  Fig.  5,  which  are  placed  in  the  par- 
titions that  divide  the  working  rooms  of 
the  main  building.  These  partitions  di- 
vide each  floor  into  two  parts,  forming  a 
passage  way  between,  running  from  the 
main  stairs  to  the  wash  rooms.  Louvers 
are  also  provided  in  the  walls  of  the 
stairways  on  the  north  and  south  ends. 

The  ventilation  of  the  forge  room  and 
the  men's  toilet  room  on  the   first  floor 


Fig.  5.  Ventilating  Louvers  in  Corridor 


and  the  hardening  room  on  the  second 
floor  is  separate  from  the  general  ven- 
tilation to  keep  the  fumes  and  gases  out 
of  the  general  work  rooms.  Two  blower 
fans  draw  the  air  from  these  rooms  and 
carry  it  through  a  chimney  flue  on  the 
roof  into  the  open  air. 

The  operation  of  the  general  ventilating 
system  can  be  varied,  depending  on 
weather  conditions.  In  winter  the  disk 
fans  in  the  main  stair  tower  are  used 
only  for  producing  a  change  of  air  twice 
every  hour.  Part  of  the  fresh  air  enters 
through  the  walls  and  the  joints  of  the 
windows;  the  rest  is  taken  in  through 
galvanized-iron  pipes  which  run  along  the 
ceiling  and  through  the  outside  walls  into 
the  open  air.  The  pipes  are  of  6-in.  diam- 
eter and  vary  in  length  from  8  to  25  ft. 
according  to  their  distance  from  the  main 
stairs.  The  cold  air  enters  the  rooms 
through  a  number  of  thin  slots  in  the 
pipes,  shown  in  Fig.  6,  and  in  dropping 
mixes  with  the  warm  air  that  is  constant- 
ly rising.  The  temperature  in  the  rooms 
is  therefore  kept  very  uniform  and  the 
heat  is  used  to  the  best  advantage. 

The  air  is  drawn  toward  the  center 
partitions  and  escapes  through  the  bot- 
tom louvers  into  the  stairwell,  from 
where  it  is  drawn  out  by  the  fans.  The 
fans  discharge  the  foul  air  into  a  cham 
ber  on  top  of  the  roof,  where  it  passes 
into  the  open.  This  ventilating  system 
has  been  in  operation  during  the  past 
winter,  and,  in  combination  with  the  heat- 
ing system,  has  proved  to  be  very  satis- 
factory. Although  the  loss  of  heat  from 
the  ventilation  is  considerable,  the  con- 
sumption of  fuel  is  well  within  the  ex- 
pected limits,  a  fact  largely  due  to  the 
insulating    effect    of   the    double-glassed 


windows,  the  radiator  casings  and  the 
heat-saving  arrangements  of  economizers, 
smoke-stacks  and  air-intake  pipes. 

As  the  weather  becomes  warmer  and 
the  windows  can  be  opened,  the  change 
of  air  is  gradually  increased.  If  the  two 
blower  fans  over  the  small  stairwells  are 
used  as  exhaust  fans,  together  with  the 
two  disk  fans  in  the  main  stairwell,  it 
will  be  possible  to  change  the  air  12 
times  an  hour;  the  draft  near  the  win- 
dows will  be  quite  perceptible  if  the 
opening  of  the  windows  is  properly  reg- 
ulated. This  can  be  easily  done,  as  they 
are  controlled  by  unit  drives  and  can- 
not be   opened   by  the  workmen. 

In  hot  weather,  the  exhaust  fans  in 
the  main-stair  tower  will  run  during  the 
early  morning  hours  and  will  draw  the 
cool  night  air  through  the  building.  Thus 
the  interior  of  the  building  will  be  cool 
in  the  morning  and  the  effect  of  the 
cooled  concrete  columns,  beams  and 
floors  and  the  metallic  contents  of  the 
buildings  will  help  considerably  in  keep- 
ing down  the  temperature  of  the  interior 
air. 


Fig.  6.    Slotted  Fresh  Air  Pipes 

During  very  hot  weather,  a  change  of 
air  would  not  be  of  advantage,  the  tem- 
perature of  the  outside  air  being  so  high 
that  it  would  offer  no  relief  to  draw  it 
into  the  building.  When  such  conditions 
prevail,  it  is  intended  to  close  all  win- 
dows, bring  the  fresh  air  in  through  the 
two  stairwells  at  the  north  and  south 
ends  of  the  building,  and  cool  this  air 
before  it  enters  the  work  rooms.  For 
this  purpose,  two  air-cooling  machines 
are  installed,  one  on  top  of  each  stair- 
well. The  cooling  machines,  one  O'f 
which  is  shown  in  Fig.  7,  are  of  the 
water-spray  type.  The  air  is  taken  in 
through  an  opening  in  the  penthouse, 
enters  the  cooling  machine,  is  drawn 
through  the  water  spray,  passes  a  num- 
ber of  baffle   plates,   where   it   loses   its 
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free  moisture,  continues  through  the  fan 
into  the  stairwell  and  passes  from  there 
through  the  louvers  into  the  work  rooms. 
After  it  has  circulated  through  a  work 
room,  it  leaves  through  the  upper  louvers 
in  the  center  partitions,  and  is  drawn  into 
the  main  stairwell  and  exhausted.  The 
water  for  the  air-cooling  machine  is 
taken  from  the  well  at  the  rate  of  about 
60  gal.  per  min.  for  each  machine  and 
at  a  temperature  of  about  54  deg.  K 
With  that  quantity  of  water,  it  is  guar- 
anteed by  the  manufacturer  of  the  cool- 
ing machines  that  air  entering  at  .95 
deg.  F.,  and  containing  9.3  grains  of 
moisture  per  cubic  foot,  will  be  cooled  to 
78  deg.  It  is  calculated  that  under 
these  conditions,  it  will  be  possible  to 
keep  the  temperature  inside  of  the  build- 
ing about  9  deg.  lower  than  the  outside, 
changing  the  air  four  times  an  hour. 

While  the  ventilating  and  heating  ap- 
paratus have  been  tried  out  during  the 
past  winter,  it  has  not  been  possible  to 
operate  the  cooling  machines.     As  this  is 


pacity.  Electrical  energy  is  supplied  at 
present  by  the  United  Electric  Light  Co., 
of  Springfield.  A  private  power  plant, 
located  in  the  power  house,  is  in  course 
of  erection,  consisting  of  a  280-hp.  Die- 
sel engine  connected  to  a  200-kv.-a. 
Westinghouse  generator,  which  will  fur 
nish  current  for  both  power  and  light. 
When  this  plant  is  completed,  it  is  in- 
tended to  use  the  outside  supply  as  a 
reserve. 

Arrangements  have  been  made  so  that 
the  load  can  be  distributed  between  the 
two  supplies  at  any  ratio  without  run- 
ning the  two  systems  in  parallel. 


CORRESPONDENCE 

Why   Does  the  Pump  Race? 

I  have  occasionally  had  duplex  pumps 
knock,  and  race  as  described  by  Mr. 
Moulton  in  the  Apr.  2  issue.  The  funda- 
mental   reason    underlying    this    is    that 


Air  Cooling  Maciiinf. 


practically  the  first  attempt  that  has  been 
made  to  cool  large  work  rooms  with  a 
view  to  improving  conditions  for  the 
workmen  of  a  factory  during  hot  weather, 
it  is  expected  that  a  number  of  compli- 
cations might  arise  that  will  make  the 
problem  more  difficult  than  it  appears, 
but  it  is  thought  that  with  the  ventilat- 
ing machinery  as  now  installed,  it  will 
be  possible  to  overcome  these  difficulties. 

Power  Plant 

The  machine  tools  are  arranged  for 
iiroup  drive.  The  mainshafts  are  about 
60  ft.  long,  each  being  driven  by  an  in- 
duction motor  of  10-,  15-  or  20-hp.  ca- 


the  pump  does  not  carry  its  water  to 
the  end  of  the  stroke;  consequently 
there  must  be  gas,  steam  or  vacuum 
present  in  the  water  cylinder.  As  this 
condition  will  not  present  sufficient  re- 
sistance to  the  steam,  the  pump  will 
knock   on   the   end   of  strokes   and   race. 

Mr.  Moulton  says  he  shuts  off  the 
steam  heat  and  opens  the  vacuum 
breaker. 

This  will  lower  the  pressure  on  the 
water  and  it  will  immediately  develop 
steam,  particularly  in  the  pump-valve 
chambers  and  in  the  suction  pipe;  this 
is  why  the  pump  gets  steam  instead  of 
water   and    is   the    direct    cause    of   the 


trouble.  The  obvious  remedy  is  to  keep 
the   tank   at   a   uniform    pressure. 

I  do  not  see  the  necessity  for  the 
equalizing  tank;  a  regulating  float  valvf 
could  have  been  used  in  the  large  tank 
W.  A.  CooiL. 

Ladysmith,   B.   C. 


In  the  light,  power  and  hot-water  heat- 
ing plant  where  I  am  employed  we  hav( 
a  battery  of  four  boilers  bleeding  livt 
steam  into  three  exhaust  condensers  anc 
live  steam  only  into  No.  4  condense: 
for   heating. 

The  condensation  from  No.  1  con 
denser  goes  into  an  open  feed-wate 
heater  while  from  Nos.  2  and  3  it  goe: 
into  an  open  tank,  and  the  suction  pipi 
from  the  open  heater  and  tank  is  con 
nected    together   under   the    floor. 

When  live  steam  is  shut  off  in  Nos 
1,  2  and  3,  or  city  water  is  turned  int( 
the  heater,  a  partial  vacuum  is  formec 
in  the  heater,  drawing  the  water  awaj 
from  the  open  tank  and  closing  the  throt 
tie  on  the  pump  till  conditions  become 
normal    again.     This   pump   never  races 

The  condensation  from  No.  4  goe: 
into  a  closed  tank  and  then  to  No.  ^ 
pump.  This  pump  is  also  controlled  b) 
a  throttle  operated  by  a  float  valve  it 
the  tank. 

When  too  much  steam  is  shut  off  a 
once  a  partial  vacuum  is  formed  in  th( 
tank,  preventing  the  water  from  flowinj 
to  the  pump,  which  causes  it  to  race.  B5 
shutting  off  just  a  little  steam  at  a  time 
no  vacuum  is   formed. 

We  do  not  use  an  equalizer  such  a; 
Mr.  Moulton  shows  in  his  diagram.  I 
he  would  disconnect  the  equalizing  pipe 
from  both  return  and  equalizing  tank 
and  leave  the  equalizing  tank  open  te 
the  atmosphere,  it  would  prevent  thi 
pump  from  racing  provided  there  is  ne 
pressure    in    the   return   tank. 

R.  F.  Calderw'ood. 

Ida   Grove.    Iowa. 


Germany    Honors   Fair 
Commission 

On  May  7  the  Panama-Pacific  Exposi 
tion  Commissioners  were  received  in  Ber 
lin,  Germany,  by  distinguished  govern 
ment  officials  and  invited  to  explain  thi 
purpose  of  the  fair. 

Chairman  John  Hays  Hammond  sale 
the  commissioners'  visit  to  Germany  wa: 
merely  to  familiarize  that  country  witl 
the  scope  of  the  enterprise  and  they  die 
not  ask  any  definite  promise  of  participa 
tion. 

The  officials  evinced  a  lively  interes 
and  marveled  at  the  work  which  has  al 
ready  been  accomplished  since  the  Sai 
Francisco  fire  six  years  ago.  It  is  be 
lieved  that  the  plans  for  the  coming  ex 
position  will  be  favorably  considered  ii 
Germany  and  that  its  people  will  active 
ly  participate  in  the  exhibits  shown  b; 
other  European  governments. 
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Diesel  Engine   in  the  United 
States 

Why  the  Diesel  engine,  with  its  high 
efficiency,  has  not  been  used  more  ex- 
tensively in  this  country  is  a  question 
often  raised.  While  there  are  more  of 
these  installations  than  has  been  gen- 
erally supposed,  as  reference  to  the  arti- 
cle elsewhere  in  this  issue  will  show,  still 
the  number  of  Diesel  engine  plants  in 
the  United  States  is  comparatively  small. 

Many  have  tried  to  account  for  this 
by  asserting  that  the  workmanship  here 
is  inferior  to  that  in  Europe  and  that  the 
operators  are  less  skilled.  Dr.  Diesel, 
however,  during  his  recent  visit,  refuted 
this  statement.  He  claimed  that  the 
Diesel  engines  built  in  this  country,  after 
having  passed  the  necessary  manufactur- 
ing apprenticeship  stage,  are  quite  as 
good  as  those  of  European  make;  fur- 
thermore, they  are  handled  as  intelli- 
gently. In  his  opinion,  the  question  is 
purely  economic. 

In  Europe  the  leading  idea  seems  to 
be  operating  cost  while  here  it  is  first 
cost.  This  may  be  explained  partly  by 
the  facts  that  our  rates  of  interest  are 
higher,  coal  much  cheaper,  and  steam 
engines  cheaper  than  in  Europe.  The 
Diesel  engines,  owing  to  their  necessarily 
heavier  proportions  and  special  features 
of  design,   are   expensive. 

Moreover,  in  American  practice  ob- 
solescence is  a  factor  to  be  reckoned. 
Improvements  in  prime  movers  have  been 
so  rapid  that  it  is  common  to  see  ma- 
chines, althaugh  in  perfect  operating 
condition  and  only  eight  or  ten  years 
old,  being  displaced  by  those  of  the 
latest  design.  Under  such  conditions  it 
would  be  unwise  to  invest  heavily  in 
apparatus  which  would  be  superseded  in 
a  few  years.  Therefore,  American  en- 
gineers seem  to  have  been  content  to 
watch  developments  until  the  Diesel  en- 
gine has  reached  a  stage  of  perfection 
such  that  would  warrant  the  increased 
investment. 

Within  the  past  two  or  three  years, 
however,  conservation  and  "efficiency" 
have  been  impressed  upon  the  American 
public  to  such   an   extent   that   it   is  rea- 


sonable to  assume  that  more  attention 
will  henceforth  be  given  to  economy  in 
production.  This  will  undoubtedly  open 
the  field  for  the  Diesel  motor. 


The  Size  of  Pipe 

When  installing  a  heating  system,  one 
of  the  largest  items  of  the  initial  invest- 
ment is  the  cost  of  the  piping.  Any  re- 
duction in  diameter  means  a  considerable 
saving,  so  that  the  arrangement  which  will 
deliver  a  certain  amount  of  heat  through 
the  smallest  pipe  has  an  advantage  which 
would  naturally  tend  toward  its  selection. 

It  is  frequently  claimed,  and  quite  gen- 
erally believed,  that  the  supply  main  of 
a  vacuum  system  need  not  be  more  than 
half,  or  at  most  two-thirds,  the  size  of  the 
main  required  for  a  system  having  an 
initial  pressure  above  atmosphere.  Pro- 
viding the  latter  has  been  properly  de- 
signed and  provision  is  made  for  remov- 
ing air,  it  is  difficult  to  see  why  this 
should  be  true. 

When  the  pressure  of  steam  close  to 
the  zero  mark  on  the  gage  is 
reduced,  the  volume  increases  rapid- 
ly and  will  require  a  more  rapid 
flow  for  the  saijie  delivery.  The  friction 
varies  nearly  as  the  square  of  the  veloc- 
ity, the  latter  being  due  to  the  difference 
in  pressure  between  the  terminal  and 
initial  points  less  the  friction  head.  As 
a  vacuum  system  is  generally  intended 
to  reduce  back  pressure  and  the  return 
is  cooled  to  produce  a  difference  in  pres- 
sure below  the  initial  point,  why  should 
there  be  any  reduction  in  the  size  of 
main  with  the  corresponding  increase  in 
volumes  and  reduction   in  temperature? 

Suppose  an  initial  pressure  of  five 
pounds  gage  were  used  in  one  case 
and  atmosphere  in  another,  the  vol- 
umes would  be  20.44  and  26.79 
cubic  feet  per  pound  respectively,  with 
a  difference  of  only  six  heat  units 
in  favor  of  the  higher  pressure.  This 
would  indicate  that  for  the  same  loss  in 
friction  and  output  in  heat  units  the  lower 
pressure  will  require  a  main  nearly  one- 
third  larger  rather  than  one  two-thirds 
the  size. 

Of  course,  air  in  the  system  is  a  fac- 
tor  which   must   be   considered,   and    not 
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infrequently  it  operates  to  the  disad- 
vantage of  an  improperly  arranged  sys- 
tem. 

A  case  in  point  is  a  certain  plant  which 
had  a  ten-inch  main.  Due  to  the  arrange- 
ment of  the  piping,  there  was  excessive 
back  pressure,  so  that  the  radiation  be- 
came air-bound  and  did  not  receive  suffi- 
cient steam  to  heat  the  building  properly. 
A  vacuum  system  might  have  cleared 
the  radiation  of  air,  restored  the  cir- 
culation and  perhaps  showed  that  a  six- 
inch  main  would  be  all  that  was  required 
for  the  work.  This  simply  means,  how- 
ever, that  a  smaller  pipe  under  pressure 
would  have  handled  all  the  heat  units 
actually  transmitted  and  is  no  argument 
for  smaller  mains  under  conditions  of 
lower  pressure  and  greater  volume. 


POWER 


Should  an  Engineer  Purchase 
Instruments? 

The  letter  on  page  782  of  this  issue 
under  the  above  heading  has  an  excellent 
suggestion. 

True,  this  question  will  long  remain 
open,  but  many  who  argue  negatively 
lack  foresight  rather  than  ambition,  and 
this  partially  explains  their  attitude. 
There  are  thousands  of  engineers  who 
either  continuously  or  intermittently  have 
eight  or  more  leisure  hours  every  day, 
and  while  many  spend  them  in  endeavor- 
ing to  increase  their  earnings,  some  be- 
come discouraged  if  a  suitable  channel 
of  activity  does  not  suggest  itself.  As 
suggested  in  the  letter,  the  ambitious 
engineer  could  make  tests  in  neighboring 
plants,  profitably  using  his  idle  hours 
and  gaining  prestige  and  reputation. 

A  complete  indicator  outfit  may  be 
purchased  for  from  forty  to  sixty  dol- 
lars, a  three-pipette  Orsat  for  about 
thirty-five  dollars,  and  a  satisfactory 
flue-gas  sampling  outfit  can  be  easily 
made  by  almost  any  engineer.  The  cost 
of  handbooks  is  not  prohibitive,  and  a  few 
will  answer  one's  needs.  It  does  not 
require  much  knowledge  of  chemistry 
or  extensive  paraphernalia  to  make  prac- 
tically accurate  tests  of  boiler  waters,  or 
to  effect  their  cure.  Much  of  the  appar- 
atus can  be  made  at  home  or  in  the  shop. 
An  engineer  could  equip  himself  for 
test  work  for  about  one  hundred  dollars, 
and  there  are  concerns  which  will  will- 
.  ingly  pay  well  for  it,  and  add  a  bonus  if 
the  results  justify  it. 


Allowable  Boiler  Pressure 

At  a  recent  meeting  of  boiler  inspectors 
the  discussion  of  pressures  allowable  for 
steam  boilers  brought  out  some  inter- 
esting facts. 

Frequently  a  boiler  built  to  withstand 
a  working  pressure  of  125  pounds  per 
square  inch  is  operated  at  100  pounds 
pressure.  This  may  be  because  an  un- 
derloaded engine,  with  the  higher  steam 
pressure,  will  expand  the  steam  in  the 
cylinder  below  atmospheric  pressure  and 
produce  what  is  known  as  a  negative  loop 
on  the  indicator  diagram.  Running  the 
engine  with  a  reduced  steam  pressure 
will  eliminate  this  undesirable  condition. 
Here  is  where  the  engineer  and  the 
boiler  inspector  disagree.  The  inspector 
is  quite  apt  to  conclude  that  if  only 
100  pounds  pressure  is  required  to  op- 
erate the  plant,  the  boiler  should  be 
limited  to  that  pressure.  This  is  cer- 
tainly on  the  side  of  safety,  but  it  is 
hardly  a  scientific  method  of  dealing  with 
the  question. 

Engineers  object  to  any  reduction  in 
the  allowable  pressure  because  they 
realize  that,  some  time,  it  will  be  neces- 
sary to  maintain  the  highest  pressure  the 
boiler  can  safely  carry.  Experience  has 
taught  them  that  it  is  easier  to  regulate 
the  safety  valve  to  blow  at  100  instead 
of  125  pounds  pressure  than  it  is  to  in- 
duce the  inspector  to  increase  the  al- 
lowable pressure  from  100  to  125  pounds. 
Therefore,  while  favoring  reducing  the 
actual  boiler  pressure  where  economy 
will  be  improved,  they  do  object  to  the 
inspector  changing  the  allowable  pres- 
sure carried. 

One  inspector  stated  that  he  allowed 
all  the  pressure  a  boiler  would,  accord- 
ing to  his  judgment  and  calculation, 
carry,  and  set  the  safety  valve  so  close 
to  the  working  pressure  that  it  would 
frequently  operate,  thus  preventing  the 
valve  from  becoming  inoperative  through 
nonuse.  This  is  good  practice;  it  would 
be  inviting  disaster  to  reduce  the  boiler 
pressure  to  100  pounds  per  square  inch 
and  have  the  safety  valve  set  to  operate 
at  125  pounds.  On  the  other  hand,  there 
is  no  good  reason  why  a  boiler  should 
not  be  allowed  to  carry  125  pounds  per 
square  inch,  although  it  has  been  work- 
ing at  a  less  pressure,  providing  it  can 
safely  do  so. 

In  some  cities  it  is  almost  impossible 
to  get  permission  to  increase  the  work- 
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ing  pressure  after  running  with  a  lower 
one.  There  is  no  apparent  reason  for  this 
attitude  on  the  part  of  an  inspector,  un- 
less it  is  a  desire  to  err  on  the  side  of 
safety,  which,  however,  is  likely  to  put 
the  plant  owners  to  unnecessary  incon- 
venience and  perhaps  to  the  expense  of 
installing  a  new  boiler. 


Talking  and  Doing 

Discussing  ways  to  better  the  condi- 
tions of  power-plant  employees  is  some 
good  if  it  sets  them  thinking.  No  real 
and  permanent  benefit  results,  however, 
until  the  thinking  develops  into  action.  A 
vaccination  does  not  count  until  it  "takes." 
Power  is  long  on  suggestions  as  to  what 
should  be  done,  and  how,  but  short  on 
letters  telling  what  has  been  done. 

We  have  tried  to  inoculate  our  read- 
ers with  ambition  to  advance  themselves 
and  improve  their  surroundings.  Now  it 
would  be  a  vindication  of  our  preaching 
and  an  inspiration  to  those  who  have 
not  applied  it  yet,  to  hear  from  those 
who  have. 

Perhaps  our  sermons  had  nothing  to 
do  with  your  success.  Never  mind,  we 
are  not  looking  for  glory,  but  if  the 
principles  we  are  advocating  are  right, 
support  us.  Write  us  how  you  conquered 
difficulties,  what  your  greatest  help  was, 
and  anything  else  that  will  encourage 
the  fellow  who  is  still  at  the  bottom  of 
the  ladder  and  not  very  confident  of  his 
climbing  ability.  Do  not  let  modesty 
keep  you  from  giving  others  the  bene- 
fit of  your  experience. 

We  maintain  that  the  power-plant  em- 
ployee, if  he  really  expects  to  ultimatel> 
reach  one  of  those  better  places  at  the 
top,  must  improve  his  spare  time  bi 
keeping  alive  to  the  advance  in  his  fiek 
and,  being  well  grounded  in  such  knowl 
edge,  must  have  the  courage  to  let  it  bi 
known. 

"Example  is  better  than  precept."  I 
you  are  one  of  the  successes  whose  ex 
perience  confirms  our  statements,  a  fe^ 
words  from  you  will  do  more  good  tha 
all  our  moralizing. 


Engineering  for  Apr.  25  reports  a  tui 
bine  test  in  which  a  kilowatt-hour  wa 
developed  on  11.1  pounds  of  steam.  Thi 
would  be  the  record  if  true,  but  the  or 
ginal  data  gives  a  consumption  in  metr 
units  equivalent  to  over  12  pounds. 


May  28,   1912 


POWER 


775 


Gas  Economy  Indicator 

The  accompanying  illustration  shows  a 
gas  economy  indicator,  which  is  manu- 
factured by  the  Meriam  Co.,  5606  Euclid 
Ave.,  Cleveland,  Ohio. 

An  orifice  casting  is  placed  in  the  gas 
or  air-supply  line  and  is  connected  with 
J-^-in.  pipe  to  the  indicator,  which  is  prac- 
tically a  U-tube  and  operates  on  the 
same  lines  as  a  draft  gage,  the  differ- 
ence in  pressure  being  a  measurement 
of  inflow. 

The  pressure  on  both  sides  of  a  copper 
disk  in  the  orifice  casting  is  transmitted 
to  the  opposite  ends  of  a  glass  tube  con- 
taining a  red  liquid.  The  flow  of  gas 
through  the  orifice  is  indicated  on  a  grad- 
uated scale  by  the  movement  of  the  red 
liquid,  and  is  shown  in  cubic  feet  per 
hour.  This  device  enables  a  gas-engine 
operator  to  detect  any  irregularities  in 
the  gas  consumption,  and  to  regulate  the 
engine  for  the  most  economical  and 
efficient   operation. 


exact  flow  of  gas  or  air,  so  that  it  may  be 
kept  at  a  fixed  rate,  regardless  of  the 
pressure. 


nular   nozzle    into    the    volute,    and    the 

velocity  is  there  converted  into  pressure. 

Where    desirable    to    maintain    steam- 


Gas  Economy  Indicator 

Any  changes  or  adjustments  in  the 
ignition  or  mixture  will  instantly  be 
shown  on  the  indicator  by  the  movement 
of  the  liquid,  and  will  indicate  whether 
these  changes  have  improved  the  econ- 
omy. After  once  determining  the  adjust- 
ment at  which  the  engine  operates  most 
economically  on  a  given  load,  should 
the  indicator  at  a  subsequent  time  show  a 
greater  consumption  of  gas  with  the  same 
load,  this  would  indicate  a  waste  of  gas 
caused  by  either  foul  or  defective  spark 
plugs,  leaking  pistons  or  valves,  or  im- 
proper adjustment. 

Two  types  of  instruments  are  manufac- 
tured, one  containing  a  single  tube  for  use 
with  engines  operating  on  natural  or 
artificial  gas,  and  the  other  containing  two 
tubes  for  use  with  engines  operating  on 
producer  gas,  one  of  the  tubes  being  for 
gas  and  the  other  for  air. 

In  addition  to  using  the  instrument  on 
gas  engines,  it  may  be  adapted  for  use 
■with  gas  producers,  and  in  fact  any 
place  where  it  is  desirous  of  knowing  the 


McEwen  Centrifugal  Pump 

The  most  notable  feature  of  this  pump 
is  its  radical  departure  from  the  ordi- 
nary type  of  turbine  runner,  and  the  sub- 
stitution of  a  runner  of  either  helical 
or  propeller  type,  depending  upon  the 
head  and  the  speed.  The  general  con- 
struction is  otherwise  modified  to  better 
meet  the   demands  of  high   speed. 

Water  enters  the  suction  inlet  and  flows 
in  a  spiral  path  through  a  volute  suc- 
tion passage  where  it  is  parted  to  flow 
equally  into  each  side  of  and  natural- 
ly balance  the  impeller  as  shown  in 
Fig.  1.  The  water  is  delivered  from  the 
periphery  of  the  impeller  into  a  volute 


Fig.   1.    Balanced  Impeller 

outlet  chamber  through  the  discharge 
outlet,  shown  in  Fig.  2.  To  compensate 
for  possible  inequalities  and  abnormal 
conditions,  thrust  collars  are  provided  on 
the  inner  ends  of  the  bearings.  The 
impeller  is  allowed  to  find  its  own  center 
during  a  running  test;  the  collars  are 
then  set  and  thereafter  hold  the  impeller 
in  the  position  of  highest  efficiency. 

The  outer  edges  of  the  vanes  are 
helices,  while  the  main  body  of  the  im- 
peller consists  of  two  cone  frustums 
with  opposed  bases.  The  water  is  thrown, 
from  the  impeller  at  a  velocity  required 
by  the  head,  and  in  streams  which  have 
parallel  flow  through  the  throat  and  an- 


FiG.  3.    Propeller  Type  Impeller 

turbine  speeds  at  the  low  heads  of  5 
to  20  ft.,  the  helical  blades  of  the  stand- 
ard impeller  are  replaced  by  blades  of 
the  propeller  type  which  are  really  helical 
blades  cut  short  and  given  an  increased 
pitch  to  suit  the  head  required.  They 
are  shown  in  Figs.  3  and  4.  The  cone 
body  of  the  helical  impeller  serves  as  a 
deflector  for  the  propeller.  The  two  types 
of  impeller  are  interchangeable  in  the 
same  casing.  An  end  view  of  the  dis- 
charge chamber  is  shown  in  Fig.  5. 
The  interior  of  this  pump  is  accessible 


Fic.  2.    Discharge  Outlet 


Fig.  4.    End  View  of  Impeller 

without  breaking  the  pipe  joints,  and  the 
removal  of  the  impeller  involves  only 
the  breaking  of  a  small  ring  joint  and 
removing  one  bearing  head. 

The   shell    is   cast   in   one   piece,   ma« 
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chined  and  provided  witli  renewable 
bronze  wearing  rings  where  the  impeller 
runs  close.  The  impeller  is  made  of 
bronze,  and  is  built  up  of  two  halves. 
The  outer  edges  of  the  blades  are  ma- 
chined to  a  running  clearance  with  the 


self-locking  and  self- releasing.  The  ma- 
chine has  two  changes  of  speed  operated 
by  a  gear  shift;  no  countershaft  is  re- 
quired, and  tight  and  loose  pulleys  are 
furnished  on  the  machine  itself  with  a 
belt  shipper. 


Fig.  5.   Discharge  Chamber 

wearing  rings  in  the  shell.  The  shaft  is 
of  nickel-steel'  and  is  entirely  protected 
from  the  action  of  water  by  bronze  pro- 
tecting sleeves.  The  possibility  of  wear, 
due   to   the   binding   of   the    packing    at 


Pipe  Threading  Machine 

The  cutoff  attachment  is  where  it  can 
be  seen  at  a  glance,  even  when  the 
largest-size  pipe  the  machine  will  take 
is  being  handled.  Any  size  of  nipple 
can  be   cut  and   threaded. 


Fig.  6.    Showing  Compactness  of  the  Unit 


the  stuffing-gland  is  made  unobjection- 
able as  the  wear  comes  on  renewable 
sleeves.  The  compactness  of  the  pump  is 
shown  in  Fig.  6. 

This   pump   is   made   by   the   McEwen 
Bros.,  Wellsville,   N.   Y. 


This  machine  is  built  for  belt  and 
motor  drive  by  the  Loew  Manufacturing 
Co.,  Madison  Ave.  and  Nickel  Plate  R.R., 
Cleveland,  Ohio. 


Lathe-Bed   Pipe  Threading 
Machine 

The  requirement  of  the  average  user 
of  pipe-threading  machinery  is  a  machine 
that  will  cut  off  and  thread  pipes  and 
thread  nipples  without  the  use  of  a  nip- 
ple chuck.  The  Loew-Victor  lathe-bed 
machine  has  been  designed  to  do  this 
work. 

It  has  the  revolving  die  head  which  is 


Automatic  Pump  Drainer 

The  Penberthy  automatic  ejector  sump 
drainer,  manufactured  by  the  Penberthy 
Injector  Co.,  Detroit,  Mich.,  is  operated 
by  a  jet  of  water  controlled  by  a  float 
and  a  quick  opening  and  closing  valve. 

The  float  arm  has  a  slot  at  A  in  which 
a  pin  in  the  valve-stem  lever  B  slides. 
The  float  is  compact,  being  made  flat  on 
top,  and  built  around  the  suction  pipe  C, 
which  is  provided  with  a  foot  valve  D 
inside  the  strainer.     The  vajve  is  either 


wide  opien  or  completely  closed,  utilizir 
the  actuating  water  to  the  best  advantag 
When  the  float  has  risen  until  the  pi 
bottoms  in  the  slot  the  valve  £  is  the 
lifted  from  its  seat  by  the  float  and  tf 
water  pressure  in  the  inlet  pipe  forces 
fully  open,  shock  being  avoided  by  th 
cushion  formed  above  the  valve  disk. 
The  valve  remains  open  until  the  watt 
in   the    sump    lowers    the    float    and    th 


Automatic  Sump  Drainer 

top  of  the  slotted  arm  engages  with  th 
pin  F.  Any  further  drop  of  the  flo: 
forces  the  valve  downward  and  the  sue 
tion  through  the  valve  draws  the  valv 
to  its  seat  without  shock,  due  to  th 
partial  vacuum  in  the  chamber  above  th 
valve  disk. 


New  Rice  6c  Sargent  Engin 
Governor  and  Stop  Motion 

These  have  been  recently  brought  oi 
by  the  Providence  Engineering  Work 
Providence,  R.  I.  The  governor  has  tw 
segmental  weights  with  a  spiral  sprin 
in  tension  connecting  directly  betwee 
them.  The  weights  are  mounted  wit 
roller  bearings  on  beli  cranks,  which  la 
ter  are  connected  to  the  usual  slidin 
sleeve-and-collar  arrangement.  The  cei 
ter  of  gravity  of  each  weight  is  in  lir 
with   its   bearings,   and   an   arm   on   th 
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Fig.  1.    General  Arrangement  of  Governor  and  Latch  Coupling 


weight  is  guided  by  the  other  weight, 
so  that  the  two  weights  are  kept  in  the 
same  plane.  The  spring  is  easily  ad- 
justable for  stability  and  change  of  speed. 
The  stop  motion  is  operated  by  an 
inertia  weight  carried  by  the  engine 
crosshead.  Normally,  this  weight  is  held 
back  against  a  stop  by  an  adjustable 
spring,  and  remains  quiet  in  relation  to 
the  crosshead;  but  when  the  engine  e.\- 
ceeds  a  certain  speed,  the  inertia  of  the 
weight  overcomes  the  spring  at  the  end 


the  stop  motion  has  operated  and  the 
levers  connecting  to  the  valve-gear  moved 
up  to  the  zero  cutoff  position.  Fig.  3 
shows  the  weight  and  its  bracket,  which 
is  bolted  to  the  crosshead.  Fig.  4  also 
shows  the   latch  released,  and  some  of 


Fig.  2.    Latch  Released 

ally  5  to   10  per  cent,  above  the  normal 
speed   of  the   engine. 

Where  it  is  desired  to  use  push-buttons 
for  stopping  the  engine  from  distant 
points,  a  separate  electrical  arrangement 
is  used  whereby  a  weight  is  released  to 
fall  and  strike  a  blow  on  the  latch  mech- 
anism to  release  it.  This  stop  motion  is 
also  used  in  connection  with  the  throt- 
tle valve  to  release  a  latch  or  toggle  and 
allow  the  valve  to  promptly  close.  In 
this  case  the  stop  weight  is  on  the  other 
end  of  the  crosshead  and  operates  at  the 
head  end  of  the  stroke. 


Fig.  3.   Weight  and  Bracket 

of  the  engine  stroke,  so  that  the  weight 
moves  forward  from  the  crosshead  about 
Va  in.  and  strikes  a  hammer  blow  against 
a  lever  pivoted  to  the  bedplate,  thereby 
releasing  a  latch  and  allowing  the  valve- 
gear  to  be  moved  up  by  a  spring  to  the 
zero  cutoff  position,  corresponding  to  the 
highest  travel  of  the  governor. 

Fig.  1  shows  the  general  arrangement 
of  the  governor  and  also  the  position  of 
the  latch  coupled  up,  ready  for  running. 

Fig.  2  shows  the  latch   released  after 


Fig.  4.    Parts  of  Governor 

the  main  parts  in  detail.  These  levers 
may  be  drawn  back  and  latched  in  again 
at  any  time  when  the  engine  is  below 
the  speed  limit. 

This  stop  motion  does  not  require  any 
attention  when  shutting  down  the  engine 
or  starting  up,  and  the  full  movement  of 
the  governor  weights  is  available  for 
useful  work.  The  stop  may  be  tested  at 
any  time  when  the  load  is  off  the  engine 
by  pulling  down  on  the  levers  to  speed 
the  engine  up  to  the  limit,  which  is  usu- 


CalcLilating  Horsepower  by 
the  Slide  Rule 

The  next  edition  of  George  W.  Rich- 
ardson's instruction  book  upon  the  slide 
rule  will  contain  the  following  directions 
for  calculating  engine  sizes,  speeds, 
horsepower,  etc.: 

Example — Find  the  cylinder  diameter 
of  an  engine  to  develop  154  hp.  with  a 
piston  speed  of  600  ft.  per  minute,  and 
a  mean  effective  pressure  of  42  lb.  per 
square  inch. 

First — Set  154  hp.  on  the  right  half  of 
the  "A"  scale  adjacent  to  6  (600  ft. 
per  minute)  on  the  left  half  of  the  "B" 
scale.  Fig.  1,  with  the  hair  line  of  the 
runner  set  to  33  (33,000  ft.-lb.)  on  the 
left  half  of  the  "B"  scale  as  shown. 

Second — Move  the  slide  "B"  to  the 
left  until  42  comes  under  the  runner 
(Fig.  2)  and  adjacent  to  the  special 
graduation  mark  "X"  on  the  left  end  of 
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the  "C"  scale,  read    16  in.  on  the  "D"  remaining  the  same,  would  require  a  cor- 

scale  as  the  required  cylinder  diameter  responding   increase   or  decrease   of  the 

for  such  an  engine.  mean  effective  pressure  or  cylinder  diam- 

Rule  1 — To  find  the  horsepower,  set  the  eter. 
special  graduation  mark  "X"  on  the  "C"  The    calculation    is   simplified    by    put- 
scale  to  the  cylinder  diameter   (16)    on  ting  a  graduation  mark  at  "X."     In  the 
the    "D"    scale.    Fig.    2,    and    place    the  example  given 


GEO. W.RICHARDSON'S    DIREQ  READING  SUDE  RULE 

5 6         7     ""^';.  9      1       154  Horsepower. 
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Fig.3 
Operations  in  Calculating  Horsepower 


runner  to  42  (m.e.p.)  on  the  "B"  scale. 
Move  the  slide  to  the  right  (Fig.  1) 
until  33  on  the  "B"  scale  comes  under 
the  runner.  Then  read  154  hp.  on  the 
"A"  scale  over  6  (600  ft.  piston  speed) 
on   the   "B"  scale. 

Rule  2 — To  find  the  piston  speed  in 
feet  per  minute,  proceed  the  same  as 
in  rule  1,  except  that  the  answer  is 
read  under  154  hp.  on  the  "A"  scale; 
read  600  ft.  per  minute  on  the  "B"  scale 
(Fig.  1). 

Rule  3 — To  find  the  mean  effective 
pressure  of  the  same  engine,  set  154  hp. 
on  the  "A"  scale,  Fig.  1,  against  6  (600 
ft.  per  minute)  on  the  "B"  scale,  and 
place  the  hair  line  of  the  runner  to  33 
(33,000  ft.-lb.)  on  the  "B"  scale,  and 
leaving  the  runner  at  this  point,  move 
the  slide  until  the  special  graduation  mark 
"X"  on  the  "C"  scale  is  adjacent  to  16 
in.  on  the  "D"  scale,  Fig.  2 — and  under 
the  hair  line  of  the  runner  on  the  "B" 
scale,  read  the  answer  42  lb-.,  mean  ef- 
fective pressure. 

It  will  be  noted  with  the  setting  as 
last  explained,  th  t  if  the  slide  "B"  be 
moved  back  and  forth,  the  mean  effective 
pressure  is  increased  or  decreased,  like- 
wise the  cylinder  diameters  are  increased 
or  decreased  in  the  same  proportion.  The 
same  ratio  will  be  noted  with  a  variation 
in  piston  speed;  any  increase  or  de- 
crease  in   piston   speed,   the  horsepower 


Hp.= 


Pressitre  X  Q'^fQ  X  piston  speed 
33.O0O 

42  X  area  X  6oo 

154  =^'^ 

33  .ooo 


and 


Area  = 


154  X  33.O0O 


42  X  600 

The  operation  as  outlined   consists  in 
dividing    154   by   42,   then    by    600    and 


The  mark  "X"  is  therefore  put  at  1.27; 
on  the  "B"  scale  and  indicates  by  it 
position  the  square  of  the  required  diam 
eter  on  the  "A"  scale  and  the  diamete 
itself  on  the  "D"  scale.  It  is  presumei 
that  this  special  mark  will  be  carried  up 
on  the  "Richardson  Rules"  in  the  future 

Ratio  of  Compound  Cylinders 

Example — Required  to  find  the  rati 
of  two  cylinders    15x25  in.  in  diametei 

First — Set  the  left  index  on  the  "C 
scale  to  15  in.  on  the  "t>"  scale.  NeN 
place  the  hair  line  of  the  runner  to  2 
on  the  "D"  scale,  and  under  the  sam 
line  read  2.78  on  the  "B"  scale  ( Fij 
3),  which  is  the  ratio  of  the  two  cylin 
ders. 

Suppose  it  is  desired  to  have  a  triple 
expansion  engine  with  the  high,  inter 
mediate  and  low-pressure  cylinders  hav 
ing  a  ratio  of  2.78. 

First — Perform  the  preceding  opera 
tion,  which  gives  the  high-  and  intei 
mediate-pressure  cylinders.  Then  mov 
the  left  index  of  the  "B"  scale  to  th 
hair  line  of  the  runner  and  move  th 
latter  to  2.78  (the  given  ratio)  on  th 
"B"  scale.  The  diameter  of  the  low 
pressure  cylinder  will  be  found  unde 
the  hair  line  of  the  runner  on  the  "D 
scale,   which   is  41.5. 

The  cylinder  sizes  of  a  quadruple-ex 
pansion  engine  can  be  ascertained  b 
extending  the  last  operation  in  a  simila 
manner. 


Kelly  Rocking  and  Dumpini 

Grate 

An  improvement  to  the  Kelly  rockin 
and  dumping  grate,  shown  herewith,  cor 
sists  of  a  large  rear  dump  grate  which  i 
operated  independently  of  the  main  gral 
surface,  and  is  for  dumping  the  largt 
clinker  formation  at  a  point  which  ordir 
arily  receives  the  least  attention. 


Improved  Rocking  and  Dumping  Grate 


multiplying  by  33,000.  With  this  setting 
the  index  of  slide  "B"  would  be  opposite 
the  required  area  on  the  "A"  scale.  This 
area  is 


then 


D'- 


0.7854 


1.273  X  area 


The  fuel  bed  is  broken  up  by  the  move 
ment  of  the  grate,  and  the  rocking  motio 
tends  to  shift  the  fuel  toward  the  rea 
of  the  furnace.  This  grate  is  self-cor 
tained  and  its  installation  does  not  requii 
any  alterations  in  the  ordinary  fumaci 
It  is  the  product  of  the  Kelly  Foundry  > 
Machine  Co.,  Goshen,  Ind. 
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Readers  with  Something  to  Say 

A  letter  good  enough  to  print  will  be  paid  for.     Ideas,  not  mere  words,  wanted 


Corliss  Engine  Troubles 

A  16x36-in.  teingle-cylinder,  double- 
;entric,  noncondensing  Corliss  engine 
fitted  with  double-seated  steam  valves 
rking  over  a  single  port  passing  steam 
der  the  two  faces  of  the  valve  and 
;r   the   two   edges   of   the   single   port, 

shown   in   the   illustration. 
[n    looking   over   some   back   numbers 

Po^x'ER  I  read  about  setting  the  valves 

double-eccentric  Corliss  engines  with 
gative  steam  lap  and  the  main  ec- 
itric  set  back  to  get  proper  lead,  thus 
Iting  a  late  cutoff  adjustment  up  to 
/en-eighths  stroke. 

Wishing  to  be  uptodate,  I  tried  to  get 
s  adjustment  on  my  Corliss,  but  after 
iking  the  eccentric  changes  and  short- 
ing the  steam-valve  rods,  I  found  that 

was  impossible  to  shorten  them  for 
gative  lap  or  even  line-and-line  with- 


DouBLE  Seated  Valve  and  Corliss 
Valve   Gear 

t  the  valve-stem  crank  rising  high 
ough  to  cause  the  dashpot  rod  to  strike 
e  valve  crank  as  shown  at  A.  I  had 
put  my  valves  back  to  about  one-half 
toff. 

This  engine  has  run  away  three  times 
thin  a  year,  the  first  accident  being 
e  to  the  ball-bearing  cone  coming  un- 
rewed  in  the  governor,  forcing  the  gov- 
nor  rods  to  a  position  for  a  later  cut- 
■  until  the  governor  weight  had  reached 
e  limit  of  travel,  and  when  the  load 
opped  the  engine  speeded  up.  As  I 
IS  handy  to  the  throttle,  the  local  junk 
aler  suffered  a  great  loss  in  the  profits 
rived  from  old  junk.  The  other  two 
naways  were  caused  by  the  main  shaft 
liar  which  carried  the  governor  belt 
ming  loose  on  the  shaft,  but  still  hav- 
g  enough  friction  to  rotate  the  gov- 
nor. 

We  did  not  shut  down  in  either  case, 
It  pulled  the  load  by  blocking  the  gov- 


ernor and  throttling  the  engine,  which 
requires  some  maneuvering  to  run  a  gen- 
erator smoothly. 

E.  C.  Sutton. 
Estherville,  Iowa. 


Emergenc}'  E.xpansion  Bolt 

It  sometimes  happens  that  an  engineer 
will  require  an  expansion  bolt,  but  on 
account  of  isolation  or  other  unfortunate 
conditions,  he  cannot  obtain  it.  Under 
such   conditions,  an   expansion  bolt  may 


E.XPANSION  Bolt 

be  made  of  two  pieces  of  pipe  cut  as 
shown  in  the  illustration.  The  pipes  are 
then  slipped  over  an  ordinary  bolt.  Lit- 
tle time  or  expense  is  required  to  make 
it  and  it  will  serve  for  ordinary  condi- 
tions. 

J.  Daly. 
Brooklyn,  N.  Y. 


Soft  Valves  and  Hot  Water 

Some  time  after  making  an  addition  to 
our  plant  it  became  necessary  to  run  the 
boiler-feed  pump  under  widely  varying 
pressures  and  feed-water  temperatures. 
During  the  day  the  pressure  and  water 
temperature  were  considerably  lower  than 
at  night. 

.Valve  L'r 


Reinforced  Pump  Valve  Disk 

Previous  to  the  change  in  pumping  con- 
ditions, soft  flexible  valves  were  used  in 
the  pumps  with  good  results.  Under  the 
new  conditions  these  valves  would  cut 
through  between  the  ribs  of  the  valve 
seats.  As  a  relief  for  the  trouble,  metal 
and  hard  composition  valves  were  tried, 
but  with  little  success  on  account  of  the 
water  containing  much  gritty  matter;  this 
required  frequent  regrinding  of  the  valves 
and  seats. 

Then  the  following  valve  arrangement 


was  tried  with  satisfactory  results,  and 
also  admitted  of  using  the  soft  valves: 
An  annular  space  slightly  less  than  the 
outside  diameters  of  the  rim  and  hub  of 
the  valve  seat  was  cut  out  of  both  sides 
of  the  valves,  as  shown  in  the  illustra- 
tion. Two  I's-in.  steel  plates  were  used 
to  reinforce  the  valve,  one  fitting  on  each 
side,  as  shown;  countersunk  rivets  se- 
cured the  plates.  As  these  plates  took  all 
the  pressure,  the  life  of  the  valves  was 
considerably  lengthened;  they  also  seat 
well,  thus  enabling  the  pumps  to  run  at 
a  very  slow  speed  without  slippage  or 
noise. 

D.   H.  Hull. 
Asylum,  Miss. 


Intiuence  of  Speed  on  Cyl- 
inder Condensation 

I  do  not  find  any  definite  or  satisfac- 
tory information  with  regard  to  the  in- 
fluence of  speed  on  cylinder  condensation. 
Which  has  the  greater  effect,  piston  speed 
or  rotary  speed? 

Which  engine,  for  instance,  will  show 
the  larger  percentage  of  initial  condensa- 
tion, a  24x48-in.  running  at  80  r.p.m.  or 
a  24x24-in.  running  at  160  r.p.m.?  I 
should  like  to  have  the  opinions  of  your 
correspondents  backed  up  by  reasons  and 
test  results. 

B,  T.  Abbott. 

Chelsea,  Mass. 


Failure  of  Boiler  Tubes 

One  of  the  most  serious  troubles  with 
water-tube  boilers  is  the  failure  of  the 
tubes.  Is  this  due  to  tubes  of  inferior 
quality  or  to  other  causes?  I  have  al- 
ways noticed  that  in  boilers  of  this  type, 
whether  horizontal  or  vertical,  the  tubes 
fail  in  a  line  with  the  baffle  arch.  After 
increasing  the  distance  between  the  tubes 
and  the  arch  I  have  lessened  this  trouble, 
but  when  this  distance  is  increased  from 
15  or  18  in.  to  28  in.,  is  there  not  a  loss 
in    efficiency? 

The  bagging  of  tubes  is  oftentimes  due 
to  an  accumulation  of  scale,  oil  or  dirt 
at  the  ruptured  part,  but  where  an  arch 
is  built  closely  to  the  tubes  it  seems  that 
bagging  sometimes  occurs  when  they  are 
perfectly  clean  or  when  the  amount  of 
scale  is  so  small  that  it  alone  is  not 
the  direct  cause  of  rupture.  Besides,  the 
tubes  sometimes  break  or  leak  badly  at 
the  tube  sheet  or  header.  What  causes 
this? 

W.   J.    Maxwell. 

Indianapolis,  Ind. 
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Lantern   Hanger 

To  make  it  convenient  for  the  watch- 
man to  see  from  a  distance  the  water 
level  in  the  boilers,  I  made  a  lantern 
hanger,  shown  in  the  illustration,  of 
mild  steel.  The  loop  around  the  pipe 
was  bent  on  a  separate  piece  of  \yi-in. 

-'W 


tinuously    for   several    weeks   at    100   lb. 
pressure  and  the  joint  is  still  tight. 

E.  B.  Anderson. 
Rochester,  N.  Y. 


Water  Column  Lantern  Hanger 

pipe.  The  rest  was  bent  as  shown.  When 
it  was  to  be  placed  on  the  pipe  of  the 
water-column  it  was  sprung  open  at  the 
end  of  the  loop  and  slipped  over  the 
pipe;  then  the  -)-^-in.  bolt  was  fitted  and 
tightened. 

Frederick  L.  Johnson. 
Paterson,  N.  J. 


Repairing  a  Blown  Out  Gasket 

A  portion  of  the  gasket  blew  out  in 
the  inner  head  of  one  of  our  air-com- 
pressor cylinders,  and  we  had  to  stop 
the  leak  without  renewing  the  gasket, 
which  would  take  from  24  to  30  hours 
and  cause  a  shutdown  of  the  whole 
plant. 

After  closing  down  for  the  day  I  made 
a  paste  .of  some  iron  cement  and  tamped 
it  in  the  joint  where  the  gasket  blew  out. 
A  portion  of  the  iron  cement  was  then 
put  on  a  block  of  wood  which  had  pre- 
viously been  cut  out  to  conform  to  the 
outline  of  the  cylinder;  the  block  was 
then  securely  bound  to  the  cylinder  by 
means  of  band  iron  drawn  together  with 
screws.  The  compressor  was  ready  to 
operate  the  next  morning  and  the  leak 
had  been  effectually  sealed;  after  run- 
ning for  several  days,  the  block  was  re- 
moved. 

The  compressor  has  been  running  con- 


Numerons  Repairs 

I  had  a  plant  to  overhaul  where  every- 
thing had  been  left  undrained  the  winter 
before,  and  it  is  needless  to  say  that 
everything  which  could  burst  did  so,  es- 
pecially the  pumps.  A  duplex  boiler- 
feed  pump  having  burst  in  the  suction 
nozzle,  I  repaired  it  by  drilling  a  i^-s-in. 
hole  all  the  way  through  the  broken  piece 
and  the  wall  that  was  intact.  Then  I 
cleaned  the  edges  with  muriatic  acid  and 
water  and  applied  iron  cement,  pulling 
the  edges  together  with  A-in.  bolts  pass- 
ing through  the  nozzle.  This  pump  has 
had  eight  months'  service  without  a  leak. 

Another  pump  had  a  snap  piston  ring 
broken.  I  needed  one  of  4  in.  diameter 
to  replace  it,  but  could  only  find  old! 
rings  that  were  5  in.  in  diameter,  one 
of  which  I  made  to  fit  by  drawing  it  down 
to  the  required  size.  All  that  was  nec- 
essary was  to  cut  off  the  excess  ends 
and  file  down  one  side  until  it  fit  the 
groove  in  the  piston. 

At  another  place  I  had  to  retube  a 
horizontal  return-tubular  boiler.  After 
knocking  the  old  tubes  out  I  found  the 
shell  and  the  heads  in  fair  condition, 
except  at  one  place  at  the  top  of  the 
rear  tube  sheet  the  fusible  plug  had 
leaked,  causing  corrosion,  and  almost 
eating    away   a    place   about    IJ^    in.    in 


porary  use  until  a  new  one  could  be 
obtained  by  countersinking  holes  in  the 
top  head  and  threading  holes  in  the  bot- 
tom head  and  using  three  J/J-in.  bolts 
with  countersunk  heads  to  hold  the  heads 
together.  Iron  cement  was  used  between 
the  broken  ends.  This  repair  has  been 
running  nearly  three  years  without  using 
the  new  piston. 

I  have  tried  rivets  instead  of  bolts  to 
make  a  repair  like  this,  but  find  that  I 
cannot  pull  the  heads  together  evenly 
with  the  rivets. 

D.  W.  Scarborough. 

Richmond,   Tex. 


Treating  Feed  Water 

In  our  plant  we  are-  treating  the  feed 
water  with  barium  hydrate.  River  water 
is  used  in  the  boilers,  and  we  take  it 
directly  from  the  condenser  hotwell  and 
pump  it  into  the  heater. 

In  treating  the  water  we  first  dissolve 
the  barium  hydrate  in  a  tank,  the  salt 
readily  dissolving  and  a  small  single- 
acting  plunger  pump  forcing  the  solu- 
tion into  the  feed-water  pipe  leading  to 
the  heater.  The  pump  is  run  at  a  con- 
stant speed  so  that  there  is  a  constant 
injection  of  the  solution. 

We  tried  soda  ash  but  found  that  it 
made  a  hard  scale  on  the  tubes.  The 
barium  hydrate  is  much  better  and   ef- 


Water  Purifying  Equipment 


diameter.  As  1  was  unable  to  get  a 
boiler  maker,  I  had  to  make  this  repair 
myself.  I  obtained  a  54 -in-  patch  large 
enough  to  cover  the  defective  area  and 
riveted  it  on  inside  of  the  tube  sheet, 
using  red-lead  putty  between  the  patch 
and  the  sheet.  I  used  six  5^-in.  rivets, 
which  made  a  fair  job,  and  they  will 
last  as  long  as  the  boiler,  about  two  or 
three  years,  because  of  bad  water  and 
lack  of  proper  attention.  I  reduced  the 
pressure  on  this  boiler  from  100  lb.  to 
80  lb.  gage. 

This  same  plant  had  a  deep-well  steam 
pump  that  had  frozen  and  broken  the 
steam   piston.     I   repaired  this   for  tem- 


fectively  clears  muddy  water.  Soda  ash, 
if  used  too  freely,  is  liable  to  cause  foam- 
ing of  the  boilers.  The  quantity  used  is 
at  the  rate  of  1  lb.  to  2000  gal.  of  water. 
The  sketch  shows  the  method  of  using 
the  solution.  The  barium  hydrate  is 
placed  on  the  screen  B  and  a  small 
stream  of  hot  water  from  the  pipe  plays 
on  the  lumps,  dissolving  and  carrying 
them  into  the  tank  C.  The  solution  is 
then  drawn  through  the  suction  pipe  O 
into  the  pump  and  discharged  through  a 
?<-in.  pipe  E  into  the  water  inlet  pipe  F 
and  then  into  the  heater  G. 

A.  Rauch. 
Pittsburg,  Penn. 
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Difficult   Test  Conditions 

I  recently  had  an  experience  which 
might  not  have  been  a  problem  for  many 
engineers,  but  it  kept  me  studying  for 
several  days  before  I  hit  upon  an  easy 
solution.  I  was  asked  to  pass  judgment 
on  a  second-hand  boiler  and  wished  to 
subject  it  to  a  hydraulic  test,  but  a  care- 
ful search  throughout  the  town  failed 
to  reveal  a  pump  that  could  be  used  to 
obtain  the  necessary  pressure.  Confident 
that  I  could  devise  some  means  to  ac- 
complish my  purpose,  I  went  forward! 
with  the  work  of  inspecting  the  boiler 
and  getting  it  ready  for  the  test. 

After  blocking  the  boiler  up  so  that 
the  place  where  the  gage  was  to  be  con- 
nected would  be  the  highest,  1  filled  the 
boiler  with  water  until  it  ran  out  of  the 
pipe  on  which  the  gage  was  to  be  screwed. 
The  purpose  was  to  drive  out  all  the  air 
possible.  As  the  boiler  was  of  the  loco- 
motive type  and  lay  on  its  side  there  was 
probably  a  little  air  left  in  the  dome. 
After  screwing  on  the  gage  and  closing 
every  outlet  tightly,  I  built  a  fire  of  light 
wood  in  the  firebox  and  the  expansion 
of  the  water  quickly  gave  the  desired 
pressure.  A  globe  valve  was  provided 
to  let  out  the  water  as  soon  as  the  right 
pressure  was  reached  and  the  gage  was 
watched  carefully  as  the  pressure  rose 
rapidly  when  the  water  began  to  get 
warm. 

In  small  towns  it  is  especially  neces- 
sary for  an  engineer  to  be  resourceful 
and  the  genius  often  displayed  by  coun- 
try engineers  would  greatly  tax  the 
ability  of  their  better-paid  brothers  of 
the  city. 

G.  E.  Miles. 

La  Jara,  Colo. 


Centrifugal  Pump  Installation 

The  accompanying  illustration  shows 
the  arrangement  of  a  25,000,000-gal.  cen- 
trifugal pump  direct-connected  to  a  14 
and  30  by  24-in.  cross-compound  vertical 
Corliss  engine.  The  suction  and  dis- 
charge pipes  are  so  laid  out  that  water 
may  be  pumped  from  the  river  to  the 
settling  basins,  or  from  the  basins  to 
the  high-pressure  station  located  quite  a 
distance   from  this  plant. 

In  order  that  the  pump  may  raise  water 
from  the  river  when  it  is  at  its  lowest 
recorded  level,  it  was  placed  at  an  eleva- 
tion of  19  ft.  above  that  level.  As  the 
highest  recorded  level  is  29  ft.  above 
the  lowest,  it  was  necessary  in  protecting 
the  pump  from  being  flooded,  to  construct 
a    concrete    wall    entirely    around    it. 

The  conditions  required  that  the  pump 
be  placed  at  right-angles  to  the  suction 
and  discharge  pipes,  and  use  a  P  double 
suction  instead  of  the  common  Y-arrange- 
ment.  The  main  suction  was  reduced  to 
30  in.  and  each  run  of  the  double  suction 
to  20  in,  with  a  24-in.  discharge.  Usu- 
ally the  sizes  are  36,  24  and  30  in.,  re- 


spectively. Butterfly  valves  D  were  fitted 
in  each  of  the  double  suction  pipes  to 
equalize  any  unbalanced  shaft  thrust  that 
would  be  caused  by  the  uneven  flow  of 
water  into  the  double  suction  pipes.  It 
has  not  yet  been  found  necessary  to  ad- 
just these  valves. 

In  the  winter,  when  ice  clogs  up  the 
screens  at  the  intake,  much  air  is  taken 
into  the  pump  with  the  water.  Under 
such  conditions,  with  a  suction  lift  of 
18  ft.  at  A,  B  will  show  18  ft.  and  C  21.5 
ft.,  depending  upon  the  amount  of  air 
passing  to  B  and  partly  destroying  the 
vacuum. 


Boiler  Compound   Feeder 

The  usual  methods  of  feeding  boiler 
compounds  to  the  boilers  are  generally 
productive  of  poor  results  on  account  of 
the  difficulty  of  maintaining  the  proper 
proportion  of  the  compound  to  the  water 
evaporated. 

To  obtain  this  condition  and  maintain 
it  automatically  we  use  the  apparatus 
shown   in   the   accompanying   illustration. 

The  pump  A  is  made  of  !.2-in.  pipe 
and  fittings  and  a  brass  stuffing-box 
drilled  to  fake  the  M-in.  plunger  B.  Two 
K-in.  check  valves  are  placed  at  C  on 
the  suction  and  discharge  pipes.  The  suc- 
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Arrangement  of  Pump  Engines  and  Piping 


When  the  river  is  at  its  low  level  it 
is  frequently  impossible  to  obtain  the 
suction  by  priming  by  means  of  the  by- 
pass valve  F,  but  by  partly  opening  the 
main  valve  and  starting  the  engine,  suc- 
tion is  readily  obtained.  The  reason  for 
this  is  that  the  water  supplied  from  the 
reservoir  is  insufficient  for  the  speed  of 
the  pump  and  a  vacuum  is  created  in 
the  suction  which  raises  the  check  valve 
and  allows  air  to  enter. 

La\X'RENCE   Kjerulff. 

Kansas  City,  Mo. 


tion  enters  the  bottom  of  the  compound 
tank  H,  extending  for  about  6  in.  into  it 
as  shown  at  D.  A  !4-in.  steam  line  con- 
taining a  valve  F  runs  over  and  into  the 
tank  for  the  purpose  of  agitating  the 
fluid.     There  is  also  a  ?4-in.  water-sup- 


Simple  Valve  Wrench 

The  accompanying  illustration  shows  a 
simple  valve  wrench  which  may  be  made 
from  an  old -file.  Besides  being  used 
for  opening  and  closing  stubborn  valves, 
it  serves  well  to  push  packing  into  a 
stuffing-box. 


Valve  Wrench  Made  from  a  File 

The  amount  of  taper  given  to  the 
wrench  should  be  from  1  to  Yi,  in.  for 
ordinary  work.  To  work  it,  the  wrench 
is  inserted  between  the  spokes  of  the 
valve   wheel   edgways. 

J.  S.  Allen. 

Santa   Barbara,  Calif. 


Boiler  Compound  Feed  Pump 


ply  line  £  to  which  are  attached  a  valve 
and  float,  not  shown  in  the  illustration; 
the  level  of  the  fluid  is  thus  automatical- 
ly maintained. 

The  required  amount  of  compound  is 
placed  in  the  tank  every  six  hours.  As 
the  fluid  pump  is  operated  by  the  cross- 
head  G  of  the  boiler-feed  pump  and  dis- 
charges into  the  suction  of  the  latter,  the 
right  quantity  of  compound  is  always  fed 
to  the  boilers. 

Tipton,  Calif.  B.   F.  Hartley. 
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Questions  Before  the  House 

Comment,  criticism,  suggestions  and  debate  upon  various  articles, 
letters   and   editorials    which  have  appeared  in  previous  issues 


Should  an  Engineer  Purchase 
Instruments?. 

Of  course  the  question  as  to  how  much 
an  engineer  should  spend  for  instruments 
used  in  power-plant  practice  will  long  re- 
main an  open  one  because  it  is  a  matter 
of  personal  opinion  influenced  by  the 
size  of  the  individual's  pocketbook. 

However,  the  man  purchasing  an  indi- 
cator, Orsat  and  other  apparatus  is  usu- 
ally well  compensated.  The  experience 
gained  by  their  use  not  only  better  fits 
a  man  for  conducting  his  own  plant  eco- 
nomically, but  he  might  possibly  make 
some  money  in  doing  test  work  on  a 
small  scale.  His  only  requirement  is 
the  time  necessary  to  do  the  work. 

J.  C.  Hawkins. 

Hvattsville,  Md. 


Two  Kinds   of  Avoidable 
Explosions 

Here  is  an  instance  of  a  third  kind  of 
avoidable  explosion  that  may  be  inter- 
esting in  connection  with  the  editorial 
under  the  above  heading  in  the  Apr.  23 
issue:  Two  engineers,  in  different  parts 
of  Sandusky  County,  attempted  to  clean 
soot  from  the  tubes  of  upright  boilers  by 
throwing  a  pound  of  gunpowder  in  the 
firebox.  The  report  as  to  the  efficiency  of 
this  method  is  incomplete.  The  tubes 
remained,  but  the  men  went  into  the  hands 
of  physicians  for  repairs  and  treatment. 
E.  Stanley  Thomas. 

Fren>ont,  Ohio. 


What  Causes  the  Sediment 

Referring  to  W.  V.  King's  inquiry  in 
the  Apr.  30  issue,  I  would  infer  that  the 
water  used  contains  ferrous  salts  in  solu- 
tion. This  can  be  tested  by  dissolving 
a  little  potassium  ferricyanide  (K.FeCNe) 
in  distilled  water,  and  adding  some  of 
the  suspected  water  to  it.  A  blue  precipi- 
tate shows  ferrous  salts  in  the  surface 
water. 

If  this  reaction  proves  the  presence  of 
ferrous  iron,  it  can  be  taken  out  by  treat- 
ment in  open  tanks  with  either  lime  or 
soda,  or  even  better,  if  the  amount  is 
small  so  that  the  expense  is  not  pro- 
hibitive, by  sodium  peroxide;  1  gr.  of 
sodium  peroxide  is  equivalent  to  5.8  gr. 
of  ferrous  sulphate  or  2.1  gr.  of  metallic 
iron. 

Donald  M.  Liddell. 

Elizabeth,  N.  J. 


Soda  for  Cleaning  Lubricators 

The  many  lubricator  experiences  re- 
lated in  past  issues  call  to  mind  a  method 
I  use  to  improve  the  feeding  of  the  oil. 
When  the  feed  is  not  steady  and  there 
is  an  accumulation  of  oil  in  the  sight- 
feed  glass,  the  use  of  soda  will  correct 
the  trouble.  I  put  in  a  pinch  of  soda 
and  allow  it  to  settle  to  the  bottom  of 
the  glass. 

John  Young. 

Utica,  N.  Y. 


Belt   Lacing 

In  the  issue  of  Apr.  16,  Mr.  Fries  has 
written  a  very  interesting  letter  about 
wire  lacing  and  my  experience  confirms 
all  that  he  has  said  in  favor  of  it.  I  have 
found,  however,  that  the  method  described 
by  him  has  a  tendency  to  throw  the  end 
of  the  belt  out  of  line,  particularly  when 
the  belt  is  subjected  to  sudden  strain. 
To  overcome  this,  many  engineers  use  a 
form  of  lacing  that  makes  the  lateral 
stress  equal  in  each  direction,  and  the 
joint  is  strong  and  very  satisfactory  un- 
der the  most   severe   conditions. 

To  lace  a  belt  in  this  manner,  use  a 
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Inside  race  of  Belt 

Showing  Method  of  Lacing 

piece  of  lacing  wire  whose  length  is 
about  ten  times  the  width  of  the  belt, 
and  locate  the  middle  point  of  the  wire. 
With  the  end  of  the  belt  squared  and  the 
holes  marked,  begin  by  drawing  the  wire 
up  through  C,  as  shown  in  the  illustra- 
tion, and  down  through  H,  pulling  the 
wire  until  the  middle  point  is  between  C 
and  H ;  then  carry  the  end  of  the  upper 
section  of  the  wire  up  through  C,  down 
B,  up  F,  down  A,  up  F  again,  down  A 
again,  up  G,  down  S  and  up  H.  This 
will  complete  one-half  of  the  joint.  With 
the  other  end  follow  the  same  plan  in 
holes  D,  E,  ]  and  K,  thus  completing  the 
second  half  of  the  operation.  The  two 
ends  will  now  be  at  holes  C  and  H  of 
the  outside  face  of  the  belt.    They  should 


be  twisted  together  and  pounded  into  the 
leather  with  the  rest  of  the  lacing. 

To  those  who  have  never  made  a  wire 
joint,  I  would  say  that  after  the  ends 
of  the  belt  are  squared,  a  line  should  be 
drawn  parallel  to  the  end  edge  and  about 
h  in.  more  than  the  thickness  of  the 
belt  back  from  the  edge.  Such  a  line 
would  join  A  and  £  of  the  illustration. 
The  holes  should  be  marked  off  on  the 
line  with  a  pencil;  the  ends  of  the  wire 
may  be  filed  to  a  point  to  facilitate  their 
entrance  into  the  hole.  It  is  better  to 
make  the  holes  as  they  are  needed  rather 
than  make  all  of  them  before  starting 
because  the  holes  will  close  up  some  as 
the  belt  is  handled,  thus  making  it  diffi- 
cult to  push  the  ends  of  the  wire  through 
the  holes.  A  handy  awl  may  be  made 
by  taking  a  4-in.  piece  of  round  steel 
wire  tempered  and  ground  to  a  point 
and  inserting  it  in  a  handle. 

A  wire-laced  joint  is  not  as  good  as  a 
cemented  one,  but  it  has  these  advan- 
tages: it  can  be  made  quickly,  and  when 
made  properly  it  will  run  as  smooth  as 
any   part  of  the   belt. 

W.  G.   Hawley. 

Clark's   Summit,   Penn. 


Chimney  for  Dissipating 
Smoke 

A  newly  patented  chimney  for  dissi- 
pating smoke  was  described  by  Dr.  Al- 
fred Gradenwitz  in  the  Apr.  2  issue;  it 
seems  to  me  nothing  more  than  a  clever 
contrivance  to  outwit  the  smoke  in- 
spector. 

The  chief  damage  from  smoke  is  the 
minute  particles  of  carbon  which  settle 
ever  the  surrounding  territory.  If  an  or- 
dinary chimney  scatters  this  carbon  for 
a  mile  and  the  dissipator  scatters  it 
twice  as  far,  it  would  be  a  good  thing 
for  the  people  near  the  plant  and  a  poor 
thing  for  the  residence  property  further 
away.  In  a  city  with  a  chimney  every 
half  mile  or  so  apart,  what  will  be  the 
result? 

We  have  a  smoke  dissipator  in  our 
plant,  but  never  had  it  patented.  Our 
smoke  inspector  is  rather  strict,  and  as 
we  have  a  few  barrels  of  sawdust  to  dis- 
pose of  every  day  and  it  creates  much 
smoke,  we  got  a  notice  from  the  smoke 
inspector.  Since  then  we  have  dissi- 
pated the  smoke  by  burning  it  after  dark 
with  very  good  results — to  our  company. 
John  Bailey. 

Milwaukee,  Wis. 
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Barometric  Condenser  in 
Turbine  Practice 

In  the  description  of  the  pumping  plant 
at  the  SIoss  Iron  Mines  in  the  Apr.  9 
number  the  turbine  is  shown  connected 
to  a  barometric  coijdenser  and  the  ex- 
haust pipe  has  a  drop  leg  in  it  where 
it  comes  from  the  under  side  of  the  tur- 
bine and  runs  horizontally  to  the  riser 
in  the  condenser. 

In  the  above  installation  I  have  no 
doubt  that  this  is  properly  drained,  but 
I  once  operated  two  turbines  with  the 
same  arrangement  which  ran  on  widely 
varying  loads. 

On  the  bottom  of  the  horizontal  pipe 
there  were  two  2-in.  outlets  with  a  gate 
valve  and  swing  check  valve  connected 
to  each.  When  warming  the  turbine  all 
of  the  condensation  ran  out  by  gravity 
before  the  condenser  was  thrown  into 
operation  and  when  the  vacuum  began 
to  rise  the  check  valves  closed  auto- 
matically and  were  kept  closed  by  the 
atmospheric  pressure;  in  the  same  way, 
when  the  turbine  was  stopped,  they 
opened   again. 

As  will  be  seen,  these  drips  were  use- 
less when  there  was  a  vacuum  existing 
in  the  exhaust  pipe,  so  that  if  a  large 
quantity  of  water  flowed  in,  the  drips 
did    not   protect   the   machine. 

It  was  necessary  to  run  one  of  the 
turbines  continuously,  and  on  days  when 
but  little  power  load  was  needed,  the 
load  dropped  as  low  as  50  kw.  Under 
a  28-in.  vacuum  the  exhaust  pipe  be- 
came quite  cool  almost  up  to  the  tur- 
bine, and  what  little  steam  was  flowing 
through  condensed  and  left  the  water 
in  tlje  drop  leg.  Here  it  accumulated  un- 
til the  pipe  was  nearly  full,  when  a  slight 
clicking  was  heard  in  the  riser  which  in- 
creased as  the  amount  of  water  increased. 
Then  it  was  necessary  to  break  the  vac- 
uum when  the  check  valves  opened  and 
allowed  the  water  to  run  out.  This  caused 
two  serious  accidents  in  this  plant,  one 
when  the  exhaust  pipe  was  cracked  and 
one  when  the  water  surged  back  into 
the  turbine  wheels  and  tore  out  a  large 
number  of  the  blades.  Thereafter,  the 
operators  looked  out  for  the  trouble 
and  checked  it  in  time  to  avoid  any  acci- 
dents, but  if  they  waited  too  long  there 
was  a  heavy  rumbling  noise  and  water 
flew  out  at  the  relief  valve.  During 
heavy  loads  no  trouble  was  experienced 
as  there  was  steam  enough  flowing  to 
prevent  any  condensation  in  the  exhaust 
pipe. 

This  form  of  condenser  is  the  only 
cne  where  the  piping  should  have  a 
drop  leg  or  pocket  where  water  can  ac- 
cumulate; with  the  surface  or  jet  type 
the  turbine  can  be  located  above  the 
condenser  and  all  condensation  will  flow 
into   it. 

In  this  instance,  the  chief  engineer 
tried  to  have  an  apparatus  installed  which 
would    take    care    of    the    water    at    any 


time.  All  such  exhaust  pipes,  whether 
they  are  on  an  engine  or  turbine,  should 
be  Fitted  with  a  vacuum  trap  which  auto- 
matically admits  steam  and  discharges 
the  water  as  fast  as  it  accumulates.  Such 
a  trap  in  the  plant  mentioned  would 
have  well  paid  for  itself. 

G.  H.   Kimball. 
East  Dedham,  Mass. 


Asbestos    Drum  Covering 

Mr.  Koppel's  letter  under  the  above 
title  in  the  Apr.  9  issue  brings  to  mind 
a  similar  experience  I  had  in  covering 
the  bottom  of  a  receiver  with  asbestos. 
I  did  not  think  of  the  method  Mr.  Kop- 
ipel  used,  but  I  finally  succeeded  in 
making  the  asbestos  stick  to  the  receiver. 

After  about  two  hours  of  hard  work 
and  nothing  accomplished,  I  decided  to 
try  applying  ordinary  red  clay,  mixing  it 
with  water  to  the  consistency  of  house 
paint  and  using  a  brush  to  apply  it.  It 
proved  successful  as  the  receiver  was 
hot  and  the  clay  dried  quickly.  After 
giving  the  receiver  two  coats  of  clay,  the 
asbestos  was  put  on  with  a  trowel. 
J.  W.  Dickson. 

Alemphis,  Tenn. 


Water  Gage  Illuminator 

While  I  agree  with  Mr.  Dixon's  com- 
ment under  the  above  heading  in  the 
Apr.  2  issue,  that  the  use  of  a  mirror 
behind  a  water  gage-glass  is  not  to  be 
recommended,  I  do  not  agree  with  some 
of    his    other    statements. 

Mr.  Dixon  should  remember  that  a 
glass  does  not  always  remain  clean,  and 
that  the  reading  of  the  water  level  is 
thereby  made  difficult  as  the  glass  be- 
comes more  cloudy.  To  facilitate  the 
reading  under  such  conditions  I  use  a 
white  strip  of  paper  mounted  on  a  board 
which  is  hung  back  of  the  glass;  an 
electric  light  is  also  hung  near  the  glass, 
and  is  protected  from  breakage  in  case 
the  gage-glass  is  blown  out. 

William  E.  Dix. 

Los  Angeles,  Calif. 


Benefits  of  Mutual  Aid 

Too  much  prominence  cannot  be  given 
the  thought  expressed  in  the  foreword  in 
the  issue  of  Apr.  2,  "A  man  cannot 
turn  anything  over  in  his  mind  unless 
he  knows  it." 

The  policy  adopted  by  a  great  many 
chief  engineers,  foremen  and  master 
mechanics,  of  keeping  down  and  neg- 
lecting to  instruct  the  men  under  them, 
is  absolutely  criminal  and  should  be 
condemned  in  the  strongest  terms.  I 
have  often  heard  foremen  complain  that 
they  were  not  going  to  tell  the  men  un- 
der them  everything  they  knew,  and 
make  them  capable  of  taking  their  jobs. 

This  shows  how  narrow-minded  some 
men  are.     By  instructing  their  assistants 


properly,  they  would  make  their  own 
work  lighter  and  easier.  They  would  be 
accomplishing  some  good  in  the '  world 
other  than  working  just  to  live,  and 
would  advance  to  a  certain  extent  the 
engineering  knowledge.  So  give  the  cubs 
a  chance,  help  them  all  you  can;  we  were 
all  cubs  once,  and  no  doubt  all  of  us 
appreciate  a  helpful  word.  The  cubs  of 
today  will  be  the  leaders  of  tomorrow. 
A.  Rauch. 
Pittsburg,    Penn. 


Cold  Air  and  Leaky  Pipe 
Joints 

I  do  not  agree  with  some  of  L.  J. 
OUirer's  statements  in  the  Apr.  2  issue. 
If  steam  pipes  are  properly  installed  and 
allowance  is  made  for  expansion  and 
contraction,  the  joints  should  not  leak 
even  if  exposed  to  severe  cold  air  cur- 
rents. In  many  plants  steam  is  turned 
on  and  off  the  lines  frequently  and  the 
resultant  contraction  and  expansion 
cause  no  leaks. 

If  the  flanges  are  brought  in  line  with 
each  other  and  are  free  from  pits  and 
dirt,  and  a  good  grade  of  packing  is 
used,  there  is  no  reason  for  leaks  due 
to  cold  air  currents  striking  the  piping. 
Any  joint  not  properly  put  up  will  leak 
in  time. 

John  Thorn. 

London    Junction,    Ont. 

I  am  sure  cold  air  causes  leaky  joints. 
In  our  plant  we  have  a  steam  turbine, 
and  from  where  the  main  steam  line 
connects  on  the  separator  to  the  wheel 
case  there  are  eight  flanged  joints.  If 
the  windows  are  left  open  in  cold  weather 
the  joints  begin  leaking  and  will  con- 
tinue to  do  so  until  the  windows  are 
closed.  A  good  grade  of  packing  is 
used. 

W.  N.  Behen. 

Bilington,  W.  Va. 


Pump  Would  Not  Force 
Water 

In  regard  to  J.  W.  Dickson's  letter 
in  the  Apr.  23  issue  as  to  why  the  rais- 
ing of  the  suction  pipe  caused  the  water 
to  flow,  there  seems  to  be  but  one  good 
reason. 

Probably  if  the  suction  strainer  had 
been  examined  in  the  first  place  it  would 
have  been  found  to  be  imbedded  in  the 
mud.  Raising  the  pipe  4  in.  lifted  it  out 
of  the  mud  and  allowed  the  water  to 
flow. 

It  is  possible,  too,  that  the  elbow  di- 
rectly below  the  pump  leaked  air,  and 
by  raising  the  pipe  line  the  threads  were 
tightened  and  the  leak  stopped.  The  ad- 
mission of  air  at  that  point  would,  of 
course,  break  the  suction. 

There  seems  to  be  no  other  reason 
for  the  pump's  failure;  in  fact,  the  new 
position    of   the   suction    pipe    apparently 
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precludes  successful  operation,  as  there 
is  an  excellent  opportunity  for  the  forma- 
tion of  an  air  pocket  in  the  suction  line. 
A  glance  at  Mr.  Dickson's  sketch  will 
make  this  evident. 

Grandon   D.  Gates. 
Seneca  Falls,  N.  Y. 


Value  of  a  COo  Recorder 

Judging  from  Mr.  Franklin's  comment, 
in  the  Apr.  16  issue,  under  the  above 
heading,  on  my  letter  in  the  Feb.  13  is- 
sue, he  apparently  belives  that  I  am  not 
in  favor  of  flue-gas  analysis,  he  prob- 
ably has  this  impression  because  I  failed 
to  clearly  express  myself. 

While  I  consider  flue-gas  analysis  nec- 
essary to  the  efficient  management  of  a 
plant,  I  also  contend  that  it  is  a  mis- 
take to  set  too  high  a  standard  and  hold 
the  firemen  to  it.  It  is  better  to  keep 
from  the  men  the  fact  that  there  was  a 
standard;  they  would  then  have  no  rea- 
son to  cheat.  The  engineer  would  then 
be  able  to  discover  and  remedy  faults 
in  boiler  settings  and  furnace  construc- 
tion, have  a  check  on  the  fireman,  be 
able  to  instruct  him  when  necessary, 
and  so  gradually  bring  the  men  and  the 
plant  up  to  real  efficiency. 

By  setting  too  high  a  standard  and 
saying,  "It's  this  or  your  job,"  the  men 
are  given  a  motive  to  cheat,  as  then  the 
job  is  of  greatest  importance.  On  the 
other  hand,  by  setting  too  low  a  stand- 
ard, the  average  fireman  will  think  that 
when  he  has  attained  it  he  has  done 
enough,  and  will  make  no  effort  to  do 
better.  A  faked  sample  is  worse  than 
no  sample  at  all. 

I  agree  with  Mr.  Franklin  that  16  per 
cent,  of  CO:  is  unusually  high,  but  we 
got  it  where  one  of  the  boilers  was  in 
a  battery,  and  the  partial  closing  of  the 
damper  necessary  to  get  a  high  percent- 
age did  not  materially  affect  the  total 
output  of  steam.  Also,  one  man  gave 
his  whole  attention  to  that  boiler,  and 
tried  to  get  the  highest  possible  C0=. 
These  conditions  are  absent  in  every- 
day practice,  and  U  would  not  stake  any- 
thing on  getting  16  per  cent,  from  this 
boiler  under  everyday  conditions.  If  the 
dampers  on  an  entire  battery  are  only 
slightly  hauled,  it  would  cause  a  drop 
in  the  steam  pressure.  The  fireman  in 
the  average  plant  also  has  his  boilers 
and  boiler  room  to  keep  clean,  and  has 
to  assist  the  engineer  at  times;  he  can- 
not give  his  boilers  the  attention  neces- 
sary to  get  as  high  a  percentage  as  16. 

The  percentage  of  CO:  in  small  boil- 
ers is  apt  to  be  lower  than  in  large 
ones  because  the  smaller  fire  requires 
more  frequent  attention  than  the  larger 
one.  and  frequent  opening  of  firedoors 
admits  an  excessive  amount  of  air. 

In  a  coal-burning  plant  with  average 
firemen,  10  per  cent.  CO:  is  a  good  aver- 
age. I  have  averaged  12  per  cent.,  but 
it   required    my    entire    attention    in    the 


fireroom  watching  the  men  and  "jockey- 
ing" tne  dampers,  besides  keeping  an 
eye  on  the  stack  for  smoke. 

I  cannot  tell  Mr.  Franklin  why  11.5 
per  cent,  was  used  as  a  standard;  I  was 
told  to  obtain  it.  Personally  I  consider 
it  a  little  too  high.  In  the  plant  dis- 
cussed an  analysis  of  the  flue  gases  is 
made  at  the  end  of  each  watch,  and 
sampling  bottles  are  used  instead  of  a 
recorder. 

A.     POHLMAN. 

Brooklyn,  N.   Y. 


Wavy  Expansion  Line 

J.  W.  Dickson's  letter  and  illustrations 
under  the  above  heading  in  the  Apr.  16 
issue  are  very  interesting. 

Referring  to  Fig.  5,  I  think  the  pipes 
from  the  angle  valves  to  the  three-way 
cock  are  too  large,  as  they  form  a  con- 
densing chamber,  and  when  the  valves 
are  opened  the  clearance  space  is  in- 
creased considerably.  The  nipples  at- 
tached to  the  cylinder  at  the  clearance 
space  cannot  be  greater  than  the  usual 
H-in.  size;  therefore  I  should  have  con- 
tinued the  y2-in.  pipe  to  the  three-way 
cock. 

It  appears  that  a  light  load  was  being 
carried  when  diagram  Fig.  3  was  taken, 
but  either  a  higher  steam  pressure  or  a 
lighter  load  would  make  a  difference  in 
the  expansion  line.  I  believe  that  con- 
densation in  the  IJ'S-in.  pipe  was  the 
cause  of  the  wavy  expansion  line  in  Fig. 
2.  It  has  also  been  my  experience  that 
long  indicator  piping  has  a  tendency  to 
conceal  defects  rather  than  disclose  them ; 
therefore  the  connection  should  be  as 
short  as  possible  to  obtain  a  true  dia- 
gram. 

Leichton  Johnson. 

Exeter,  N.  H. 


The  Three  Pressure  Problems 

Answering  Mr.  Hawkins'  pressure 
problems  in  the  Mar.  26  issue,  I  submit 
the  following: 

1.  There  is  water  inside  of  the  spring 
of  a  steam  gage,  and  when  the  gage 
is  first  applied  to  the  boiler  the  spring 
is  of  course  full  of  air  at  atmospheric 
pressure.  On  the  pressure  being  raised 
in  the  boiler  this  air  is  compressed  into 
a  small  volume,  the  volume  depending 
upon  the  pressure  in  the  boiler.  In  time 
this  air  will  be  absorbed  by  the  water 
formed  in  the  siphon,  to  which  the  gage 
is  attached. 

2.  The  gage  will  show  the  same  pres- 
sure as  that  on  the  boiler.  I  know  of 
such  an  installation  in  which  there  are 
200  ft.  of  'rj-in.  pipe  between  the  gages, 
and  the  distant  gage  indicates  the  pres- 
sure accurately. 

3.  The  friction  in  the  pipe  would  not 
affect  the  pump  so  that  no  water  would 
be  discharged.  Friction  depends  upon 
the  velocity  of  the  water  as  well  as  the 
length  of  the,  pipe,  and  the  effect  of 
lengthening  the  discharge  pipe  would  be 


to  increase  the  head  on  the  pump  and 
thus  reduce  its  speed  and  capacity.  To 
prevent  any  discharge,  the  static  head 
must  be  increased  so  that  the  pressure 
on  the  plungers  will  balance  the  pres- 
sure  on  the  pistons. 

If  lengthening  the  horizontal  run  of 
discharge  pipe  in  this  case  would  pre- 
vent the  discharge  of  the  pump,  the  dis- 
tant gage  of  question  No.  2  would  show 
a  reduced  pressure. 

C.  O.  Sandstrom. 

Kansas  City,  Mo. 

1.  If  the  gage  is  connected  with  a 
coil  or  siphon  between  it  and  the  boiler, 
as  most  gages  are,  the  spring  is  filled 
with  air.  Water  condenses  and  collects 
in  the  coil,  forming  a  water  seal  which 
keeps  the  steam  out  of  the  gage.  The 
air  in  the  gage  will  maintain  a  lower 
temperature  than  the  steam,  thereby 
lengthening  the  life  of  the  gage. 

2.  The  gage  on  the  boiler  and  the 
one  at  the  end  of  the  pipe  should  show 
the  same  pressure.  This  is  true  only 
when  there  is  no  flow  in  the  pipe  from 
leaks  or  steam  being  taken  off  by  branch 
lines. 

3.  No  matter  how  long  the  pipe  is, 
there  will  be  a  flow  of  water  through  it 
so  long  as  the  total  lift  remains  con- 
stant. The  friction  losses  in  the  pipe  and 
at  the  discharge  can  be  expressed  by 
the  formula 

9 
where 

/  =  Loss  due  to  friction  (feet  head) ; 
m  =  Constant    depending    upon    size 

of  the  pipe; 
V  =  Velocity    of   the    water 
g  =  32.2   (acceleration  due  to  gra\'- 
ity). 
By  making  v  very  small,  /  is  small, 
so    that    the    head    pumped    against    is 
really  only  a  little  over  10  ft.    The  veloc- 
ity will  automatically  adjust  itself  to  the 
friction   head   and   the   head  due   to   the 
10- ft.  lift  and  the  pressure  produced  by 
the  pump. 

Earl  S.  Rush. 
Lawrence,  Kan. 


Water  Tank  Gage 

Edward  L.  Johnson's  water-tank 
gage,  described  in  the  Apr.  23  issue, 
could  be  improved  by  attaching  a  bell 
circuit  with  contacts  on  the  indicator 
at  the  high-  and  low-water  limits,  with 
one  wire  connected  to  the  rack  and  a 
small  switch  placed  in  the  line. 

A  more  convenient  and  less  expensive 
method  would  be  to  install  an  altitude 
gage  in  the  discharge  line  to  the  tank 
above  the  pump  as  it  practically  takes 
up  no  space  and  is  more  reliable.  With 
a  pump-controlling  valve  to  control  the 
action  of  the  pump  by  the  change  in 
the  discharge  pressure,  he  would  have 
a  thoroughly  automatic  arrangement. 
James  G.  Sheridan. 

Brooklyn,  N.  Y. 
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P>rssiin'  at  Different  Points 
Along  a  Pipe 

What  will  a  vacuum  gage  register  when 
connected  successively  at  points  B,  C  and 
Z)  of  a  pipe  connected  as  in  Fig.  1,  the 
points  for  gage  connection  being  re- 
spectively 18,  6  and  3  ft.  above  the  level 
of  the  water  of  the  river  from  which  the 
supply  is  drawn,  the  injection  valve  A 
being  wide  open  and  the  pipe  connected 
to  the  condensing  chamber  in  which  a 
27-in.  vacuum  is  maintained,  shown  by 
the  diagram? 

W.  J.  H. 

Neglecting  the  small  siphoning  effect 
due  to  turning  down  the  end  of  the  pipe 


Pressure  at  Different  Points  Along  a 
Pipe 

after  it  has  entered  the  condensing  cham- 
ber, the  variable  density  of  the  water 
while  flowing  through  the  pipe  (due  to 
liberation  of  air)  and  the  very  small  dif- 
ference of  gage  reading  that  would  re- 
sult from  attaching  the  gage  above  or 
below  the  center  of  the  pipe,  the  pres- 
sure indicated  by  the  gage  placed  at  B 
would  be  the  same  as  the  pressure  in 
the  condensing  chamber,  27  in.  vacuum. 

Placed  at  C,  the  gage  would  indicate 
the  same  pressure  as  at  B  less  the  down- 
ward pressure  per  square  inch,  which 
would  be  due  to  a  column  of  water  hav- 
ing a  head  equal  to  the  difference  of  ele- 
vation of  the  points  B  and  C;  that  is, 
18  —  6  =  12  ft. 

As  each  foot  of  column  of  water  ex- 
erts the  same  downward  pressure  per 
square  inch  as  a  column  of  mercury 
0.8832  in.  high,  the  downward  pressure 
per  square  inch  due  to  the  12-ft.  column 
of  water  is  the  same  as  that  due  to  a 
column  of  mercury, 

12  X  0.8832  =   10.6  in. 


Therefore,    when    placed    at    C    the    gage 
would  indicate 

27  —   10.6   =    16.4  in. 
vacuum. 

In  similar  manner,  with  the  difference 
of  level  of  15  ft.  between  the  points  B 
and  D,  there  is  a  downward  pressure  at 
D  due  to  the  head  of  water  from  the 
level  of  D  up  to  the  level  of  B,  which 
is  equal  to  a  column  of  mercury  15  X 
0.8832  in.  high.  As  this  is  equal  to  the 
downward  pressure  of  a  mercury  column 
13.25  in.  high,  the  gage  placed  at  D  will 
indicate 

27  —   13.25   =    13.75  in. 
of  vacuum. 


Feasibility  of  Running  Condensing 

How  much  water  at  55  deg.  F.  will  be 
required  for  a  jet  condenser  used  with 
a  19x42-in.  Corliss  engine  making  78 
r.p.m.  ?  The  engine  running  noncon- 
densing  is  so  overloaded  that  frequently 
it  will  not  cut  off  for  three  revolutions 
out  of  five  for  two  hours  at  a  time.  What 
will  be  the  temperature  of  the  water  dis- 
charged from  a  jet  condenser?  The  con- 
densing water  would  have  to  be  raised 
about  50  ft.  The  only  water  supply 
available  is  now  used  for  factory  washing 
purposes,  which  could  be  continued  pro- 
vided the  temperature  was  not  excessive. 
Could  the  exhaust  steam  be  carried 
through  a  closed  heater  before  passing 
to  the  condenser?  Some  of  the  exhaust 
is  now  used  for  warming  buildings  with 
3  lb.  back  pressure  on  the  engine.  Would 
it  not  be  more  economical  to  warm  the 
buildings  with  live  steam? 

What  would  be  the  advantage  of  in- 
stalling a  jet  condenser  under  the  con- 
ditions stated,  assuming  that  the  water 
supply  is  sufficient?  Of  what  advantage 
are  two  eccentrics  on  a  Corliss  engine? 
E.   P.   C. 

About  25  times  as  much  condensing 
water  will  be  required  as  is  needed  for 
making  the  steam  used  by  the  engine. 
The  temperature  of  condensing  water 
leaving  a  jet  condenser  would  be  about 
110  deg.  F.  The  exhaust  could  be  con- 
veyed through  a  closed  heater  before 
going  to  the  condenser. 

The  advantage  of  running  an  engine 
condensing  will  depend  upon  the  cost  of 
the  water  supply,  the  horsepower  to  be 
developed  and  the  boiler  pressure.  The 
advantage  of  using  live  steam  for  warm- 
ing purposes  instead  of  exhaust  with  3 
lb.   back   pressure   will  depend   upon  the 


amount  of  steam  required.  If  a  large 
proportion  of  the  exhaust  can  be  used 
for  heating  and  other  purposes  a  con- 
denser will  not  pay.  A  Corliss  engine  is 
operated  with  two  eccentrics  because  an 
opportunity  is  thus  afforded  for  adjust- 
ing the  steam  valves  independently  of 
the  exhaust  valves;  an  early  release  may 
be  had  without  sacrificing  compression, 
and  the  valve-gear  will  operate  through- 
out a   greater   range  of  cutoff. 


Late  Admission 

The  late-admission  diagrams  herewith 
were  taken  with  a  40-lb.  spring  from  a 
14x36-in.  Corliss  engine  which  makes 
80    r.p.m.    with    130    lb.    boiler    pressure. 


Late  Admission 

What  should  be  done  to  correct  the  late 
admission?  The  engine  eccentric  is  keyed 
to   the   shaft. 

E.  P.  F. 
Adjust  the  length  of  the  wristplate  con- 
nections to  the  steam  valves.  It  would 
be  well,  also,  to  close  the  exhaust  valve 
on  the  crank  end  a  little  earlier  by  ad- 
justing its  connection  so  as  to  make  the 
compression  more  like  that  of  the  head 
end,  besides  tending  to  equalize  the  size 
of  the   diagrams. 


Determining  Oil  in  Cotide7isation 

How  can  the  amount  of  oil  in  return 
water  from  an  exhaust-steam  heating 
system  be  determined? 

J.    N. 

A  fair  test  of  the  amount  of  engine 
cylinder  oil  contained  in  a  sample  of 
condensation  may  be  made  by  determin- 
ing how  much  oil  has  to  he  added  to  a 
given  quantity  of  fresh  feed  water,  in 
order  to  cause  the  latter  to  present  the 
same  appearance  of  turbidity  when  equal 
quantities  of  each  kind  of  water  are 
mixed  with  the  same  quantity  of  any 
given  solution  of  sodium  hydrate  (caustic 
soda).  Care  should  be  taken  that  all 
solutions  are  employed  at  the  same  tem- 
perature. 


786 


POWER 


Vol.  35,  No.  22 


Study   Questions 

This  Week's  Questions 
Last  Week's  Answers 


3.3 
320  ' 


700  X   10.8 


11.  A  gasoline  engine  weighing  650 
lb.  is  to  be  mounted  on  a  concrete 
foundation  2  ft.  high  measuring  on  the 
top  2  ft.  wide  by  4  ft.  long,  and  at  the 
base  3  ft.  wide  by  5  ft.  long.  The 
sloping  sides  are  flat  and  symmetrical; 
that  is,  the  inclination  is  uniform,  all 
sides  making  the  same  angle  with  the 
horizontal  top.  Required  the  total  weight 
per  square  foot  on  the  floor  after  the 
engine  is  in  place,  taking  the  weight  per 
cubic    foot   of   concrete    as    125   lb. 

12.  A  small  power  plant  burned  56 
tons  of'coal  in  the  month  of  May.  This 
was  an  increase  over  April  of  as  much 
in  per  cent,  as  was  burned  in  tons  in 
April.    What  was  the  April  consumption? 

13.  If  a  person  is  in  a  field  of  ice 
which  moves  west  at  the  rate  of  two 
miles  an  hour,  and  he  walks  in  a  straight 
line  at  the  rate  of  three  miles  per  hour, 
in  what  general  direction  must  he  travel 
and  how  long  will  it  take  him  to  arrive 
five  miles  due  north  of  his  first  position  ? 

14.  A  ladder  of  uniform  weight 
throughout,  30  ft.  long,  weighs  60  lb. 
and  leans  against  a  vertical  wall,  mak- 
ing an  angle  of  65  deg.  50  min.  with 
the  horizontal.  A  man  weighing  150 
lb.  ascends  25  ft.  on  the  ladder.  Re- 
quired the  pressure  against  the  wall. 

15.  The  sum  of  the  speeds  of  two 
pulleys  is  110  r.p.m.  One  of  the  pul- 
leys runs  100  r.p.m.  faster  than  the 
other.    What  is  the  speed  of  each  pulley? 


R 


Answers  to  the  above  will  appear  in 
the  next  issue.  Answers  to  last  week's 
questions  follow: 

6.  Assuming  an  ordinary  IlO-volt  di- 
rect-current circuit,  the  actual  drop  in 
voltage  between  the  switchboard  and 
the  load  would  be 

0.03 -x    no  =  3.3  volts 
From   Ohm's  law 

E  _  3.3 
r  ""  320 
Where 

R  =  Resistance  in  ohms; 

£=  Difference   in  potential;   in  this 

case  the  drop  in  voltage; 
/  =  Current  in  amperes. 
The  resistance  of  1  ft.  of  copper,  I 
circular  mil  in  section,  is  10.8  ohms. 
As  the  resistance  varies  directly  with 
the  length  of  the  conductor  and  in- 
versely as  the  cross-section,  the  resist- 
ance of  700  ft.  would  be 

_       700  X  10.8 

^  = A 

where  A  is  the  area  in  circular  mils. 
Substituting  the  value  of  R  from  the 
previous  equation 


A  = 


700  X   10.8  X  320 


=  732,000 


3.3 

circular  mils 
A   750,000-circular   mil   cable    would    be 
required. 

7.     The    formula    for    a    free    fall    in 
vacuo  is 

s   =   cf   +    y,  gf 
where 

s  =  Distance,  or  height  in  feet; 
c  =  Initial   velocity; 
i  =  Time   in   seconds; 
g  =  Acceleration   due  to   gravity    = 
32.16  ft.  per  second. 
Substituting    the    known    values    in    this 
equation 

493    =   50^-1-    16.08<= 
This   is   a   quadratic   equation   solved   by 
making    the    member    involving    the    un- 
knowns   a    perfect    square    by    dividing 
through  by  the  coefficient  of  f, 
50    .  _    493 
16.08     ~  16,08 
and  completing  the  square  by  adding  the 
square  of  half  the  coefficient  of  t, 

_493         /     25 
16.08  """Vie.OSy 

Extracting  the  square  root  of  both  sides 


+  : 


"^16.08    "^V  16.08/        16.08  "^\  16.08/ 
square 

1    493         /    25"T2 
\[  16.08^  V16.O8/ 


25 
16.08' 


t+  1.555  =  I''  33.577  =  5.794 
/   =   4.239  sec. 

8.  One  plant  contained  three  full  bar- 
rels, one  half  barrel  and  three  empty 
barrels;  the  other  two  plants  each  con- 
tained two  full  barrels,  three  half  bar- 
rels, and  two  empty  barrels,  making '3^ 
barrels  of  oil  and  seven  barrels  at  each 
plant. 

9.  The  valve  is  held  down  on  its  seat 
by  the  weight  of  the  valve  and  valve  stem 
(7  lb.)  plus  the  downward  pressure  of 
the  lever  on  the  valve  stem  due  to  the 
weight   of  the  lever 

'42 


(--X  14=  147  m.) 


plus  the  downward  pressure  of  the  lever 
on  the  valve  stem  due  to  the  safety-valve 
hall   or  weight 

(^X  30  =  202.5/6.) 

making  a  total  of  356.5  lb. 

The  diameter  of  the  valve  being  3  in., 
it  has  an  area  of  7.0686  sq.in.  exposed 
to  pressure  on  the  under  side;  there- 
fore the  valve  will  rise  and  blow  off 
when  there  is  a  pressure  on  the  under 
side  of 

356.5  ^  7.0686  =  50.43  //'. 
per  square  inch. 

10.  The  discharge  pressure  45  lb.  per 
square  inch  is  equivalent  to 

-i^=  103.92//. 
0.433 


Subtracting  this  from  the  available  head, 
200  ft.,  leaves  96.08  ft.  to  overcome  the 
friction  in  the  pipe.  The  quantity  of 
water  discharged  is  50,000  gal.,  or 

50,000 


.4805 


=  6684.04  cu.ft. 


This   being   discharged   in    10  hours, 
6684  04 


1 0  X  60  X  60 


=  0.1857  cu.jl. 


is  discharged  per  second.  The  velocity 
through  the  pipe  will  be  this  last  quan- 
tity divided  by  the  area  of  the  pipe,  as 
yet  unknown,  but  which  may  be  expressed 
in  terms  of  the  diameter  d  in  feet.    Then 


0.7854d- 


0.2364 


Using  Darcy's  formula  reduced  to  Eng- 
lish measures,  the   friction  head   is 

.  =  (o..,„  +  MHl>)x^xt; 

Substituting  our  known  values, 
h  =  96.08   ft. ; 
/  -  5280  ft. ; 
2g  =  Twice  the  acceleration  of  grav- 
ity   =   64.32; 


96.08  =  (0.0199 -fMOi^)x'^'°X 


/0.2364 


64.32 


which  reduces  to 

6179.S656d  —  5.8735d  —  0.4920  =  0 
By  inspection  it  will  be  seen  that  d  must 
be  a  fraction;  hence  the  pipe  will  be 
less  than  1  ft.  in  diameter.  By  trial  it 
will  be  found  that  the  equation  is  satis- 
fied by  some  value  of  d  between  0.25 
and  0.03  ft.  or  between  3  and  3.6  in. 
The  nearest  commercial  size  is  3;j  in., 
which  is  therefore  the  size  pipe  to  use. 


Japan  Gold  Size  for  Joints 
By  a.  L.  Haas 

A  jointing  material  of  considerable 
value,  not  generally  known,  is  Japan  gold 
size,  which  is  a  liquid  used  by  painters 
for  a  drier. 

In  connection  with  pneumatic  plants  it 
can  be  used  successfully  and  for  com- 
pressor cylinder  joints  made  with  brown 
paper  it  has  proved  superior  to  the  ordi- 
nary red  lead  and  boiled-oil  paint. 

The  material  is  sold  by  paint  deal- 
ers everywhere  and  has  good  keeping 
qualities.  Upon  exposure  to  air  it  dries 
rapidly,  forming  a  tenacious,  adherent, 
transparent  coating. 

Unfonunately  the  writer  has  no  data 
as  to  its  behavior  for  joints  having  to 
withstand  steam  heat,  but  he  sees  no 
reason  why  it  should  not  at  least  be 
tried. 
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Tricked  the  New  Oiler 
By  E.  M.  Keys;  Jr. 

Dick,  who  was  an  old-timer  with  the 
oil  can,  was  showing  a  young  oiler  the 
"ropes,"  who  when  he  saw  the  au- 
tomatic engine  stop,  promptly  wanted  to 
know   what   it  was. 

Dick  told  him  that  it  was  the  "butter- 
fly" and  that  it  must  always  be  kept 
cool;  otherwise  the  engine  would  "go 
on  the  blink."  After  the  boy  had  been 
oiling  around  for  a  while  he  thought  he 
would  feel  the  "butterfly."  Of  course,  it 
was  hot,  and  he  lost  no  time  in  telling 
Dick  that  the  thing  was  going  to  pieces. 

Dick  told  him  to  hurry  to  the  boiler 
room  and  get  a  sack  of  "vacuum"  and 
be  quick  about  it. 

The  oiler  hurried  up  the  stairs  to  the 
boiler  room  where  Bill,  the  water  tender, 
asked  him  what  was  the  trouble.  The 
kid  said  that  No.  1  engine  was  burning 
up  and  he  wanted  a  sack  of  vacuum, 
quick. 

Bill  went  to  a  corner  and  dragged  out 
a  100-lb.  sack  of  Portland  cement  and 
told  the  kid  to  make  haste.  Arriving 
at  the  engine  room,  Dick  told  the  kid  that 
he  had  the  wrong  sack  as  it  was  too 
coarse,  and  to  take  it  back  and  bring 
a  sack  of  fine  vacuum. 

The  oiler  struggled  back  to  the  boiler 
room,  where  he  was  again  met  by  Bill, 
who  asked  whit  was  wrong.  The  kid 
explained  and  another  sack  of  Portland 
cement  was  dragged  out. 

The  kid  picked  it  up  and  when  half 
way  down  the  stairs,  puffing  like  a  loco- 
motive on  an  up-grade,  and  nearly  all 
in,  he  was  met  by  the  chief,  who  wanted 
to  know  what  he  was  in  such  a  hurry 
about  with  that  sack  of  cement.  The  kid 
explained,  and  the  chief,  with  a  snort, 
ordered  the  kid  to  take  the  cement  back 
to  the  boiler  room  where  it  belonged  and 
get  busy   with   his   oil   can. 

That  Dick  and  Bill  got  a  reprimand 
from  the  chief  goes  without  saying,  and 
while  they  enjoyed  the  joke  they  never- 
theless took  care  to  avoid  the  new  oiler 
for   several   days. 


A  total  storage  capacity  of  360,000 
tons  of  coal  is  provided  by  the  Lehigh 
Coal  &  Navigation  Co.  at  its  plant  at 
Hauto,  Penn.  The  plant  is  electrically 
operated  throughout,  and  has  four  pivoted 
reloading  machines,  their  combined  ca- 
pacity  being  8000  tons  per  10-hour  day. 


Reduction  of  Edison   Rates 
in  Brooklyn 

The  Brooklyn  Edison  Co.  has  just  an- 
nounced a  reduction  in  its  rates  and  a 
change  in  the  system,  of  charging  which 
will  become  effective  July  1,  1912.  The 
present  rate  for  retail  lighting  is  12c. 
per  kilowatt-hour,  and  it  is  this  class  of 
consumers   that   is   most   affected   by   the 


change.  At  present  there  are  three  forms 
of  contract,  known  as  retail,  intermediate 
and  wholesale;  there  is  also  a  special 
wholesale  contract  under  which  the 
guaranteed  minimum   is  $3000  per  year. 

The  new  rates,  however,  are  based  on 
the  maximum-demand  plan.  The  high- 
est rate  will  be  lie.  per  kilowatt-hour 
for  the  first  two  hours  of  average  daily 
use  of  the  maximum  demand;  for  the 
third  and  fourth  hours  the  rate  will  be 
8c.  per  kilowatt-hour,  and  for  all  ser- 
vice in  excess  of  four  hours'  average 
daily  use  of  the  maximum  demand  the 
rate  will  be  4c.  per  kilowatt-hour.  The 
minimum    bill    will    be   SI    per   month. 

The  maximum  demand,  except  when 
(Otherwise  requested  by  the  customer, 
will  be  computed  as  a  percentage  of 
the  connected  load.  For  residences  the 
maximum  demand  will  be  taken  as  50 
per  cent,  of  the  connected  load,  and  for 
all  other  premises  70  per  cent.,  each 
standard  socket  being  rated  at  50  watts. 
As  an  alternative,  every  customer  has 
the  privilege  of  using  a  demand  meter 
to  register  the  maximum  demand,  for 
which  there  will  be  an  additional  charge 
of  SI  a  month.  Under  the  special  whole- 
sale contract  the  guaranteed  yearly  mini- 
mum will  be  reduced  from  $3000  to 
$2400,   billed   at   $200  per   month. 


University    of    Wisconsin 
Extension  Courses 

A  Wisconsin  law  will  shortly  make  a 
youth's  education  compulsory  up  to  the 
age  of  16;  then  he  may  be  apprenticed 
to  a  manufacturer  who  will  agree  to 
teach  the  boy  the  whole  trade.  The  maxi- 
mum working  hours  are  55  a  week,  five 
of  which  must  be  devoted  to  instruction 
in  English,  citizenship,  business  prac- 
tice, physiology  and  such  other  subjects 
as  are  approved  by  the  State  Board  of 
Industrial  Education.  The  instruction  may 
be  given  in  a  public  school  or  in  such 
other  place  and  manner  as  may  be  ap- 
proved by  the  board.  Failure  to  attend 
will  subject  the  apprentice  to  a  loss  of 
compensation  for  three  hours  for  every 
one  he  is  absent  without  cause. 

In  anticipation  of  this  law,  the  Uni- 
versity of  Wisconsin  has  established 
courses  in  Milwaukee  and  several  of  the 
large  manufacturing  companies  have 
promised  to  give  some  of  their  employees 
the  necessary  time  off  and  allow  them 
full  pay. 

In  some  cases  the  students  come  to 
the  class  rooms  of  the  university  and  in 
others  the  instructor  goes  to  the  com- 
pany shops  where  the  students  assemble 
in  a  room  set  apart  for  them.  The  sub- 
jects now  being  taught  are  shop  mathe- 
matics, drawing,  safety  devices,  English, 
citizenship,  physiology  and  hygiene.  These 
courses  are  only  a  small  part  of  the 
university  extension  work  which  covers 
science,  literature  and  the  arts,  as  well 
as  commercial,  industrial  and  engineering 


work.  Instruction  is  carried  on  by  cor- 
respondence, class  work  and  by  a  com- 
bination of  both. 

This  year  there  are  67  class  periods 
and  about  1500  students,  the  bulk  of  the 
students  being  in  the  commercial,  in- 
dustrial or  engineering  courses,  in  charge 
of  K.  G.  Smith,  assistant  professor  of 
mechanical  engineering. 


Newark's  Industrial  Exposition 

A  very  successful  industrial  exposition 
was  held  in  Newark,  N.  J.,  in  the  First 
Regiment  Armory  under  the  direction 
of  the  local  Board  of  Trade,  from  May 
13  to  25.  Among  the  exhibits  were  a 
number  of  engineering  interest. 

The  Crane  Co.  displayed  its  full  line 
of  Cranetilt  traps  and  valves  for  all 
purposes,  and  its  rubber  and  composi- 
tion sheet  packing.  The  traps  were  shown 
doing  actual  service  under  and  against 
compressed  air,  steam  not  being  avail- 
able. This  company's  new  regulating 
valve  was  also  exhibited.  Adjoining  the 
Crane  booth  was  shown  the  Lambert 
Hoisting  Engine  Co.'s  line  of  steam  and 
electric  hoisting  engines  and  machinery. 
Further  down  the  room  the  A.  &  F. 
Brown  Co.  displayed  its  line  of  pulleys, 
pinions,  gears  and  bearings. 

Directly  across  the  aisle  the  Dixon 
Cascade  Pump  Co.  drew  much  attention 
to  its  small  centrifugal  pumps,  many  of 
which  were  used  by  exhibitors  for  pump- 
ing purposes,  among  them,  Ballantine 
Bros.,  brewers,  who  showed  their  pro- 
duct running  from  an  inverted  bottle  sus- 
pended by  a  fine  wire.  The  tube  discharg- 
ing the  beer  entered  the  neck  of  the  bot- 
tle, and  as  the  liquid  ran  out  the  tube 
was  concealed,  making  it  appear  that  the 
supply  was  inexhaustible. 

The  Eastwood  Wire  Manufacturing  Co. 
displayed  brass  and  bronze  valves  of  all 
kinds.  Nearby,  the  Watts-Campbell  Co. 
had  one  of  its  I50-hp.  Corliss  engines 
belted  and  motor  driven.  Across  the 
way  were  examples  of  the  work  of  the 
Newark  Central  high-school  pupils;  a 
complete  telephone  central  station  of  their 
own  construction  excited  widespread  in- 
terest. 

Among  other  electrical  exhibitors  the 
General  Electric  Co.  showed  a  full  line 
of  electrically  heated  chafing  dishes, 
smoothing  irons,  radiators,  disk  stoves, 
glue  pots,  coffee  percolators,  toasters, 
cigar  lighters,  etc.  The  application  of 
motor  drive  for  devices  used  in  hotels, 
restaurants,  etc.,  included  everything  from 
an  ice-cream  freezer  to  a  dough  mixer. 
There  were  many  fans  and  ozonators,  and 
the  lamp  display  was  interesting  in  that 
the  current  consumed  by  the  old  Edison 
carbon  and  the  new  Edison  Mazda  lamps 
was  meteced  as  they  burned  side  by  side, 
showing  the  great  economy  of  the  Mazda. 
The  General  Electric  Co.  also  displayed 
a  color-matching  outfit,  consisting  of  an 
arc  lamp  fitted  with  a  color  screen  which 


POWER 


Vol.  35,  No.  21 


removes  the  excess  red,  orange  and 
violet,  giving  a  spectrum  which  is  close- 
ly like  that  of  daylight. 

The  Westinghouse  Co.,  in  the  next 
booth,  showed  its  single,  polyphase  and 
prepayment  watthour  meters,  a  variety  of 
alternating-current  switchboard  meters, 
power  factor  and  frequency  meters,  and 
its  7-in.  synchroscope;-  rectifier  outfits 
for  charging  automobile  batteries,  lamps 
of  all  kinds,  a  number  of  small  motors 
and  a  motor-driven  eraser  for  use  in  the 
drafting   room,   were  also   shown. 

The  Crocker- Wheeler  Co.  had  a  large 
exhibit  of  its  products,  including  a  motor- 
generator  set  which  supplied  current  to 
many  booths;  Remek  lighting  transform- 
ers, squirrel-cage  induction  and  adjust- 
able-speed motors,  crane  and  rolling-mill 
motors  and  hoisting  machinery. 

The  Bell  Electric  Motor  Co.  had  an  ex- 
hibit and  demonstration  of  its  single- 
phase  motors  equipped  with  a  short-cir- 
cuiting device  which  causes  the  machine 
to  run  as  an  induction  motor  after  full 
speed  is  attained.  The  variety  of  goods 
shown  by  the  Newark  Electrical  Supply 
Co.  was  very  complete. 


Ohio    Society   of  Mechanical, 

Electrical  and    Steam 

Engineers 

The  above  society  responded  to  an 
urgent  invitation  to  hold  its  spring  meet- 
ing this  year  at  Pittsburg.  Penn.,  where, 
notwithstanding  the  limitations  of  its  title, 
it  has  many  members.  The  meeting, 
which  was  held  on  May  16  to  19,  quite 
justified  in  interest  and  attendance  this 
extra  state  excursion. 

The  first  session  was  held  at  the  rooms 
of  the  Engineers'  Society  of  Western- 
Pennsylvania,  where,  after  an  informal 
reception  by  the  Pittsburg  engineers,  the 
visitors  were  welcomed  to  the  city  by 
Charles  H.  Garlick,  the  newly  appointed 
chief  boiler  inspector  of  Allegheny 
County.  Frederick  W.  Ballard,  engineer 
of  construction  for  the  municipal  elec- 
tric-light plant  of  Cleveland,  responded 
for  the  society.  E.  A.  Uehling,-  of  the 
Uehling  Instrument  Co.,  presented  a 
paper  upon  the  "Combustion  of  Coal  in 
Relation  to  Boiler  Economy";  and  Ralph 
Beman,  director  of  technical  publicity 
for  the  National  Electric  Lamp  Associa- 
tion, one  upon  "Modern  Incandescent 
Lamps;  Electrical,  Photometric  and  Eco- 
nomic Characteristics."  At  another  ses- 
sion, Francis  Gangl,  electrical  engineer. 
Northern  Ohio  Traction  &  Light  Co., 
read  a  paper  on  "Transformers  and 
Transformer  Connections  Frequently  Met 
in  Practice." 

Pittsburg  offers  generous  opportunities 
for  the  entertainment  of  such  a  party 
and  excellent  use  was  made  of  them  by 
the  local  committee  under  the  chairman- 
ship of  William  R.  McCord,  of  the  In- 
dustrial World. 


On  Thursday  afternoon  a  visit  was 
made  to  the  Pittsburg  testing  station  of 
the  U.  S.  Bureau  of  Mines,  where,  among 
other  interesting  things,  a  convincing 
demonstration  of  the  explosibility  of  coal 
dust  was  given  upon  a  large  scale. 

After  the  adjournment  of  the  evening 
session  an  "owl  party"  visited  the  Phipps 
power  plant,  where  Chief  Engineer  John 
Hyde  demonstrated  his  method  of  burn- 
ing powdered  coal  in  quite  a  different 
manner  from  that  which  had  been  seen 
in  the  afternoon  at  the  Bureau  of  Mines. 
It  is  no  reflection  upon  the  powdered-coal 
demonstration  nor  upon  Pittsburg  to  an- 
nounce that  the  party  adjourned  to  the 
Natatorium  and  took  a  midnight  plunge 
in  the  swimming  pool. 

Following  the  Friday  morning  session, 
the  visitors  lunched  with  the  students 
of  the  Carnegie  Technical  Schools,  and 
visited  the  laboratories.  The  baseball 
game,  which  was  scheduled  as  a  part 
of  the  afternoon's  program,  being  post- 
poned on  account  of  the  weather,  the 
company  divided  into  parties  and  visited 
several  of  the  local  industries,  including 
the  Mesta  Machine  Co.;  the  Rankin  plant 
of  the  McClintic-Marshall  Construction 
Co.;  the  Jones  &  Laughlin  Steel  Co.,  and 
the  Westinghouse  Machine  Co.  The  Uni- 
versity of  Pittsburg  and  the  handsome 
power  plant  of  the  Carnegie  Institute  at- 
tracted many  visitors. 

On  Friday  evening,  after  a  compli- 
mentary dinner  at  the  Hotel  Schenley,  the 
visitors  were  taken  to  the  theater.  On 
Saturday  there  were  further  visits  to  in- 
dustrial plants  and  other  points  of  in- 
terest and  the  baseball  game,  without 
which  a  Pittsburg  entertainment  would 
be  as  naught,  in  the  afternoon. 

For  the  ladies,  of  whom  an  unusually 
large  number  attended,  there  were  pro- 
vided trips  to  the  Allegheny  Observatory, 
the  Carnegie  Institute  Museum  and  Art 
Galleries,  the  Margaret  Morrison  Car- 
negie School  for  Women,  the  H.  J.  Heinz 
Co.'s  plant,  the  Penns  '  ania  College  for 
Women,  etc.,  as  well  as  automobile  rides 
about  the  parks  and  city. 

The  fall  meeting  must  be  held  in  Ohio 
and  in  November.  The  selection  of  the 
city  was  left  in  the  hands  of  the  council. 


National  Gas   Engine  Show 

The  National  Gas-engine  Show,  which 
will  be  held  in  Milwaukee,  Wis.,  on 
June  17  to  22,  under  the  auspices  of  the 
National  Gas  Engine  Association,  prom- 
ises to  be  an  exhibition  which  for  the 
first  time  will  be  entirely  devoted  to  the 
gas  engine. 

At  the  entrance  to  the  Auditorium  will 
be  the  exhibits  of  three  large  tractor 
companies,  with  the  engines  in  opera- 
tion. Gas  and  gasoline  engines  of  vari- 
ous types  for  farm,  marine,  electric-light- 
ing purposes  will  also  be  displayed,  as 
well  as  dry  batteries,  magnetos,  lubri- 
cators, clutch  pulleys,  spark  plugs,  etc. 


At  this  exhibit  the  visitors  will  see 
as  nearly  as  possible  the  actual  opera- 
tion of  the  engines  and  accessories  as 
in  ordinary  service  and  run  on  their 
usual   fuel. 

During  the  show  the  National  Gas 
Engine  Association  will  hold  its  semi- 
annual convention;  the  meetings  will  be 
open   to   visitors. 

Applications  for  space  and  further  in- 
formation should  be  addressed  to  O.  C. 
Parker,  president.  National  Gas  Engine 
Association,   La   Crosse,  Wis. 


SOCIETY  NOTES 

The  summer  meeting  of  the  American 
Society  of  Heating  and  Ventilating  En- 
gineers will  be  held  in  Detroit,  Mich., 
on  July  11  and  12,  the  details  of  which" 
will  be  announced  in  an  early  issue. 

The  monthly  meeting  of  the  American 
Society  of  Engineer  Draftsmen,  held  on 
May  16  in  the  Engineering  Societies 
Building,  was  marked  by  the  admission 
to  junior  membership  of  Miss  Marsi 
Oberlander,  a  student  of  architectural 
drawing  at  Teachers  College,  Columbia 
University.  Miss  Oberlander  is  the  first 
woman  to  be  elected  a  member  of  the 
society.  The  guest  of  the  evening,  F.  F. 
Hickel,  M.  E.,  consulting  engineer  of 
Henry  R.  Worthington,  delivered  an  in- 
teresting and  instructive  lecture  on 
"Practical  Applications  of  the  Slide  Rule." 
A  paper  by  R.  E.  Boehck,  a  member  of 
the  society,  of  Evansville,  Ind.,  on  "The 
Development  of  Logging  Machinery"  was 
read  and  discussed. 


PERSONAL 

S.  G.  Pollard  has  resigned  his  posi- 
tion as  mechanical  engineer  of  the  Cin- 
cinnati Water  Works. 

J.  B.  Merriam,  of  the  Bruce-Macbeth 
Engine  Co.,  Cleveland,  Ohio,  recently 
lectured  on  gas-engine  construction  and 
operation  before  the  Sheffield  Scientific 
School  of  Yale  University.  Various  de- 
tails of  construction  and  plants  in  opera- 
tion were  illustrated  by  lantern  slides. 

E.  J.  Clarke  has  been  appointed  super- 
intendent of  the  inspection  department  of 
the  Casualty  Co.  of  America,  New  York 
City,  succeeding  E.  R.  McAlenan.  Mr. 
Clarke  was  formerly  chief  inspector  of 
the  Pennsylvania  Casualty  Co.  and  with 
the  Hartford  Steam  Boiler  Inspection  & 
Insurance  Co. 

Orrin  C.  Lawrence  has  been  appointed 
superintendent  of  the  steam-boiler  and 
flywheel  department  of  the  Globe  In- 
demnity Co.,  New  York.  Mr.  Lawrence  has 
for  several  years  been  with  the  Hartford 
Steam  Boiler  Inspection  &  Insurance  Co. 
and  is  regarded  as  one  of  the  best 
posted  men  in  the  boiler  business.  He 
will  assume  his  new  position  about 
June  I. 
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A  FelloAv  Engineer's  Advice 


IN  a  recent  issue  of  POWER  we  hear  the 
old  cry  of  engineers  being  underpaid.  Espe- 
cially among  the  old  timers  there  also  ap- 
pears to  be  a  prejudice  against  college  gradu- 
ates who  are  rapidly  filling  positions  former- 
ly held  by  practical 
men.  Why  this  con- 
dition exists  is  evident 
to  anyone  who  has  no- 
ticed the  development 
of  power  plants  during 
the  past  few  years.  The 
plant  owner  of  today 
will  not  pay  a  good 
salary  for  the  old  rule 
of  thumb  methods 
which  answered  some 
years  ago.  He  can 
get  a  college  man  with 
scientific  training  who 
may  lack  practical 
knowledge  at  first,  but 
is  likely  to  lower 
the  plant's  cost  more 
than  enough  to  offset 
this. 


Now  instead  of  howl- 
ing about  the  pay  and 
carrying  a  chip  on  our 
shoulder  for  the  col- 
legian to  knock  off,  it 
appears  to  me  that  we 
had  better  get  busy 
and     equip     ourselves 

with  the  knowledge  that  will  enable  us  to 
command  better  pay  and  hold  our  own  with 
the  college  graduate.  Most  employers,  if 
properly  approached,  will  pay  a  man  his 
price  if  it  is  to  their  interest  to  do  so.  It  is 
up  to  us  to  show  him  just  where  and  how  it  is 


On  this  page  in  the  last  issue  we 
urged  the  college  graduate  to  enter 
the  power  plant  as  the  best  place 
to  get  the  training  and  practical 
experience  he  needs.  Until  he  does 
this  the  practical  engineer  has  the 
advantage  of  him.  That  many  are 
now  doing  this  seems  to  be  taken  by 
some  operating  engineers  as  cause 
for  alarm — a  menace  to  their  wel- 
fare. 

Such  is  not  the  case,  for,  as  we 
have  said,  the  operating  engineer  can 
easily  hold  his  own  if  he  is  equally 
ambitious  and  improves  his  oppor- 
tunities to  add  to  his  theoretical 
knowledge  by  study  and  experi- 
mentation. 

A  letter  recently  received  from  an 
operating  engineer  takes  such  a 
sensible  view  of  the  situation  re- 
garding the  college  man's  entering 
his  field,  and  the  duties  of  engineers 
to  their  employers,  that  we  print  it 
here  in  full. 


and  we  must  prove  conclusively  with  facts 
and  figures,  not  mere  words,  that  they  are 
not  wasting  but  saving  money. 

Many  owners  of  today  are  getting  ac- 
quainted with  the  in- 
dicator and  some  can 
take  and  read  the  dia- 
grams although  they 
are  not  engineers.  This 
type  of  owner  natu- 
rally expects  his  en- 
gineer to  do  the  same. 
In  fact  every  engineer 
should  be  master  of  the 
indicator,  but  unfor- 
tunately many  are  not. 
The  same  is  true  of 
combustion  and  flue 
gas  analysis.  Modern 
boiler  plants  are  no 
longer  run  on  guess 
work.  vScientific  man- 
agement replaces  rule  of 
thumb  methods.  Effi- 
ciency is  the  watch 
word. 

Lack  of  financial 
means  is  no  longer  a 
bar  to  the  man  who 
makes  up  his  mind 
to  acquire  knowledge. 
There  are  numerous 
ways  of  acquiring  the 
knowledge  which  will,  if  he  persists,  enable 
him  to  command  a  better  salary  and  which 
will  eventually  raise  the  standard  of  the 
engineer  at  large.  There  is  always  work  for 
the  man  who  is  above  the  average.  It's  the 
average  man   that  suffers. 


Calculating  the  Flow  of  Water  in  Pipes 


In  power-plant  work,  hydraulic  prob- 
lems are  continually  coming  up  and  the 
engineer  is  frequently  called  upon  to 
make  calculations  pertaining  to  the  flow 
of  water  in  pipes.  This  is  a  subject 
which  can  be  made  very  extensive,  es- 
pecially where  accurate  results  are  re- 
quired, but  for  practical  calculations, 
such  as  are  usually  required  around  the 
power  house,  it  is  not  necessary  to  go 
into  a  deep  theoretical  study  of  the  sub- 
ject. 

The  quantity  of  water  passing  any  sec- 
tion of  a  pipe  of  uniform  diameter  in  a 
given  time  will  depend  upon  the  cross- 
sectional  area  of  the  pipe,  and  the  veloc- 
ity at  which  the  water  is  moving. 
Let 

a  =  Area  of  cross-section  of  the  pipe 

in  square  feet; 
V  =  Velocity  of  flow  in  feet  per  sec- 
ond; 
g  =  Number  of  cubic  feet  of  water 
passing  a  given  section  in  one 
second; 
then, 


By  T.  W.  Holloway 


General  formulas  with  illustra- 
tive examples  for  the  velocity  of 
flow,  quantity  of  discharge,  head 
required  to  produce  a  given  de- 
livery, diameter  of  pipes  to  meet 
specified  conditions  and  the  com- 
parative flow  of  water  in  pipes  of 
different  sizes. 


The  theoretical  velocity  may  be  quite 
different  from  the  actual  velocity  if  the 
pipe  is  of  great  length,  or  if  there  are 
bends  or  valves  to  increase  the  frictional 
resistance  in  the  pipe;  but  the  theoretical 
amount  often  serves  as  a  guide  in  mak- 
ing calculations.  Suppose  that  it  is  nec- 
essary to  find  the  velocity  of  flow  and 
the  discharge  from  a  6-inch  pipe  when 
the   head   is  50   feet. 
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For    example:     If    water    is    flowing  = 

through  a  6-inch  pipe  at  the  rate  of  10  ^c^^lL^;:- 

feet    per    second    and    the    quantity    de-  i-r^iV.yl^v 

livered  per  second  is  required,  it  is  nee-  iv?J-JvIvI-r- 

essary  only  to  multiply  the  area  of  the  ::::::::"::v 
cross-section  of  the  pipe  by  the  velocity. 
The  area  of  a  pipe  is 

'4  TT  d'  =  0.7854  dr- 

where  d  =  the  diameter  of  the  pipe  in 
inches.    Therefore,  the  quantity  in  cubic 

feet  passing  a  given  section  is  v=^'\     2  gh^^y   2  x  32.16  x  50  = 

q  =  0.7854  X  (A)'  X  10  =  1 .963  57  tect  per  second 

or  approximately  2  cubic  feet  per  second.  The    quantity   in   cubic    feet   per   second 

If  the  quantity  is  desired  in  gallons,  then  will  be 

multiply   the   discharge   in   cubic   feet  by  q  =  av  =z  0.7854  X  (''^)'  X  57  =  11.19 

7.48.     If  it  is  desired  to  reduce  gallons  cubic  feet 
to    pounds,    as    is    sometimes    necessary, 

multiply  the  discharge  in  gallons  by  8',;.  Instead  of  the  head  being  given  in  feet 
To  reduce  cubic  feet  to  pounds,  multiply  it  is  frequently  expressed  in  pounds  per 
by  62' J.  square  inch,  as  in  the  case  where  a  head 
The  theoretical  velocity — that  is,  the  is  furnished  by  a  pump.  This  being  the 
velocity  the  water  would  have  if  there  case,  the  head  in  pounds  may  be  changed 
were  no  resistance  due  to  friction  in  the  readily  to  head  in  feet  by  dividing  by 
pipe,  resistance  of  bends,  valves,  etc.—  0.434,  or,  what  is  the  same  thing,  multi- 
would  be  the  same  as  the  velocity  the  plying  by  2.31.  This  is  because  a  col- 
water  would  attain  in  falling  through  a  umn  of  water  1  foot  in  hight  exerts  a 
hight  equal  to  the  head.  Expressed  as  a  pressure  of  0.434  pound,  or  a  column  of 
formula,  water  2.31  feet  in  hight  exerts  a  pres- 
in  which  sure  of  1  pound. 

r  =  Velocity,  in  feet  per  second;  If  w  represents  the  number  of  pounds 

§■:=  Acceleration   due   to   gravity   ^  of  water  discharged  per  second,  the  theo- 

32.16;  retical   work   which   the    falling   water   is 

h  =  Head,  in  feet.  caprble  of  doing  will  be  w  h  foot-pounds. 

By  the  head,  which  causes  the  flow,  is  because  work  is  the  product  of  the  force 

meant  the   difference   in   level   from   the  and  the  distance  through  which  the  force 

surface  of  the  water  in  the  reser\'oir  to  acts.    In  this  case  the  force  is  the  weight 

the  center  of  the  outlet,  when  the  dis-  of    water    w,    and    the    distance    is    the 

charge    occurs    freely    into    the    air,    as  head  h. 

shown  in  Fig.   1.  The  kinetic  energy  of  the  flowing  water 


2  g 


and  if  no  work  is  expended  in 


overcoming  resistance  due  to  friction  or 
other  losses,  then  the  expression  for 
work  and  for  kinetic  energy  must  be 
equal,  or 


U'h  : 


From  which 


In  actual  practice,  especially  in  the  case 
of  long  pipes,  the  kinetic  energy  is  less 
than  the  theoretical  work,  the  difference 
being  due  to  the  energy  lost  in  overcom- 
ing friction.  Consequently,  ^  in  prac- 
tice is  less  than  the  total  head  h.  Now, 
—       is  the  effective  head,  corresponding 

to  the  velocity  at  discharge,  and  is  some- 
times spoken  of  as  the  velocity  head. 
Therefore  the  loss  of  head  due  to  fric- 
tional resistance  must  equal 


For  great  lengths  of  pipe  the  velocity 
may  become  very  small,  showing  that 
nearly  all  of  the  head  has  been  lost  in 
overcoming  the  resistance. 

Several  conditions  must  be  taken  into 
account  to  find  the  actual  velocity  of 
water  in  a  pipe,  the  number  of  conditions 
depending  on  the  particular  pipe  line  un- 
der consideration.     When  water  from  a 


i)(-:f^==^^^ 
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reservoir,  tank  or  other  source  of  sup- 
ply enters  a  pipe  there  is  more  or  less 
contraction  and  resistance  of  the  stream, 
as  shown  in  Fig.  2,  the  amount  depending 
upon  the  manner  of  connection. 

The  loss  of  head  due  to  contraction 
and  resistance  of  the  inner  edges  of  the 
pipe  is  known  as  the  loss  of  entrance, 
and  depends  on  the  manner  of  connection 
and  the  shape  of  the  end  of  the  pipe. 
The  loss  of  head  may  be  expressed  by 
the  formula 


'', 


29 


in   which 

h,  =  Head,  in  feet,  lost  at  entrance; 
v  =  Velocity,  in  feet  per  second; 
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m  =  Coefficient  depending  on  the 
form  of  the  end  of  the  pipe. 

When  the  pipe  projects  into  the  reser- 
voir or  tank  m  equals  0.93;  when  it  is 
flush  with  the  reservoir,  as  in  Fig.  2,  m 
may  be  taken  as  0.5,  and  when  the  inner 
end  of  the  pipe  is  provided  with  a  bell- 
shaped  mouth  m  equals  0. 

Loss  of  head  due  to  friction  and  co- 
hesion along  the  interior  surface  of  the 
pipe  must  be  taken  into  account,  as  this 
is  usually  large,  especially  in  long  pipes. 
A  formula  for  the  head  lost  in  frictional 
resistance  which  has  been  derived  from 
experimental  data  is  as  follows: 

2  gd 

in   which 

/i:  =  Head  lost  by  friction; 
/=  Friction  factor  which  depends  on 
the   condition   of  the   interior 
of  the   pipe; 


As  =  Loss  of  head  in  feet; 
c  =  Constant  which  depends  on  the 

ratio    — ,    of  the  inside  radius 
h 

of  the  pipe  to   the   radius   of 

curvature  of  the  bend; 

V  and  g  are  the  same  as  in  previous 

formulas. 

The  values  for  c  may  be   found   from 

Table   1,  in  which  r  is  the  radius  of  the 

pipe  and  R  the  radius  of  the  bend. 

Valves  for  regulating  the  flow  in  pipes 

may    cause    considerable    loss    of    head 

when   they   are   not    fully   opened.     The 


the    velocity    of   the   issuing   stream,   the 


of  the  various  head  losses;  that  is. 


/(  —  —  =  /(,  +  /(,  +h.  +  k, 
2  g  ... 


h =  m h  / -,  +  c Y-  c   — 

2  g  2  g  2  gd  2  g  2  g 

Dividing  this  expression   by  — , 


Fig.  3 

/  =  Length  of  pipe  in  feet; 

V  =  Velocity    of    water,    in    feet   per 

second,  flowing  in  pipe; 
g  =  32.16; 
d=  Diameter  of  pipe  in  feet. 

The  value  of  /  ranges  from  0.05  to 
0.01  for  new  clean  pipes,  but  for  the 
average  conditions  in  practice  /  is  taken 
as  0.02,  which  value  may  be  used  in  mak- 
ing calculations  unless  another  value  is 
specified. 

If  a  pipe  is  straight  and  of  unifonn 
size  throughout,  the  loss  of  head  at  the 
entrance  and  that  due  to  frictional  re- 
sistance of  the  interior  surface  is  all 
that  need  be  considered,  but  if  the  pipe 
varies  in  diameter,  has  sharp  bends  or 
turns,  or  contains  valves,  other  losses 
must  be  considered. 

In  practice,  variation  in  diameter  of  the 
pipe  is  usually  made  by  means  of  a  re- 
ducer so  that  the  change  in  section  is 
gradual.  This  being  the  case,  the  loss 
of  head  due  to  this  cause  is  very  small, 
and  for  most  practical  purposes  may  be 
neglected. 

Sharp  bends  or  turns,  as  in  Fig.  3, 
cause  considerable  loss  of  head,  especial- 
ly when  several  such  abrupt  changes  are 
made.  The  loss  of  head  caused  by  a 
sharp  bend  of  90  degrees,  as  in  an  el- 
bow, may  be  found  by  the  following 
formula: 

2g 


2  gh 


m  +  j  -,  +  c  +  c 


TABLE   1.     COEFFICIENT  FOR  LOSS  OF  HE.AD  DUE  TO  SHARP  BENDS 


r 

R  ^ 

0    1 

0,2 

0.3 

0  4 

0 . 5 

0.6 

0.7 

0 .  .S 

0.9              1.0 

c^ 

0.13 

0.14 

0.16 

0.21 

0.29 

0.44 

0.66 

0.9S 

1.41 

1  .  9S 

loss  of  head  may  be  found  by  the  for- 
mula, 

h,  =  c'  — 
2g 

The  constant  c'  for  a  cock  valve,  as 
shown  at  the  left  in  Fig.  4,  may  be  found 
from  Table  2,  in  which  a  is  the  angle 


from  which 


'^4- 


2  gh 


+  m  +  I  -+  c  +  c 


(0 


which  is  a  general  formula  that  may  be 
used  for  the  velocity  of  flow.  If  there 
are  no  valves  to  be  taken  into  account, 
which  the  opening  through  the  valve  then  c'  becomes  zero,  and  if  there  is  more 
makes  with  the  axis  of  the  pipe.  than   one   valve,   then   c'   represents   the 


TABLE  2.     COEFFICIENT  FOR  LOSS  OF  HEAD  DUE  TO  COCK  VALVES 

a  = 

0° 

10° 

20° 

30° 

40° 

.50° 

55° 

60° 

65° 

<■'  = 

0 

0.29 

1.6 

5.5 

17 

r,:i 

106 

206 

486 

The  constant  c'  for  a  gate  valve,  as  in- 
dicated  at  the  right  in   Fig.  4,  may  be 

found  from  Table  3,  in  which   -j    is  the 


Fic.  4 

ratio  of  the  distance  the  gate  is  lowered 
below  the  top  of  the  pipe,  to  the  diameter 
of  the  pipe. 

Velocity  of  Flow 

Having  determined  the  losses  of  head, 
due  to  various  conditions,  the  resulting 


sum  of  the  constants  for  the  various 
valves.  In  a  similar  manner,  if  there 
are  no  bends  in  the  pipe  c  becomes  zero, 
and  if  there  is  more  than  one  bend,  c 
represents  the  sum  of  the  constants  for 
the  various  bends. 

Example:  A  6-inch  pipe  line  500  feet 
in  length  delivers  water  from  a  reser- 
voir 60  feet  above  the  outlet.  The  pipe 
makes  two  right-angled  turns  and  the 
gate  valve  at  the  reservoir  is  wide  open. 
If  the  pipe  projects  into  the  reservoir 
and  the  radius  of  the  bends  is  15  inches, 
what  is  the  velocity  of  flow  in  the  pipe? 

Solution:  Apply  the  general  formula 
(1)  for  the  velocity  of  flow,  substituting 
the  following  values:  g  =  32.16;  /r  =  60 
feet;  m  =  0.93;  /  may  be  taken  as  0.02; 
;  —  500  feet;  d  =  '<  foot.  Since  the 
radius  of  the  bends  is  15  inches,  then 
from  Table  1 


TABLE  3.     COEFFICIENT  FOR  LOSS  OF  HEAD  DUE  TO  GATE  VALVES 


''l 

0 

i 

1 

J 

i 

' 

''= 

0 

0.07 

0.26 

O.Sl 

2.1 

5    5 

17 

98 

velocity   may   now   be    found.     Since    k  I=^  =  o^ 

R       15         " 
loss  of  head.  It-—  j-^  must  equal  the  ve-     ^^^  ^  _  q  ,4  f^^  one  bend  or  0.28  for 

locity  head,  or  the  head  corresponding  to     two  bends;  c'  —  0,  since  the  gate  valve 
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is   wide   open.     Substituting    in   the    for- 
mula, 

I  2  X  32.16  X  60 

v  ^^^     i ' 

,J  I  +  0.93  +  0.02  X  ^  +  0.28  +  0 

=  13  jcct  per  second 

Quantity  of  Discharge 

The  general  formula  for  the  velocity 
of  flow  in  feet  per  second  having  been 
obtained,  the  discharge,  q  in  cubic  feet 
per  second,  is  readily  found  from  the 
expression 

q  —  av 
previously  given.     This  becomes 


valve  is  assumed  to  be  wide  open,  c'  be- 
comes zero. 


=  6.3X(A)^ 


si 


.so 


1+0.5+0.02X3^  +  0.29 


=  2.87  cubic  feet  per  second 
Expressed  in  gallons,  the  discharge  is 
2.87  X  7.48  =  21.47 
or  approximately  21  ^2  gallons.  This  dis- 
charge is  on  the  assumption  that  the 
gate  valve  is  wide  open.  If  the  gate 
valve    were    partly    closed    it    would    be 


9  =  0.78540'= 


2  iih 


necessary  to  know  the  ratio 

and  then  substitute  the  value  for 
found  from  Table  3. 


Fig.  4, 


+  ,n+f     +C  +  C- 


6.3  (i- 


si 


(2) 


!   +  «+/-     \-C  +  . 


In  order  to  show  the  application  of  the 
foregoing  formulas,  a  practical  problem 
which  recently  came  up  will  be  solved. 

A  tank  20  feet  in  hight  and  20  feet 
in  diameter  is  erected  on  a  tower  30  feet 
high.  Into  the  center  of  the  bottom  of 
the  tank  a  6-inch  pipe  is  connected  so 
that  the  pipe  is  flush  with  the  bottom  of 


Head    Required    to    Produce    a    Given 
Delivery 

It  is  sometimes  necessary  to  find  the 
head  required  to  produce  a  given  flow. 
This  being  the  case,  the  general  formula 
(2)  for  the  quantity  of  discharge  may 
be  transposed  and  the  value  of  h  found. 
Squaring  both  sides  of  the  equation  and 
solving  for  h,  a  general  formula  for  the 
required  head  is 


:  0.0252  {i  +m  +  I  2+  c  +  c')^ 


(3) 


TABLE 

4.     SIZES  OF  STANDARD 

PIPES 

Diameter 

Diameter 

Size, 

Diameter 

Inches 

Internal 

E.xternal 

Inelies 

Internal 

External 

Inches 

Internal 

External 

, 

0.27 

0.40 

2i 

2.47 

2.87 

9 

8.94 

9.62 

1 

0.36 

0..54 

3 

3.07 

3.5 

10 

10.02 

10.75 

3 

0.49 

0.67 

3* 

3.55 

4 

11 

11 

11.75 

^ 

0.62 

0.84 

4 

4.03 

4.5 

12 

12 

12.75 

i 

n.S2 

1.05 

4i 

4.51 

5 

13 

13.25 

14 

1 

1.05 

1.31 

5 

5.04 

5.56 

14 

14.25 

ij 

1.3S 

1.66 

6 

6.06 

6.62 

15 

15.43 

16 

li 

1.61 

1.90 

7 

7.02 

7.62 

16 

16.4 

17 

2.07 

2.37 

S 

7.98 

8,62 

17 

17.32 

18 

the  tank.  The  pipe  runs  30  feet  vertically 
downward,  then  turns  at  90  degrees,  run- 
ning horizontally  300  feet  and  discharg- 
ing through  a  gate  valve,  as  shown  in 
Fig.  5.  What  is  the  discharge  when  the 
tank  is  full? 

The  total  head  in  this  case  is 
30  +  20  =  50  feet 
and  the  total  length  of  the  pipe  will  be 
about 

300  +  30  =  330  feet 
In  this  case  there  will  be  loss  of  head 
at  the  entrance  to  the  pipe,  loss  of  head 
due  to  friction  in  the  pipe,  loss  of  head 
due  to  the  90-degree  bend  and  loss  of 
head  due  to  the  gate  valve  if  it  is  not 
fully  opened.  In  this  case,  however, 
the  gate  valve  has  been  assumed  as  wide 
open.  Applying  the  general  formula  and 
substituting  for  the  values  of  the  various 
f actors :  g  —  32. 1 6 ;  ft  =  50  feet ;  m  =  0.5, 
since  the  end  of  the  pipe  is  flush  with 
the  bottom  of  the  tank;  f  —  0.02;  I  = 
330  feet;  d  =  I'V  =  '^  foot;  c  =  0.29.  as 
found  from  Table  1  if  the  90-degree  bend 
has  a   radius  of  6  inches;   as  the   gate 


find  the  diameter  of  a  pipe  to  give  a  dis- 
charge of  21; J  gallons  per  second  for 
the  conditions  in  Fig.  5.  The  discharge 
in  cubic  feet  is 

21.5  -=-  7.48  =  2.87 
As  a  trial  value,  assume  the  diameter  of 
the  pipe  to  be  5  inches  or  0.4166  foot. 
Taking  a  value  of  m  =  0.5,  /  =  0.02,  I 
-  330  feet,  and  if  the  radius  of  the  bend 
is  taken  equal  to  the  diameter  of  the 
pipe  or  the  ratio  of  the  radius  of  the 
pipe  to  the  radius  of  the  bend  equals  0.5, 
then  from  Table  1  the  constant  c  =  0.29 
and  c'  =  0.  Substituting  in  formula  (3) 
and  solving   for  the  head, 


Diameters  of  Pipes  to  Meet  Specified 
Conditions 

In  practice  it  is  often  necessary  to 
find  the  diameter  of  the  pipe  to  give  a 
required  discharge.  A  general  formula 
suitable  for  this  purpose  may  be  derived 
from  formula  (3),  but  this  would  run 
into  some  difficult  mathematics,  and  in 
order  to  find  the  diameter  it  would  be 
necessary  to  extract  the  fifth  root,  which 
would  require  a  knowledge  of  logarithms. 
A  simpler  method,  and  one  which  is  just 
as  satisfactory,  is  to  assume  a  diameter 
and  then  substitute  this  assumed  value 
in  either  formula  (2)  for  finding  the 
quantity  of  discharge,  or  in  formula  (3) 
for  finding  the  head.  If  the  first  assump- 
tion made  does  not  give  the  quantity  of 
discharge  or  the  head  desired,  assume  a 
new  value  for  the  diameter  and  repeat 
the  calculation.  By  this  cut-and-try  meth- 
od a  diameter  may  be  found  which  will 
satisfy  the  conditions.  This  diameter 
will  then  be  taken  as  the  diameter  of 
the  pipe. 

For  example:     Let  it  be   required  to 


:  0.0252  (l  +  0.5  +  0.02  X  ;;^/° 
(2.87) 


0.29  +  o) 


0.4166 
121.48  ji'et 


+ 


(0.4166)^ 

which  is  too  great.  Since  the  head  is  to 
be  50  feet,  a  larger  size  of  pipe  must 
be  used.  Assuming  a  6-inch  pipe  and 
recalculating, 

/j  =  0.0252  (1+0.5  +0.02  X^  + 

o..9  +  o)^^=5o/cW 

which  is  the  head  required.  Therefore, 
a  6-inch  pipe  would  be  used. 


\ 


> 


^ 


-300-0 


J,  C 


Fig.  5 

Comparative  Flow  of  Water  in  Pipes 
of  Different  Sizes 

The  foregoing  example  shows  that  in 
the  particular  case  in  question  the  5- 
inch  pipe  requires  more  than  twice  as 
much  head  as  the  6-inch  pipe  in  order 
to  give  the  same  quantity  of  discharge. 
Of  course,  the  velocity  must  be  much 
higher  in  the  5-inch  pipe.  At  the  same 
velocity  of  flow  two  pipes  discharge  as 
the  square  of  their  diameters — that  is,  in 
the  case  of  the  pipes  mentioned  the  ratio 
of  discharge  will  be  (5)'  :  (6)',  or  25  to 
36.  The  same  head  will  not  produce  the 
same  velocity  in  pipes  of  different  diam- 
eters or  lengths.  The  chief  resistance  to 
the  flow  of  the  water  in  a  pipe  is  due  to 
the  friction  of  the  water  upon  the  sides 
of  the  pipe.  This  friction  is  greater  in 
proportion  to  the  contents  of  a  small  pipe 
than  of  a  large  pipe— that  is,  in  a  given 
length  of  pipe  there  is  more  interior  sur- 
face in  proportion  to  the  contents  in  the 
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case  of  the  small  pipe  than  in  a  larger 
pipe,  and  consequently  the  frictional  re- 
sistance is  greater  in  the  small  pipe. 

The  relative  flow  in  pipes  of  different 
sizes  under  similar  conditions  may  be 
found  approximately  by  the  following 
proportion,  which  has  been  derived  from 
a    large   number   of   experiments: 

V  d^  +  3.6     1     d  +  3.6 

in  which  A^  is  the  number  of  pipes  of 
diameter  d  and  Ni  is  the  number  of  pipes 
of  diameter  d,. 

For  example,  suppose  it  is  necessary 
to  find  the  number  of  2-inch  pipes  re- 
quired to  replace  one  7-inch  pipe  so  that 
the   quantity   of  discharge   under  similar 


conditions  in  each  case  will  be  the  same. 
The  actual  internal  diameter  of  a  stand- 
ard 2-inch  pipe  is  2.07  inches  and  of  a 
7-inch  pipe  is  7.02  inches.  Substituting 
in  the  proportion: 

(7.02)3 


A'l 


(--■07)'  ^— ^^= 

'  y  2.07  +  3.6  ■  \   7.02  +  3.6 


1   :  N, 
from  which 


3.64  :   106.18 


That  is,  it  requires  twenty-nine  standard 
2-inch  pipes  to  equal  one  standard  7- 
inch  pipe. 


Standard  pipe  diameters  vary  slightly 
from  the  nominal  diameters,  as  is  shown 
by  Table  4. 

This  table  will  be  found  conven- 
ient, especially  where  accurate  work  is 
required,  and  it  is  necessary  to  use 
actual  diameters  instead  of  nominal  di- 
ameters. 

The  foregoing  standard  formulas  have 
been  found  to  give  good  results  in  prac- 
tice, but  exact  calculations  are  impos- 
sible in  a  majority  of  hydraulic  ex- 
amples. Actual  results  may  vary  from 
0  to  10  per  cent,  from  the  calculated  re- 
sults, but  this  is  as  close  as  can  be  ex- 
pected, due  to  the  number  of  different 
factors  which  tend  to  modify  the  flow  of 
a  liquid. 


The  De  Laval  Multi-Stage  Turbine 


The  turbine  invented  by  Dr.  De  Laval 
and  made  by  the  several  companies  bear- 
ing his  name  is  of  the  simplest  type,  in 
which  the  steam  is  utilized  in  a  single 
expansion  from  the  initial  to  the  exhaust 
or  condenser  pressure.  The  jets  impinge 
with  high  velocity  upon  a  single  row  of 
buckets,  the  rotative  speed  of  which  is 
limited  by  centrifugal  force.  Thus  re- 
duction gearing  is  required  to  adapt  the 
turbine  to  most  uses.  The  maximum 
wheel  diameter  of  single-stage  turbines  is 


The  turbine  is  supplied  with  or 
without  the  double  helical  reduc- 
tion gears  which  have  been  a 
familiar  feature  of  De  Laval  tur- 
bines, and  is  adapted  to  various 
steam  conditions. 

It  is  steam  sealed,  segmental 
carbon  rings  being  used  in  addi- 
tion to  the  usual  labyrinth  pack- 
ing. 


about  30   in.   and   the   horsepower   about 
700. 

It  was  to  be  expected  that  a  pioneer 
company  in  this  field  would  progress  with 


the  advance  of  turbine  engineering  and 
develop  a  unit  of  more  complex  design 
and  adapted  to  greater  capacities  and 
higher  efficiencies. 

Some  time  ago  Power  described  some 
large  multistage  units  built  by  the  De 
Laval  Co.,  of  Sweden,  and  the  American 
company,  of  Trenton,  N.  J.,  now  an- 
nounces its  ability  to  furnish  units  of  this 
design.  The  type  adopted  Is  the  multi- 
pressure  stage  turbine. 

Although  this  unit  is  supplied  without 
gearing,  normally  it  is  furnished  to  drive 
through  twin  helical  gears.  This  allows 
the  best  design  of  steam  end  irrespective 
of  the  speed  of  the  driven  machine,  and 
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Fig.  1.  A.xiAL  Section  View,  Showing  Arrangement  of  Parts 


of  easily  connecting  the  unit  to  existing 
shafting;  it  also  adapts  it  to  direct-cur- 
rent generators  or  belt  and  rope  drive. 
Partial  admission  to  the  first  chamber 
is  through  hand-controlled  nozzles  which 
may  be  adjusted  to  suit  load  conditions; 
full  admission  to  all  chambers  occurs 
thereafter,  the  increase  in  the  area  of 
the  steam  passages  being  obtained  by 
lengthening  the  blades.  Fig.  1  is  an  axial 
section  showing  the  general  arrangement 
of  the  turbine.  The  shaft  is  heavy  and 
the  rated  number  of  revolutions  well 
within   the   critical   speed.     The   hubs   of 


the  two  outermost  rings  to  seal  against 
air  leakage  into  the  turbine. 

There  are  three  bearings,  two  being 
main  bearings  supporting  the  revolving 
parts  and  the  third  an  adjustable  marine- 
type   thrust   bearing.     The   axial   thrust, 


Fig.  2.  Showing  Labyrinth    PackjNG 

the  wheels  extend  flush  with  those  of  ad- 
jacent ones,  which  adds  to  the  stiffness 
of  the  shaft.  This  design  permits  them 
to  be  locked  by  one  nut,  and  as  taper 
bushings  are  used  in  mounting  them  on 
the  shaft  they  may  be  easily  removed. 

Excepting  the  nozzles  in  the  first  stage, 
those  of  each  succeeding  stage  are  formed 
between  guide  vanes  set  around  the  en- 
tire periphery  of  the  diaphragms.  The 
diaphragm  disks  are  perforated  at  the 
center  and  fitted  with  removable  labyrinth 
packing  which  reduces  the  leakage  from 
stage  to  stage  between  the  wheel  hubs 
and  the  diaphragm.  Leakage  from  the 
first  cell  outward  to  the  atmosphere  is 
prevented  by  labyrinth  packing,  as  shown 
in  Fig.  2,  and  steam  leaking  past  this 
packing  is  led  back  to  an  intermediate 
stage  through  the  passage  A,  Fig.  1. 

Following  the  labyrinth  packing  is  a 
series  of  segmental  carbon  ring  pack- 
ings, each  ring  being  inclosed  in  a  sep- 
arate compartment,  as  shown  in  Fig.  3. 
The  leakage  past  the  first  carbon  ring 
is  carried  back  to  the  exhaust  connec- 
tion or  to  an  intermediate  stage  of  the 
low-pressure  packing.  Referring  to  Fig. 
3,  provision  is  made  for  introducing  live 
steam  at  reduced  pressure  between  the 
second  and  third  rings,  while  on  the 
steam  end  it  may  be  admitted  between 


FiG.   3.   Showing   Carbon    Packing 

however,  is  slight  as  each  wheel  is  sur- 
rounded by  steam  of  practically  uniform 
pressure.  Each  bearing  is  arranged  for 
water  cooling.  Lubricating  oil  is  sup- 
plied by  a  circulating  pump  of  the  posi- 
tive-gear type,  driven  from  the  lower  end 
of  the  governor  spindle.  This  pump  draws 
the  oil  from  a  reservoir  in  the  box-type 
bedplate  through  filter  screens,  and  forces 
it   to    an    elevated    tank    from    which    it 


gravitates  to  the  sight-feed  lubricator  on 
each  bearing. 

The  wheel  case  is  split  horizontally  in 
the  usual  manner,  and  provision  is  made 
for  radial  expansion  by  supporting  the 
case  in  the  plane  of  the  center  line  upon 
two  pedestals  rising  from  the  bedplate. 

The  speed  of  the  turbine  is  throttle- 
regulated  by  a  governor  of  the  Jahns  type, 
the  valve  of  which  is  of  the  double- 
seated,  balanced-poppet  type.  The  usual 
safety  governor  operating  an  independent 
valve  is  also  provided. 

Fig.  4  shows  the  turbine  driving  a  1500- 
kw.   alternator  at   1500  r.p.m. 

Heating  and  ventilating  engineers  wel- 
come the  steam  turbine  for  back-pressure 
service — that  is,  where  the  exhaust  steam 
is  to  be  utilized  for  heating  or  drying 
or  other  commercial  purposes — because 
there  is  no  oil  in  the  exhaust.  The  ab- 
sence of  pulsations,  vibrations  and  other 
undesirable  qualities  also  renders  this 
type  ideal  for  all  services  where  power 
is  a  byproduct  of  a  steam-using  system, 
such  as  heating  or  drying  systems. 

The  trouble  with  most  commercial  tur- 
bines has  been  their  high  steam  con- 
sumption; consequently  where  heating  is 
required  only  during  certain  months,  the 
great  waste  of  steam  during  the  warm 
season  has  about  over-balanced  the  ad- 
vantage gained  by  the  double  utilization 
of  the  steam  during  the  heating  season. 
Aside  from  the  unavoidable  inefficiency 
of  the  high-pressure  stages  of  the  reac- 
tion type  of  turbine,  due  to  leakage,  this 
unfavorable  opinion  has  been  based  in 
the  case  of  turbines  of  other  types,  large- 
4y  upon  experience  with  turbines  built 
up  of  large  wheels  originally  intended  for 
condensing  service.  The  loss  of  power 
from  the  friction  of  a  disk  running  at  con- 
stant peripheral  speed  increases  as  the 
square  of  the  diameter  of  the  disk  and 
also  as  the  density  of  the  steam;  there- 
fore in  dense  steam  as  small  wheels 
should  be  used  as  is  consistent  with  the 
flow  area  necessary  to  develop  the  power 
desired. 


Fig.  4.  Turbine  Driving  1500-kw.   Alternator 
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Fig.  5.  Geared  Turbine  Drivinc;  Direct-current  Generator 


However,  with  a  given  steam  velocity 
and  the  proper  ratio  of  bucket  to  steam 
velocity — that  is,  with  buckets  moving 
about  one-half  as  fast  as  the  steam  in 
impulse  turbines — small  disks  lead  to 
high  speeds  of  rotation,  which  are  un- 
suitable for  driving  machinery  direct-con- 
nected. To  overcome  this  difficulty  the 
De   Laval    turbine   is   equipped    with    the 


helical  gearing  referred  to  and  described 
in  Power  in  the  issue  of  Apr.  11,  1911. 

Fig.  5  shows  a  turbine  of  this  type 
installed  in  a  cloth-finishing  establish- 
ment. The  plant  is  old  and  the  power 
equipment  has  grown  by  various  addi- 
tions from  time  to  time.  Originally, 
waterwheels  were  installed,  driving  shaft- 
ing,  and    later   on    reciprocating    engines 


were  belted  to  the  same  shafting.  Part 
of  the  transmission  through  the  mill  is  by 
belt  and  part  by  current  from  generators 
belt-driven  from  the  shafting.  Direct  cur- 
rent is  used  to  secure  the  advantages  of 
variable-speed  motors  for  the  printing 
machines. 

The  steam  turbine  was  originally  put 
in  to  help  out  during  the  dry  season,  and 
the  steam  required  for  washing,  finishing, 
bleaching  and  drying  operations  was 
taken  at  such  times  through  reducing 
valves.  Eventually,  it  was  seen  that  it 
would  be  more  economical  to  allow  the 
turbine  to  run  continuously,  supplying 
the  steam  required  for  manufacturing  op- 
erations, and  to  shut  down  the  engine, 
which  was  operated  condensing  and  the 
exhaust  of  which  was  therefore  lost.  This 
conviction  was  strengthened  by  the  fact 
that  the  turbine  showed  a  high  thermo- 
dynamic efficiency,  realizing  some  70  per 
cent,  of  the  total  work  available  from 
steam  between  boiler  pressure  and  the 
back  pressure  in  the  exhaust  line. 

This  exceptionally  good  performance  is 
due  both  to  the  small  wheels  and  the 
high  speed  used,  and  also  to  the  close 
clearances  between  the  shaft  and  dia- 
phragms made  possible  by  a  compara- 
tively small  number  of  wheels  and  a  stiff, 
rigid  shaft.  The  turbine  runs  at  36CK) 
r.p.m.  and  drives  a  400-kw.  Crocker- 
Wheeler  generator  at  600  r.p.m.,  generat- 
ing  current   at   250   volts. 


San  Antonio  Locomotive  Explosion 


In  its  issue  of  Apr.  9,-  Power  published 
an  account  of  the  San  Antonio  loco- 
motive-boiler explosion  occurring  at  9:30 
on  the  morning  of  Mar.  18.  The  report  on 
the  acciderit  by  Chief  Inspector  Ensign  to 
the  Interstate  Commerce  Commission, 
recently  received,  is  so  interesting  that  it 
is  here  printed,  practically  in  full. 

Boiler  Construction 
The  locomotive  was  of  the  heavy  pas- 
senger 4-6-0  type,  using  crude  oil  for 
fuel,  and  was  owned  and  operated  by 
•  the  Galveston,  Harrisburg  &  San  An- 
tonio Ry.  Co.;  it  was  built  in  March, 
1908,  by  the  American  Locomotive  Co. 
at  the  Brooks  Works.  The  firebox  was 
of  three-piece  construction,  crown-bar 
type.  The  working  steam  pressure  was 
200  lb.  per  square  inch.  The  barrel  of 
the  boiler  was  made  of  .'4-in-  steel  in 
three  sections  or  courses,  constructed  with 
butt  longitudinal  joints  having  diamond- 
shaped  welts.  The  dome  was  located 
on  the  third  course.  The  wrapper  sheet 
was  5,s-in.  steel,  the  back  head  sheet  and 
the  back  flue  sheet  '<-in.  steel,  and  the 
firebox-door  sheet,  crown-  and  side  sheets 
■v^-in.  steel.  The  firebox  was  stayed  with 
rigid  bolts  ~A  in.  diameter  at  the  ends, 
reduced  to  54  in.  at  the  center  of  the 
bolts;    four  rows   of    1-in.   Tate   flexible 


An  incorrect  gage  and  tighten- 
ing the  adjusting  screws  of  the 
safety  valves  permitted  a  pres- 
sure beyond  endurance  of  the 
boiler. 

Using  1-in.  instead  of  IJ-in. 
bolts  for  the  sling  stays  reduced 
the  factor  of  safety  to  2.67. 


♦Abstract  of  report  by  John  F.  Ensign, 
chief  inspector  of  locomotive  boilei-s,  to 
Interstate    Commerce    Commission. 

bolts  at  the  top  of  the  firebox  and  two 
rows  at  each  end,  staggered  at  the  top 
corners.  The  crown  bolts  were  of  a  driv- 
ing fit  with  countersunk  heads,  \'/s  in. 
diameter  at  the  bottom  end  and  1  in. 
diameter  at  the  top  end,  extending  through 
the  crown  bars  with  nuts  on  the  top.  The 
crown-sheet  was  supported  by  15  crown 
bars  hung  from  the  wrapper  sheet  by 
168  sling  stays,  Hx3  in.,  and  12  sling 
stays  VixZ^i  in.  The  flues,  numbering 
355,  were  of  2  in.  diameter.  The  boiler 
was  equipped  with  three  3-in.  Crosby 
safety  valves. 

Summary  of  Evidence 
Briefly    summarized,    the    investigation 
conducted  by  the  railroad  commission  of 


Texas  brought  out  the  following  facts: 
The  locomotive  was  out  of  service  from 
Feb.  21  to  Mar.  18,  1912,  for  repairs, 
when  the  following  boiler  work  was  done: 
Two  hundred  flues  reset,  one  back  head 
brace  repaired,  one  front  flue-sheet  brace 
and  two  throat-stays  repaired,  eight  stay- 
bolts  renewed,  safety  valves  ground  in, 
steam  gage  tested  and  hydrostatic  test 
of  250  lb.  pressure  per  square  inch  ap- 
plied. Repairs  were  completed  about  5:45 
p.m..  Mar.  17,  and  the  locomotive  fired 
up,  but  no  steam  was  raised.  It  was 
again  fired  up  about  6:10  a.m..  Mar.  18. 
The  safety  valves  first  opened  at  7:30 
a.m.,  at  which  time  the  steam  gage  reg- 
istered 50  lb.  pressure.  The  safety  valves 
were  screwed  down  and  again  opened 
at  about  8  a.m.,  when  the  gage  registered 
150  lb.  pressure.  There  is  no  evidence 
that  the  safety  valves  opened  at  any 
time  subsequent  to  8  a.m.  The  loco- 
motive had  a  heavy  forced-oil  fire  from 
8  to  8:55  a.m.,  at  which  time  the  ex- 
plosion occurred. 

A  railroad  employee  was  engaged  in 
setting  the  safety  valves  at  the  time  of 
the  explosion,  and,  although  the  evi- 
dence showed  that  the  gage  had  been 
tested,  there  was  no  evidence  that  the 
siphon  pipe  leading  from  the  gage  to  the 
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boiler  had  been  cleaned  between  the  valve 
and  the  boiler,  which  is  the  point  where 
it  would  be  most  likely  to  be  obstructed; 
nor  does  it  appear  that  the  valve  was 
open. 

The  damage  to  the  boiler,  as  well  as 
the  direction  in  which  the  various  parts 


and  the  bottom  end  was  upset  or  burred 
by  the  pressure  put  on  it;  the  condition 
of  the  threads  on  the  adjusting  screws 
indicated  that  they  had  been  recently 
screwed  down  more  than  ^s  in.  Reason- 
able knowledge  of  the  purpose  and  con- 
struction of  safety  valves  should  prevent 


bar  boilers;  therefore  all  the  support  was 
from  the  sling  stays. 

Five  crown-bar  sling  stays  from  the 
locomotive  were  tested  by  the  United 
States  Bureau  of  Standards  to  determine 
the  load  the  stays  would  support  when 
1-in.   and    1'4-in.   bolts  were  used.     The 


Fig.    1.   Safety-valve   Casing,  Showing 

Absence  of  Locknut  and  Bent 

Condition  of  Screw 


Fig.  2.  Showing  Distance  Adjusting 

Screw  Was  Turned   Down   to 

Locking   Nut 


Fig.   3.   Locking   Nut   Absent   and   Ad- 
justing Screw  Turned  Down  as 
Far  as  Possible 


of  the  boiler  were  thrown,  indicate  con- 
clusively that  the  firebox  sheets  were  the 
first  to  give  way,  as  the  boiler  head  was 
blown  backward  and  all  other  parts  of 
the  boiler  forward,  the  flues,  flue  sheets 
and  smoke  arch  being  simply  turned  over 
forward  and  thrown  to  the  left,  while 
the  wrapper  sheet  and  a  part  of  the  dome 
course  with  the  dome  attached  and  other 
pieces  of  the  shell  sheets  were  driven 
for  long  distances  forward  and  to  the 
right. 

Condition  of  Safety  Valves 

Owing  to  the  damaged  condition  of  the 
safety  valves  and  the  inability  to  recover 
the  springs   and   valves,  a   test   thereof 


work  being  done  on  them  which  would 
cause  such  conditions.  Views  of  the 
safety-valve  casings  sectioned  to  show  the 
condition  of  the  adjusting  screws  are 
shown  in  Figs.   1,  2  and  3. 

Failure  of  Crown-bar  Sling  Stays 

A  careful  examination  of  the  crown- 
bar  sling  stays  showed  that  they  were 
made  of  wrought  iron,  while  the  specifi- 
cations called  for  steel.  The  sling  stays 
were  badly  stretched  and  reduced  in  sec- 
tion at  the  eyes  where  they  failed,  as 
shown  in  Figs.  4  and  5,  indicating  a 
gradual  rise  of  pressure  in  the  boiler. 

Five   1-in.  bolts  were  used  to  attach 


bolts  used  in  making  these  tests  were 
those  used  in  the  boiler  at  the  time  of 
the  explosion.  Two  stays,  Nos.  1  and 
2,  tested  with  1-in.  bolts,  failed  with  a 
total  load  of  26,650  and  21,840  lb.  re- 
spectively. Three  stays,  Nos.  3,  4  and 
5,  tested  with  IJ^-in.  bolts,  failed  with 
a  total  load  of  30,000,  33,890  and  31,620 
lb.  respectively. 

Using  21,840  lb.  as  the  strength  of  the 
sling  stays  having  1-in.  bolts,  the  stays 
have  a  factor  of  safety  of  only  2.67,  and 
using  the  highest  test  figure  of  26,650  lb. 
the  factor  of  safety  was  found  to  be  3.26. 
Calculation  shows  that  the  sling  stays 
fitted  with  154 -if-  bolts  had  factors  of 
safety  of  from  3.67  to  4.15.     The  ten- 


Fig.  4.  Top  of 


Crown  SHiir.i,  Siiuw 
Stays    Gave   Way 


Hov\    Sling 


Fig.  5.  Showing  Method  of  Failure  and  Elongation  op 

Metal  at   Eye  of  Sling  Stay 


could  not  be  made.  The  casings  with  the 
adjusting  screws  were  found,  one  of  which 
had  no  locknut.  The  hexagon-shaped 
heads  on  the  adjusting  screws  had  the 
corners  twisted  off,  after  which  a  Still- 
son  wrench  had  apparently  been  used  in 
an  effort  to  screw  them  down  further. 
One  of  the  adjusting  screws  was  bent 


the  sling  stag's  to  the  crown  bars  and  to 
the  wrapper  sheet,  where  1'4-in-  bolts 
should  have  been  used;  they  were  speci- 
fied on  the  drawings,  except  on  the  front 
crown  bar,  which  called  for  1-in.  bolts. 
The  crown  'bars  in  this  boiler  were  not 
supported  on  the  sides  of  the  firebox,  as 
was  customary  in  the  older  type  of  crown- 


sile  strength  of  the  material  in  the  sling 
stays  was  shown  by  test  to  be  43,200  to 
48,300  lb.  per  square  inch  and  the  elonga- 
tion 18  to  40.5  per  cent,  in  2-in..  Tests  of 
the  sling  stays  show  that  the  failure  was 
caused  by  the  bolt-holes  being  drilled 
too  near  the  ends  of  the  stays.  Fig.  6 
indicates  the  manner  in  which  the  sling 
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stays  failed  both  at  the  time  of  the  explo- 
sion and  when  under  test. 

Eighty-six  staybolts,  nine  of  which 
were  in  the  left-side,  63  in  the  right-side 
sheet,  and  14  in  the  flue  sheet,  were  found 
broken  at  the  wrapper  sheet  and  adhering 
to  the  firebox  sheets.  Twenty-six  of 
these  staybolts  were  found  to  have  been 
partly  broken  before  the  explosion.  The 
remaining  60  were  in  such  condition  that 
it  cannot  be  positively  stated  that  they 
were  fractured  prior  to  the  accident,  but 
the  fact  that  they  broke  at  the  wrapper 
sheet  and  did  not  pull  through  the  fire- 
box sheets  indicates  a  defective  condi- 
tion. Three  staybolts  taken  from  this 
boiler  were  tested  by  the  Bureau  of  Stand- 
ards and  the  material  was  found  to  be 
of  good  quality. 

Steam  Gage  Defective 

As  the  steam  gage  and  its  connections 
were  destroyed  they  could  not  be  in- 
spected, but  it  is  probable  that  the  steam 


whether  such  an  arrangement  of  valves 
existed  on  the  locomotive  under  discus- 
sion. 

Inspection    Laws    Disregarded 

The  evidence  shows  that  the  law  and 
the  rules  governing  the  inspection  of  lo- 
comotive boilers  were  disregarded  by  the 
company's  inspector  and  the  officials  in 
charge  of  such  work  at  this  point  in  the 
matter  of  making  and  properly  certifying 
to  the  reports  required  by  law.  A  re- 
port stating  that  the  safety  valves  had 
been  set  was  sworn  to  on  Mar.  16,  1912, 
by  the  company's  inspector  and  the 
roundhouse  foreman,  who  signed  it  as 
the  officer  in  charge  of  such  work.  The 
evidence  shows  conclusively  that  the 
safety  valves  had  not  been  set  at  that 
time,  and  that  the  explosion  occurred 
while  this  work  was  being  done.  The 
evidence  also  shows  that  the  inspector 
failed  to  witness  the  testing  of  the  steam 
gage  and  that  the  injectors  had  not  been 


Fig.  6.    Results  of  Tensile  Tests  on  Sling  Stays  and  at  Lower  End  of 
Tests  with   1  and  1^  inch  Bolts 


gage  did  not  indicate  the  correct  pres- 
sure. This  could  be  caused  by  a  defec- 
tive gage,  an  obstruction  in  the  siphon 
pipe,  or  by  a  closed  or  nearly  closed 
valve  in  the  siphon  pipe.  An  inspection 
of  another  locomotive  of  the  same  class 
showed  that  it  had  two  valves  in  the 
siphon  pipe;  when  they  were  open  the 
handle  of  one  formed  a  right-angle  with 
the  pipe  and  the  other  was  parallel.  This 
arrangement  being  very  confusing  and 
creating  a  dangerous  condition,  one  valve 
was  ordered   removed.     It  is  not  known 


tested  at  the  time  this  report  was  made 
out,  although  he  certified  under  oath  that 
this  work  had  been  done. 

The  flues  and  firebox  sheets  show  no 
indication  of  having  been  overheated,  and 
the  evidence  makes  it  plain  that  there 
were  three  gages  of  water  at  the  time 
of  the  explosion. 

Cause  of  Explosion 

The  chief  inspector  and  his  assistants 
conclude  that  this  explosion  was  due  to 
excessive    steam    pressure   caused    by   a 


railroad  employee  tightening  the  adjust- 
ing screw  of  the  safety  valves,  resulting 
in  an  accumulation  of  steam  pressure  be- 
yond the  endurance  of  the  boiler. 

Tests  made  of  the  parts  of  the  boiler 
which  evidently  failed  first  demonstrate 
that  the  pressure  on  the  boiler  at  the 
time  of  the  explosion  was  greatly  in  ex- 
cess of  the  allowed  working  pressure. 
Therefore,  the  steam  gage,  either  on  ac- 
count of  the  gage  itself  being  defective 
or  of  an  obstruction  in  the  siphon  pipe 
between  the  gage  and  the  boiler,  did  not 
correctly   indicate   the  pressure. 

The  railroad  company  was  at  fault  in 
requiring  or  permitting  inspections  and 
reports  to  be  made  not  in  accordance 
with  the  law,  and  in  allowing  such  re- 
sponsible work  as  setting  safety  valves 
to  be  performed  by  an  employee  of  whose 
experience  and  judgment,  the  testimony 
shows,  the  management  knew  practically 
nothing,  and  in  keeping  a  boiler  in  ser- 
vice for  which  the  factor  of  safety  as 
shown  by  test  was  below  the  recognized 
standard. 

The  rules  governing  the  inspection  of 
locomotive  boilers,  setting  of  safety 
valves,  testing  of  gages  and  similar  work 
are  sufficiently  comprehensive  to  insure 
safety  if  properly  and  intelligently  com- 
plied with. 

However,  in  endeavoring  to  obviate  a 
recurrence  of  this  accident,  necessary  ac- 
tion has  been  taken  compelling  the  use 
of  two  steam  gages  when  setting  safety 
valves,  one  of  which  must  be  so  con- 
nected that  it  is  in  full  view  of  the  per- 
son engaged  in  setting  such  valves.  Sim- 
ilar action  has  also  been  taken  requiring 
the  siphon  pipe  and  its  connections  to 
the  boiler  to  be  cleaned  each  time  the 
gage  is  tested. 


New  Mexico's  coal  production  in  1911 
was  3,148,158  short  tons,  with  a  spot 
value  of  84,525,925,  according  to  a  state- 
ment by  E.  W.  Parker  just  made  public 
by  the  United  States  Geological  Survey. 
In  common  with  most  of  the  states  in  the 
Rocky  Mountain  region  New  Mexico  pro- 
duced less  coal  in  1911  than  in  1910,  a 
decrease  of  360,163  short  tons,  or  10.3 
per  cent.  Colfax  County,  in  addition  to 
producing  75  per  cent,  of  the  total  out- 
put of  New  Mexico,  is  also  the  only 
county  in  which  coking  operations  are 
carried  on,  and  in  1911  a  total  of  767,- 
108  tons  of  coal  mined  in  that  county 
was  made  into  coke.  In  1910  the  coal 
made  into  coke  in  Colfax  County 
amounted  to  701,204  tons. 


The  state  charter  of  the  Kittanning 
Water  Power  Co.,  a  Pittsburg  corporation, 
has  been  approved  by  Gov.  John  K. 
Tener.  The  company  will  give  the  s^ate 
entire  authority  over  the  construction  and 
operation  of  its  dams  and  works  in  Arm- 
strong and  Indiana  Counties. 
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Significance   of   Draft  in   Boilers 


The  above  is  the  title  of  a  bulletin  re- 
cently published  by  the  U.  S.  Bureau  of 
Mines  and  written  by  Walter  T.  Ray  and 
Henry  Kreisinger.  The  information  it 
conveys  is  well  worth  the  serious  con- 
sideration of  anyone  interested  and  will 
perhaps  tend  to  revise  some  ideas  about 
this  important  subject. 

Authorities  do  not  seem  to  agree  as 
to  the  relation  of  draft  to  the  amount  of 
combustion  or  the  rate  of  combustion. 
Snow  says  "that  for  comparison  of  com- 
bustion rates  the  draft  which  should  be 
determined  is  that  relating  solely  to  the 
supply  of  air  to  and  the  overcoming  of 
resistances  in  the  fire.  This  draft  is  ob- 
viously the  difference  between  the  over- 
and  under-grate  pressures."  This  differ- 
ence between  over-  and  under-grate  pres- 
sures, Snow  calls  the  effective  pressure 
("Steam  Boiler  Practice,"  page  216). 

Kinealy  states  in  his  book  "Mechanical 
Draft"  that  "the  number  of  pounds  of 
coal  burned  per  square  foot  of  grate  sur- 
face per  hour  is  directly  proportional 
to  the  square  root  of  the  draft."  He  de- 
fines the  draft  as  that  measured  at  the 
end  of  the  uptake  just  where  it  enters 
the  chimney.  Evidently  the  total  draft 
is  meant. 

According  to  the  Bureau  of  Mines  bul- 
letin, neither  of  these  statements  is  cor- 
rect, the  rate  of  combustion  being  pro- 
portional to  neither  the  effective  nor  the 
total  draft.  A  clear  conception  of  the 
meaning  of  the  term  "draft"  is  essential 
to  a  proper  understanding  of  what  fol- 
lows. This  term  is  sometimes  taken  to 
mean  the  actual  flow  of  gases,  but  the 
proper  idea  is  that  it  means  the  differ- 
ence of  pressure  which  causes  the  flow. 
Whether  this  difference  is  caused  by  a 
chimney  (natural  draft)  or  by  a  fan 
(induced  or  forced  draft),  it  is  the  excess 
of  pressure  which  pushes  the  gases 
through  the  closed  circuit.  A  flow  of  gas 
can  never  be  induced  by  any  "pull"  or 
"suck,"  as  some  think.  For  this  reason, 
the  existence  of  pockets  or  dead  spaces 
is  not  the  result  of  any  one  system  more 
than  another,  provided  the  setting  is  tight. 

The  movement  of  gas  through  the 
boiler  may  be  compared  to  that  of  water 
through  a  pipe  or  to  that  of  electricity 
through  a  conductor.  The  draft  produc- 
ing the  flow  may  be  compared  to  the  head 
of  water  or  to  the  potential  or  voltage  in 
the  electric  circuit.  The  resistance  of  the 
grate,  the  fuel  bed,  the  gas  passages 
through  the  furnace,  the  tubes  and  other 
parts  determines  the  amount  of  air  or  gas 
which  will  flow  under  the  given  condi- 
tions. 

For  any  given  boiler,  the  resistance 
of  the  gas  passages  from  over  the  fuel 
bed  to  the  uptake  is  practically  constant; 
and  it  is  affected  in  only  a  slight  degree 
by  the  condition  of  the  tubes,  plates  and 
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The  quantity  of  gas  passing 
per  unit  of  time  is  proportional 
to  the  pressure  drop  between  two 
points,  the  resistance  being  con- 
stant rather  than  variable. 


setting  in  contact  with  the  gases.  The 
resistance  of  the  fuel  bed  is  apt  to  be 
quite  variable,  depending  on  the  quality 
of  the  fuel  and  the  thickness  of  the  bed. 
Assuming  that  the  latter  is  the  varying 
resistance  and  the  former  the  fixed  re- 
sistance, then  this  varying  resistance  may 
be  a  greater  or  less  part  of  the  total 
resistance,    according   to   conditions. 

To  ascertain  the  relation  of  the  vari- 
able and  fixed  resistances  and  of  the  total 
resistance,  suppose  the  grate  and  fuel 
bed  were  removed  from  the  boiler.  Then 
this  resistance  would  become  zero,  the 
drop  in  pressure  through  the  grate  and 
fuel  bed  would  be  zero  and  for  a  given 
total  head  the  quantity  of  gas  passing 
would  be  a  maximum.  If  the  grate  were 
replaced  without  any  fuel  on  it,  the  slight 
resistance  of  the  grate  would  cause  a 
slight  pressure  drop  through  it  and  the 
quantity   of   gas   passing   would,    for   the 


of  some  authorities)  is  simply  indicative 
of  a  high  resistance  through  the  bed  and 
taken  alone,  is  no  indication  of  the  amouni 
of  gas  passing  through  the  bed.  In 
deed,  a  large  drop  in  pressure  througf 
the  bed  indicates  a  small  amount  of  flow 
if  anything. 

The  flow  of  gas  through  all  parts  ol 
the  boiler  is  caused  by  a  diminution  o: 
pressure  from  one  part  to  another  anc 
hence  a  more  or  less  gradual  diminu 
tion  of  pressure  from  the  ashpit  to  tht 
uptake.  This  drop  in  pressure  from  ons 
part  to  another  varies  as  some  powei 
of  the  resistance  to  the  flow  of  gases. 

1.  If  the  total  resistance  to  the  flow 
of  gases  remains  constant,  the  pressure 
drop  through  any  portion  of  the  path  ol 
the  gases  will  have  a  constant  ratio  t( 
the  total  drop  from  the  ashpit  to  the  up- 
take. For  example,  if  the  pressure  drof 
through  the  fuel  bed  is  0.5  in.  of  watei 
when  the  total  drop  is  1  in.,  it  will  be  1 
in.  if  the  total  drop  be  increased  to  A 
in.  of  water. 

2.  If  the  total  pressure  drop  from  tht 
ashpit  to  the  uptake  remains  constant 
the  pressure  drop  through  any  portion 
of  the  gas  path  will  vary  in  the  same 
direction  as  does  the  resistance  to  the 
flow  of  gases,  although  the  magnitude  ol 
the  variations  may  not  be  in  simple  pro- 
portion. Suppose  the  total  drop  to  be  1 
in.  of  water  and  the  drop  through  the 
fuel  bed  is  0.5  in.;  now  if  the  total  drop 
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same  total  draft,  be  slightly  less  than 
in  the  preceding  case.  If  the  total  draft 
or  pressure  difference  was  1  in.  of  water, 
the  drop  through  the  grate  might  be  0.1 
in.  of  water,  the  fixed  resistance  being 
0.9  in. 

If  a  thick  bed  of  fuel  be  placed  on  the 
grate,  the  variable  resistance  will  become 
very  much  greater  and  the  quantity  of 
gas  passing  for  the  same  total  head  will 
be  very  much  less. 

Suppose  the  grate  to  be  momentarily 
blanked  off  so  that  no  gas  could  pass 
through  it,  then  the  resistance  would  be 
a  maximum,  the  pressure  above  the  erate 
would  be  the  same  as  that  in  the  uptake 
and  the  drop  in  pressure  through  the 
grate  would  be  equal  to  the  total  draft. 
In  this  limiting  case,  in  which  the  "ef- 
fective draft"  is  greatest,  the  amount  of 
air  flowing  is  a  minimum  or  zero. 

What  the  writer  attempts  to  show 
clearly  is  that  a  large  drop  in  pressure 
through  the  fuel  bed  (the  "effective  draft" 


be  kept  the  same  but  the  resistance 
through  the  fuel  bed  be  doubled  b> 
doubling  its  thickness,  the  pressure  drop 
through  the  fuel  bed  will  increase  tc 
about  0.65  in.  of  water;  or  if  for  the  same 
total  drop,  the  resistance  of  the  fuel  bed 
be  increased  by  quadrupling  its  thick- 
ness, the  drop  through  the  bed  will  in- 
crease to  about  0.8  in.  of  water. 

3.  When  the-  resistance  through  any 
portion  of  the  gas  path  remains  constant, 
the  weight  of  gas  passing  through  this 
portion  varies  as  some  power  of  the 
pressure  drop  through  this  portion.  Thus, 
since  the  resistance  of  that  portion  of  the 
gas  from  over  the  fuel  bed  to  the  uptake 
is  ordinarily  very  constant,  the  weight 
of  gases  passing  through  the  boiler  varies 
as  some  power  of  the  pressure  drop  be- 
tween these  points. 

Approximately  only,  the  weight  of  gases 
passing  through  the  boiler  is  directly  pro- 
portional to  the  square  root  of  the  pres- 
sure drop  through  the  boiler  proper  or 


June  4,   1912 


POWER 


799 


through  any  other  portion  of  the  gas  path 
having  a  constant   resistance. 

It  should  be  evident  from  the  foregoing 
that  while  it  necessarily  requires  a  com- 
paratively large  drop  in  pressure  to  drive 
air  through  a  thick  bed  of  fuel,  this  large 
drop  is  no  measure  of  the  amount  of  air 
flowing,  and  since  the  rate  of  combustion 
depends  on  the  amount  of  air  supplied 
per  unit  of  time,  the  drop  in  pressure 
through  the  fuel  bed  (the  "effective 
draft")  is  no  measure  of  the  rate  of 
combustion. 

As  previously  pointed  out,  the  better 
measure  of  the  rate  of  combustion  is  the 
pressure  drop  between  the  upper  side 
of  the  grate  and  the  uptake,  or  any  two 
other  points  between  which  the  resistance 
is  constant. 

Without  carefully  considering  the  mat- 
ter, the  inclination  is  to  think  that  a 
large  difference  in  pressure  over  and 
under  the  fuel  bed  must  necessarily  in- 
duce a  correspondingly  large  flow  and 
hence  the  effective  draft  through  the  fire, 
when  large,  must  produce  a  large  flow 
of  air  and  a  corresponding  high  rate  of 
combustion.  It  is  forgotten  that  the  real 
reason  for  this  large  difference  of  pres- 
sure is  the  existence  of  a  high  resistance 
to  the  flow  of  gases  and  that  the  total 
head  is  the  available  one,  the  one  which 
really  limits  the  rate  of  combustion. 

Several  charts  shown  in  the  bulletin 
and  plotted  from  the  test  results  could 
be  introduced  here,  but  it  is  sufficient  to 
say  that  the  results  obtained  from  hori- 
zontal tubular,  water-tube  and  locomotive 
boilers  show  a  very  close  substantiation 
of  the  foregoing  statements. 

Consider  for  a  moment  the  straight 
piece  of  water  pipe  arranged  as  shown 
in  the  accompanying  illustration  with  two 
valves  and  four  pressure  gages.  The 
straight  length  of  pipe  between  B  and  C 
has  a  constant  resistance  due  to  its  fric- 
tion alone;  the  valves  constitute  vari- 
able resistances,  depending  on  how  far 
they  are  open.  Supposing  the  valve  M 
is  opened  and  A^  is  closed,  the  gage  C 
will  show  a  lO-in.  pressure  and  no  flow 
will  take  place.  If  the  valve  N  is  cracked 
open,  <!  small  flow  will  take  place  and 
the  pressure  C  will  be  slightly  less  than 
AB.  To  be  exact,  the  difference  in  pres- 
sure between  B  and  C  will  be  the  amount 
necessary  to  induce  a  flow  at  the  result- 
ing velocity  against  the  fixed  resistance 
of  the  pipe  friction.  The  greater  the  dif- 
ference in  pressure,  the  greater  will  be 
the  velocity  and  the  weight  of  water  pass- 
ing. 

With  a  pressure  of  10  in.  of  water  at 
A,  the  pressure  at  B  will  depend  on  how 
much  the  valve  M  is  opened.  Suppose 
the  valve  N  to  be  fully  open  so  that  the 
flow  is  unrestricted.  Then,  if  the  valve  M 
is  cracked  open,  the  pressure  at  B  will 
be  perhaps  1  lb.,  the  friction  of  the 
partially  opened  valve  M  absorbing  the 
other   9    in.    of    pressure.     The    flow    of 


water  through  the  pipe  will  be  that  due 
to  the  small  difference  of  head  between 
B  and  C.  As  the  valve  M  is  gradually 
opened,  the  pressure  B  approaches  that 
at  A,  the  difference  in  pressure  between 
B  and  C  increases  and  the  flow  of  water 
increases  proportionately. 

It  is  a  well  known  law  of  hydraulics 
that  if  the  difference  in  head  and  the  re- 
sistance are  known,  the  velocity  can  be 
calculated;  and  for  a  given  size  pipe, 
the  volume  is  proportional  to  the  velocity. 
If  the  resistance  between  A  and  B  through 
the  valve  M  were  known,  the  velocity 
could  be  calculated.  But  the  resistance 
of  the  valve  M  is  variable  and  depends 
on  the  amount  it  is  open;  whereas  the 
resistance  of  the  section  of  pipe  between 
B  and  C  is  constant  and  can  be  meas- 
ured very  accurately  from  the  drop  in 
pressure  between  those  two  points. 

In  any  given  case,  the  amount  of  water 
passing  through  the  valve  7W  in  a  given 
interval  of  time  is  exactly  equal  to  that 
passing  any  other  point  in  the  line  in  the 
same  interval  of  time.  This  is  one  of  the 
basic  laws  of  hydraulics  and  is  some- 
times spoken  of  as  the  principle  of  con- 
tinuity of  flow,  the  law  being  that  the 
quantity  of  water  passing  any  cross- 
section  of  the  passage,  no  matter  what 
its  shape  or  velocity  at  the  cross-sectional 
area,  is  exactly  the  same  as  that  which 
passes  every  other  cross-section.  This 
is  another  way  of  saying  that  the  same 
quantity  of  water  comes  out  one  end  of  a 
pipe  as  goes  in  the  other  end  in  the  same 
time. 

Assume  that  the  valve  M  may  be  re- 
placed by  the  variable  resistance  of  the 
fuel  bed  in  the  boiler  and  the  section  of 
pipe  between  B  and  C  by  the  fixed  re- 
sistance between  the  upper  side  of  the 
fuel  bed  and  the  uptake,  and  practically 
the  same  laws  hold.  As  the  resistance 
at  M  increases  (by  making  the  fuel  bed 
thicker)  the  effective  head  at  B  decreases, 
the  difference  in  head  between  B  and  C 
decreases  and  a  less  quantity  of  gas 
flows.  What  should  be  emphasized  is 
the  fact  that,  although  the  pressures  at  A 
and  B  may  be  known,  unless  the  numer- 
ical value  of  the  resistance  through  the 
valve  M  is  known,  the  quantity  of  gas 
passing  cannot  be  calculated  nor  indi- 
cated. 

Since  the  resistance  of  the  gas  path 
between  the  upper  side  of  the  grate  and 
the  uptake  is  practically  constant,  the 
quantity  of  gas  passing  is  proportional 
to  the  difference  in  pressure  between 
these  two  points;  since  the  same  quantity 
passes  through  the  grate  per  unit  of 
time  as  passes  these  points,  the  differ- 
ence in  pressure  between  these  points  is 
proportional  to  the  amount  of  gas  pass- 
ing through  the  fuel  bed  and  is  hence 
proportional  to  the  rate  of  combustion. 

As  the  authors  of  this  bulletin  care- 
fully point  out,  the  quantity  of  gas  pass- 
ing   is    not    directly    proportional    to    the 


difference  in  pressures,  but  to  some  power 
of  that  difference.  The  important  point 
is  that  the  quantity  of  gas  passing  per 
unit  of  time  is  proportional  to  the  pres- 
sure drop  between  two  points,  between 
which  the  resistance  is  constant,  rather 
than  to  the  pressure  drop  between  two 
points,  the  resistance  between  which  is 
variable. 

Those  desiring  to  read  the  full  text 
of  the  bulletin  from  which  these  facts 
and  ideas  are  taken  may  obtain  it  from 
the  Bureau  of  Mines,  Washington,  D.  C. 
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Rule  for  Horsepower 

By  F.  R.  Low 

A  rule  for  figuring  the  horsepower  of 
an  engine,  especially  convenient  for  use 
with  the  slide  rule,  is 

Multiply  the  square  of  the  diameter 
by  238,  by  the  piston  speed  and  by  the 
mean  effective  pressure. 

Point  off  seven  decimal  places  more 
than  there  are  decimal  places  in  the 
factors  used. 

The  238  of  the  rule  is  the  quotient  of 
7854   by  33. 

Area  y  piston  speed  X  m.e.p. 
33.0OO 

Area  =  diameter'  ><  0.7854 

^j,  rftam .-  Xo. 7854  V  piston  speed  v  m.e.p, 

33.000 

The  33,000  divides  the  0.7854  evenly,  the 
quotient  being  0.0000238;  so  that 
Hp.  =  D-  X  0.0000238  x  p.s.  x  m.e.p. 
Example — What  horsepower  is  de- 
veloped by  a  12x24-in.  engine,  running 
at  130  r.p.m.  with  a  mean  effective  pres- 
sure of  42  lb.? 

ij  X  i^  =  144  =  TT 

J,^8  ;:^  constant 

432 
288 

J4  X  2  X  130      3-^-"- 

— =        520  =^  piston  speed 

685440 
17 1360 

1782 1440 

42  =  m.e.p. 

35642880 
71285760 

74.8500480  ^  hp. 

Seven  decimal  places  are  pointed  off 
in  the  final  product  because  there  were 
no  decimal  places  in  the  other  figures. 
There  will  be  no  difficulty  about  th's 
pointing  off.  It  is  self-evident  that  a 
12-in.  engine  is  doing  more  than  7.48, 
and  not  so  much  as  748  hp.,  so  that  one 
will  never  stop  to  count  decimal  places. 
A  rough  index  of  the  capacity  of  a 
normal  engine  is  one-half  the  square  of 
the   diameter,   m   this  case  72. 
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Conducted  to  be  of  service  to  the  men  in  charge  of  electrical  equipment  in  the  power  house 


Catechism  of  Electricity 

Substations 

1277.  What  is  a  substation? 

An  electrical  station  in  which  current 
is  received  from  one  or  more  large  gen- 
erating stations  and  in  turn  supplies  a 
number  of  feeders  which  distribute  it 
over  the  locality  where  it   is  used. 

1278.  Under  what  conditions  is  a  sub- 
station mostly  used? 

In  electric-railway  work,  where  the 
traffic  is  heavy  and  the  system  of  dis- 
tribution widespread;  although  in  some 
cases  it  is  used  for  power  and  lighting 
systems. 

1279.  What  advantage  is  gained  by 
the  use  of  a  substation  in  electric-rail- 
way work? 

One  large  power  station  can  be  used 
for  the  entire  system.  This  enables  the 
electrical  energy  to  be  more  economically 


age  on  the  alternating-current  side  of  a 
rotary  converter  bears  to  that  on  the  di- 
rect-current side.  In  a  three-phase  con- 
verter this  ratio  is  61  per  cent.;  hence 
alternating  current  at  approximately  335 
volts  would  be  necessary  to  supply  di- 
rect current  at  550  volts. 

1282.  Are  motor  generators  used  in 
substation  work? 

Motor  generators  are  seldom  used  on 
account  of  their  higher  cost  as  com- 
pared with  the  rotary  converters  and 
transformers  they  would  replace. 

1283.  Are  all  substations  alike  with 
respect  to  the  method  of  receiving  and 
distributing  the  power? 


voltage  and  compensating  for  an  extra 
length  of  feed  wire;  relieving  the  power 
house  of  fluctuations  of  load,  keeping  the 
cars  moving  when  the  power  supply  is 
temporarily  interrupted,  or  in  supplying 
power  for  the  operation  of  a  few  cars 
or  lights  when  the  power  house  is  shut 
down. 

1285.  When  are  boosters  used  in  con- 
nection with  a  storage  battery  in  a  sub- 
station ? 

When  current  is  to  be  transmitted  over 
a  considerable  distance  to  a  storage-bat- 
tery substation  for  the  purposes  men- 
tioned in  1284  and  the  battery  must 
furnish   current   at   the   same   voltage   as 


Fig.  421.    Typical  Substation  AuKA.NCb.MENT  with  Feeders  Entering  Overhead 


obtained  than  when  more  generating  sta- 
tions are  employed. 

1280.  Is  the  current  handled  in  a  rail- 
way substation  direct  or  alternating? 

The  currents  received  at  the  substation 
from  the  generating  plant  are  alternat- 
ing and  of  high  voltage.  These  are 
stepped  down  by  transformers,  and  by 
means  of  rotary  converters  are  changed 
into  direct  curent,  usually  at  550  volts, 
and  supplied  to  the  feeders. 

1281.  Why  are  transformers  required 
in  the  substation? 

To  lower  the  voltage  of  the  alternating 
currents  supplied  from  the  generating 
station,  so  that  they  are  adapted  to  the 
rotary  converters.  This  is  necessary  on 
account  of  the  fixed  ratio  which  the  volt- 


No.  A  substation  may  receive  current 
from  the  generating  station  and  without 
any  transformations  whatever  distribute 
it  through  switches  to  other  circuits.  An- 
other kind  of  substation  may  receive  high- 
voltage  alternating  current  from  the  gen- 
erating station  and,  through  transform- 
ers, reduce  its  voltage  for  distribution. 
A  third,  as  previously  described,  may 
receive  high-voltage  alternating  current 
and  distribute  low-voltage  direct  current. 
Still  other  substations,  common  in  elec- 
tric-railway service,  carry  either  storage 
batteries  alone  or  storage  batteries  and 
boosters. 

1284.  When  are  storage-battery  sub- 
stations advantageous  for  railway  work? 

When  maintaining  a  more  uniform  line 


developed  in  the  generating  plant.  The 
booster  makes  up  for  the  drop  of  potential 
in  the  line  between  the  generating  sta- 
tion and  the  substation,  while  the  battery 
is  being  charged.  Also,  in  railway  work, 
where  the  load  fluctuates  within  wide 
limits,  a  booster  is  used  in  connection 
with  the  battery.  In  this  case  a  "dif- 
ferential booster"  is  used  having  both 
series  and  shunt  field  windings.  Thus 
the  e.m.f.  varies  automatically  with  the 
load  and  adds  to  or  subtracts  from  the 
battery  voltage  as  required. 

1286.  What  factors  govern  the  loca- 
tion of  a  substation? 

Practically  the  same  factors  that  govern 
the  location  of  a  central  station,  namely: 
nearness  to  the  center  of  distribution  so 
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Fig.  422.   Section  through  Substation  with  Underground  Cables 


that  the  drop  of  potential  in  the  dif- 
ferent circuits  may  be  a  minimum,  also 
the   cost  of  real   estate. 

1287.  What  kind  of  a  building  is  best 
for  a  substation? 

A  detached  building,  built  preferably 
of  brick  or  other  fireproof  material. 

1288.  What  provision  should  be  made 
for  light? 

The  substation  should  be  constructed 
so  that  plenty  of  light  will  enter  it,  but 
in  a  storage-battery  room  the  sun  should 
not  shine  on  any  part  of  the  battery.  A 
substation  used  exclusively  for  a  stor- 
age battery  is  sometimes  built  without 
windows,  dependence  being  placed  entire- 
ly upon  incandescent  electric  lamps  for 
light. 


1289.  What  provision  should  be  made 
for  ventilation  ? 

The  ventilation  of  the  storage-battery 
room  must  be  particularly  good  to  pre- 
vent the  accumulation  of  fumes;  other- 
wise, it  will  be  almost  impossible  to  en- 
ter the  room  while  the  battery  is  being 
charged,  and  the  hydrogen  gas  given  off 
while  charging,  being  imflammable,  is 
likely  to  cause  a  serious  accident  if 
ignited. 

The  room  in  which  the  machines  are 
installed  should  also  have  good  ventila- 
tion because  the  heat  developed  in  them, 
even  during  their  normal  operation,  will 
considerably    increase    the    temperature. 


Good  ventilation  is  likewise  important 
where  oil-cooled  transformers  are  used, 
so  that  the  temperature  may  not  become 
unduly   high   in   the   summer-time. 

1290.  Is  there  any  reason  why  the 
machines  should  not  be  located  in  the  bat- 
tery room? 

The  battery  should  be  placed  in  a  room 
by  itself  so  that  the  sulphuric-acid  fumes 
given  off  from  the  cells  will  not  corrode 
the  metal  of  the  machines. 

1291.  What  provision  should  be  made 
for  the  drainage  of  a  substation? 

Where  air-blast  transformers  are  used, 
the  walls  of  the  air-blast  chamber  should 
be  waterproofed  and  the  substation 
should  be  built  at  such  an  elevation  that 
water  will  not  stand  on  the  floor  of  the 
air-blast  chamber.  If  this  latter  pre- 
caution is  not  taken,  the  transformers 
may  be  damaged  by  the  warm  air  from 
the  blower  picking  up  moisture  and  de- 
positing it  in  the  transformers  which  are 
not  in  service. 

When  oil-cooled  transformers  are  used, 
it  is  well  to  install  a  pit  of  sufficient  ca- 
pacity to  drain  the  oil  from  several  trans- 
formers, and  to  provide  drainage  piping 
of  ample  size  from  tlie  oil  drain-cocks 
on  the  transformers  to  the  pit,  so  that 
the  oil  can  be  drawn  off  quickly  in 
case  of  fire  or  other  emergency. 

In  the  battery  room  the  floor,  which 
must  never  be  of  wood  but  of  vitrified 
brick  or  some  other  material  that  is  not 
afi'ected  by  sulphuric  acid,  should  slope 
downward  toward  a  drain  so  that  when 
flooded  in  washing,  it  will  dry  off  rapidly. 

Where  cables  come  into  the  station  un- 
derground, the  entering  conduits  should 
be  sealed  and  suitable  drainage  provided 
so  that  water  cannot  leak  into  the  cellar 
through  these  openings. 

1292.  Give  an  idea  of  the  general  ar- 
rangement of  substation  apparatus. 


Fig.  423.  Arrangement  of  Storage  Bat- 
teries where  Floor  Spage  is  Limited 


Fig.  424.   Batteries  where  Floor  Space  is  Not  Limited 
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The  arrangement  of  substation  ap- 
paratus is  largely  dependent  upon  the 
nature  of  the  switching  apparatus.  When 
the  cables  enter  the  station  overhead,  the 
hand-operated  switches  are  invariably  of 
the  top-connected  type  and  the  high- 
voltage  busbars  are  mounted  above  them. 
A  typical  arrangement  of  this  kind  is 
shown   in   elevation   in   Fig.   421,   which 


or  exits,  as  the  case  may  be.  For  all 
stations  using  hand-operated  switches, 
this  makes  it  advisable  to  locate  the  al- 
ternating-current line  and  converter  pan- 
els in  corresponding  positions.  With  elec- 
trically operated  switches,  there  is  no 
definite  relation  between  the  location  of 
the  panel  and  its  switches.  No  incoming 
line  panels  are  used  unless  the  lines  are 


Fig.  425.    Portable  Railway  Substatio.n 


represents  an  11, 000- volt  installation 
where  oil-insulated  self-cooling  trans- 
formers are  used.  The  high-tension  pan- 
els are  located  in  front  of  their  respective 
oil  switches  and  on  the  operating  side 
of  the  transformers. 

1293.  What  arrangement  of  substa- 
tion apparatus  is  customary  in  case  the 
incoming  cables  are  underground  and  the 
switches   are   motor-operated? 

Fig.  422  shows  a  section  through  a 
substation  to  meet  these  conditions.  The 
switches  are  bottom-connected  and  the 
busbars  and  all  high-tension  connections 
are  placed  below  the  floor  in  a  suitable 
compartment.  The  connections  from  the 
high-tension  switches  to  the  transformers 
pass  through  the  partition  wall  between 
the  high-tension  compartment  in  the  base- 
ment and  the  air-blast  chamber.  The 
transformers  in  this  case  are  bottom-con- 
nected; that  is,  both  the  high-tension  and 
the  low-tension  leads  are  brought  through 
their  bases.  All  the  main  panels,  both 
alternating-current  and  direct-current,  are 
in  one  switchboard. 

1294.  What  is  the  usual  arrangement 
for  the  switchboard  panels? 

In  general,  the  direct-current  switch- 
board panels  are  arranged  in  a  group  by 
themselves,  the  converter  panels  to  the 
left  and  the  feeder  panels  to  the  right, 
with  room  for  extension  at  either  end. 
Usually  no  attempt  is  made  to  group  the 
oil  switches,  either  hand-operated  or  elec- 
trically operated,  behind  the  main  switch- 
board, the  oil  switches  being  invariably 
located,  in  the  more  recent  types  of  con- 
struction, immediately  adjacent  to  their 
banks  of  transformers  or  line  entrances. 


in  duplicate,  a  single  incoming  line  be- 
ing wired  to  the  substation  busbars  with- 
out oil  switches,  but  with  disconnecting 
switches. 

1295.  Upon  what  considerations  does 
the  arrangement  of  a  storage-battery  sub- 
station depend? 

Principally  upon  the  amount  of  avail- 
able floor  space  and  the  accessibility  of 
the  cells  for  inspection  and  handling. 


Fig.  426.  Converter  in  Portable 
Substation 

1296.  When  the  floor  space  is  limited, 
what  is  the  best  arrangement  of  the 
cells? 

In  tiers,  one  above  the  other,  as  shown 
in   Fig.  423. 

1297.  Are  the  cells  in  Fig.  423  con- 
venient for  inspection  and  handling? 

Inspection  of  the  cells  is  not  difficult 
in  this  installation  because  ample  room 
has  been  left  between  the  two  tiers  and 


between  the  ceiling  and  the  upper  tier. 
The  handling  of  the  cells,  however,  is  not 
convenient;  without  a  traveling  crane  it 
would  be  almost  impossible  to  move  any 
of  these  cells  with  ease  and  safety. 

1298.  Where  the  floor  space  is  not 
limited,  what  is  the  best  arrangement  of 
the  cells? 

In  rows  on  supports  resting  upon  the 
floor   as   in   Fig.   424. 

1299.  Is  there  any  objection  to  plac- 
ing the  cells  directly  upon  the  floor? 

It  is  not  advisable  to  do  this  because 
moisture  would  accumulate  under  the 
cells,  and  this,  together  with  the  battery 
solution,  would  form  a  conducting  path 
from  one  cell  to  another  and  cause  leak- 
age of  current.  Hence,  it  is  customary 
to  use  insulating  supports  under  the 
cells. 

1300.  What  is  gained  by  having  the 
cells  rest  upon  a  board  over  the  in- 
sulators as  in  Fig.  424,  rather  than  direct- 
ly upon  the  insulators? 

The  board  prevents  any  unequal  dis- 
tribution of  the  weight  of  the  battery 
from  causing  the  insulators  to  be  strained 
or  broken. 

1301.  Is  there  any  objection,  where 
the  space  is  limited,  to  placing  adjacent 
cells  so  close  to  each  other  that  their 
cases  touch? 

Adjacent  cells  must  be  kept  far  enough 
apart  so  that  there  will  be  no  possibility 
of   coming    in    contact,   else   the   battery 


Fig.  427.    SwiicHBOARD  in  Portable 
Substation 

solution   is  likely  to   creep   across,  caus- 
ing leakage  of  current. 

1302.  Are  provisions  ever  made  in  a 
railroad  substation,  other  than  by  the 
overload  capacity  of  the  apparatus  in- 
stalled, for  taking  care  of  unusually  heavy 
loads  at  infrequent  intervals? 

A  portable  substation  is  sometimes  used 
for  this  purpose. 

1303.  What  is  a  portable  substation? 
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A  car  such  as  shown  in  Fig.  425  ar- 
ranged for  carrying  a  rotary  converter 
(Fig.  426),  transformers,  and  switchboard 
(Fig.  427).  Such  a  station  for  increas- 
ing the  direct-current  supply  may  be 
quickly  moved  to  any  part  of  the  line,  as 
to  fair  grounds,  amusement  parks  or  sum- 
mer resorts  which  are  to  be  served  only 
a  few  days  or  weeks. 

Locating    Cable    Grounds 

By    J.    W.     HiMMELSBACH 

In  underground  distributing  systems, 
one  or  more  conductors  may  become 
grounded,  and  circumstances  demand  that 
that  particular  conductor  be  back  in  ser- 
vice quickly.  Unless  the  ground  pro- 
duces such  violent  disturbances  that  no 
doubt  exists  of  its  location,  it  is  neces- 
sary to  either  cut  until  the  fault  is  lo- 
cated, which  is  generally  very  slow,  or 
else  subject  the  grounded  conductor  to 
tests  to  determine  the  exact  location. 

The  very  satisfactory  apparatus  de- 
scribed can  be  easily  and  cheaply  made. 
The  only  expensive  part  is  a  direct-read- 
ing, differential  millivoltmeter  having  the 
zero  in  the  middle  of  the  scale,  which 
reads  75  millivolts  on  either  side  of  the 


piece  of  flexible  wire  (lamp  cord  will  do) 
to  the  end  of  which  is  soldered  a  knife- 
edge  contact.  This  wire  must  reach  from 
post  D  to  post  A.  Binding  posts  A  and  B 
must  have  two  connectors,  as  two  sets  of 
leads  are  fastened  to  them;  this  com- 
pletes the  testing  set. 

To  prepare  for  the  test,  connect  to  the 
binding  posts  A  and  B  respectively,  one 
lead  to  the  station  end  of  the  grounded 
conductor  and  one  lead  to  a  conductor 
parallel  to  the  grounded  conductor  and 
having  the  same  destination.  The  ends 
of  these  two  conductors,  away  from  the 
testing  set,  must  be  joined  together.  Con- 
nect the  millivoltmeter  to  the  posts  A 
and  B. 

If  a  125-volt  direct-current  circuit  is 
convenient,  connect  one  side  to  post  C 
and  ground  the  other,  and  place  two  16- 
cp.  lamps  in  the  sockets.  If  no  direct- 
current  circuit  is  available,  five  or  six 
battery  cells  connected  in  series  can  be 
used.  Connect  one  terminal  to  C  and 
ground  the  other;  short-circuit  the  lamp 
sockets   with   a   plug   fuse. 

To  locate  the  grounded  point,  run  the 
knife-edge  contact  connected  to  D  along 
the  gradual" d  wire  until  the  millivolt- 
meter reads  zero.     Suppose  the   reading 


60        65        70        75 


Graduated      Scale 


Parallel  Cable'    powe^ 


Testing  Outfit 


zero  point.  Mount  on  a  piece  of  well 
seasoned  5xl8xl-in.  oak  four  binding- 
posts,  A,  B,  C,  D,  and  two  lamp  sockets, 
L,  L,  as  shown;  M  and  N  are  two  small 
wire  brads  driven  in  the  board,  leaving 
only  y^  in.  projecting. 

From  A  to  N,  N  \o  M  and  M  to  B, 
paste  strips  of  paper  1  in.  wide  upon 
which  a  scale  has  been  drawn,  with  divi- 
sions every  yi  in.,  which  will  give  200 
divisions.  Mark  every  second  division 
from  0  to  100,  starting  at  A.  Then 
stretch  a  piece  of  No.  26  or  28  B.  &  S. 
gage,  gennan-silver  wire  from  A  around 
M  and  A''  to  B.  This  wire  must  be 
stretched  tightly  so  that  reading  the  scale 
will  give  correct  proportional  lengths  of 
wire. 

The  lamp  sockets  are  to  be  wired  in 
parallel.     Connect  permanently   to   D   a 


on  the  wire  is  25  divisions  from  A.  Re- 
ferring to  the  lower  diagram,  if  the  total 
length  of  the  cable  loop  is  L,  and  the 
distance  from  the  station  to  the  ground 
is  X,  then  the  following  proportion  holds 
good: 

25:  X  =  75:  Z.  —  X 
solving  for  X, 

75  X  =  25  L  —  25  X 
100  X  =  25  L 
X  =:  0.25  L 
and  if  the  length  of  the  cable  is  known, 
the  distance  X  can  readily  be  determined. 
Calling    the    distance    from    A    to   the 
point  on  the  slide  wire  which  gives  zero 
deflection    on   the    millivoltmeter   G,   and 
the  distance  from  R  around  to  this  point 
H,  also  the  total  loop  length  of  the  con- 
ductor, and  the  distance  from  the  station 


to  the  ground,  L  and  X,  respectively,  as 
before,  then: 

C :  X  =  H:L  —  X 
G  L  —  G  X  =  H  X  ( I ) 

but  C  plus  H  equals  100;  therefore, 

H  =  100  —  C  (2) 

substituting    (2)    in    (1), 

G  L  —  G  X  =  100  X  —  G  X 
100  X  =  G  L 

100 
which  is  the  formula  to  be  used  when  lo- 
cating grounds  with  this  apparatus. 

If  the  ground  is  due  to  water — which 
will  mean  that  it  is  not  confined  to  one 
point — this  method  is  not  very  satisfac- 
tory. If  two  or  three  conductors  in  the 
faulty  cable  are  grounded,  thus  making 
it  impossible  to  get  a  cable  clear  from 
ground  for  a  return,  it  will,  in  all  prob- 
ability, be  unnecessary  to  make  the  lo- 
cation test  as  a  double  ground  is  equiva- 
lent to  a  short-circuit,  and  short-circuits 
are   usually   very   apparent. 


LETTERS 

Commutator    Lubrication 

I  have  read  with  interest  Mr.  Barrick's 
letter  in  the  Apr.  30  issue  on  "Commuta- 
tor Lubrication."  I  have  had  charge  of 
direct  current  machines  for  years  and  do 
not  use  any  oil  or  commutator  compound 
whatever,  as  such  things,  in  my  experi- 
ence, have  led  to  trouble,  causing  dirt 
to  collect  on  the  comutator  and  bushes. 
If  Air.  Barrick's  commutators  are  turned 
off  properly,  the  brushes  set  correctly  and 
all  the  connections  kept  clean,  he  will 
have  no  trouble  with  sparking  provided 
the  machines  are  properly  designed  and 
the  load  kept  within  reasonable  limits. 
The  use  of  sandpaper  should  be  discour- 
aged as  it  soon  causes  the  commutator 
to  be  out  of  true,  and  also  leads  to 
high  mica. 

One  machine  in  my  charge  was  turned 
off  last  in  May,  1910,  and  after  carrying 
10  per  cent,  overload  during  half  that 
time,  it  has  not  been  turned  since. 

George    Drewry. 

Brantford,  Ont. 


Mr.  Barrick's  letter  recalls  to  me  the 
method  used  in  a  power  plant  where  I 
was  recently  employed.  A  piece  of  rod 
packing  was  kept  handy  and  applied 
to  the  surface  of  the  commutators  several 
times  a  day.  This  method  not  only  lub- 
ricated the  commutator  but  also  cleaned 
them.  Commutators  treated  in  this  way 
will  keep  very  smooth,  neither  sparking 
nor  showing  any  wear.  My  chief  ob- 
jection to  using  oil  on  a  commutator  is 
that  it  collects  on  the  brushes  and  makes 
a  sticky  base  to  collect  all  sorts  of  dirt. 
Frederick  Hansa. 

New  York  City. 


r  vj  w  c  i\ 


Gas  Power  Department 

Worth-while  gas-engine  and  producer  information  treated  in  a  way  that  can  be  of  practical  use 


Trebert  Gasoline  Engine 

One  of  the  most  interesting  exliibits 
at  the  recent  aeroplane  show  in  New 
Yoric  was  the  Trebert  engine,  a  six-cyl- 
inder four-stroke-cycle  machine  in  which 
the  cylinders  rotate  about  a  stationary 
shaft.  However,  unlike  the  few  other  en- 
gines built  on  this  principle,  such  as  the 
"Gnome,"  the  cylinders  are  placed  around 
the  shaft  with  their  axes  parallel  in- 
stead of  radial  to  it. 

As  may  be  seen  from  the  illustrations 
the  cylinders,  which  are  cast  separately, 
are  held  in  position  at  the  rear  by  an 
aluminum  crank  case  and  at  the  front  by 
a  ring  containing  the  individual  cylinder 
ports.  No  valves  are  used  for  exhaust 
or  intake,  these  events  being  controlled 
by  a  stationary  disk  chamber  surrounded 
by  a  rotating  ring  which  uncovers  the 
ports  at  the  proper  time.  The  arrange- 
ment is  as  follows: 

Attached  to  the  axial  shaft  is  a  station- 
ary disk-shaped  gas  and  exhaust  cham- 
ber divided  into  two  separate  compart- 
ments with  air  spaces  between,  although 
the  outer  cylindrical  surface  is  con- 
tinuous. This  also  constitutes  part  of  the 
front  bearing  for  the  rotating  parts.  A 
pipe  leads  from  the  carburetor  to  the 
intake  compartment,  and  the  exhaust 
compartment  is  connected  to  a  muffler, 
when  desired.  Around  this  gas  and  ex- 
haust chamber  fits  a  revolvable  ring  carry- 


ing the  individual  cylinder  port  chambers, 
each  of  which  is  fitted  with  a  packing 
sleeve  bearing  lightly  against  the  cylin- 
drical face  of  the  stationary  chamber  and 
held  in  place  by  springs  which  counter- 
act any  centrifugal  force.  Holes  are 
bored  in  the  heads  of  these  sleeves  to 
permit   an   equalization   of   pressure   and 


thus  avoid  jamming  the  springs  during 
compression.  In  addition,  compression 
plates  are  fitted  between  the  stationary 
and  the  revolving  parts  to  prevent  leak- 
age of  the  gas. 

In  the  cylindrical  face  of  the  stationary 
disk  are  two  elliptical  ports,  one  from 
the  intake   chamber  and   the  other  lead- 


Fic.   1.    View  of  Engine  from  Front 


Individual  =^  ct^-  ^ — '  r^  r  j 
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Fig.  2.   Elevation  and  Half-Section  of  Trebert  Engine 
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ing  to  the  exhaust  pipe,  spaced  the  re- 
quired angle  apart  so  that  the  cylinder  is 
always  ready  to  receive  gas  or  to  ex- 
haust when  its  sleeve  slides  over  the 
proper  port.  The  fresh  mixture  and  burnt 
gases  cannot  mingle. 

The  ignition  is  extremely  simple.  The 
inagneto,  which  is  placed  at  the  front 
of  the  engine,  is  driven  through  a  shaft 
and  bevel  gear  at  three  times  the  en- 
gine speed.  A  spark  plug  is  attached  to 
each  cylinder-port  chamber  and  in  the 
course  of  one  revolution  each  passes  over 
the  contact  plate  connected  with  the 
magneto.  Thus  a  spark  occurs  in  each 
cylinder  every  revolution,  and  it  may  be 
advanced  or  retarded  by  a  lever  which 
shifts  the  position  of  the  contact  plate. 
Thus  the  engine  is  practically  its  own 
timer  and  distributor. 

In  the  crank  case  are  six  crankshafts 
spaced  radially  60  deg.  apart — one  for 
each  cylinder,  They  run  in  ball  bearings 
supported  in  ribs  integral  with  the  crank 
case,  and  their  inner  ends  carry  bevel 
gears  which  mesh  with  a  large  bevel  gear 
on  the  stationary  shaft.    The  outer  ends 


cupies  a  space  of  32x16x16  in.  The  weight 
complete  is  about  250  lb.  The  rotating 
parts  themselves  provide  the  necessary 
flywheel  effect,  dispensing  with  the  use 
of  a  flywheel. 

There  being  six  cylinders,  each  is  re- 
quired to  develop  only  10  hp.  and  a  com- 
plete cycle  occurs  every  revolution  (as  in 
a  two-stroke-cycle  engine)  ;  hence  there 
are  6000  power  strokes  per  minute. 

While  the  circulation  of  air  produced 
by  the  rotating  parts  is  sufficient  to  keep 
the  cylinders  from  becoming  overheated 
with  this  size  of  engine,  in  the  larger 
sizes  it  has  been  found  advisable  to 
water-cool  the  cylinders. 


CORRESPONDENCE 

Backfiring  Overcome 

As  a  gas-engine  repairman  it  fell  to 
my  lot  to  work  on  a  small  engine  in- 
stalled in  a  printing  plant;  it  was  giv- 
ing a  great  deal  of  trouble  by  backfiring. 


the  proper  time.  The  stationary  con- 
tacts were  insulated  from  the  engine 
frame,  but  not  from  each  other. 

This  arrangement  caused  a  spark  to 
occur  in  both  cylinders  at  the  same  time. 
As  both  pistons  travel  toward  the  inner 
center  (away  from  the  cylinder  head)  at 
the  same  time,  one  on  the  suction  and 
the  other  on  the  power  stroke,  it  is  plain 
that  the  contact  must  be  broken  before 
the  pistons  are  very  far  past  this  cen- 
ter; otherwise  the  incoming  gas  of  the 
cylinder  which  is  on  its  suction  stroke 
will   be    ignited    and    cause   backfiring. 

In  this  case,  the  uneven  quality  of  the 
gas  and  the  variable  pressure  made  a 
long  contact  necessary  in  order  to  prop- 
erly ignite  the  charge,  and  advancing  the 
spark  to  the  running  point  would  not 
give  an  early  enough  break  to  eliminate 
the  trouble. 

The  difficulty  was  finally  remedied  by 
removing  one  of  the  stationary  contact 
pieces  C  and  replacing  it  with  one  which 
was  insulated  from  both  the  engine 
frame  and  the  other  contact  piece.  An- 
other spark  coil  was  added   (see  Fig.  2), 


Original  Ignition  System  and  that  After  Altering 


carry  cranks  which  are  driven  through 
connecting-rods  by  the  pistons.  Thus  the 
whole  motor,  except  the  gas  and  exhaust 
chamber,  and  the  carburetor  and  mag- 
neto, revolves  about  the  axial  shaft  which 
is  secured  to  the  front  suspension  mem- 
ber. The  driving  shaft  projects  from  the 
rear  of  the  crank  case. 

The  lubrication  also  is  very  simple, 
three  pipes  with  adjustable  sight-feeds 
sufficing  for  the  whole  engine.  The  cyl- 
inders and  pistons  are  lubricated  through 
the  gas  intake,  the  oil  being  introduced 
into  the  intake  pipe  after  the  gas  has 
left  the  carburetor.  The  crankshafts, 
driving  gears  and  bearings  are  oiled  by 
two  lines  running  through  the  center  of 
the  axial  shaft  and  emerging  just  in 
front  of  the  large  gear.  From  this  point 
the  oil  is  distributed  by  centrifugal  force. 

The  engine  shown  in  the  illustrations 
is  rated  at  60  hp.  when  running  at  1000 
r.p.m.  The  cylinders  are  354-in.  bore  by 
4-in.   stroke   and   the   whole   engine   oc- 


The  engine  was  of  the  four-stroke-cycle, 
two-cylinder  opposed  type  and  was  to 
run  on  illuminating  gas  from  the  city 
mains.  The  inlet  valves  were  automatic 
(operated  by  the  suction  of  the  piston) 
and  both  cylinders  drew  gas  from  the 
same  mixing  valve. 

The  ignition  equipment  comprised  a 
small  dynamo  and  a  set  of  batteries  for 
starting,  both  of  which  furnished  cur- 
rent to  a  single  induction  coil.  Both 
primary  terminals  were  led  to  binding 
posts,  one  on  the  case  and  the  other  on 
the  timing  device,  and  each  secondary 
terminal  was  connected  to  a  spark  plug. 

The  timing  device  consisted  simply  of 
contact  pieces  C  (Fig.  1)  mounted,  one 
on  each  exhaust-valve  liftrod,  which 
were  forced  by  springs  against  other  sta- 
tionary contacts  D  mounted  on  but  in- 
sulated from  the  engine  frame.  One 
side  of  the  exhaust  cam  was  flattened 
to  allow  the  roller  follower  (not  shown) 
to   drop   and   thus   make   the   contact   at 


giving  one  coil  for  each  cylinder,  and 
the  trouble  so  far  as  backfiring  was  con- 
cerned was  eliminated. 

J.  Arthur  Fish. 
Kidders,   N.  Y. 


The  new  artificial  gas  plant  installed  in 
East  Liverpool,  Ohio,  is  attracting  much 
attention  because  of  the  work  being  done. 
The  builders  claimed  that  from  one  ton 
of  coal  they  could  produce  40,000  cu.ft. 
of  gas,  and  the  tests  so  far  have  shown 
that  they  are  getting  from  55,000  to  70,- 
000  ft.  The  plant  was  built  to  run  from 
10,000,000  to  12,000,000  cu.ft.  a  month, 
but  it  is  expected  that  the  machinery  will 
be  able  to  produce  a  far  greater  amount. 


For  the  year  1910,  reports  the  De- 
partment of  Mines  of  Western  Australia, 
there  were  58  gas  engines  in  use  in 
mines  developing  607  hp.,  while  2933 
hp.   was   developed   by  420  oil   engines. 


Refrigeration  Department 

Principles  and  operation  of  ice-making  and  refrigerating  plant  and  machinery 


Precooling  Plant  of  Southern 

Pacihc 

By  LeRoy  W.  Allison 

The  Southern  Pacific  Ry.  Co.  has 
erected  a  combined  ice-manufacturing 
and  precooling  plant  at  Colton,  Calif., 
to  assist  primarily  in  the  transportation 
of  perishable  fruits,  vegetables,  etc.,  from 
the  agricultural  belt  of  southern  Cali- 
fornia.    It  is  one  of  the  largest  of  such 


machines  of  the  double-acting  type  with 
ammonia  compressors  24x40  in.,  driven 
by  a  tandem-compound  Corliss  engine 
24  and  46  by  36-in.  stroke.  Steam  is 
supplied  by  three  250-hp.  Stirling  boil- 
ers, set  two  in  a  battery  and  one  single. 
The  usual  power-plant  auxiliaries,  boiler- 
feed  pump,  oil-feed  pump,  circulating 
pump,  fire  pump,  etc.,  are  installed. 

The  condensing  apparatus  both  for  the 
steam  and  ammonia  systems  are  installed 
in  the  overhead  open  portion  of  the  power 


The  main  building,  centrally  located 
between  the  two  train  sheds  and  icing 
docks,  is  111  ft.  2  in.  wide  by  276  ft. 
8  in.  long,  and  contains  the  ice-manufac- 
turing and  storage  plants.  The  freezing 
tanks  have  a  capacity  of  250  tons  daily 
in  blocks  of  300  lb.  each;  the  plant  is 
fully  equipped  with  modern  ice-making 
auxiliary  equipment  and  measuring  ap- 
paratus. Beneath  the  ice  plant  a  day 
storage  chamber  with  capacity  of  300 
tons  every  24  hr.  is  built,  while  two  ad- 
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Fig.  1.  The  S.  P.  R.  Precooling  Plant,  at  Colton,  Calif. 


plants,  having  a  capacity  of  40  loaded 
cars,  and  is  operated  by  the  Pacific  Fruit 
Express  Co.,  a  subsidiary  organization. 
The  plant  has  been  in  active  service 
since  the  summer  of  1909  and  embodies 
the  direct-expansion  system  of  refrigera- 
tion and  a  precooling  process  known  as 
the  intermittent  vacuum  system,  offering 


plant,  as  may  be  noticed  in  Fig.  1.  The 
former  installation,  on  the  second  floor, 
is  composed  of  Wheeler  condensers.  The 
ammonia  system,  on  the  top  floor,  con- 
sists of  four  sets  of  ammonia  condensers 
20  ft.  long  and  24  pipes  high,  having  48 
coils  of  2-in.  galvanized  pipe.  Water 
for  this  system,  as  well  as  for  ice  manu- 


jacent  winter  storage  rooms,  with  total 
capacity  of  17,500  tons,  are  sim- 
ilarly constructed.  The  insulation  in 
the  building  consists  of  lith  board 
and  cork,  supplied  and  installed  by 
the  Union  Fiber  Co.,  of  Winona, 
Minn.  In  the  storage  rooms,  this  water- 
proof  lith   board    is   3   in.   thick   and   is 


Precooling  BIdq. 
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Fig.  2.  General  Layout  of  Precooling  and  Ice-storage  Plant 


distinctive  and  interesting  features.  The 
entire  plant  was  designed  by  A.  Paget, 
of  San  Francisco;  the  patents  on  the 
precooling  process  are  controlled  by  L. 
H.  Roy,  Chicago,  111. 

General  Plan 

The  entire  plant.  Fig.  1,  excepting  the 
car  shed,  is  built  of  reinforced  concrete. 
The  building  at  the  extreme  right  of 
the  illustration  is  the  power  plant  and 
comprises  two  225-ton  York  refrigerating 


facture,  is  obtained  from  neighboring 
artesian  wells  and  irrigation  ditches  con- 
nected to  a  concrete  reservoir  at  the  rear 
of  the  power  plant.  This  reservoir  is  at 
the  surface  of  the  ground  and  is  ap- 
proximately 8  and  20  by  7  ft.  deep. 

Electric  energy  for  operation  is  pur- 
chased from  a  local  central  station;  it 
is  delivered  at  11,000  volts  and  reduced 
at  the  company's  individual  transformer 
station,  adjacent  to  the  power  plant,  to 
220  volts  for  motor  and  kindred  service. 


bedded  in  a  thick  coating  of  cement;  on 
the  outside  it  is  faced  with  corkboard 
and  waterproof  cement. 

Precooler    Coil    Chambers 

As  may  be  noticed  in  Fig.  2,  two  pre- 
cooling plants  are  located  at  either  end 
of  the  ice-manufacturing  plant.  They 
are  each  43  ft.  4  in.  wide  by  121  ft.  long 
and  identical  in  construction,  so  only 
one  need  be  considered.  The  main  por- 
tion, as  seen  in  the  forepart  of  Fig.  1,  is 
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two  stories  high,  the  central  portion,  di- 
rectly over  the  coil  chamber,  having  a 
half-third  story  or  ventilating  deck.  An 
interior  view  of  this  section  of  the  build- 
ing is  shown  in  Fig.  3.  The  coil  cham- 
ber is  26x80  ft.,  and  comprises  upper 
and  lower  sections.  The  walls  are  con- 
structed of  hollow  terra-cotta  tile,  a 
double  row  each  4  in.  thick,  with  two 
layers  of  2-in.  lith  board  insulation  be- 
tween. On  the  outside,  4-in.  corkboard 
with  a  pitch  asphaltum  covering  is  laid. 
The  ceiling  is  of  the  same  type  of  con- 


installed  in  each  precooler  house  and  are 
used  as  exhausters.  The  capacity  of  each 
pair  is  approximately  72,000  cu.ft.  of 
air  per  minute,  under  a  pressure  of  3 
oz.  and  operating  at  a  speed  of  380 
r.p.m.  The  fans  are  placed  in  wood  hous- 
ing, as  shown  in  Fig.  5,  and  are  driven 
by  Westinghouse  motors.  These  fans 
are  connected  to  a  main  78-in.  over- 
head exhaust  duct  by  58-in.  No.  18  gal- 
vanized iron  verticals,  as  indicated  in 
Fig.  6;  these  pipes  are  similarly  covered 
with   a   wood   housing,   Fig.   5. 


Fig.  3.  Ventilating  Deck  of  Precooling   Plant 


struction,  with  corkboard  on  the  exterior, 
while  on  the  floor  the  insulation  is  laid 
on  5  in.  of  concrete  and  covered  with  2 
in.  of  finished  cement  concrete.  The  up- 
per and  lower  chambers  are  identical 
and  are  used  for  exhaust  from  and  inlet 
to  the  car,  respectively. 

The  precooler  chambers  contain  about 
82,500  ft.  of  2-in.  direct-expansion  pip- 
ing, running  coincident  with  the  width  of 
the  room.  The  piping  is  set  in  tiers  9 
ft.  high,  with  12  coils  to  each  stand,  as 
shown   in   Fig.  4. 

Two  Buffalo  Forge  fans,  with  wheels 
85   in.   in   diameter  by   27   in.   wide,   are 


The  main  78-in.  exhaust  pipe  is  made 
of  No.  18  galvanized  iron;  at  the  icing 
dock,  where  it  branches  into  two  longi- 
tudinal pipes  parallel  with  the  tracks 
on  either  side  of  the  building,  the  size 
is  reduced  to  64  in.  and  uniformly  tapers 
to  24  in.  at  the  end  connections.  This 
will  be  noted  in  the  right  half  of  the 
plan,  Fig.  2,  which  indicates  the  exhaust 
line,  and  in  the  cross-section.  Fig.  6.  The 
down  pipes  to  the  two  bunker  openings 
in  the  refrigerator  car  are  20  in.  in 
diameter  and  of  similar  material,  heavily 
insulated.  For  a  distance  of  8  ft.  the 
ends  are  made  of  flexible  canvas,  strong- 


ly reinforced  with  iron  rings,  to  afford 
adjustment  to  the  varying  position  of 
the  car.  To  fit  the  bunker  openings,  a 
wood   frame  with  canvas  and  tubing  on 


FlG. 


4.  Direct-expansion  Piping  in  Pre- 
cooler Chamber 


the  outer  edges  is  attached  to  the  end 
of  the  canvas  pipe;  when  placed  in  po- 
sition, this  is  inflated  by  means  of  com- 
pressed air  to  render  a  tight  connection. 
The  inlet  or  cold-blast  pipe,  of  No.  18 
galvanized  iron,  leading  from  the  lower 
coil  chamber  is  68  in.  in  diameter.  At 
the  icing  dock  it  is  reduced  to  51  in.  and 
tapers  to  28  in.  at  the  end  of  the  main. 
This  is  shown  at  the  left  half  of  the 
plan.  Fig.  2,  which  indicates  the  inlet 
lines.  At  each  respective  opening,  the 
line  is  fitted  with  a  large  rectangular  ter- 
minal of  a  size  to  suit  the  side-door  open- 
ing   of    the    refrigerator    car.      This    ter- 


Fig.  5.  Motor-driven  Exhausters  in  Wood  Casing  Fig.  7.  Butterfly  Valves  Controlling  Flow  of  Air 


minal,  or  blast  door,  is  of  wood  fram- 
ing with  an  opening  about  12  in.  long 
at  the  top  of  the  interior  side,  with  re- 
spect to  the  car,  the  opening  having 
curved  sheets  of  galvanized  iron  to  act 
as  deflectors  for  the  strong  blast  of  air 
which  would  otherwise  enter  the  car  and 
chill  its  contents.  The  edges  of  the  door 
are  made  of  heavy  canvas  and  interior 


cooler  house.  This  automatic  operation 
is  known  as  the  intermittent  process  and 
is  the  invention  of  A.  R.  Sprague;  it 
is  from  this  feature  that  the  system  takes 
its  name. 

The  intermittent  device  closes  the  in- 
let to  the  car  and  allows  the  fans  to  ex- 
haust all  the  warm  air  and  gases  com- 
ing through  the  butterfly  valves  from  the 


thoroughly  dry.  Through  this  time  the 
vacuum  is  produced  at  intervals  of  from 
5  to  15  min.,  depending  upon  the  tem- 
perature  conditions   within   the   car. 

The  cold  blast  ranges  from  2  to  3  deg. 
below  zero  to  about  15  deg.  above.  The 
walls  of  the  car  are  cooled  to  a  tem- 
perature of  approximately  25  deg.,  per- 
mitting longer  preservation  of  the  initial 


Fig.  6.  Vertical  Section  through   Precooling    Building 


tubing,  to  be  inflated  and  allow  of  an 
air-tight  connection  with  the  car,  as  in 
the  case  of  the  bunker  openings. 

Operation 

At  the  end  of  the  precooler  coil  cham- 
bers cast-iron  butterfly  valves,  48  in.  in 
diameter,    are    placed    as    shown   in    Fig. 


commodities  being  precooled.  As  soon 
as  the  butterfly  valves  close,  the  inlet 
valve  opens  and  forces  the  cool,  dry  air 
through  the  ducts  and  into  the  cars.  This 
operation  is  repeated  automatically  about 
once  every  minute  during  the  first  hour 
of  precooling.  During  this  time  about 
2;^    in.   pressure  shown   by   water  gage 


Fig.  8.  Mechanism  Operating  Butterfly  Valves 


7;  they  operate  automatically  and  con- 
trol the  flow  of  air  through  the  ducts  and 
cars.  The  complete  details  are  shown  in 
Fig.  8. 

The  outlet  duct  is  fitted  with  automatic 
valves  at  each  respective  opening  as  in- 
dicated in  Fig.  2,  which  work  in  unison 
with   the   butterfly   sections   in   the   pre- 


to  approximately  2!S  in.  vacuum  is  ob- 
tained. Through  the  remaining  period 
of  the  process  the  exhaust  enters  the 
precooler  coil  chambers,  instead  of  be- 
ing discharged  into  the  open.  Here  it 
is  circulated  over  the  coils,  deposits  its 
moisture  and  is  cooled,  thus  allowing 
♦he  later  cold  blasts  to  the  cars  to  be 


icing  and  allowing  the  car  to  travel  a 
considerable  distance  before  re-icing  is 
necessary.  Four  hours  are  required  to 
reduce  the  temperature  of  a  carload  of 
citrus  fruit  from  an  average  of  about  78 
deg.  to  an  average  of  about  40  deg., 
while  a  car  of  deciduous  fruit  or  vege- 
tables demands  about  3  hr.  This  time 
could  be  reduced  if  fruit  shippers  would 
space  their  loads  so  as  to  permit  of  more 
free  circulation  of  air.  All  temperatures 
are  taken  in  the  center  of  the  fruit  and 
the  center  of  the  packages. 

Many  experiments  have  been  made  to 
determine  the  exact  conditions  with  and 
without  the  operation  of  the  intermittent 
vacuum  device.  When  it  is  not  used  and 
a  low  temperature  is  retained  on  the 
inlet  to  the  car,  the  commodities  being 
precooled  are  liable  to  freeze.  The  de- 
vice permits  of  a  much  more  equal  dis- 
tribution of  air  throughout  the  car  than 
could  possibly  otherwise  be  obtained, 
even  though  baffles  were  used. 

An  icing  dock  is  constructed  in  the 
train  shed  at  a  height  closely  approxi- 
mating the  level  of  the  top  of  a  refrig- 
erator car  and  allows  of  ready  access 
for  filling  the  car  bunkers  with  ice  after 
the  precooling  has  been  completed.  The 
platform  is  equipped  with  an  endless- 
chain  conveyor  for  handling  the  ice  and 
six  unloading  points  thereto  are  provided 
leading  from  the  storage  chambers  in  the 
main  building. 

The  company  has  expended  about 
SSOO.OOO  in  developing  the  Colton  .plant, 
and  the  system  has  proven  so  success- 
ful that  it  has  erected  a  similar  plant, 
of  slightly  less  capacity,  at  Roseville, 
Calif.,  to  handle  the  deciduous  products 
fiom  this  section  of  the  state. 
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Turbine   or  Engine 

What  is  an  engine  and  what  is  a  tur- 
bine? 

There  are  those  who  will  respond  that 
all  turbines  are  engines,  but  all  engines 
are  not  turbines. 

All  right,  then.  When  does  an  engine 
cease  to  be  a  turbine?  What  is  the  dif- 
ference between  a  turbine  and  a  rotary 
engine;  not  in  the  general  but  in  the 
particular  sense  in  which  the  word  en- 
gine is  used  ? 

In  the  engine,  used  in  this  sense,  the 
steam  or  other  working  fluid  is  admitted 
to  a  confined  space.  The  molecules  of 
which  it  is  composed  fly  about  in  this 
space  and  by  their  bombardment  of  the 
containing  surfaces  produce  pressure. 
Some  of  the  surface,  as  the  piston  of  a 
reciprocating  engine,  moves  under  the 
pressure  and  the  work  produced  is  the 
product  of  the  change  in  volume  and 
the  average  pressure  during  the  change. 
If  steam  is  permitted  to  flow  without 
obstruction  from  a  region  of  higher  to 
one  of  lower  pressure,  the  energy  de- 
veloped will  be  applied  to  getting  up 
velocity  in  the  moving  steam  and  will  be 
present  in  the  stream  or  jet  as  kinetic 
energy.  To  get  the  energy  out  of  it  the 
steam  must  be  brought  to  rest. 

A  turbine,  as  we  understand  it,  is  a 
device  for  doing  this.  Either  by  reaction 
upon  the  nozzle  in  which  it  expands  or 
by  impact  upon  and  change  of  direction 
by  contact  with  moving  surfaces,  the 
fluid  mass  is  brought  more  or  less  com- 
pletely to  rest  and  its  energy  of  motion 
is  appropriated  by  the  device  constructed 
for  that  purpose;  that  is,  the  turbine. 

In  the  engine  the  pressure  of  the  op- 
erating fluid  acts  directly  upon  the  mov- 
ing surface,  and  expansion  is  controlled 
by  the  yielding  of  that  surface  under 
pressure.  Kinetic  energy  comes  into  con- 
sideration only  when  the  analysis  goes 
into  the  constitution  of  the  steam.  The 
only  velocity  involved  is  molecular;  the 
fluid  mass  simply  undergoes  change  of 
volume.  It  is  analogous  to  a  weight  driv- 
ing a  clock,  a  restrained,  controlled  low- 
ering  of   the    weight   with    a   direct   con- 


version of  its  potential  energy  into  work, 
or  10  a  hydraulic  press  pushing  a  hub  on 
a  shaft  with  a  pressure  directly  applied 
and  moving  only  as  fast  and  as  far  as  the 
load   moves. 

In  the  turbine  the  steam  acts  not  by 
molecular  impact  but  by  mass  impact; 
not  by  static  pressure  but  by  momentum 
and  inertia.  The  pressure  acts  first  upon 
the  working  fluid  itself  and  gets  up  veloc- 
ity, momentum  in  it,  and  then  that  mo- 
mentum is  absorbed  by  the  turbine.  It 
is  analogous  to  a  pile  driver,  the  weight 
of  which  gathers  momentum  in  its  fall 
and  is  brought  to  rest  by  impact  with 
the  pile  upon  which  the  work  is  to  be 
done. 

He  who  writes  definitions  hunts  trouble, 
and  we  do  not  presume  to  draw  lines 
where  perhaps  boundaries  should  be 
shaded,  but  the  above  seems  to  us  to 
state  the  real  distinction  between  the 
pressure  engine,  rotary  or  otherwise,  and 
the  turbine. 

There  has  been  some  discussion  in 
engineering  circles  as  to  which  class  be- 
longs the  Spiro  motor,  described  in  our 
issue  of  Feb.  6.  Perhaps  it  is  in  the 
shady  borderland  between  the  two.  We 
should  be  glad  to  have  expressions  of 
opinion    from   our  correspondents. 


The  San  Antonio  Report 

Some  two  months  ago  we  published  an 
account  of  the  San  Antonio  locomotive 
boiler  explosion  which  resulted  in  the 
death  of  twenty-six  and  the  injury  of 
thirty-two  people.  In  this  issue  appears 
an  abstract  of  a  noteworthy  report  on 
this  terrible  disaster  made  by  the  in- 
spector of  locomotive  boilers  and  two 
assistants  to  the  Interstate  Commerce 
Commission.  The  report  is  unusually 
complete  and  thorough  and  is  unique 
among  boiler-accident  "post-mortems" 
in  that  it  does  not  saddle  the  blame  on 
the  killed  but  puts  it  where  it  rightly  be- 
longs. 

As  the  report  states,  the  sling  stays 
attaching  the  crown  bars  to  the  wrapper 
sheet  were  of  wrought  iron  where  the 
specifications   called    for  steel,  and   were 
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attached  with  one-inch  bolts  where  one- 
quarter  incb  larger  should  have  been 
used.  The  crown  bars,  not  being  sup- 
ported on  the  sides  of  the  firebox  as  in 
the  older  type  of  crown-bar  boilers,  all 
the  strain  was  on  the  sling  stays,  making 
it  all  the  more  important  that  the  larger 
bolt  should  have  been  used. 

Subsequent  tests  by  the  United  States 
Bureau  of  Standards  showed  that  the 
stays  with  the  one-inch  bolts  had  a  fac- 
tor of  safety-  as  low  as  2.67,  consider- 
ably below  the  recognized  standard.  With 
the  larger  bolt  the  factor  of  safety  would 
have  ranged  from  3.67  to  4.15. 

The  evidence  developed  that  turning 
down  the  adjusting  screws  of  the  safety 
valves  and  a  defective  gage  permitted 
pressure  exceeding  that  the  boiler  could 
endure  with  stays  of  such  low  factor 
of  safety.  It  was  also  shown  that  the 
rules  governing  locomotive-boiler  inspect- 
ing were  disregarded  by  the  company's 
employees  assigned  to  make  and  certify 
to  the  reports  required  By  law. 

A  report  stating  that  the  safety  valves 
had  been  set  was  sworn  to  on  Mar.  16, 
whereas  this  work  was  being  done  when 
the  explosion  occurred,  and  in  addition 
it  was  proved  that  the  inspector  had 
failed  to  witness  the  inspection  of  the 
steam  gage,  although  he  certified  under 
oath  that  this  work  had  been  done. 

The  railroad  company  was  severely 
censured  for  permitting  such  reports  and 
inspections  to  be  made,  and  for  allowing 
such  important  work  as  setting  a  safety 
valve  to  be  conducted  by  an  employee  of 
whose  experience  or  judgment,  the  testi- 
mony showed,  it  was  utterly  ignorant. 
The  company  was  also  blamed  for  keep- 
ing a  boiler  in  service  whose  factor  of 
safety  was  below  standard. 

In  the  opinion  of  the  inspectors,  the 
laws  governing  the  inspection  of  loco- 
motives and  the  setting  of  safety  valves 
were  sufficiently  comprehensive  for 
safety  if  intelligently  complied  with,  but 
as  an  extra  precaution  action  was  taken 
to  compel  using  a  second  gage  always 
in  view  of  the  person  setting  the  safety 
valve,  and  cleaning  the  siphon  pipe  and 
its  connections  every  time  the  gage  is 
tested. 

With  these  additional  inspection  re- 
quirements, locomotive  boilers  should  be 
well  guarded  and  the  danger  from  ex- 
plosions reduced  to  a  minimum,  but  of 
what   advantage   are   the   most   stringent 


laws  if  they  are  not  properly  complied 
with  or  enforced  by  the  proper  officials? 
Under  similar  conditions  other  accidents, 
equally  as  bad  or  even  worse,  might 
readily  occur.  If  safety  is  desired  the 
laws  must  be  rigidly  enforced.  The  in- 
spector must  be  competent  and,  above 
all,  trustworthy.  Ignorance  of  his  quali- 
fications does  not  relieve  his' employer  of 
blame,  and  a  company  guilty  of  criminal 
negligence  should  pay  the  full  penalty 
of  the  law. 

What  kind  of  inspection  will  allow  a 
boiler  to  be  operated  with  a  factor  of 
safety  so  much  below  the  standard  and, 
worse  still,  allow  a  man  to  tamper  with 
a  safety  valve  who  evidently  was  so 
ignorant  of  the  requirements  or  precau- 
tions to  be  observed  ?  We  have  not  heard 
of  any  penalty  inflicted  for  such  a 
flagrant  case  of  negligence  and  disre- 
gard of  the  spirit  of  the  law,  but  if  the 
death  of  twenty-six  human  beings  is  not 
enough  to  incite  some  action  stronger 
than  censure  by  an  inspector,  then  all 
the  laws  that  have  been  and  could  be  for- 
mulated on  boiler  inspection  will  be  of 
very  little  use. 

The  laws  must  be  enforced  and  the 
•lunishment  made  compatible  with  the 
nfringement,  or  just  such  disasters  as 
ihat  at  San  Antonio  will  continue  to 
discredit  engineering  practice  in  this 
country. 


Fallacy    of    Submerged 
Flotation 

The  recent  loss  of  the  "Titanic"  has 
revived  the  old  discussion  as  to  whether 
objects  sinking  in  great  depths  of  the 
ocean  go  clear  to  the  bottom.  That  there 
ever  could  have  been  any  belief  that  they 
do  not,  seems  attributable  only  to  our 
greater  familiarity  with  the  action  of 
bodies  floating  in  the  air,  and  our  fail- 
ing to  recognize  the  incomparability  of 
air  with  water  flotation. 

They  are  incomparable  for  the  reason 
that  air  does  exhibit  variation  of  density 
with  height  due  to  its  compressibility, 
while  to  all  intents  and  purposes  water  is 
incompressible;  hence  its  density  does 
not  sensibly  increase  except  at  tremendous 
depths,  and  then  not  sufficient  to  sup- 
port objects  which  have  sunk  entirely 
beneath  the  surface. 

Even  considering  a  sinking  body  of 
closely  the  same  specific  gravity  as  water, 
it  is  inconceivable  that  its  structure  could 


resist  the  enormous  hydrostatic  pressure 
at  great  sea  depths  sufficient  to  prevent 
its  specific  gravity  from  increasing  faster 
than  that  of  water  as  it  continues  to 
sink.  Therefore,  if  anything,  a-  body 
sinks  faster  the  deeper  it  becomes  sub- 
merged. 

In  this  connection  the  letter  under  the 
same  title  on  page  816  is  of  interest  as 
it  is  from  an  authority  on  hydrostatics 
and  gives  a  most  lucid  explanation  why 
the  submerged  flotation  theory  is  unten- 
able. 


Grate  Distance  from   Boiler 

How  far  should  the  grate  of  a  retum- 
tubular  boiler  be  placed  from  the  boiler 
shell? 

In  common  practice,  the  distance  seems 
to  vary  from  24  in.  for  anthracite  coal  to 
40  in.  for  bituminous,  with  36  in.  as  a 
good  average,  according  to  the  coal  used. 
This  distance  is  assumed  to  allow  ample 
space  for  the  thorough  mixing  of  the 
gases  and  for  producing  complete  com- 
bustion. 

What  happens  when  a  furnace  is  im- 
properly designed,  in  that  the  grate  is  too 
close  to  the  shell,  may  be  shown  by  a 
very  simple  experiment.  Place  a  tin  can 
over  a  gas  jet  and  too  far  down  into  the 
flame  and  a  similar  condition  exists.  The 
metal  will  become  coated  with  soot,  show- 
ing that  incomplete  combustion  has  taken 
place,  caused  by  the  cooling  of  the  gas. 

When  the  boiler  is  set  too  close  to  the 
grates,  the  flame  impinging  on  the  fire 
sheet  is  cooled  before  the  combustion  is 
complete  and  dense  black  smoke  is 
formed  which  issues  from  the  stack.  Gen- 
erally this  smoke  is  attributed  to  lack  oi 
air,  and  probably  many  times  that  is  the 
true  cause,  but  the  boiler  shell  too  close 
to  the  grates  would  unquestionably  have 
the  same  effect. 

The  results  obtained  from  dutch-over 
furnaces  show  that  the  gases  of  com- 
bustion should  be  thoroughly  ignited  be- 
fore passing  to  the  combustion  chamber 
All  in  all,  this  qestion  is  one  worthy  ol 
the  attention  of  those  concerned:  "Should 
the  grate  be  farther  from  the  boilei 
shell  ?" 


In  the  accomplishment  of  many  thing; 
there  are  several  ways  to  perform  them 
but  the  boiler  room  with  only  one  exii 
offers  only  one  means  of  escape.  Does 
this  include  your  plant? 
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Test  of  Cylinder  Oil 
By  a.  E.  Walden 

A  given  oil  that  will  work  well  in  one 
plant  will  not  do  so  in  another,  even  if 
the  engine  size,  speed  and  pressure  are 
the  same,  due  to  many  conditions  such 
as  the  structure  of  the  iron  entering  in- 
to the  cylinder,  the  method  of  the  ap- 
plication of  the  oil,  the  acid  or  alkaline 
condition  of  the  steam,  etc. 

In  one  plant  under  the  writer's  charge 
oil  was  first  purchased  costing  70c.  per 
gallon;  this  was  changed  later  to  50c. 
per  gallon  with  the  same  operating  re- 
sults, and  in  neither  case  did  the  inter- 
mediate cylinder  indicate  oil  by  the  use 
of  filter  papers  or  otherwise,  yet  it  was 
always  smooth  and  glossy.  After  trying 
several  oils  one  was  finally  secured  that 
cost  about  30c.  per  gallon  and  actually 
reduced  the  oil  consumption  to  one  barrel 
per  day.  Specific  gravity,  flash  and  fire 
test  are  not  always  to  be  relied  upon  as 
an  indication   of  good  oil. 

The  test  records,  Figs.  1  and  2,  show 
these  determinations  for  two  oils  that 
were  selected  after  numerous  operating 
tests  had  been  made  and  of  which  a  sam- 
ple, No.  75,  was  selected  for  further 
test.  This  oil  from  the  specific-gravity 
test  answered  the  purpose  for  a  short 
time  only,  a  certain  time  apparently  be- 
ing required  to  cut  out  the  old  oil  and 
remove  the  polish  from  the  cylinder. 
This  cylinder '  had  been  lubricated  with 
one-half  the  amount  of  oil,  known  later 
as  No.  100,  to  keep  it  from  knocking 
that   was   required    with   the    No.   75. 

With  No.  75,  Fig.  1,  the  flash  point  was 
so  low  in  tke  friction-testing  apparatus 
that  it  took  fire  and  the  test  could  not 
be  carried  out  as  was  indicated  for  No. 
100.     Both    oils   cost   30c.   per  gallon. 


temperature,  as  was  shown  after  super- 
heaters had  been  installed  and  the  tem- 
perature raised  for  some  time  from  385 
to  425  deg.,  the  operating  pressure  be- 
ing about  125  lb. 


so  as  to  secure  a  uniform  rise,  as  some 
oils,  if  the  temperature  is  raised  rapidly, 
will  have  the  flash  point  reduced.  The 
temperature  rise  should  be  made  at  about 
20   deg.    per   minute,   applying   the    test 


Fig.  3.    Temperature  Chart 


No  trouble  has  been  experienced,  and 
the  quantity  of  oil  has  not  been  changed, 
which  is  eight  drops  per  minute  for  No. 
100.  It  required  from  24  to  26  drops  per 
minute  of  No.  75  to  keep  the  valves  quiet 
on  this  unit,  which  was  a  Corliss  pump- 
ing engine  having  a  16x30-in.  high-pres- 
sure,   and    two    24x30-'in.    low-pressure 


flame  every  7  to  10  deg.,  but  experience 
will  determine  the  exact  rate  of  rise. 

Among  the  friction-testing  machines 
there  is  one  with  bearings  having  a  load- 
ing capacity  of  6000  lb.  and  provided 
with  a  thermometer  and  pipe  connections 
for  supplying  steam.  This  machine  main- 
tains the  temperature  in  the  bearings  at 
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Fig.  1 

As  shown  by  Fig.  2,  the  temperature 
specified  in  the  test  was  to  be  410  deg. 
This  was  not  reached  because  of  the  type 
of  thermometer  used,  but  a  temperature 
of  350  deg.  was  attained  and  the  oil 
was  and  is  able  to  stand  a  much  higher 


Results  of  Oil  Analysis 

cylinders.  When  the  steam  temperature 
was  raised  by  means  of  superheaters, 
the  amount  of  oil  was  not  changed  and 
the  cylinders  are  in  good  condition. 

In  making  the  flash   and   fire  test,  the 
oil   temperature   was   raised   very   slowly. 


Fig.  2 

the  same  point  as  the  oil  would  be  used 
in  the  cylinders,  and  at  as  near  the  test 
conditions  as  possible.  From  the  writer's 
experience,  however,  there  appears  to  be 
a  field  for  a  good  cheap  steam-heated 
friction-testing  machine. 
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Center  Crankpin    Oiling    De- 
vice  Improved 

The  crankpin  on  a  new  high-speed 
center-crank  engine  would  heat  without 
apparent  cause.  It  would  run  nicely  for 
a  week  or  more  and  the  engineer  would 
feel  that  no  further  trouble  was  to  be 
expected,  when  suddenly  it  would  heat 
and  smoke  until  it  required  very  prompt 
action  to  prevent  the  babbitt  metal  from 
melting  out.  As  the  engine  is  of  the 
inclosed  type,  the  cause  of  this  trouble 
was  not  promptly  discovered.  Examina- 
tion showed  that  the  brass  ring  into  which 
the  oil  for  the  crankpin  is  delivered  was 
not  deep  enough  to  hold  sufficient  oil,  for 
the  required  service. 

As  may  be  seen  in  Fig.  1,  oil  from  an 
elevated  tank  is  delivered  through  sight- 
feed  A  and  nozzle  B  into  the  swiftly  re- 
volving ring  C,  but  only  a  small  part  of 
it  goes  to  the  crankpin,  while  the  re- 
mainder is  thrown  out  of  the  ring  against 
the  oil  guard.  Undoubtedly  the  best 
remedy  for  this  defect  was  to  remove  the 
ring  C  and  substitute  a  new  one,  but  this 
was  out  of  the  question  on  account  of 
the  labor  involved. 


post  carrying  a  suitable  tool  was  fast- 
ened to  one  of  the  main  bearings,  the 
engine  run  at  its  lowest  speed,  and  very 
light  cuts  taken  from  the  flat  brass  ring 
until  it  was  so  enlarged  as  to  admit 
the  oil  nozzle  without  friction,  as  shown 
in  Fig.  2;  this  secured  a  perfectly  true 
circle. 

The  oil  pipe  shown  in  Fig.  2  is  fitted 
with  a  tee  at  E  instead  of  an  ell.  By  re- 
moving the  plug  shown,  a  wire  can  be 
inserted  to  clean  out  any  foreign  matter 
in  the  tee  and  nozzle. 

W.    H.   Wakeman. 

New  Haven,  Conn. 


Remodeling   a     Defective 
Governor    Valve 

The  accompanying  illustration  repre- 
sents the  valve-chamber  and  the  valve  of 
an  automatic  throttling  speed  governor. 
In  experiments  made,  I  found  that  the 
outside  valve  actuating  mechanism  (which 
automatically  moves  or  holds  the  valve 
V  in  position  in  relation  to  the  valve 
seats  SS,  thereby  regulating  the  quan- 
tity of  steam  allowed  to  enter  the  steam 
chest   of   the   engine)    was   considerably 


Fig.  1. 


Crankpin  Oiling  Device 


Fig.  3. 


It  was  decided  to  add  a  ring  cut  out  of 
sheet  brass,  the  effect  of  which  is  shown 
at  D,  Fig.  2,  thus  making  the  cavity  deep 
enough  to  fully  cover  the  hole  through 
v/hich  oil  must  flow  to  the  crankpin.  It 
was  made  in  halves  and  secured  in  place 
by  14  screws,  as  shown  in  Fig.  3.  For 
about  one-half  of  the  circumference  it 
was  impossible  to  use  screws,  because 
there  was  not  sufficient  metal  in  the  origi- 
nal ring  to  hold  them;  hence  the  two 
metals  were  soldered  together,  and  an 
oil-tight  joint  secured.  It  is  practically 
impossible  to  put  on  such  a  ring  so  that 
it  will  run  true;  therefore  it  was  cut 
smaller  on  the  inside  than  required. 

A  cross  feed  from  a  lathe  with  a  tool 


disturbed  by  the  fluctuating  steam-chest 
pressures  acting  on  the  valve  stem  R 
at  the  stuffing-box  Q,  especially  at  high 
steam   pressures. 

Circumstances  compelled  me  to  seek 
a  means  of  neutralizing  the  effect  of 
the  constantly  varying  force  exerted  at 
this  point,  which  caused  the  governor  to 
dance,  and  sometimes  to  race.  The  valve 
in  action  is  supposed  to  be  automatically 
held  in  position  in  relation  to  its  seats 
by  maintaining  the  balance  of  two  op- 
posing forces,  viz.:  the  centrifugal  force 
of  revolving  weights  and  the  centripetal 
force  of  springs  under  tension.  Dis- 
turbing the  balance  of  these  forces  will 
cause  the  valve  to  be  moved,  according 


to  the  direction  of  movement  of  the 
greater  force. 

The  steam-chest  pressure  exerted 
against  the  valve  stem  at  the  stuffing-box 
Q  tends  to  disturb  the  action  of  the  above 
forces. 

If  this  third  force  be  of  constant 
amount  it  will  have  no  ill  effect  on  the 
regulation,  but  as  the  steam-chest  pres- 


Throttling  Governor  Value 

sures  of  all  throttle-governed  engines 
vary  considerably,  it  causes  trouble  with 
the  regulation. 

The  following  explanation  will  show 
how  this  force  was  made  constant  for  a 
given  boiler  pressure:  The  top  piston  U 
of  the  valve  was  made  larger  in  diam- 
eter than  the  bottom  piston  L,  the  in- 
crease in  cross-sectional  area  amounting 
to  the  exact  equivalent  of  the  valve  stem 
R  cross-section.  Thus  when  the  valve  V 
closes  the  governor  ports  there  will  be 
an  upward  force  exerted  upon  the  valve- 
actuating  mechanism  (not  shown)  of  13 
lb.  (boiler  pressure  175  lb.)  from  the 
steam  pressure  acting  on  the  differential 
surface  of  the  top  piston  U.  When  the 
valve  is  fully  opened  and  the  boiler  pres- 
sure is  on  the  delivery  side  of  the  valve, 
there  will  still  be  13  lb.,  but  in  this 
case  from  the  pressure  at  the  stuffing- 
box. 

With  175-lb.  boiler  pressure,  and  with 
varying  pressures  on  the  delivery  side 
of  the  valve,  the  sum  of  forces  from 
the  top  piston  and  the  valve-stem  stuffing- 
box  always  equals  13  lb.,  increasing  at 
one  of  these  points  in  proportion  as  it 
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decreases  at  the  other.  This  amount 
varies  only  as  the  boiler  pressure  rises 
or  falls.  The  tendency  of  the  governor 
to  dance  or  race  from  the  effect  of 
fluctuating  steam-chest  pressures  has 
thus  effectively  been  overcome. 

L.  J.  Watson. 
Port   Huron,   Mich. 


What  Should  Be  the  Crank 
Positions? 

At  a  large  pumping  plant  where  I  am 
employed,  we  have  two  cross-compound 
horizontal  Corliss  pumping  engines  with 
unusual  water  ends  in  that  they  are  de- 
signed as  if  driven  by  a  cross-triple  steam 
end.  The  intermediate  crosshead  has  no 
steam  cylinder,  being  driven  by  a  con- 
necting-rod from  the  intermediate  crank 
on  the  shaft,  which  has  two  flywheels. 
What  relative  position  should  the  cranks 
have  to  each  other? 

If  there  were  three  steam  cylinders,  I 
would  say  the  cranks  should  be  120  deg. 
apart,  but  as  the  intermediate  crank  has 
no  steam  cylinder  it  receives  energy  from 
the  shaft  and  flywheels;  therefore  I  be- 
lieve that  the  high-  and  low-pressure 
cranks  should  be  set  at  90  deg.  and  the 
intermediate  at  135  deg.  Perhaps  other 
readers  will  express  their  opinions  on 
this  subject. 

C.  E.  Aldrich. 

Tranquility,    Calif. 


Continuous  Fhie-Gas  Sampler 

The  accompanying  illustration  shows 
a  simple  but  effective  device  used  to 
obtain  an  average  flue-gas  sample  for 
each  day's  run.  The  outfit  may  be  con- 
structed at  small  cost  and  it  works  very 
satisfactorily. 

It  consists  of  a  5-gal.  glass  bottle,  G, 
mounted  upside  down  on  a  wooden 
framework.  Underneath  the  bottle  is 
placed  a  metal  can  of  about  fi  gal.  capa- 
city. At  a  point  in  the  flue,  as  at  F,  is 
inserted  a  Yi-in.  iron  or  brass  pipe 
reaching  half  way  across  the  flue,  with 
its  open  end  so  placed  as  to  be  directly 
in  the  path  of  the  outgoing  gases  but 
not  to  interfere  with  the  action  of  the 
damper.  A  preferable  aspirating  tube 
would  be  one  extending  all  the  way 
across  the  flue,  and  perforated  with  Ys- 
in.  holes  every  6  in.  apart,  the  holes 
being  placed  down  so  as  to  prevent  the 
tube   filling   with   soot. 

A  '2 -in.  pipe  leads  from  F  down  to 
the  level  of  the  bottle  with  an  air  cock, 
E,  at  the  bottom.  Connection  to  the 
bottle  is  made  by  a  heavy  rubber  tube, 
which  may  be  closed  by  a  pinch-cock,  D. 
Into  the  mouth  of  the  bottle  is  fitted  a 
rubber  cork  having  two  holes,  into  which 
are  inserted  a  '{.-in.  brass  pipe  A  reach- 
ing to  within  r".;  in.  of  the  bottom  of  the 
bottle,  and  into  the  other  a  short  piece 
of  pipe  shown  at  B.     On  the  outer  end 


of  pipe  B  is  a  short  rubber  tube  which 
is  fitted  with  a  pinch-cock,  C. 

To  use  the  sampler,  fill  the  bottle  with 
water,  attach  the  short  rubber  tube, 
close  the  pinch-cock  C  and  invert  the 
bottle.  The  long  rubber  tube  D  is  then 
connected  to  the  cock  £  and  the  pinch- 
cock  D  opened.  The  pinch-cock  C  is 
then  opened  slightly  so  that  the  water 
in  the  bottle  flows  out  one  drop  at  a 
time  into  the  pail  H. 

The  gas  will  be  slowly  drawn  from 
the  fine  into  the  bottle,  and  by  regulat- 
ing C  so  that  the  bottle  empties  in  8  hr. 
an  average  sample  for  the  day's  run 
may  be  obtained  for  analysis  in  an  Orsat 


as  the  first.  This  is  necessary  in  order 
to  have  both  knives  cut  true  to  the  same 
graduations. 

As  each  inch  on  the  beam  means  two 
in  the  diameter  of  the  gasket,  the  half- 


Flue  Gas  Sa.mpler 

apparatus.  Before  taking  a  sample  of 
the  gas,  the  air  contained  in  the  pipe 
and  tube  E  should  be  withdrawn  by  pro- 
ducing a  vacuum  in  it.  The  success  of 
the  sampler  depends  upon  having  all 
the   joints  air-tight. 

B.  S.  Nelson.    . 
Bayonne,  N.  J. 


Home- Made  Gasket  Cutter 

The  accompanying  illustration  shows  a 
home-made  gasket  cutter  which  has  given 
much  satisfaction  in  our  plant. 

The  beam  was  made  of  ''2 -in.  square 
steel  with  a  pointed  leg  secured  at  one 
end.  The  knives  were  made  of  tool  steel 
with  a  square  hole  and  thumbscrew  in 
the  hub  as  shown.  After  the  knives  have 
been  fitted  to  the  beam  and  ground,  se- 
cure one  to  the  beam  and  scribe  a  circle; 
then  place  the  other  at  exactly  the  same 
place  on  the  beam,  with  regard  to  the 
pointer  P  and  bend  the  knife  so  that  it 
w'ill  scribe  a  circle  of  the  same  diameter 


V 


Graduated  Gasket  Cutter 


inch    lines    should    extend    all    the    way 
across  the  beam  and  read   1,  2,  3,  etc. 
O.  O.  Lemon. 
Bristol,  Va. 


Impact  of    Water    Broke 
Pump 

A  rather  peculiar  break  happened  in 
our  plant  recently.  The  pipe  from  the 
supply  tank  was  not  sufficiently  protected 
where  it  is  connected  to  the  tank,  and  in 
the   cold     weather     it     would     freeze     at 


Piping  Arrangement  of  Fractured 
Pump 

this  point.  As  this  was  a  rather  difficult 
place  to  get  at,  I  decided  to  put  steam  in 
at  the  bottom  of  the  pipe  in  order  to  thaw 
it.  It  worked  successfully  and  we  had 
occasion  to  make  use  of  it  some  8  or  10 
times  during  the  extreme  cold  weather. 

Referring  to  the  illustration,  it  will  be 
seen  that  the  pipes  to  and  from  the  tank 
are  on  one  line,  but  the  check  valve  pre- 
vents the  water  from  entering  the  tank  at 
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the  bottom.  When  the  steam  is  turned 
on,  the  pump  is  run  slowly,  the  pressure 
keeping  the  check  valve  closed,  so  that  the 
steam  has  no  outlet  except  through  the 
tank.  During  the  last  cold  spell  the  pipe 
was  again  frozen;  the  steam  was  turned 
on  as  usual,  but  in  a  short  time  there  was 
a  violent  crack  and  the  basement  was 
deluged  with  water.  It  took  but  a  min- 
ute's work  to  locate  the  trouble  and  get 
the  water  shut  off;  then  I  found  that  the 
air  chamber,  which  is  cast  integral  with 
the  valve  bonnet,  had  been  broken  off, 
and  also  the  greater  portion  of  the  bon- 
net. As  to  what  caused  the  break,  we 
must  conclude  that  the  pump  had  stopped, 
or  at  least  was  going  so  slowly  that  the 
water  receded,  leaving  the  pipe  empty. 

The  ice  gave  way  suddenly,  allowing 
the  water  to  drop  in  a  body,  producing  a 
ramming  effect  when  brought  to  a  stop  at 
the  pump.  It  was  evident  that  consider- 
able pressure  was  exerted,  as  the  cast- 
ing was  fairly  good. 

S.    M.    QUINN. 

Hudson,   N.  Y. 


Saving  Pump  Rods 

There  are  conditions  under  which  it  is 
impossible  to  prevent  piston  rods  from 
scoring,  and  this  is  especially  true  with 
a  steam  pump  of  the  type  and  size  usu- 
ally found  in  the  average  power  plant. 
At  best,  the  steam  pump  receives  but 
little  attention  on  account  of  its  reliability 
and  extreme  simplicity,  and  often  the 
gritty  nature  of  the  liquid  pumped  will 
flute  a  piston  rod  in  a  short  time. 

I  once  had  a  duplex  receiver  pump 
which  was  used  to  take  the  return  water 
from  a  number  of  machines  and  elevate 
it  to  a  tank  a  short  distance  above  it 
where  the  water  was  used  to  supply  the 
boilers  and  for  other  purposes. 

As  all  of  this  equipment  was  new  there 
was  considerable  sand,  scale  and  other 
grit  in  the  pipes  and  machines  and  in 
time  this  came  back  to  the  receiver  and 
then  to  the  pump,  where  it  soon  scored 
the  steel  rods  at  the  water  end.  As 
the  pump  was  in  use  almost  constantly, 
all  we  could  do  was  to  pack  the  rods 
as  often  as  was  necessary  and  wait  for 
the  time  to  make  the  repairs. 

The  steam  ends  of  the  rods  being  in 
good  condition,  I  thought  that  bronze 
rods  could  be  substituted  at  the  water 
end,  but  the  construction  prevented  this. 
I  found  some  l!is-in.  brass  tubing  which 
was  of  the  same  outside  diameter  as  the 
piston  rods.  After  the  rods  were  re- 
moved from  the  pump  they  were  put  in 
the  lathe  and  turned  down  on  the  water 
end  to  1  /,;  in.,  beginning  at  the  taper  and 
continuing  to  about  a  half  inch  from  the 
crosshead.  I  then  lubricated  the  rod 
with  white  lead  and  started  the  tubing, 
and  by  ramming  it  gently  against  a  post 
I  soon  had  it  up  about  an  inch  from  the 
shoulder,  when  I  put  it  in  the  lathe  and 


cut  the  end  of  the  tubing  off  where  it 
was  to  fit  against  the  shoulder  at  the 
crosshead  end. 

Then  after  driving  the  tubing  home, 
the  other  end  was  cut  off  in  like  man- 
ner so  that  when  the  water-piston  head 
was  snug  up  on  the  taper  it  would  also 
be   snug   against   the   end   of  the   tubing. 

To  facilitate  repairs,  both  rods  were 
turned  so  that  both  pieces  of  tubing  would 
be  the  same  length,  and  a  record  of 
this  was  entered  in  the  log  for  future 
reference.  In  case  of  renewal  it  is  only 
necessary  to  split  the  old  tubing  to  re- 
move it,  slip  a  new  piece  of  the  required 
length  on  in  place  of  it  and  the  rod  is 
as  good  as  a  new  bronze  rod. 

The  cost  of  the  tubing  for  this  job 
was  35c.,  and  the  pump  was  out  of  ser- 
vice only  about  six   hours. 

G.    H.   Wallace. 

Racine,   Wis. 


High  and  Low  Water  Alarm 

The  accompanying  illustration  shows 
a  device  for  indicating  the  quantity  of 
water  in  our  sprinkler  tank.  It  is  used 
both    as   a   high    and    low    water    alarm, 


'High  WaterConfacf 


Showing  Mechanism  of  Alarm 

and  is  not  so  liable  to  disorder  as  the 
common  wire-and-float  arrangement.  The 
device  should  be  mounted  in  a  con- 
spicuous place  in  the  engine  room  so 
as  to  be  readily  seen  by  the  engineer. 
The  weather  does  not  affect  it  as  is  the 


case  with  arrangements  exposed  to  low 
temperatures  where  ice  gathers  on  the 
pulleys  and  chains,  preventing  satisfac- 
tory  operation. 

The  device  may  be  set  at  any  de- 
sired pressure  and  made  from  pipe  fit- 
tings. Its  cost  is  very  low  and  the  ad- 
vantages from  its  use  more  than  com- 
pensate for  the  cost  of  the  installation. 
H.    Prew. 

Montreal.    Can. 


Repairing  a  Scoop  Handle 

The  accompanying  illustration  shows 
how  a  scoop  handle  was  repaired  that 
had  broken  as  shown  in  Fig.  2.  The 
side  pieces  are  of  mild  steel,  but  wrought 
iron  will  also  answer  the  purpose.  They 
are  held  in  place  by  screws,  as  shown, 
but  before  the  screws  can  be  driven  in 
the  hardwood  handle,  it  is  necessary  to 


Showing  Repairs  to  Scoop  Handle 

drill   holes   a   little   smaller   in   diameter 
than  the  screws. 

The  grip  or  roll  is  made  of  maple 
turned  up  in  the  lathe,  with  a  hole 
through  the  center  for  a  '^-in.  bolt.  Two 
opposite  sides  of  this  roll  are  planed  al- 
most flat,  as  shown  by  the  dotted  lines 
in  the  end  view  of  Fig.  1.  It  is  then  finished 
with  sandpaper. 

Frederick  L.  Johnson. 

Paterson,   N.   J. 


Some  Good  Kinks 

When  renewing  small  round  disks  from 
globe  valves,  do  not  try  to  dig  out  the 
old  ones.  Just  hold  the  disk  in  or  over 
a  flame — a  match,  or  gas  get,  or  torch — 
until  it  is  softened  by  the  heat;  then  it 
may  be  dug  out  with  ease. 

When  packing  valve-stem  or  other 
stuffing-boxes  with  twist  packing,  do  not 
use  a  knife  to  cut  it  off,  for  it  is  next 
to  impossible  to  do  this  without  disar- 
ranging the  packing  and  fraying  the 
ends;  use  a  pair  of  stout,  sharp  shears 
or  a  pair  of  snips. 

When  filing  for  a  finished  surface  it 
is  exasperating  to  have  a  bit  of  metal 
imbed  itself  in  the  file  and  on  the  next 
stroke  dig  a  deep  groove.  To  prevent 
this,  clean  the  file  carefully  and  give  the 
entire  face  a  coating  of  chalk.  If  cleaned 
and  chalked  from  time  to  time,  it  will 
be  found  easy  to  get  a  finely  smoothed 
surface. 
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When  forced  draft  is  used  with  some 
kinds  of  water-tube  boilers,  ashes  blow 
out  between  the  headers  and  occasionally 
sift  down  through  the  crevices  around 
the  door.  This  has  been  obviated  in 
some  cases  by  filling  in  between  the 
headers  with  asbestos. 

One  morning  an  engineer  discovered 
that  the  lower  bolt  on  the  wristpin  wedge 
of  the  Corliss  engine  was  broken.  The 
wristpin  had  to  be  backed  out,  the  cross- 
head  moved  away,  the  old  bolt  removed 
and  a  new  one  put  in,  and  then  the 
whole  thing  assembled  and  adjusted.  By 
dint  of  hustling  and  some  intelligent  as- 
sistance he  was  ready  to  start  in  10 
minutes  after  the  discovery.  Strange  to 
say,  no  small  part  of  the  aforesaid  in- 
telligent assistance  was  rendered  by  a 
person  at  that  time  many  miles  away.  A 
former  engineer  had  taken  pains  to  slot 
ihe  ends  of  all  wedge  bolts,  so  that 
in  such  an  emergency  they  could  easily 
be  backed  out. 

When  setting  up  on  a  gland,  it  is 
customary  to  adjust  it  so  that  it  shows 
'equal  opening  all  around  the  stem  or 
tod.  This  perhaps  is  satisfactory,  if  it 
is  known  that  the  rod  is  central.  How- 
ever, in  the  case  of  a  rod  that  is  not  cen- 
tral— for  instance,  a  rod  of  an  engine 
whose  piston  is  down — if  the  gland  is 
adjusted  to  show  equal  opening  on  the 
outside,  there  is  danger  of  making  the 
gland  rub  on  the  inside.  The  safest  way 
in  all  cases  is  to  use  a  feeler  to  see 
that  the  gland  clears  the  rod  at  all 
^points.  A  feeler  made  of  ordinary  pipe 
covering  band  has  been  used  with  suc- 
cess. 

William    E.    Dlxon. 

Maiden,   Mass. 


Air  Pump    Diagrams 

The  accompanying  indicator  diagrams, 
Figs.  1,  2  and  3,  were  taken  from  an 
air  pump  used  in  connection  with  a 
vacuum-cleaning  system.  The  cylinder 
has  a  19-in.  bore  and  a  12-in.  stroke  and 
is  driven  150  r.p.m.  by  a  25-hp.  motor. 
A  40-spring  was  the  only  one  available 
for  taking  the  diagrams;  and  it  was  pos- 
sible to  connect  to  one  end  only  of  the 
cylinder.  The  inlet  valves  are  of  the 
Corliss  type  driven  by  a  crank  outside 
the  flywheel  on  the  end  of  the  main  shaft; 
there  are  five  discharge  valves  of  the 
poppet   type. 

The  diagram  shown  in  Fig.  1  was 
taken  with  the  machine  running  at  full 
speed  and  the  cleaning-out  valve  on  the 
dry  separator  open.  The  suction  pres- 
sure being  atmospheric,  less  pipe  fric- 
tion was  present,  and  the  only  work  done 
was  that  required  to  compress  the  air 
enough  to  open  the  discharge  valves  as 
shown  at  X  in  the  diagram.  The  drop  in 
pressure  at  the  beginning  of  the  suction 
stroke  V  is  caused  by  the  suction  valve 
iiot  opening  exactly  on  the  center. 

The  diagram,  Fig.   2,  was  taken   with 


the  machine  carrying  its  regular  vacuum 
— no  cleaning  tools  were  used — the  auto- 
matic unloading  valve  being  open  just 
enough  to  prevent  the  vacuum  from  go- 
ing above  the  proper  point.  When  in 
good  condition  this  valve  should  regu- 
late within  2  in.,  but  here  it  showed  a 
variation  of  about  8  in.  and  a  vacuum  of 
20  in.  on  the  mercury  column.  There 
appears  to  be  very  little  work  done  at 
this  time  as  the  compression  line  follows 
the  suction  line  back  over  one-half  the 
stroke. 

The  diagram,   Fig.  3,  was  taken   while 

X 


The  entire  repair  was  made  without 
stopping  the  engine,  and  after  three 
months'    service    in    carrying    the    usual 


Cracked  Bedplate,  Showing  Method 
OF  Repair 

load  the  crack  shows  no  signs  of  further 
extension. 

H.  Locke. 
Manchester,  England. 


Fig.  2.   Crank  End;  Vacuum  25  in. 


Fig.  3.    Crank  End;  Vacuum  12  in. 


vVould  the  Arcli   Affect  the 
Boiler's  Operation.? 

Will  some  reader  advise  me  as  to  the 
setting,  form  and  effect  of  different 
shaped  arches  in  the  combustion  chamber 
of  a  60-in.  horizontal  tubular  boiler? 

In   a   plant   where   the   original    arches 


using  the  cleaning  tools,  the  working 
vacuum  being  about  12  in.,  as  shown  by 
the  mercury  column,  and  indicating  that 
a  large  volume  of  air  was  being  pumped. 

The  diagram  shown  in  Fig.  4  was  taken 
from  a  16x42-in..  four-valve,  flat,  multi- 
ported  Brown  engine,  each  set  of  valves 
being  driven  by  a  separate  eccentric; 
the  camshaft  has  been  in  service  over 
30  years.  The  engine  was  running  badly 
at  the  time  of  taking  the  diagram.  Will 
some  interested  reader  tell  me  what 
should  have  been  done  to  properly  set 
the  valves? 

J.  Case. 

Hyattsville,   Md. 


Furnace  Arches 

were  circular  in  form  they  disintegrated 
and  fell,  and  square  arches  were  sub- 
stituted. The  illustration  shows  the  two 
forms,  Fig.  1  the  original  arch  and  Fig. 
2  the  new  arch.  Would  the  square  arch 
have  a  deleterious  effect  on  the  draft  and 
combustion  in  the  boiler? 

W.   G.   Sears. 
Alberta,  Can. 


Engine  Bedplate  Repair 

Recently  a  crack  became  visible  in  the 
bedplate  of  our  engine,  and  soon  caused 
excessive  vibration  of  the  main  bearing. 
We  could  not  shut  down  as  this  was  our 
only  engine,  so  we  made  the  repair  shown 
in  the  illustration. 

Using  a  20-in.  iron  bar,  flattened  at 
one  end  and  threaded  at  the  other,  we  cut 
a  slot  in  the  front  of  the  bedplate  to  al- 
low the  flat  bar  to  pass  through.  As  a 
handhole  was  convenient  we  clamped  the 
bar  to  the  bedplate  and  then  drilled 
through  the  plate  and  the  bar;  the  bar 
was  then  fastened  with  two  1-in.  bolts. 
By  tightening  the  nut  on  the  end  of  the 
bar  at  the  front  of  the  bedplate,  the 
broken  parts  were  drawn  together. 


Air  Moisture  Separator 

At  our  plant  there  are  a  number  of 
small  air  lines  exposed  to  the  outside 
atmosphere.  During  very  cold  weather 
the  moisture  in  the  air  would  freeze 
and  give  trouble;  it  sometimes  took  two 
days  to  thaw  out  the  frozen  lines. 

To  overcome  this  difficulty  I  made  a 
separator  out  of  a  5-ft.  piece  of  10-in. 
pipe,  and  ordinary  10-in.  caps  were  used 
to  close  the  ends  of  the  pipe.  The  top 
cap  was  drilled  and  tapped  for  a  safety 
valve  and  for  the  inlet  and  outlet  air 
pipes.  The  inlet  pipe  extended  about 
half  way  into  the  separator  and  the  out- 
let was  taken  direct  from  the  cap.  A 
^j-in.  line  with  a  valve  was  connected 
to  the  bottom  cap  to  drain  off  the  con- 
densation. 

William  Kelley. 

Brooklyn,  N.  Y. 
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Questions  Before  the  House 

Comment,  criticism,  suggestions  and  debate  upon  various  articles, 
letters   and   editorials    which  have  anpeared  in  previous  issues 


Reinforced    Van    Stone  Joints 

In  the  Feb.  27  issue,  the  writer  of  an 
article  under  the  above  heading  takes 
the  stand  that  nothing  is  gained  in  the 
way  of  efficiency  in  the  new  style,  or 
reinforced  van  stone  joint,  basing  his 
■argument  on  a  comparision  of  the  theo- 
retical tensile  strength  of  the  pipe  and  the 
combined    tensile    strength    of   the    bolts. 

From  this  point  of  view  his  argument 
is  theoretically  correct,  but  he  has  failed 
to  consider  that  there  are  other  than 
tension  strains  only  to  be  dealt  with  in 
a  van  stone  joint.  I  have  never  known 
of  a  flanged  joint  that  failed  due  to  the 
weakness  of  the  bolts,  while  in  one  or 
two  instances,  at  least,  the  old-style  van 
stone  joint  has  failed. 

Fig.  I  illustrates  the  old-style  joint  and 
Fig.    2    is    one    type    of    the    improved 


Old   and    Improved   Van   Stone   Joints 

joint.  There  are  a  number  of  other  modi- 
fications of  the  joint  on  the  market,  each 
\/ith  some  particular  advantage  claimed 
lor  it;  but  the  one  shown  in  Fig.  2 
<vercomes  all  the  practical  objections  to 
the  old  style. 

In  Fig.  1  the  weakness  of  the  joint  is 
at  A,  the  point  of  curvature.  If  the  ten- 
sion strain  only  on  the  pipe  is  consid- 
ered, this  would  not  be  so  as  was  proved 
in  the  article  referred  to,  but  a  mcTre  care- 
ful analysis  of  the  joint  will  show  that 
all  the  vibration  in  the  line  is  "centered" 
at  the  point  A,  with  point  C  as  a  ful- 
crum. The  flange  as  made  in  practice, 
is  bored  A  to  y%  in.  larger  than  the  out- 
side diameter  of  the  pipe  in  order  to 
allow  the  flange  to  turn  freely  on  the 
rough  surface.  This  difference  in  the 
pipe  diameter  and  the  flange  bore  allows 
a  small  amount  of  play  between  the  pipe 
and  the  flange,  which  in  turn  produces  a 
vibrating  strain  at  the  point  A  caused  by 
the  constant  vibrations  present  in  all 
high-pressure  steam  lines.  This  constant 
vibration,  even  though  it  is  slight,  has  a 


decided  tendency  to  crystallize  the  metal 
at  this  point;  the  greater  the  vibrations 
the  inore  rapidly  will  the  metal  crystallize. 
This  defect  is  partially  overcome  by 
lengthening  the  hub  of  the  flange,  and  it 
is  simply  a  matter  of  time  when  the  factor 
of  safety  in  the  original  tensile  strength 
of  the  pipe  will  entirely  disappear. 

Another  defect  in  the  old-style  joint  is 
the  small  water  pocket  formed  over  each 
gasket.  Every  practical  man  knows  what 
it  means  to  the  joints  to  have  water  in  the 
steam  pipes.  Where  the  flow  of  water 
is  constant  there  would  be  no  trouble  as 
the  water  would  be  carried  along  with 
the  steam,  but  where  the  flow  is  inter- 
mittent, as  in  plants  operated  ten  or 
twelve  hours  a  day,  when  the  line  is 
dead  or  the  flow  of  steam  stopped,  a  small 
amount  of  distilled  water  will  collect  at 
each  joint.  This  will  not  only  cause  the 
joints  to  leak  through  the  gaskets,  but 
distilled  water  will  attack  iron  and  steel 
and  cause  corrosion  to  set  in  at  this  point. 
W.  Lee  Raueche. 

Birmingham,  Ala. 


Fallacy  of  Submerged 
Flotation 

A  subject  which  has  excited  the  in- 
terest of  many  readers  of  the  daily  papers 
since  the  sinking  of  the  "Titanic"  is, 
whether  or  not  a  ship  could  sink  to  the 
bottom  of  the  sea  in  a  depth  of  2000 
fathoms.  A  short  time  before  that  dis- 
aster I  presented  a  paper  before  the 
combined  Civil  Engineering  and  Mechan- 
ical Engineering  Societies  of  the  Massa- 
chusetts Institute  of  Technology,  from 
which  paper  1  will  make  some  extracts, 
thinking  that  the  subject  might  be  of  in- 
terest to  Power  readers. 

"Water  is  reduced  in  bulk  by  1  per 
cent,  when  under  a  pressure  of  3000  lb. 
per  square  inch,  and  this  reduction  in- 
creases in  direct  proportion  to  the  pres- 
sure, so  that  there  is  a  reduction  of  10 
per  cent,  at  a  pressure  of  30,000  lb. 
per  square  inch. 

"Applying  this  value  to  the  density  of 
the  ocean  at  its  greatest  depths  gives  this 
compression  in  a  different  form.  There 
is  a  depth  of  31,614  ft.  (5.9  miles)  in  the 
Western  Pacific  Ocean,  where  the  pres- 
sure would  equal  13,752  lb.  per  square 
inch,  or  942  atmospheres;  the  weight  of 
a  cubic  foot  of  sea  water  would  there  be 
increased  from  64  lb.  at  the  surface 
to  about  67  lb.  at  the  bottom.     This  in- 


creased density  of  the  ocean  in  the  low- 
est depths  does  not,  however,  prevent  the 
sinking  to  the  very  bottom  of  anything 
that  once  starts  in  that  direction. 

"There  is  a  popular  idea  that  submerged 
objects  continue  to  sink  only  until  they 
reach  a  certain  pressure,  which  is  sup- 
posed to  have  some  relation  to  their 
specific  gravity,  when  they  will  sink  no 
lower,  but  will  be  carried  by  undersur- 
face  currents  here  and  there,  until  they 
finally  reach  some  Sargasso  Sea  of 
wreckage.  It  may  be  safely  assumed, 
however,  that  anything  that  will  sink  in 
a  glass  of  water  will  sink  to  the  bottom 
of  the  sea,  for,  as  the  depth  and  the 
pressure  increase,  the  sinking  object  is 
subjected  to  so  intense  a  pressure  ex- 
ternally that  compression  and  even  im- 
plosion occurs,  and  it  is  reduced  to  so 
small  a  bulk  that  its  specific  gravity  is 
greatly  increased." 

James  W.  Nelson. 

New  York  City. 


Unnecessary  Risks 

The  editorial  "Unnecessary  Risks,"  in 
the  Apr  30  issue,  mentions  entering  ash- 
pits under  a  bright  fire,  which  brings  to 
mind  a  task  that  was  occasionally  per- 
formed on  board  ships  a  few  years  ago; 
only  in  this  case  it  was  a  necessary 
risk. 

When  a  boiler  tube  gave  out  before  the 
patented  tube  stoppers  came  into  use,  a 
sure  and  quick  repair  was  necessary.  The 
illustration  shows  the  method  of  plug- 
ging a  Scotch  marine  boiler  tube. 


Plugged  Boiler  Tube 

Pinewood  plugs  A,  tapered  to  easily 
enter  the  tube  ends,  were  carried  and 
one  plug  had  to  be  put  in  from  the  com- 
bustion-chamber end.  The  plugs  were 
bored  to  receive  a  rod  6  threaded  at 
each  end  and  nuts  and  washers  secured 
both  plugs  in  place,  thus  cutting  out  the 
leaking  tube  and  making  it  possible  to 
keep  the  boiler  in  service  until  a  new 
tube  could  be  put  in. 

It  was  quite  easy  to  place  the  plug  at 
the  front  end,  but  not  so  at  the  back 
end,  for  the  engineer  had  to  enter  the  fur- 
nace under  the  nest  of  tubes,  in  which 
the  leak  was  located,  to  put  in  the  plug. 
The  fire  was  smothered  with  green  fuel, 
and  placing  a  plank  laid  on  top  of  it,  and 
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crawling  on  his  hands  and  knees,  a  pine 
plug  in  one  pocket  and  a  nut  and  washer 
in  the  other,  the  engineer  entered  the 
combustion  chamber.  He  quickly  placed 
the  plug  on  the  rod,  which  was  already 
pushed  through  from  the  front  end,  and 
tightened  the  nut  and  plug  in  place,  the 
final  tightening  being  done  from  the  from 
end. 

On  again  entering  the  boiler  room  the 
engineer  was  covered  with  a  blanket  to 
prevent  a  severe  chill.  Sometimes  after 
coming  from  a  hot  boiler  furnace  a  man 
faints  when  he  strikes  the  cooler  air  of 
the  fire  room,  even  though  it  may  be  as 
high  as  1 15  deg. 

The  success  of  the  job  lies  in  keeping 
one's  head  long  enough  to  enter  the  plug 
and  screw  on  the  nut.  It  does  not  take 
many  seconds  to  do  it  if  proper  prepara- 
tion is  made,  but  everything  must  be  just 
right,  and  there  must  be  no  bungling 
with  either  the  plug  or  nut,  for  the  heat 
is  intense  and  more  or  less  steam  and 
water  are  spattering  over  the  operator; 
for  this  reason  an  engineer  performs 
the  job. 

Charles  J.  Mason. 

Scranton,   Penn. 


Boilers  Transfer  Water 

I  once  had  boilers  transfer  water  as 
described  by  Mr.  Warner  in  the  issue 
of  Apr.  9.  The  plant  contained  four 
return-tubular  boilers  of  200  hp.  each, 
the  feed  pipes  entering  through  the  top 
■  and  extending  down  between  the  tubes 
below  the  water  line,  terminating  in  a 
tee  with  a  piece  of  perforated  pipe 
screwed  in  each  end. 

It  seemed  to  me  that  No.  I  boiler  was 
a  rapid  steamer,  for  immediately  after 
the  fire  was  cleaned  in  No.  1  furnace 
the  stop  valve  on  the  other  boilers  would 
require  partial  closing  to  keep  water  in 
No.  1  with  the  pump  working,  and  if  the 
pump  was  stopped  the  water  would  go 
down  in  No.  1  and  rise  in  the  other 
boilers.  The  check  valve  appeared  to  be 
all  right,  but  I  took  it  out  and  replaced 
if  with  a  new  one.  After  that  there  was 
no  more  transfer  of  water. 

The  cause  of  the  trouble  is  obvious: 
No.  1,  being  hotter  than  the  others,  owing 
to  its  clean  fire,  carried  a  slightly  higher 
steam  pressure  which  forced  the  water 
up  the  feed  pipe,  through  a  defective 
check  valve  and  into  the  other  boilers. 
I  would  advise  Mr.  Warner  to  keep  the 
feed  pump  going  with  water  near  the 
middle  gage  and  grind  or  replace  the 
defective  check  valve. 

N.  R.  Watkins. 

Merritt,   B.   C. 


No.  2  boiler.  It  is  impossible  for  the 
water  to  go  over  the  U-bend  back  into 
No.  1  even  if  No.  2  primes,  especially 
if  either  engine  is  in  operation.  Mr. 
Warner  does  not  show  a  diagram  of  the 
feed  line  from  the  pump,  but  his  trouble 
must  be  there.  I  had  the  same  thing 
happen  on  a  pair  of  boilers  I  was  once 
operating,  and  after  studying  the  matter 
for  some  time,  I  put  in  a  new  check 
valve  and  the  trouble  vanished. 

The  "other  engineer"  is  mistaken  in 
thinking  No.  1  is  the  better  steamer;  the 
reverse  is  true.  If  No.  1  was  the  better 
steamer  or  the  hotter,  the  water  would 
not  flow  from  No.  2  to  No.  1  because 
the  pressure  would  be  a  little  greater  in 
No.  1  and  hold  the  water  back.  As  it  is, 
No.  2  is  the  easier  steamer  and  is  a 
little  hotter,  so  it  overcomes  No.  I's  pres- 
sure and  sends  the  water  through  the 
defective  check  valve.  The  more  water 
No.  1  gets,  the  cooler  it  becomes  and 
the  less  its  pressure.  If  there  is  no  other 
connection,  the  trouble  must  be  in  the 
feed   line. 

There  is  a  battery  of  two  boilers  con- 
nected similar  to  Mr.  Warner's  in  our 
plant.  The  safety  valves  are  set  exact- 
ly alike;  sometijnes  No.  1  will  blow,  some- 
times No.  2.  One  of  the  firemen  asked 
me  why  it  was  that  "No.  2  always  blows 
for  him  while  No.  1  always  blows  for 
John." 

I  asked  him  which  boiler  he  fired  first 
and  he  said  No.  1,  and  John  always  fired 
No.  2  first.  One  fireman  was  a  right- 
hand  and  the  other  a  left-hand  shoveler. 
I  explained  that  the  hotter  boiler  would 
blow  off  first,  the  valves  being  set  exact- 
ly alike,  and  No.  2  blew  for  the  left-hand 
shoveler  because  he  fired  No.  1  first  and 
invariably  when  he  got  to  No.  2  he  would 
think  the  boilers  would  stand  a  little  more 
and  would  send  in  half  a  shovel  of  coal 
more  into  No.  2  than  he  had  in  No.  1. 

I  proved  it  to  him  in  less  than  two 
hours  by  throwing  half  a  shovelful  more 
into  No.  1  than  No.  2;  No.  1  blew  the 
valve.  The  next  day  he  unconsciously 
fired  his  old  way  and  blew  No.  2.  I  re- 
quire the  safety  to  be  blown  at  least 
once  in  every  24  hours,  not  oftener  if  it 
can  be  helped,  yet  I  do  not  complain  if 
it  blows  twice. 

C.  A.  Scott. 
Wales,  Wis. 


[The  blowing  of  the  high-water  alarm 
mentioned  by  Mr.  Warner  is  not  due  to 
a  transfer  of  water  from  one  boiler  to 
the  other.  The  higher  water  level,  which 
causes  the  alarm  to  blow,  is  produced 
by  a  more  energetic  evaporation  of  the 
water  in  the  boiler  in  which  the  alarm 
sounds. —  Editor.] 


Answering  W.  E.  Warner's  problem 
under  the  above  title,  in  the  Apr.  9  is- 
sue, I  think  he  will  find  a  leaky  check 
valve  on  the   boiler-feed   line   leading   to 


A  few  years  ago  I  was  acting  as  water 
tender  in  a  plant  where  the  boilers  were 
all  connected  to  one  header  and  were 
forced  to  their  limit.  We  were  using 
forced  draft  and  great  care  was  required 
to  fire  regularly  and  evenly,  to  avoid  the 
trouble   Mr.   Warner  mentions. 

The  chief  engineer  said  that  it  was 
due  to  water  being  transferred  from  one 
boiler  to  the  others.  I  never  tried  to 
prove  it,  and,  like  Mr.  Warner,  would 
like  to  know  the  cause  of  the  trouble. 
Harold  J.  Wilkinson. 

Angola,   Ind. 


Manila  and  Cotton  Rope 
Transmission 

My  experience  with  rope  drives  may 
be  of  interest.  In  a  cement  mill,  sev- 
eral of  the  departments  were  driven  by 
three-cylinder  vertical  gas  engines  of 
about  280  hp.  at  200  r.p.m.  Each  engine 
drove  a  line  shaft  through  manila  ropes 
with  9-ft.  pulleys  at  about  40-ft.  centers. 
The  American  or  continuous  system  was 
used. 

The  ropes  gave  a  great  deal  of  trouble 
by  swaying,  especially  if  one  of  the  cyl- 
inders was  not  acting  properly,  causing 
the  engine  to  give  a  jerky  motion  to 
the  rope.  This  swaying  was  so  bad 
that  flumes  were  built  along  the  rope- 
ways to  keep  the  side-slapping  within 
limits,  and  prevent  the  ropes  from  leav- 
ing the  wheels,  but  the  flumes  kept  them 
in  place  only  fairly  well  as  occasionally 
a  rope  would  leave  the  pulley,  get  mixed 
up  with  the  hub  and  shaft;  then  a  new 
rope  was  necessary.  This  happened  about 
nine  times  a  year  in  the  most  trouble- 
some drives. 

Finally  cotton  ropes  were  tried  with 
results  that  were  highly  satisfactory.  The 
swaying  almost  entirely  ceased,  and  one 
of  the  most  troublesome  drives  now 
ran  so  quietly  that  the  ropes  resembled 
pipe  lines. 

E.   D.   Gacnier. 
Salem,  Ohio. 


Forces  of  Expansion  and  Con- 
traction 

On  page  351  of  the  Mar.  12  issue,  Mr. 
Ingham  states  that  a  gland  joint  inserted 
for  expansion  in  a  steam-pipe  range  be- 
tween two  boilers  was  blown  out  owing 
to  the  anchor  bolts  being  improperly 
fitted  and  that  this  caused  the  boiler  to 
be  moved  on  its  setting. 

I  am  at  present  engaged  upon  an  ar- 
rangement of  steam  piping  and  should  be 
glad  if  Mr.  Ingham,  through  Power, 
would  favor  me  with  a  sketch  of  the 
piping  arrangement  where  this  occurred 
as  I  have  no  wish  to  undergo  a  similar 
experience. 

D.  Varlen. 

London,  N.,  England. 

The  instance  mentioned  in  my  article 
on  the  "Forces  of  Expansion  and  Con- 
traction" in  the  issue  of  Mar.  12,  was 
described  in  detail  in  a  leading  English 
engineering  journal  some  years  ago.    Un- 


818 


POWER 


Vol   35,  iNo.  23 


fortunately,  I  am  unable  to  find  the  de- 
scription or  illustrations.  If,  however,  Mr. 
Varlen  will  take  care  to  fit  guard  bolts 
to  any  gland-expansion  joints  he  inserts 
in  the  pipe  range,  he  need  have  no  fear 
of  undergoing  a  similar  experience  to  the 
one  referred  to. 

Edward  Ingham. 
Manchester,  England. 


What  the  Diagrams  Show 

In  the  Mar.  26  issue  J.  F.  Reynolds 
submitted  a  set  of  indicator  diagrams 
taken  from  a  compound  pumping  engine. 
He  asked  for  a  criticism  on  the  receiver 
pressure  carried  and  the  distribution  of 
work  in  the  high-  and  low-pressure  cyl- 
inders. 

At  first,  the  diagrams  look  excellent 
and  the  distribution  of  work  nearly  equal, 
and  this  would  be  the  case  if  it  were  not 
for  the  high  ratio  of  cylinder  areas.  The 
following  calculation  of  horsepower  de- 
livered shows  that  the  low-pressure  cyl- 
inder is  doing  more  than  twice  the  work 
done  in  the  high-pressure  cylinder: 

High-pressure   cylinder 
,_        34  X  2.5  X  113  X  30  X  2  ■ 

^■''f-  = 33:000 =  '^-^ 

Low-pressure  cylinder 

11.2  X  2.5  X  707  X  30  X  2 


0.67  per  coil. 


^■'^P-  =  """  ^^  ^""3^,000 "  =  '^ 

making  a  total  of  53.5  hp.     Then, 
36 
53.5 

Thus  the  low-pressure  cylinder  is  doing 
67  per  cent,  of  the  work.  If  the  cylinder 
ratio  were  1  to  4,  with  the  same  size 
high-pressure  cylinder  and  the  same  mean 
effective  pressures,  then  the  horsepower 
delivered  would  be  17.5  in  the  high- 
pressure  cylinder  and  23  in  the  low-pres- 
sure. This  would  mean  a  distribution 
of  57  and  43  per  cent,  respectively. 

The  ratio  of  areas  is  actually  1  to 
6'4.  Therefore  to  obtain  equal  work  in 
the  two  cylinders  the  mean  effective  pres- 
sure of  the  high-pressure  cylinder  should 
be  654  times  that  of  the  low-pressure. 
This  would  mean  that  with  the  same 
total  load  as  stated,  the  high-pressure 
cylinder  mean  effective  pressure  should 
be  about  51.5  lb.  and  that  in  the  low-pres- 
sure 8.25  lb.  To  bring  this  about,  the 
high-pressure  cylinder  should  cut  off 
later  and  the  low-pressure  earlier,  with  a 
resulting  receiver  pressure  of  about  20 
lb.  gage. 

If  the  engine  were  loaded  up  to  rating, 
it  is  likely  that  the  engine  would  auto- 
matically adjust  itself  to  a  more  equal 
distribution  of  the  load;  the  high-pressure 
cylinder  would  cut  off  later  with  a  re- 
sulting increase  in  power;  the  receiver 
pressure  would  be  higher,  and  the  power 
delivered  by  the  low-pressure  cylinder 
would  increase,  but  not  in  proportion  to 
that  of  the  high-pressure. 

Mr.   Reynolds   remarks   that,   although 


there  is  very  little  compression,  the  en- 
gine runs  smoothly.  This  is  undoubtedly 
due  to  the  slow  speed  of  the  engine  and 
the  effect  of  the  water  cylinders  if  they 
are  connected  tandem  to  the  steam  cyl- 
inders. 

I  notice  also  that  on  the  crank  end  of 
the  high-pressure  cylinder,  the  release 
occurs  at  about  ".s  stroke.  With  the  pres- 
ent point  of  cutoff  the  effect  is  slight, 
but  with  a  later  cutoff  it  might  be  well 
to  improve  this  function. 

Louis  L.  Hebberd. 

Chicago,  111. 

The  volumetric  ratio  of  the  cylinders 
of  this  engine  is 

302  _  6.25 
122~     1 

Therefore,  for  equal  work  the  mean  ef- 
fective pressure  of  the  low-pressure  cyl- 
inder multiplied  by  6.25  should  equal 
that  of  the  high-pressure  cylinder.  In 
this  case,  the  average  mean  effective 
pressure  of  the  high-pressure  is  34.125 
lb.  and  of  the  low-pressure  11.25  lb.; 
the  ratio  of  w^ork  is 


11.25  X  6.25 
34.125 


=  2.06 


or  the  low-pressure  cylinder  performs 
2.06  times  as  much  work  as  the  high- 
pressure  cylinder. 

If  the  engine  is  arranged  with  the 
cylinders  in  tandem,  the  distribution  of 
work  is  of  small  consequence  if  the  econ- 
omy is  good,  but  if  it  is  a  cross-compound, 
with  its  cranks  at  90  deg.  apart,  the  un- 
equal work  may  cause  an  objectional  and 
serious  disturbance  of  the  crank  velocity. 

If  equal  work  is  desired,  it  can  be  had 
by  the  following  process.  The  indicated 
work  shown  is  53.69  hp.;  thefore  the 
mean  effective  pressure  (total)  referred 
to  the  low-pressure  cylinder  must  be 

53.69  X  33,000        _  ,,  ,, 
706.86X150    =  '^-^^  "'■ 

To  do  one-half  the  work  in  the  low- 
pressure  cylinder,  its  mean  effective  pres- 
sure must  be  one-half  of  16.71,  or  8.355 
lb.,  and  for  equal  work  in  the  high- 
pressure  cylinder  its  mean  effective  pres- 
sure must  be 

8.355  lb.    X    6.25   =   52.218  lb. 

The  equalization  may  be  had  by  adjust- 
ing the  cutoff  by  means  of  the  knock- 
off  cams  until  the  correct  mean  effective 
pressures  are  obtained  in  the  diagrams. 

Mr.  Reynolds'  comment  relative  to 
smoothness  of  operation  with  the  small 
compression  shown  requires  no  comment 
except  that,  were  it  not  for  the  danger 
of  blowing  through,  a  still  further  sacri- 
fice might  be  advisable  as  it  is  well  known 
that  the  resistance  due  to  the  head  of 
water  against  which  the  engine  works  is 
usually  ample  for  the  ■:v,shioning  of  the 
reciprocating  parts  of  the  machine. 

Charles  F.  Prescott. 

Philadelphia,  Penn. 


Mine  Pump  Blew  Out 

Gasket 

In  the  Apr.  2  issue,  the  sketch  accom- 
panying Mr.  Saxe's  letter  does  not  agree 
with  my  experience  with  mine  pumps. 
I  have  found  that  the  relief  valve  should 
be  closer  to  the  pump  than  the  check 
valve. 

A  mine  pump  similar  to  that  under 
discussion  is  on  the  bottom  of  a  400-ft. 
shaft.  The  brass  disk  in  the  check 
valve  was  fastened  to  the  arm  with  a 
bolt  and  nut.  The  nut  came  off,  loosen- 
ing the  disk  and  wedging  it  in  the  end 
of  the  check  valve,  stopping  the  flow. 
If  the  valves  had  been  arranged  as  in 
Mr.  Saxe's  sketch,  there  would  have  been 
a  cracked  air  chamber  or  something  more 
serious.  The  relief  valve  saved  the 
pump  and  showed  us  where  the  trouble 
was  located. 

L.  C.  Moore. 

Ishpeming,  Mich. 


Breakage   of   Separator    Gage- 
Glasses 

Replying  to  H.  L.  Burns'  letter  under, 
the  above  heading  in  the  Apr.  16  issue, 
it  is  generally  conceded  that  sudden  tem- 
perature variations  are  the  cause  of  such 
breakage,  but  I  would  like  to  know  what 
theory  .Mr.  Burns  offers  on  his  idea.  I 
have  considerable  trouble  and  annoyance 
with  gage-glasses  breaking  and  will  try 
out  his  suggestion,  but  I  would  like  to 
know  the  fundamental  reasons  why  the 
pipe  assists  in  lengthening  the  life  of 
the  glass. 

John  Klemm. 

Mexico. 


A  Troublesome  Feed  Pump 

Replying  to  A.  J.  Berlin's  letter  under 
the  above  title  in  the  Apr.  12  issue,  my 
feed  pump  failing  to  supply  enough 
water  to  the  boiler,  I  opened  the  pet- 
cock  on  the  water-end  and  was  sur- 
prised to  find  a  full  boiler  pressure.  After 
closing  the  pump  throttle  valve  and  re- 
lieving the  feed  line  of  pressure,  I  re- 
moved the  cap  of  the  check  valve  at  the 
boiler.  It  was  found  that  the  nut  which 
holds  the  disk  in  place  had  unscrewed  al- 
most  entirely    from   the   stem. 

The  nut  had  three  projections  on  its 
lower  side,  which  held  the  disk  while 
regrinding  the  valve.  As  the  nut  had 
become  loose  and  the  valve  raised  to  al- 
low the  passage  of  water,  the  projections 
acted  as  impeller  blades  propelled  by 
the  water,  thus  unscrewing  the  nut  un- 
til it  rested  on  the  bottom  of  the  valve, 
preventing  if  from  closing  and  the  pump 
from  doing  its  work.  After  tightening 
the  nut  and  spreading  the  stem  with  a 
center  punch,  the  valve  was  reassembled, 
and  the  pump  ran  without  further  trouble. 

A.   R.  KUMMERER. 

Hazleton,  Penn. 
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Inquiries  of  General  Interest 

All  Questions  Must  be  Accompanied  by  Name  and  Address — Not  for  Publication 


Storing  Bituminous  Coal 

What  is  the  best  method  of  guarding 
against  spontaneous  combustion  of  bitu- 
minous coal  stored  in  a  bunker? 

H.  B.  L. 

The  bunker  should  not  be  filled  over 
10  to  12  ft.  deep.  Spontaneous  combus- 
tion may  be  guarded  against  by  any  pro- 
cedure that  will  keep  the  mass  of  coal 
cool.  One  means  is  to  have  the  bottom 
of  the  bunker  of  plate  iron  cooled  by  na- 
tural or  induced  draft  of  air.  Another  Is 
to  have  vent  ducts  near  the  bottom  of  the 
bunker  with  shields  or  covers  arranged 
so  that  cold  air  may  enter  the  vent  ducts 
through  the  sides  or  bottom  of  the  bunker 
and  circulate  up  through  the  mass  of 
coal. 


Suitable  Size  of  Feed  Pump 

What  size  feed  pumn  would  be  suit- 
able for  a  1000-lip.  boiler?  How  may 
the  fire  baffles  of  a  B.  &  W.  boiler  be 
inspected? 

L.  A.  S. 

A  10x7xl2-in.  single  or  8x5xl2-in.  du- 
plex boiler  feed  pump  would  be  suitable 
for  a  1000-hp.  boiler.  The  fire  baffles  of 
a  B.  &  W.  boiler  may  be  inspected  for 
leakage  while  the  boiler  is  in  use  by 
opening  one  side  dust  door  after  an- 
other, and  observing  whether  the  flame 
passes  through  the  baffles.  When  the 
boiler  is  not  in  use  the  baffles  may  be  in- 
spected by  removing  the  top  covering  of 
the  boiler  and  dropping  a  light  down  be- 
tween the  tubes. 


Use  of  Exhaust  Condensation 
as  Feed  PVater 

Can  condensation  from  exhaust  steam 
heating  be  employed  as  feed  water  with- 
out danger  of  burning  boiler  shell  due  to 
deposit  of  oil  in  boiler? 

J.   D.   M. 

It  is  very  difficult  to  remove  all  traces 
of  cylinder  lubricating  oil  from  the  con- 
densation, and  when  the  feed  water  con- 
sists largely  of  condensation  from  ex- 
haust, the  latter  is  likely  to  deposit  oil  in 
the  boilers,  the  amount  depending  on  the 
combination  of  such  conditions  as  kind 
and  quantity  of  oil  used  in  cylinders  of 
engines,  analysis  of  the  original  feed 
water,  activity  of  boiler  circulation,  in- 
tensity of  firing,  etc.  In  many  plants  all 
of  the  condensation  of  exhaust  that  is 
recoverable  is  used  as  feed  water  with- 
out serious  injury  to  the  boilers,  in  most 
instances  employing  some  method  of  re- 


moving oil  from  the  exhaust  steam  or 
from  condensation  or  both.  But  in  any 
instance  where  exhaust  from  condensa- 
tion has  never  been  tried  as  feed  water, 
it  should  be  used  sparingly  at  first  and 
gradually  increased  as  a  proportion  of  the 
total  feed  water  required,  with  frequent 
internal  examinations  of  boilers  for  dis- 
covery of  oil  deposits. 


Putnping 


Power   Developed  by 
Engine 

How  many  indicated  horsepower  should 
be  developed  by  a  triple-expansion  du- 
plex direct-acting  pump,  each  side  hav- 
ing high-pressure  cylinder  10  in.  diam- 
eter, intermediate  16  in.  diameter  and 
low  pressure  30  in.  diameter  by  24  in. 
stroke,  supplied  with  steam  at  125  lb. 
boiler  pressure  and  operated  condensing 
with  a  26-in.  vacuum  and  making  55 
strokes  per  minute? 

B.   E.  T. 

Supplied  with  dry  steam  the  pumping 
engine  should  develop  147  i.hp. 


Siphons  or  Jet  Pumps 

What  difference  if  any  is  necessary 
in  proportions  of  nozzles  in  siphons  to 
work  by  water  in  place  of  steam  pres- 
sure? 

E.  G.  H. 

The  main  difference  is  that  in  jet  pumps 
which  are  operated  by  water  pressure, 
the  passages  for  the  pressure  supply 
are  larger  in  cross-sectional  area  and  the 
reductions  are  usually  made  more  abrupt. 


Degree   oj    Vaeuum   in  Heating 
Coils 

When  a  vacuum  gage  placed  on  the 
return  receiver  of  a  vacuum-exhaust 
steam-heating  system  indicates  20  in. 
vaccum,  will  there  be  the  same  vacuum 
in  the  heating  coils? 

T.  B. 

The  vacuum  in  coils  can  never  be  the 
same  as  that  of  the  receiver  except  while 
a  coil,  or  radiator  too  small  for  its  work, 
acting  as  a  condenser,  is  becoming  filled 
with  water. 


P?rssure  07i   Conical  Piston 

When  the  piston  of  an  engine  has  a 
conical  or  curved  surface  which  exposes 
a  greater  !?rea  to  the  steam  than  if  it  had 
a  plane  surface,  why  is  it  that  in  estimat- 
ing the  power  developed,  the  piston  area 


is  treated  as  though  it  were  a  plane  sur- 
face at  right  angles  with  the  stroke  of 
the    piston? 

F.    B. 

Steam  within  the  cylinder  of  an  en- 
gine  exerts  equal  pressure  on  every  unit 
of  area  of  the  exposed  surface  of  the 
sides  and  head  of  the  cylinder  and  of 
the  piston.  Regardless  of  the  shape  of 
surface  thus  exposed  to  pressure,  the  re- 
sulting total  pressure  exerted  on  any  par- 
ticular area,  in  any  particular  direction, 
is  the  product  of  the  pressure  per  square 
inch  by  the  area  in  square  inches  of  the 
surface  projected  on  a  plane  at  right 
angles  to  the  direction  of  pressure  under 
consideration.  Hence,  the  total  force  ex- 
erted on  a  piston  by  the  steam  in  the  di- 
rection of  the  stroke,  is  the  pressure  of 
steam  per  square  inch  multiplied  by 
cross-sectional  area  of  the  cylinder  in 
square   inches. 

A  graphical  analysis  of  the  pressure 
of  steam  on  a  conical-shaped  piston  is 
given  in  the  illustration.  The  conical  sur- 


O^- 


Pressure  on  Conical  Piston 

face  may  be  considered  to  be  made  up 
of  infinitely  thin  disks,  similar  to  those 
of  the  drawing,  increasing  uniformly  in 
diameter  toward  the  base  of  the  cone 
and  the  following  would  still  hold  true. 
The  total  pressure  resolved  in  direction 
P,  P,  P,  is  effective  on  the  exposed  ver- 
tical surfaces  of  the  disks,  the  total  area 
of  which  is  equal  to  the  cross-sectional 
area  of  the  cylinder.  Any  radial  pres- 
sure like  a,  b  or  c  against  the  edges  of 
the  disks  is  counteracted  by  equal  and 
opposite  pressure,  as  at  a,  b,  c  Similarly, 
a  piston  of  any  other  form  may  be  re- 
solved into  equivalent  surfaces  parallel 
and  perpendicular  to  the  axis  of  the  cyl- 
inder, and  the  effective  area  will  always 
equal  the  cylinder's  cross-sectional  area. 


The  Phipps  power  plant,  which  has  for 
years  been  furnishing  light,  heat  and 
power  to  a  group  of  Pittsburgh  buildings, 
is  now  owned  by  the  Duquesne  Light  Co. 
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Study    Questions 

This  Week's  Questions 
Last  Week's  Answers 


16.  With  the  fewest  cuts  and  welds, 
how  can  six  pieces  of  chain  be  joined 
into  one  piece  if  two  pieces  contain  two 
links;    two,   three    links,    and   two,    four 

links? 

17.  An  engineer  had  a  trench  to  cover, 
12  ft.  long  by  2  ft.  wide.  He  happened 
to  have  on  hand  a  board  3  ft.  wide  and 
8  ft.  long.  How  could  he  completely 
cover  the  trench  by  cutting  this  board  in- 
to only  two  pieces? 

18.  What  will  be  the  energy  in  foot- 
pounds in  a  blow  from  a  steam  hammer 
if  the  weight  of  the  moving  pans  is  62 
lb.,  length  of  stroke  8  in.,  diameter  of 
cylinder  6  in.  and  mean  effective  pres- 
sure 90  lb.  per  square  inch,  neglecting 
friction  and  atmospheric  resistance? 

19.  Having  obtained  the  energy  in 
problem  18,  find  the  velocity  of  the  ham- 
mer  at   the   end   of  the    stroke. 

20.  A  cylindrical  boiler  shell  is  66 
in.  in  diameter  by  16  ft.  long.  With  90 
lb.  gage  pressure  what  is  the  total  force 
tending  to  rupture  the  shell  along  one 
longitudinal  seam? 


12.  Let  .V  =  the  number  of  tons 
burned  in  April.  Then  -'^  X  joo  ~  ^^'" 
in  May  =  56  —  .v.  Simplifying  the 
equation, 

4^  -f  .V  =  56 


jr  +  100;i:  =  5600 
This  is  a  quadratic  equation  requiring 
for  its  solution  the  completion  of  a  per- 
fect square  in  the  left-hand  member, 
which  is  done  by  adding  the  square  of 
one-half  of  the  coefficient  of  the  second 
term  to  each  side  of  the  equation,  or 


Answers  to  the  above  will  appear  in 
the  next  issue.  Answers  to  last  week's 
questions   follow. 

II.  The  volume  of  the  engine  founda- 
tion can  be  found  by  the  prismoidal  for- 
mula. 

V  =Ua,  +4  .im  +  A.) 

0 

where 

V  =  Volume; 
h  =  Altitude; 
Ai,A,a.ndA,N  =  Top,  bottom   and   middle 

areas  respectively. 
The  problem  gave 
ft  =  2    ft.; 

/I,  =  2  X  4  =  8  ft.; 
A,  =  3    X    5   =    15   ft. 
The  middle  area  is  found  by  multiplying 
the  means  of  the  top  and  bottom  lengths 
and  widths. 

2  +  ?       ,,  4  +  5 


2i 
45 


=  4i 


;  X  ^  =  ^   =   11 1  sq.ft. 

Substituting  in  the  formula, 

^  68  ,        , 

\-  =  :  (8  +  45  -h  15)  =  —  =  22§  cu.fl. 
o  -J 

Multiplying  by  125  lb.,  the  weight  of  the 
foundation  is  2832.5  lb.  Adding  the  weight 
of  the  engine  and  dividing  by  the  area 
of  the  base, 

2S^^^^±^=  232.16/6.= 
3X5 

the  load  per  square   foot  on  the  floor. 


X-  +  100%  -1- 


(100)= 


5600-1- 


(100)'- 


;r  -1-   lOOx  +  2500  =  8100 
Extracting  the  square  root  of  both  sides, 

x  +  50  =  90orx  =  40  tons. 
This   proves    since   40   per   cent,    of   40 
tons   is    16  tons,  the   gain  in  May   over 
April. 

13.  As  during  the  first  hour  he  would 
be  carried  west  a  distance  of  two  miles, 
in  traveling  his  first  three  miles  he  must 
take  such  a  course  toward  the  northeast 
as  to  arrive  at  a  point  which  would  be 
the  apex  of  a  right-angle  triangle  having 
a  base  of  two  miles,  a  hypothenuse  three 
miles  and  consequently  a  perpendicular 
2.236  miles  long.  As  each  hour  of  travel 
in  the  direction  of  the  hypothenuse  car- 
ries him  2.236  miles,  then  to  be  carried 
five  miles  would  require 

— 5 —  =  2.236/ir.  =  2  In.  \imin.and9  6 sec. 
2   236 

14.  All  of  the  forces  acting  on  the 
ladder  can  be  considered  as  acting  about 
the  base  as  a  hinge  and  their  moments 
(the  products  of  the  forces  by  their 
arms,  which  are  the  perpendicular  dis- 
tances between  the  lines  of  direction  of 
the  forces  and  the  hinge  center)  must 
add  up  to  zero.  Two  of  the  forces  are 
\ertical,  the  weight  of  the  ladder  and  the 
weight  of  the  man;  the  reaction  of  the 
wall  is  horizontal.  The  weight  of  the 
ladder  will  act  through  its  center  of  grav- 
ity, which,  since  the  ladder  is  of  uniform 
weight,  is  15  ft.  from  the  end.  The  arm 
of  this  force  will  then  be 

15  X  cos.  65  deg  50  min. 
From  a  table  of  natural  trigonometrical 
functions 

COS.  65  deg.  50  min.   =   0.40939 
Then 

15   X   0.40939  =  6.14085 
and  the  moment  of  the  weight  will  be 

62    X    6.14085    =    380.7327  (a) 

Similarly  the  arm  of  the  force  corre- 
sponding to  the  man's  weight  at  25  ft. 
from  the  foot  of  the  ladder  is 

25    X    0.40939   =    10.23475 
and  the  moment 

150   X    10.23475  =   1535.2125       (b) 
The  arm  of  the  reaction  of  the  wall  is 


the  vertical  height  of  the  point  of  contact 
of  the  ladder  from  the  ground,  or 
25   X   sin.  65  deg.  50  min.  =  25  X 
0.91236  =  22.809 
and  the  moment 

X    X    22.809  (c) 

This  reaction  being  opposed  to  the  other 
forces 

(c)  —   (a)  —   (b)    =  0 
or 

(X   X   22.809)   —  380.737  — 
1535.2125  =  0 
1915    9452 
22.809 
And  as  action  and  reaction  are  equal,  the 
pressure  of  the   ladder  against  the   wall 
is  the  same  or  approximately  84  lb. 

15.  Let  .V  =  speed  of  slower  pulley. 
Then  x  +  100  =  speed  of  faster  pulley 
and 

;c  -I-  X  -f  100  =  110 
2x  =  10 
jt  =  5 
The  speeds  of  the  two  pulleys  are  there- 
fore 5  and   105  r.p.m. 


Illinois  N.   A.   S.   E.    Decatur 
Convention 

A  large  number  of  delegates  and 
friends  attended  the  Illinois  National  As- 
sociation of  Stationary  Engineers'  eighth 
annual  convention  at  Decatur,  on  May 
23,  24  and  25. 

Thursday's  Session 

The  first  session  was  opened  on  Thurs- 
day morning,  by  an  invocation  by  Rev. 
W.  H.  Penhallegon,  after  which  Mayor 
Dan  F.  Dinneen  delivered  a  brief  address 
of  welcome,  in  which  he  touched  upon  the 
importance  of  the  engineer  in  the  com- 
munity. He  likened  the  power  plant  to 
the  mainspring  of  a  watch;  when  that 
fails  everything  else  becomes  idle  and 
useless.  National  Secretary  Fred  Raven 
responded  briefly  on  behalf  of  the  as- 
sociation. Judge  O.  W.  Smith  spoke 
of  the  layman's  ignorance  of  the  engineer 
and  his  work. 

National  Vice-president  John  McGrath 
contrasted  the  high  development  of  steam 
engineering  with  that  of  30  years  ago, 
and  expressed  the  opinion  that,  although 
marvelous  strides  have  been  made,  this 
is  only  the  beginning  of  the  progress  yet 
to  be   made. 

John  Lane,  editor  of  the  National  En- 
gineer, said  that  the  vast  amount  of  reck- 
less waste  that  has  existed,  and  still 
does  in  some  industries,  was  character- 
istic of  the  pioneer,  but  keen  business 
competition  and  other  causes  are  elim- 
inating much  of  it.  One  of  the  main 
functions  of  the  N.  A.  S.  E.  is  to  educate 
the  engineer  to  conserve  the  raw  ma- 
terials with  which  he  deals. 

W.  L.  Osborne,  secretary-treasurer  of 
the    Central    States    Exhibitors    Associa- 
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ion.  speaking  for  President  F.  E.  Rams- 
ey, who  was  unable  to  be  present,  told 
if  the  objects  of  the  exhibitors  and  their 
issociation.  State  Deputy  W.  L.  Parker 
expressed  his  pleasure  in  the  healthy 
londition  of  the  organization  and  the 
jright  future  in  store  for  it,  and  Past 
Mational  President  Beckerleg  told  of  the 
ife-  and  accident-insurance  department 
md  the  good   it  is  accomplishing. 

Local  President  E.  R.  Wortman  then 
urned  the  gavel  over  to  State  President 
[.  F.  Alt,  who  appointed  the  various  com- 
nittees  and  declared  an  adjournment  un- 
il  2  p.m. 

At  the  afternoon  session  a  proposed 
icense  law,  prepared  by  a  committee  ap- 
jointed  last  year,  was  taken  up  and  ap- 
jroved  with  a  few  minor  modifications, 
rhe  law  provides  for  a  chief  examiner 
md  not  less  than  eight  district  examiners 
ifho  shall  issue  licenses  to  applicants 
ifter  suitable  examination.  Anyone  whu 
A'ishes  to  operate  a  boiler  carrying  a 
pressure  of  15  lb.  per  square  inch  or 
Tiore,  or  a  steam  engine,  or  other  piece 
3f  steam-driven  apparatus  of  15  hp.  or 
Tiore  rated  capacity,  must  first  obtain  a 
!icense. 

At  3:30  the  session  was  adjourned  to 
3ermit  a  visit  to  the  works  of  the  H. 
Mueller  Manufacturing  Co.,  maker  of 
plumbing  faucets  and  valves,  pressure 
regulators,  etc.;  also  to  the  Decatur  Ry. 
S;  Light  Co.  and  the  Decatur  Brewing 
Co.  plants. 

At  the  evening  session,  Mr.  Freeman, 
of  the  H.  Mueller  Manufacturing  Co., 
read  a  paper  prepared  by  A.  W.  Cash, 
of  the  same  company,  on  "Steam  Pres- 
sure Reducing  Problems,"  in  which  it 
was  pointed  out  that  the  trouble  with 
many  of  the  reducing-valve  installations 
was  that  too  large  a  valve  was  employed. 
Where  the  steam  pressure  is  reduced  it 
is  best  to  place  the  reducing  valve  as  far 
from  the  engine  as  possible,  thus  reduc- 
ing the  effect  of  the  pulsations  caused  by 
the  opening  and  closing  of  the  admission 
valves. 

Fred  Hickey,  of  the  Dearborn  Drug  & 
Chemical  Co.,  then  told  humorous  stories 
and  gave  some  laughable  imitations. 

Friday's   Session 

On  Friday  the  delegates  and  friends 
took  a  50-mile  trip  to  Urbana  and  visited 
the  University  of  Illinois.  Dean  Goss 
welcomed  them  and  expressed  the  hope 
that  the  university  and  the  engineers 
throughout  the  state  might  become  more 
closely  associated  to  the  greater  advan- 
tage of  both. 

Prof.  S.  W.  Parr,  one  of  the  foremost 
fuel  experts  of  the  country,  gave  a  short 
lecture  on  "Specifications  for  the  Pur- 
chase of  Coal."  He  showed  the  neces- 
sity of  specifications  where  in  many  loca- 
tions coals  of  widely  varying  composi- 
tions and  fuel  worth  are  available, 
though  in  many  cases  the  specifications 


are  unnecessarily  complicated.  The  im- 
portant thing  is  heat  value  and  it  is  pos- 
sible to  draw  simple  specifications  to  give 
the  purchaser  reasonable  protection. 

Prof.  Edward  Bartow,  director  of  the 
Illinois  State  Water  Survey,  gave  a  short 
discourse  on  "The  Work  of  the  State 
Water  Survey  with  Special  Reference  to 
Boiler  Water."  The  survey  makes  free 
analyses  of  water  for  sanitary  purposes. 
It  has  analyzed  a  great  number  of  wa- 
ters for  mineral  content  and  has  issued 
figures  on  the  cost  of  softening  them. 
Prof.  Bartow  showed  how  important  it 
is  to  use  a  boiler-feed  water  which  will 
not  form  scale,  by  stating  that  h  in.  of 
scale  on  the  heating  surface  means  a 
fuel  loss  of  15  or  16  per  cent.,  not  to 
mention  the  repair  costs  made  necessary 
by  burned  tubes,  plates,  etc.  The  vis- 
itors then  inspected  the  fuel-testing  and 
water-supply   laboratories. 

After  luncheon  in  the  Y.  M.  C.  A.  cafe 
the  party  assembled  in  the  engineering 
lecture  room  where  J.  Paul  Clayton  gave 
a  lecture  on  "A  New  Analysis  of  Indi- 
cator Diagrams,"  illustrated  with  lantern 
slides.  By  replotting  a  diagram  on 
logarithmic  paper  it  is  possible,  said  the 
speaker,  to  ascertain  the  volumetric  clear- 
ance very  accurately,  to  estimate  closely 
the  steam  consumption  and  to  discover 
the  presence  of  leaks  as  well  as  check 
up  other  important  points  as  to  the  con- 
dition and  operation  of  the  engine.  The 
university  will  shortly  issue  a  bulletin 
fully  covering  this  subject. 

Prof.  Leutwiler  explained  the  method 
used  in  teaching  power-plant  designing. 
Each  student  is  given  a  specific  problem 
in  which  the  controlling  factors,  such  as 
the  load  curve,  location,  cost  of  fuel,  etc., 
are  given  and  he  is  required  to  lay  out 
a  suitable  plant,  make  a  general  drawing 
and  a  piping  plan. 

Adjournment  was  then  made  to  the 
students'  drafting  room,  where  some  of 
the  actual  work  was  examined.  In 
groups  of  half  a  dozen  and  under  the 
guidance  of  the  professors  and  som.? 
of  the  senior  students,  the  party  made  a 
tour  of  the  laboratories  of  mechanical 
engineering,  electrical  engineering  and 
materials  testing,  the  power  house, 
blacksmith  shop,  machine  shop,  foundry 
and  pattern  shop.  The  visitors  then  re- 
turned to  Decatur. 

Saturday's  Session 
On  Saturday  morning  the  delegates  as- 
sembled and  after  Rockford  was  selected 
as  the  place  of  the  next  annual  conven- 
tion, the  following  officers  were  elected: 
President,  John  Morgan,  Association  No. 
3,  Waukegan;  vice-president,  G.  W.  UuU- 
inger.  Association  No.  16,  Decatur;  sec- 
retary-treasurer, W.  E.  Hill.  Association 
No.  17,  Rock  Island,  reelected. 

The  new  officers  were  installed  by  Na- 
tional Secretary  Raven,  and  J.  F.  Farrell, 
ex-mayor  of  Ottawa,   made   an   address 


in  which  he  strongly  sympathized  with 
the  engineers  and  appreciated  the  ob- 
stacles which  they  encounter.  He  thought 
that  it  would  be  beneficial  to  have  more 
public  meetings  so  that  the  plant  man- 
ager and  owner  might  see  what  the  en- 
gineers are  doing,  what  they  need  and 
deserve,  and  would  do  all  in  his  power 
to  aid  the  Illinois  State  Association  to 
bring  about  the  enactment  of  the  license 
law  advocated  by  it. 

Prof.  E.  C.  Woodruff,  of  the  James 
Millikin  University,  then  talked  briefly 
on  higher  education  for  engineers,  after 
which  the  convention  was  adjourned. 

The  Exhibits 

The  exhibition  hall,  under  the  charge 
of  the  Central  States  Exhibitors  Asso- 
ciation, was  well  arranged  and  numerous 
effective  displays  were  made.  Those  ex- 
hibiting were  American  Steam  Gauge  & 
Valve  Manufacturing  Co.,  V.  D.  Ander- 
son Co.,  Crandall  Packing  Co.,  Decatur 
Railway  &  Light  Co.,  C.  A.  Elliott,  repre- 
senting the  George  B.  Carpenter  Co., 
Dearborn  Drug  &  Chemical  Co.,  Paries 
Mfg.  Co.,  Field  &  Shorb  Co.,  Garlock 
Packing  Co.,  Greene,  Tweed  &  Co., 
Hawk-Eye  Compound  Co.,  Hills,  Mc- 
Canna  Co.,  Home  Rubber  Co.,  Jenkins 
Bros.,  W.  H.  Jennings,  H.  \V.  Johns-Man- 
ville  Co.,  Keystone  Lubricating  Co., 
Lunkenheimer  Co.,  H.  Mueller  Co.,  Os- 
borne Valve  &  Joint  Co.,  William  Powell 
Co.,  Power,  Ralph  H.  Rawson,  repre- 
senting Anchor  Packing  Co.,  Maguire 
Rubber  Co.  and  McMaster-Carr  Supply 
Co.,  Schaeffer  &  Budenberg  Manufactur- 
ing Co.,  Standard  Oil  Co.,  C.  E.  Squires 
Co.,  Wickes  Boiler  Co.  and  the  United 
States  Graphite  Co. 


work    and    tool    making,    carpentry    and 
building  and  pattern  making. 

The  twenty-fifth  anniversary  of  the 
founding  of  the  Institute  will  be  cele- 
brated with  a  dinner,  June  15,  to  which 
all  graduates  and  former  students  are 
invited.         

Standards   for    Fittings   and 
Valves  Not  Settled 

A  warning  is  being  sent  out  by  the 
committee  of  manufacturers  on  Stand- 
ardization of  Fittings  and  Valves,  30 
Church  St.,  New  York  City,  not  to  specify 
or  order  flange  fittings  by  the  1912  U.  S. 
Standard  for  standard  weight  and  extra- 
heavy  flanges  and  flange  fittings,  adopted 
by  the  National  Association  of  Master 
Steam  &  Hot  Water  Fitters.  This  stand- 
ard has  not  been  accepted  as  final  by  the 
manufacturers  of  flanged  fittings  and 
valves,  and  they  state  will  not  be  ac- 
cepted until  certain  necessary  revisions 
have  been  made  to  suit  the  practical  re- 
quirements of  all  concerned. 

Before  a  new  standard  which  deviates 
from  the  generally  accepted  practice  for 
flanges  and  flanged  fittings  can  be  con- 
sidered final,  a  number  of  important 
points  must  be  carefully  considered.  In 
view  of  these  considerations  it  is  better 
to  maintain  the  old  practice  until  a  uni- 
versal standard  can  be  agreed  upon. 


Exhibit  at  Pratt  Institute 

The  annual  exhibit  of  the  work  of  day 
students  of  Pratt  Institute,  Brooklyn, 
N.  Y.,  will  be  held  on  Saturday,  June  15, 
10  a.m.  to  5  p.m.;  Monday,  June  17,  10 
a.m.  to  10  p.m.;  Tuesday,  June  18,  10 
a.m.  to  5  p.m.  This  exhibit  is  public  and 
affords  those  interested  in  industrial  and 
technical  education  an  opportunity  not 
only  of  viewing  the  students'  work  in 
the  various  courses,  but  of  inspecting 
the  methods,  the  equipment  and  the  gen- 
eral facilities  of  the  school  for  conduct- 
ing this  training. 

There  are  day  and  evening  courses  for 
both  men  and  women  in  a  great  variety 
of  vocational  subjects,  including  fine  and 
applied  arts,  architectural  design  and 
construction,  household  science  and  arts, 
library  management,  kindergarten  train- 
ing and  technical  and  trade  courses  for 
men  along  several  important  lines. 

The  work  of  the  School  of  Science 
and  Technology  is  of  especial  interest  to 
men  engaged  in  technical  and  trade  pur- 
suits. This  school  provides  instruction 
in  applied  mechanics,  applied  electricity, 
applied  chemistry  and  tanning,  machine 


his  promotion  as  the  Allis-Chalmers  Co.'s 
superintendent  of  erection  for  the  East- 
ern district.  Mr.  Richardson  took  charge 
of  similar  large  installations  in  the  Man- 
hattan Ry.  Co.'s  Seventy- fourth  St.  power 
station,  the  Interborough  Rapid  Transit 
Co.'s  Fifty-ninth  St.  station  and  the 
Brooklyn  Rapid  Transit  Co.'s  Third  Ave, 
power  station.  Upon  the  completion  ol 
these  installations,  Mr.  Richardson  was 
appointed  general  superintendent  of  al 
the  work  of  the  Westinghouse  Machine 
Co. 

In  the  meantime,  the  mechanical  lubri- 
cator business  which  Mr.  Richardson  hac 
established     several     years     before     hac 
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Wilbur  E.  Richardson 

On  May  15,  Wilbur  E.  Richardson, 
president  and  general  manager  of  the 
Richardson-Phenix  Co.,  Milwaukee,  Wis., 
died  of  apoplexy  at  his  late  home,  875 
Island    Ave.,    Milwaukee. 

Early  in  life,  Mr.  Richardson  served 
his  time  as  machinist  in  the  Marionette 
Iron  Works,  Marionette,  Wis.  He  early 
demonstrated  his  abilits'  to  cope  with  dif- 
ficult problems  in  general  power-plant 
work,  and  soon  accepted  the  position  of 
chief  engineer  of  the  Gilbert  Paper  Co., 
Menasha,  Wis.  The  improvements  and 
economies  which  he  effected  in  this  plant 
brought  him  into  prominence  and  he  was 
soon  induced  to  enter  the  employ  of  the 
E.  P.  AUis  Co.,  at  Milwaukee,  where  he 
established  an  excellent  record  in  this 
company's  erecting  and  testing  depart- 
ments. 

Later,  while  engaged  in  erecting  pump- 
ing engines,  Mr.  Richardson  conceived 
the  idea  of  developing  a  mechanical  cyl- 
inder-oil lubricator  along  new  lines.  He 
submitted  his  scheme  to  Edwin  Reynolds, 
of  the  Allis-Chalmers  Co.,  who  thought 
so  well  of  it  that  he  gave  Mr.  Richardson 
his  first  order.  The  business  was  then 
established  in  a  small  way  in  Milwaukee. 

In  the  fall  of  1900,  Mr.  Richardson 
was  sent  to  New  York  City  to  complete 
the  installation  of  eleven  5000-hp.  en- 
gine units  in  the  Ninety-sixth  St.  station 
of  the  Metropolitan  Street  Railway  Co. 
His  successful  work  at  this  plant  led  to 
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W.  E.  Richardson 

grown  to  such  an  extent  that  in  1907  h 
was  enabled  to  sever  his  connection  wit 
the  Westinghouse  Co.  and  devote  all  o 
his  time  and  energy  to  the  design  an 
manufacture  of  his  company's  product; 

Mr.  Richardson's  inventive  genius  soo 
developed  a  number  of  important  iir 
provements  for  the  economical  applicatio 
of  oils  to  power-plant  machinery,  man 
of  which  are  used  today  in  the  larg 
power   plants   throughout   the   country. 

His  foresight  and  excellent  judgmer 
caused  him  to  surround  himself  with 
business  organization  that  is  in  such  e> 
cellent  shape  today  that  his  sudden  tali 
ing  away,  while  a  great  shock  to  his  as 
sociates,  will  not  in  any  way  interrut 
the  business. 

Mr.  Richardson  was  endowed  with 
strong  and  genial  personality  which  ha 
gained  for  him  wide  and  steadfast  friend 
ships  throughout  the  country.  He  was 
keen  judge  of  human  nature,  and  hi 
memory  will  be  particularly  cherished  b 
many  engineers  whom  he  had  placed  i 
good  positions.  He  is  survived  by  Mr 
Richardson  and  two  sons. 
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LIKE  money,  know- 
ledge is  useful  only 
when  in  circulation. 
Neither  accumulates  in- 
terest while  locked  in  a 
safe. 

He  who  keeps  to 
himself  the  good  ideas 
and  useful  things  he 
has  discovered  in  prac- 
tice is  either  indiffer- 
ent, mistakenly  modest, 
or  selfish.  Operating 
engineering  as  a  whole  gains  nothing  from  his  work 
while  he  refuses  to  give  others  the  benefit  of  his 
experience.  Exchange  of  ideas  is  essential.  Your 
ideas  may  help  the  other  fellow,  his  may  help  you, 
and  together  they  will  surely  help  the  younger  chap 
still  striving  to  make  good. 

"Power"  the  Clearing  House 

It  is  the  definite  scope  and  particular  function 
of  a  technical  paper  to  help  solve  the  problems  con- 
nected with  its  field  and  assist  all  who  will  be  assisted 
— in  short,  to  be  a  clearing  house  for  practical,  helpful 
ideas.     That  is  "Power's"  fundamental  aim. 

Ideas  do  not  mean  dreams,  but  suggestions  as  to 
how  to  overcome  your  fellow  engineer's  difficulties, 
what  devices  have  been  most  effective  in  accom- 
plishing certain  things,  why  particular  methods  of 
operation  are  best  under  given  conditions  and  when 
or  where  it  is  wisest  to  do  this  or  that.  Sometimes  the 
description  of  a  practical  and  efficient  installation 
will  indicate  a  change  that  will  improve  another. 
Short,  practical  articles  are  especially  desirable. 
They  are  read,  not  laid  aside,  as  are  many  of  the  long 


ones,  for  future  reference.  If  concise  and  to  the 
point  they  are  almost  certain  to  be  of  benefit  to  the 
average  reader. 

The  ideal  short  article  sets  forth  conditions  and 
views  of  real  value,  gives  valuable  data,  cites  actual 
and  accurate  performances  which  will  serve  as  a 
guide  for  other  work,  or,  perhaps  most  important  of 
all,  contains  kinks  and  new  ways  of  doing  things  that 
are  always  helpful. 

What  to  Write  About 

In  choosing  a  subject  do  not  forget  heating  and 
ventilating  just  because  it  is  summer.  Although  the 
plants  may  now  be  idle,  many  things  must  be  done 
to  prepare  them  for  the  coming  winter. 

Refrigeration  naturally  suggests  itself  and  contri- 
butions along  this  line  will  be  welcome. 

The  electrical  and  gas  power  departments 
equally  deserve  your  consideration.  Practical  hints 
on  the  operation  of  gas  engines  and  producer  plants, 
and  all  kinds  of  electrical  machinery  are  always 
timely  and  we  are  looking  for  more  material  of  this 
character  from  men  who  can  write  with  the  authority 
of  experience. 

If  the  subjects  we  have  suggested  do  not  appeal 
to  you,  tlien  choose  your  own,  but  in  some  way  take 
an  active  part  in  furthering  power-plant  progress. 
Remember,  also,  we  want  your  questions  and  answers 
to  other  questions  whenever  you  are  minded  to  send 
either. 

Let  "Power"  be  the  Bank  of  Exchange  and  use 
it  as  it  should  and  would  be  used.  You  will  get  good 
interest  on  your  investments  and  add  to  your  own 
store  of  knowledge. 
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Makine  Charcoal  Iron  Boiler  Tubes 


The  earliest  iron  was  made  by  direct- 
ing a  blast  of  air  on  a  hearth  charged 
with  charcoal  and  finely  powdered  ore. 
This  crude  hearth  was  later  developed 
into  the  Catalan  forge,  which,  although 
the  charge  has  varied,  is  practically  the 
same  and  produces  the  same  grade  of 
iron  as  the  sinking  fire  of  today.  That 
the  art  was  highly  developed  in  early 
times  and  that  the  product  has  lastinc 
qualities,  are  evidenced  by  the  famous 
iron  pillar  of  Delhi,  a  shaft  16  in.  in  diam- 
eter and  23  ft.  high,  forged  about  300 
A.D.  However,  the  practice  of  sinking 
ore  direct  is  a  slow  operation,  requiring 
much  charcoal,  involving  a  heavy  loss 
and  demanding  an  ore  with  a  very  high 
iron  content. 

Passing  from  the  Catalan  forge,  used 
primarily  for  reducing  ore,  next  in  order 


By  George  Thomas 


History  of  charcoal  iron,  its 
qualities,  the  method  of  produc- 
tion and  the  process  involved  in 
the  manufacture  of  boiler  tubes. 


•From  a  paper  read  by  George  Thomas, 
treasurer  of  the  Parkesburg  Iron  Co.. 
at  the  recent  convention  of  the  National 
Association  of  American  Boiler  Manufac- 
turers. 

product  is  inferior.  To  avoid  the  excessive 
labor  and  charcoal  costs  incident  to  sink- 
ing  gray   pig   iron   a   preliminary   opera- 


desirable  raw  material  for  making  char- 
coal iron  was  discovered  in  certain  forms 
of  steel  scrap.  A  charge  of  this  material 
corresponds  to  the  mixture  sunk  in  the 
Lancashire  hearth  at  the  second  refining 
of  gray  pig  iron.  There  is  sufficient  car- 
bon to  prevent  undue  oxidization  of  the 
iron  and  sufficient  manganese  to  make  a 
manganiferous  as  well  as  ferruginous 
slag,  the  first  of  which  is  needed  to  re- 
duce the  sulphur  and  the  last  to  lower 
.  the  phosphorus  in  the  charge.  There  is 
no  excess  of  silicon  which  in  sinking  pig 
iron  often  caused  inferior  charcoal  iron 
through  making  a  silicious  slag,  and  con- 
sequently preventing  the  elimination  of 
phosphorus. 

In  sinking  steel  scrap,  although  the 
charge  may  run  0.4  per  cent,  or  higher  in 
carbon,  0.6  per  cent,  manganese,  0.06  per 


Fig.  1.   Knobbling  Furnace 


Fig.   2.     Placing   Loup   under    Hammer 


is  the  Lancashire  hearth  used  in  Sweden 
and  the  United  States  for  converting  pig 
iron.  Here  an  oxidizing  flame  is  used, 
and  the  purifying  is  largely  effected  by 
a  strongly  basic  ferruginous  slag  sur- 
rounding the  molten  particles  of  iron. 
In  sinking  gray  iron  the  pig  is  melted 
down  before  the  tuyere,  and  collects  in 
a  slag-surrounded  ball  at  the  bottom  of 
the  hearth.  This  mass,  not  being  en- 
tirely decarburized.  is  raised  above  the 
tuyere  and  again  remelted  through  char- 
coal, when  it  collects  into  the  final  lump 
or  loup. 

On  account  of  its  lower  silicon  con- 
tent, white  iron  in  the  Lancashire  hearth 
can  be  converted  in  one  operation,  but  on 
account   also   of  its   higher   sulphur  the 


tion  was  employed,  namely,  the  finery  or 
run-out  fire.  This  consisted  of  a  hearth 
with  four  tuyeres,  where  gray  iron  was 
melted  in  charcoal,  the  graphitic  carbon 
change^  to  combined  carbon  and  the 
silicon  greatly  lowered.  The  metal  thus 
formed  could  be  refined  in  one  operation 
in  the  Lancashire  hearth. 

Having  in  a  superficial  way  followed 
the  conversion  of  ore  and  then  pig  in  the 
forge  fire,  the  conversion  of  wrought  and 
steel  scrap  in  a  hearth  of  the  same  char- 
acter will  next  be  considered.  This  meth- 
od of  making  charcoal  iron  is  today  used 
almost  exclusively  in  America,  and  to  a 
certain  extent  in  Sweden. 

After  1870,  through  the  development  of 
the   steel   process   in   this   country,  very 


cent,  sulphur,  and  0.12  per  cent,  phos- 
phorus; the  bloom  will  average  under  and 
will  \'ery  rarely  slightly  exceed  0.03  per 
cent,  carbon,  0.025  per  cent,  manganese, 
0.02  per  cent,  sulphur,  0.04  per  cent, 
phosphorus. 

The  forge  fire  usually  employed  today 
is  run  with  a  cold  blast  and  one  tuyere, 
and  much  depends  on  the  skill  and  train- 
ing of  the  forgemen.  A  hot  blast  saves 
charcoal  and  prevents  some  loss  of  metal, 
but  it  usually  produces  iron  of  inferior 
quality.  Two  tuyeres  work  faster  and 
consequently  prevent  the  forgemen  from 
giving  proper  attention  to  sinking  the 
mixture.  The  use  of  good  charcoal,  of 
which  about  900  lb.  is  required  to  make 
from  scrap  a  bloom  ton  of  2464  lb.,  is 


June  11,  1912 


POWER 


825 


Fig.  3.   Running  Bloom  through  Rolls 

Fig.  5.    Trimming  Plate  with  Rotary  Shears 

Fig.  7.  Forming  Tube  from  Skelp 


Fig.  4.    Two-High   Plate  Rolls 

Fig.  6.    Inserting  Plate  in  Furnace 

Fig.  8.    Welding  Process 
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imperative.  Tlie  sulpliur  and  silica  in 
coke  would  in  tiie  first  case  sulphurize 
the  iron;  in  the  latter  it  would  make  a 
silicious  or  acid  cinder  with  no  dephos- 
phorizing power.  Charcoal  from  hard 
wood,  such  as  maple  or  hickory,  requires 
a  stronger  blast  and  works  faster  than 
that  from  pine  or  poplar. 

Although  the  production  of  iron  is  in- 
creasing Jn  England  today  for  employ- 
ment in  bridgework,  its  main  use  in 
America  is  confined  to  iron  roofing  and 
charcoal-iron   boiler  tubes. 

For  boiler  tubes,  charcoal  iron  is 
eminently  suited.  It  is  of  a  fibrous 
nature,  and  will  not  crystallize  under 
shock  or  vibration;  it  is  ductile,  can  be 
beaded  easily  and  securely,  and  requires 
little  calking;  it  is  preeminently  weld- 
able,  is  noncorrosive  and  will  not  pit 
easily.  There  are  many  reasons  advanced 
to  account  for  its  noncorrodibility.  One 
is  that  the  intimately  mixed  network  of 


angularly  with  a  tuyere  entering  upon 
one  side  and  having  a  blast  pressure  of 
V/)  lb.  The  plastic  metal  is  worked 
into  a  ball  or  loup  which  is  lifted  above 
the  charcoal  and  is  carried  to  the  hammer 
(Fig.  2)  under  which  much  of  the  cinder 
is  eliminated,  the  slag  on  the  outside  is 
knocked  off  and  the  loup  formed  into  a 
bloom. 

From  the  hammer  the  bloom  is  taken  to 
the  rolls  (Fig.  3)  where  In  three  passes 
it  is  run  into  a  bar.  These  bars  are 
cut  to  length  to  make  a  pile  of  the  proper 
weight  and  the  piles  are  heated  in  a 
draft  furnace.  The  best  practice  at  this 
stage  of  the  process  is  to  employ  an  old- 
fashioned  draft  furnace,  as  a  blast  fur- 
nace is  liable  to  blow  dust  in  between  the 
bars  and  make  blisters. 

Fig.  4  is  a  view  of  the  plate  rolls 
where  at  a  welding  heat  the  pile  of  bars 
is  given  several  lateral  passes  to  secure 
the  proper  width  and  cross-fiber.     It  is 


the  scarfed  edges  of  the  bent  skelp.  Fc 
this  purpose  the  skelp  is  introduced  inl 
a  furnace  where  it  is  raised  to  a  weldin 
heat.  It  is  then  pushed  out  of  the  fui 
nace  and  into  the  welding  rolls  show 
in  Fig.  8.  There  is  a  ball  on  the  en 
of  the  rod  which  is  placed  between  th 
two  concave  surfaces  of  the  rolls  and  th 
pressure  exerted  on  the  bent  skelp  as 
goes  through  the  rolls  is  sufficient  i 
secure  a  weld.  The  tube  is  given  tw 
welding  heats  and  goes  through  the  welc 
ing  rolls  twice  to  insure  a  weld. 

After  this  the  tube  is  passed  throug 
size-rolls  which  give  it  a  true  cylindric; 
form.  Passing  then  to  the  cross  rol 
the  tube  is  straightened  and  the'  scale 
knocked  off,  after  which  it  goes  throug 
a  trough  and  is  finally  transferred  to  tl 
cooling  rack.  This  rack  is  operated 
different  speeds,  depending  upon  tl 
sizes  of  the  tubes  so  as  to  secure  tl 
proper  heat  treatment  in  cooling. 


Fig.  9.    Testing  Tube  Ends 


Fig.  10.    Expansion  Test 


cinder  forms  a  protective  covering,  and 
under  acid  conditions,  cinder  being  very 
little  affected,  this  ingredient  undoubtedly 
preserves  the  life  of  iron.  Another  theory 
ascribes  this  quality  to  its  homogeneous 
nature,  purity  and  low  manganese,  which 
tend  to  prevent  electrolysis. 

Production  of  Boiler  Tubes 

The  accompanying  illustrations  show 
the  principal  steps  involved  in  the  man- 
ufacture of  charcoal-iron  boiler  tubes  as 
carried  out  at  the  plant  of  the  Parkesburg 
Iron  Co.  Incidentally  it  may  be  men- 
tioned that  it  takes  about  three  carloads 
of  charcoal  to  make  50  tons  of  charcoal 
iron. 

Fig.  1  is  a  view  of  the  knobbling  fire 
into  which  the  steel  scrap  is  placed  on  a 
bed  of  charcoal.  The  furnace  consists 
of   four   cast-iron   plates   arranged   rect- 


then  rolled  lengthwise  to  the  gage  de- 
sired. 

After  cooling,  the  plates  are  marked  to 
the  proper  size  and  are  then  run  through 
rotary  shears  where  the  skelp  is  cut  to 
the  proper  width.  This  operation  is 
shown  in  Fig.  5.  This  skelp  is  then  care- 
fully inspected  and  any  strip  that  is  found 
defective  is  not  sent  to  the  tube  mill. 

After  being  inspected,  the  strips  of 
skelp  are  put  into  the  bending  furnace 
(Fig.  6),  heated  to  a  red  heat  and  drawn 
cut  through  a  door  into  the  scarfing  rolls 
located  at  the  end  of  the  furnace.  The 
strips  go  through  the  rolls,  which  have  a 
bevel  at  each  edge  to  give  the  scarf  to  the 
skelp;  and  are  then  drawn  through  dies 
which  form  them  into  cylindrical  shapes 
with  the  scarfed  edges  overlapping.  Fig. 
7  shows  a  tube  going  through  the  dies. 

The  next  step  in  the  process  is  welding 


The  tube  next  goes  through  a  straigf 
ening  press  (a  supplementary  process 
the  cross  rolls)  in  order  to  insure  i 
being  absolutely  straight.  Then  after 
rigid  inspection  the  ends  of  the  tubes  a 
sawed  off  to  give  them  the  proper  leng 
and  these  ends  are  tested  for  crushii 
in  a  press.  This  operation  is  shown 
Fig.  9.  An  imperfect  weld  will  be  detecti 
by  this  means  and  the  tube  from  whi' 
the  end  has  been  sawed  is  scrapped. 

If  the  tube  passes  this  test  the  en 
are  reamed  and  the  burrs  from  the  se 
are  taken  off.  As  this  may  make  the  tu 
a  little  thinner  at  the  ends,  another  i 
spection  is  made  in  which  the  ends  a 
gaged  and  the  surfaces  carefully  looki 
over. 

The  tubes  now  have  to  undergo 
hydrostatic  pressure  test  of  500  lb.  p 
square  inch  and  in  some  cases  1000  '. 
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As  an  additional  precaution,  the  tubes 
are  tested  for  expansion.  This  consists, 
as  shown  in  Fig.  10,  of  placing  one  of 
the  sawed-off  ends  into  a  50-ton  press. 
A  conical  pin  is  inserted  in  one  end  and 
the  pressure  applied  until  the  tube  has 
expanded  to  1  ',s  times  its  original  diame- 
ter without  showing  any  signs  of  rupture. 
Furthermore,  the  ends  are  beaded  to 
make  sure  that  the  metal  is  ductile.  In 
addition  to  these  physical  tests  the  raw 
material  is  subjected  to  a  chemical  anal- 
ysis before  going  to  the   forge  fire. 

For  some  classes  of  service  such  as 
with  locomotives,  some  railroads  require 
that  the  ends  of  the  tubes  have  a  dif- 
ferent gage  from  that  of  the  bodies.  In 
such  a  case  the  safe-end  is  J4  if-  larger 
in  diameter  than  the  body  of  the  tube. 
This  is  pushed  over  the  end  of  the  tube, 
brought  to  a  welding  heat  in  a  safe-end- 
ing furnace  and  then  drawn  down  under 
a  hammer  to  the  exact  diameter  of  the 
tube. 


Acton  Corliss  Balanced  Stop 
Valve 

There  are  various  types  of  automatic 
stop  valves  used  on  steam-engine  and 
boiler  connections,  one  of  which  is  a 
balanced  Corliss  valve,  manufactured  by 
John  Acton,  118  John  St.,  Brooklyn, 
N.  Y.     It  is  illustrated  in  detail  in  Fig.  1. 

There  are  several  methods  of  arrang- 
ing this  valve  to  operate  either  by  hand 
or  automatically.  One  installation  is  in 
the  engine  room  of  the  Chelsea  Fibre 
Mills,  Greenpoint,  N.  Y.,  the  arrange- 
ment for  controlling  the  action  of  the 
valve  having  been  worked  out  by  Chief 
Engineer  Leak.  The  valve  is  located  in 
the  horizontal  steam  line  just  inside  the 
wall  between  the  boiler  and  the  engine 


steel  stud  and  in  the  other  an  exten- 
sion rod.  A  boss  is  cast  on  the  valve 
bonnet  which  carries  a  dog  C,  pivoted 
at  D.  The  dog  is  held  in  a  position  to 
engage  the  stud  by  a  spring  F,  Fig.  1, 
which  is  attached  to  a  projection  on  the 


have  been  removed.  The  valve  stem  is 
cut  to  a  suitable  length  and  operates  a 
relay  arm  which  is  pivoted  at  K,  the  bot- 
tom end  of  the  arm  being  fitted  with  a 
platinum  contact  point.  The  two  con- 
tact  blocks   are   connected    to   the   relay 


Fig.  1.    Acton  Balanced  Corliss  Stop    Valv^ 


dog.  A  cord  is  also  run  to  the  weight 
G,  with  extensions  dropping  to  within  the 
reach   of  the  operator. 

The  angle  lever  H  works  in  bracket 
bearings  and  is  connected  to  the  lever  A 
by   a  rod.     The   weight  /   and   dashpot 


coil  L,  which,  in  operating,  closes  the 
1 10-volt  circuit  to  the  magnet  M.  The 
magnetism  set  up  in  the  coil  draws  the 
armature  away  from  the  weight  G  which 
on  becoming  disengaged  drops,  breaking 
the  circuit  at  the  contact  O. 


Fig.  2.  Valve  Open 


Fig.  3.    Valve  Closed 


rooms,  as  shown  in  Figs.  2  and  3,  and 
controls  both  of  the  main  engines  which 
are  of  1000  and  1200  hp.  capacitv. 

The  valve  stem  is  fitted  with  a  lever  A, 
Fig.  4,  in  one  end  of  which  is  a  square 


plunger  are  suspended  from  the  short 
end  of  the  angle  lever  by  an  iron  rod. 
Each  engine  drives  a  speed-limit  de- 
vice consisting  of  a  small  throttling  gov- 
ernor, the  valve  disk  and   seat  of  which 


The  speed-limit  governor  is  speeded 
five  to  one;  that  is,  for  each  increased 
revolution  in  engine  speed,  the  governor 
speed  increases  five  revolutions.  As  the 
rim    of    the    driving    wheel    travels    5800 
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Fig.  4.   Elevation  of  Valve  and  Automatic  Stop  Arrangement  Applied  to  an  Engine  and  Pipe  Line 


ft.  per  minute,  Engineer  Leal;  tias  ad- 
justed the  governor  so  tliat  with  an  in- 
crease of  three  revolutions  of  the  en- 
gine above  normal,  the  governor  closes 
the  circuit  at  P  and  steam  is  shut  off 
from  both  engines  by  the  automatic  stop 
valve. 

When  the  weight  G  falls,  it  pulls  the 
dog  C  away  from  the  catch  block  £. 
This  releases  the  valve  stem  and  the 
weight  ]  pulls  the  valve  forward.  The 
dashpot  below  the  weight  /  is  to  prevent 
the  valve  from  closing  with  a  slam. 

The  stop  valve  is  closed  in  the  same 
way  when  any  one  of  the  hand  ropes 
is  pulled,  releasing  the  dog  from  the 
catch  block. 

After  the  valve  has  operated  it  is 
set  in  an  open  position  by  pulling  down 
on  the  rope  R,  which  moves  the  lever 
toward  the  right  and  latches  the  catch 
block  with  the  dog  C. 

Before  the  governor  acts  a  second 
time,  the  weight  G  must  be  reset  on  the 
armature  JV,  which  movement  also  closes 
the  110- volt  circuit  at  the  contact  O. 
The  device  is  then  ready  for  service 
should  the  engine  again  exceed  the  nor- 
mal  speed    limit. 


Circulation    Test    of    Robb- 
Bradv  Scotch  Boiler 

The  claims  for  positive  circulation  made 
by  the  builders  of  this  boiler  were  thor- 
oughly tested  recently  at  the  sewage 
pumping  station,  Framingham,  Mass.  The 
Robb-Brady  boiler  at  this  plant  was 
equipped  with  thermometer  oil  wells  so 
that  the  temperature  could  be  noted  at 
four  points:  at  the  top  of  the  shell  near 
the  front  end,  at  the  top  of  the  shell,  at 
the  rear  just  over  the  combustion  cham- 
ber, at  the  front  and  rear  close  to  the 
bottom,   as   shown    in    Fig.    1. 

With  water  in  the  boiler  at  about  80 
deg.  F.,  the  fires  were  started  and  read- 
ings   of    all    thermometers    taken    every 


''Thermometer     H  il 

No.  S  " " 


I I   Thermomefe, 

No.  4 


Fig.  1.   Boiler  Showing  the  Location  of  the  Four  Thermometers 


TEMPERATURE  TEST.  50-HP.  ROBB-BR^DY  SCOTCH  BOILER,  MARCH  31,  1912 
Framingham  Sewage  Pumping  Station,  Framingham,  Mass. 


Thermometer  No.  1 

Thermometer  No.  2 

Thermometer  No.  3 

Thermometer  No. 

Time 

On  Top  of  Boiler  at 
Rear  End.  Deg.  F. 

On  Top  of  Boiler  at 

.\t  Bottom  of  Boiler 

At  Bottom  of  Boil 

P.M. 

Front  End,  Deg.  F. 

at  Front  End,  Deg.  F. 

at  Rear  End,  Deg. 

3:40 

114 

112 

SO 

82 

3:45 

126 

124 

SO 

82 

3:50 

138 

140 

SO 

83 

3:55 

1.50 

1.50 

81 

84 

4:00 

170 

170 

82 

86 

4:05 

194 

190 

84 

87 

4:10 

210 

210 

98 

90 

4:15 

226 

224 

210 

136 

4:20 

231 

230 

226 

180 

4:25 

244 

242 

234 

230 

4:30 

258 

260 

252 

248 

4:35 

276 

278 

268 

270 

4:-t0 

292 

292 

292 

290 

4:45   , 

310 

308 

306 

310 

4:50 

328 

330 

328 

Safety  Valve 

Blowmg  off 

4:55 

330 

330 

328 

330 

5:00 

327 

328 

327 

327 
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five  minutes.  As  was  expected,  the  tem- 
perature of  the  water  at  the  top  of  the 
shell  increased  steadily  until  the  boiling 
point  was  reached.  At  the  bottom,  the 
temperature  increased  very  slowly  up  to 
the  time  the  upper  thermometer  indi- 
cated the  boiling  point.  Then  the  lower 
thermometers  showed  a  sudden  rise, 
jumping  to  within  a  few  degrees  of  those 


340 
320 
300 


sure   was   65   to   75   lb.   and   the  safety 
valve  was  set  at  80  lb. 

The  boiler,  minus  the  furnace,  was 
blown  endwise  out  of  the  building,  de- 
molishing the  roof  entirely  and  landing 
50  yd.  away.  Eighteen  of  the  tubes  were 
strewn  along  the  path  taken  by  the  boiler. 
Two  weeks  previous  a  boiler  maker  in- 
spected the  boiler  and  claimed  that  it  was 


i220 
;2I2 

;2oo 


^  120 


y 

► — ' 

' — ~ 

A 

0.1   On  Top 

of  SI- 

1 
ell  at  Rear  End 

,y 

Y 

•  3  At  Bottom    "      "      " 
■4 "    fiear  •• 

// 

'/ 

// 

r 

^ 

lA 

/ 

„'- 

r^ 

\ 

;1 

,'' 

/   !   / 

A 

1 

v-/ 

4' 

7 

'' 

y 

'' 

/ 

^ 

^J 

/, 

-' 

// 

Lf 

3.40  3.A5     3.50    3.55     4.00   4.05    4.10     4-15     4,20    4.15    4.30    4.35     4.-t0    4.45    4.50    4.55    5.00 
T  i  m         e  PowEi^. 
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at  the  top.  From  this  time  on  all  four 
kept  within  a  few  degrees  until  100  lb. 
pressure  was  reached,  when  practically 
no  difference  could  be  noted  at  the  four 
points,  showing  conclusively  that  the 
circulation  was  positive  and  rapid.  The 
accompanying  curve.  Fig.  2,  gives 
graphically  the  thermometer  readings  at 
five-minute  intervals.  The  table  gives 
the  readings  of  the  four  thermometers 
during  the  test.  A  description  of  this 
boiler  appeared  in  Power,  July  11,  1911, 
page  76. 

The  test  was  witnessed  by  many  promi- 
nent consulting  and  operating  engineers 
and  the  representatives  of  several  boiler- 
insurance   companies. 


in  excellent  condition.  Just  before  the 
accident  the  water  glass  showed  that  the 
boiler  contained  2'_.  gages  of  water  so 
that  it  is  necessary  to  look  elsewhere  for 
the  cause   of  the   explosion. 

Apparently  the  initial  rupture  occurred 
in  the  crown-sheet.  This  was  found  to 
be  less  than  Y^  in.  thick  and  a  bad 
lamination  showed  up  in  the  plate. 

At  the  coroner's  inquest  it  was  brought 


Old  Sawmill   Boiler    Explodes 

On  May  18,  a  boiler  of  the  locomotive 
type  with  a  30-hp.  engine  mounted  on 
top,  exploded  in  the  sawmill  of  John  de 
Frain,  East  Vincent,  Chester  County, 
F'enn.  Two  men  were  killed  and  three 
injured  and  a  property  damage  amount- 
ing to  about  SIOOO  resulted. 

The  boiler,  which  was  31  years  old, 
was  10  ft.  long  and  contained  sixty-five 
2-in.  tubes.  The  joints  were  single- 
riveted,   pitch   2   in.     The   working   pres- 


out  in  the  evidence  that  the  crown-sheet 
was  badly  rusted  on  both  sides.  A  piece 
of  metal  was  produced  which  had  been 
twisted  out  from  the  sheet  with  the  fin- 
gers of  the  man  giving  the  testimony. 
It  was  in  bad  condition  and  had  beer 
taken  from  a  point  very  near  the  safety 
plug  which   was  still   in  perfect  order. 

The  boiler-feed  water  was  drawn  from 
a  spring  and  there  was  no  c'  iden.e  i'' 
scale  or  oil  having  found  its  way  f  j  !'=■ 
surface  of  the  sheets.  A  gradual  de- 
terioration during  the  30  yecis  of  service 
had  probably  weakened  'ne  crown-sheet 
to  the  point  of  faili.re  which  occurred 
when  blowing  down   the   boiler. 


Removin;.^  a  Heavy  Flywheel 

By  L.  S.  Durmon 

While  operatiue  as  night  engineer  in 
a  small  electric-light  and  power  plant,  lo- 
cated in  an  isolated  and  sandy  part  of 
South  Dakota,  the  writer  experienced 
trouble  with  a  hot  main  [j,»ari'  g  on  one 
of  the  engines. 

The  engines  were  of  the  internal-rom- 
bustion,  two-stroke-cycle  type,  and  it  was 
undoubtedly  the  suction  of  the  intake 
that  drew  sand  mto  the  e.igine,  where 
it  finally  found  its  way  to  the  bearing, 
causing  it  to  heat.  After  running  about 
an  hour  the  bearing  became  so  hot  that 
it  was  necessary  to  shut  down  the  en- 
gine.     The    bushing    v  as    of    the    usual 


Boiler    Minus     Furnace     Several 
Hundred  Feet  from  Setting 


Showing  Method  of  Blocking  the 
Wheel 

cylindrical  form  and  slipped  on  over  the 
shaft,  to  remove  which  it  was  necessary 
to  remove  the  flywheel.  I  was  alone, 
with  no  telephone  to  summon  aid,  but  as 
the  plant  furnished  24-hr.  service,  some- 
thing had  to  be  done;  I  decided  to  do 
the"  job  single-handed. 

Some  pieces  of  sheet  iron  about  3  ft., 
square  and  }»  in.  thick,  some  ball  bear- 
ings, a  short  jsiece  of  rope,  a  number  of 
planks  and  blocks,  and  a  crowbar  com- 
pleted the  outfit  for  the  removal  of  the 
flywheel. 

The  wedges  B  in  the  accompanying 
illustration  were  inade  of  oak.     The  plank 
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D  was  placed  under  the  wheel  and  one 
of  the  plates  laid  upon  it.  On  top  of  the 
plate  the  balls  X  were  placed,  and  on  top 
of  these  was  laid  the  plate  T.  The  wedges 
were  then  driven  in  until  the  plates  took 
the  weight  of  the  wheel.  The  key  was 
then  withdrawn  and  the  wheel  worked 
back  and  forth  until  it  came  off  the  shaft. 
A  short  piece  of  rope  was  fastened  to 
the  top  of  the  wheel  to  prevent  it  from 
tipping  over. 

After  the  wheel  was  taken  off  the 
shaft  the  lag  screw  and  block  Y  were 
placed  in  position  to  prevent  the  wheel 
from  rolling  backward  when  it  was  be- 
ing rolled  on  the  plank  A.  The  bushing 
was  then  removed  and  put  back  on  the 
shaft  in  a  reverse  position,  after  which 
the  wheel  was  rolled  up  the  plank  with 
a  crowbar  and  replaced  on  the  shaft.  The 
job  required  about  five  hours  to  com- 
plete, but,  considering  the  condition,  the 
time  was  really  short. 


American  Type  of  Uniflow 
Steam  Engine 

In  1872  an  American  patent  was  granted 
on  an  improvement  in  reciprocating  steam 
engines  consisting  of  an  opening  through 
the  bottom  of  the  cylinder  wall  at  or 
near  the  middle  of  its  length.  Toward 
the  end  of  its  stroke  the  piston  un- 
covered the  opening,  allowing  the  water 
and  the  steam  not  exhausted  through  the 
valve-controlled  port  at  the  top  of  the 
cylinder  to  discharge  at  the  bottom.  This 
seems  to  have  been  the  forerunner  of  the 
uniflow  design,  although  the  inventor  did 
not  realize  the  advantages  of  widely  sep- 
arating the  admission  and  exhaust  valves, 
or  he  would  have  omitted  the  other  and 
used  the  central  exhaust  port  entirely. 

Years  later,  L.  J.  Todd  evidently  recog- 
nized the  value  of  the  uniflow  principle. 
He  developed  a  design  based  on  it  and 
in  1886  took  out  English  patents.  Ap- 
parently Mr.  Todd  did  not  push  the  prac- 
tical application  of  this  principle  to  any 
great  extent.  The  credit  for  this  belongs 
to  Prof.  Stumpf,  of  Charlottenburg,  Ger- 
many, whose  engine,  built  on  this  prin- 
ciple, has  attained  commercial  success. 
The  Stumpf  uniflow  engine,  which  was 
fully  described  in  Power,  Jan.  31,  1911, 
and  mentioned  in  still  earlier  issues,  is 
equipped  with  poppet  valves,  conform- 
ing with  German  practice. 

The  Nordberg  Manufacturing  Co.,  Mil- 
waukee, Wis.,  is  the  pioneer  in  develop- 
ing the  uniflow  principle  in  America.  This 
company  built  a  uniflow  engine  early  in 
1911  and  set  it  up  with  separate  sur- 
face condenser,  air  pump,  electric  gen- 
erator, water  rheostat  and  all  equipment 
necessary  for  complete  and  accurate  test- 
ing. Over  100  complete  tests  were  made 
with  different  steam  pressures,  vacuums 
and  speeds.  Corliss  valves  were  adopted 
as  more  in  accord  with  American  prac- 
tice and  familiar  to  practically  all  op- 
erating  engineers.     The   gear  used   was 


specially  designed  for  this  engine's  speed 
and  service  requirements. 

The  uniflow  engine  derives  its  economy 
through  largely  reducing  the  loss  due 
to  initial  condensation.  In  a  four-valve 
cylinder  one  face  of  the  piston  and  the 
corresponding  cylinder  head  are  exposed 


each  stroke,  so  that  in  effect  the  piston 
is  the  exhaust  valve.  The  two  steam 
valves  A  are  in  the  cylinder  heads,  and 
the  steam  spaces  over  the  valves-  with 
the  clearance  pockets  B  completely  steam- 
jacket  the  heads. 

Unlike  the  four-valve  engine,  the  uni- 


1    Experimental   Engine  on   Testing  Bed 


to  the  exhaust  temperature  almost 
throughout  each  stroke,  or  90  per  cent, 
or  more  of  the  time.  The  admitted  steam 
meeti'ng  these  large  cooler  surfaces  is 
partly  condensed,  and  while  some  may  be 
reevaporated  toward  the  end  of  the 
stroke,  there  is  still  a  considerable  heat 
loss. 


flow  engine's  piston  faces  and  cylinde' 
heads  are  exposed  to  exhaust  tempera 
ture  only  the  short  time  the  piston  un 
covers  and  again  covers  the  exhaus 
ports.  On  the  return  stroke  the  stean 
remaining  in  the  cylinder  is  compressec 
in  the  clearance  space  up  to  admissior 
pressure.  The  temperature  also  increase; 


Fig.  2.    Section  through  Cylinders  of  the  Nordberg  Uniflow  Engine 


■  A  view  of  the  valve-gear  side  of  the 
experimental  uniflow  engine  on  the  test- 
ing floor  is  given  in  Fig.  1.  rig.  2  Suowc 
a  section  through  the  cylinder.  This 
cylinder  has  no  exhaust  valves,  but  in 
its  middle  is  a  ring  of  ports  which  are 
uncovered   by   the   piston   at  the  end   of 


not  only  due  to  the  compression  but  alsi 
to  absorption  of  heat  from  the  heac 
Jr-.-ket  until  it  is  considerably  higher  thai 
that  of  the  admitted  steam. 

The  cylinder.  Fig.  2,  is  a  simple  cylin 
drical  casting  with  a  belt  cast  in  the  mid 
die  for  tie  exhaust  passage.     The  stean 
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chest  is  integral  with  the  cylinder  and 
provided  with  two  drums  C  to  take  up 
expansion  without  distorting  the  cylinder. 
Each  end  of  the  cylinder  has  a  large 
valve  D  opening  into  a  packet  B  in  the 


Fig.  3.  Valve  Mechanism 

cylinder  head.  Opening  automatically, 
these  serve  both  as  large  relief  valves  to 
let  out  entrained  water  and  extra  clear- 
ance to  prevent  excessive  compression  if 
the  vacuum  is  lost  when  running  con- 
densing. If  the  engine  is  to  run  con- 
tinuously noncondensing,  the  valves  may 
be  held  from  their  seats  to  increase  the 
clearance  by  the  volume  of  the  pocket. 


Boiler  Pressure 


the  actual  feet  of  travel  which  determines 
the  wear  are  no  greater  with  these  valves 
when  running  at  150  r.p.m.  than  with 
single-ported  Corliss  engine  valves  run- 
ning at  half  the  speed. 

The  valve  mechanism.  Fig.  3,  is  es- 
pecially designed  for  high  speed  and  hard 
service.  Unlike  the  standard  Corliss 
gear,  the  steam  arm  is  not  supported  on 
the  valve  stem,  but  on  a  large  bearing 
extended  from  the  steam  bonnet.  This 
arm  has  two  bearings  for  the  hook,  one 
on  each  side  of  a  central  plane  with 
respect  to  which  the  entire  gear  is  sym- 
metrical, and  there  are  no  overhung  parts 
or  side  strains.  The  steel  trip  blocks  are 
exceptionally  wide  and  the  dashpots  are 
of  the  spring  type  to  insure  positive  ac- 
tion at  high  speed.  The  valve  stems 
have  two  bearings  in  the  bonnets.  The 
cutoff  gear  gives  any  point  of  cutoff  from 
zero  to  eight-tenths  stroke  under  full 
control  of  the  governor  without  distort- 
ing the  valve  motion,  so  that  positive 
lap  is  retained  and  the  valves  open  at 
maximum  speed. 

Figs.  4  and  5  show  typical  indicator 
diagrams  and  Figs.  6  and  7  the  economy 
attained  by  this  engine  under  150  lb. 
initial  pressure  and  'j  lb.  back  pressure, 
running  noncondensing  and  under  160  lb. 
initial  pressure  and  26  in.  of  vacuum 
running  condensing.  The  speed  was  150 
r.p.m. 

This  engine  is  remarkable  for  its  great 
overload  capacity  and  its  flat  steam-con- 
sumption curve.  Fig.  7  shows  that  the 
engine  will  take  an  overload  of  100  per 
cent,  with  an  increase  in  steam  consump- 
tion per  horsepower-hour  of  about  10 
per  cent. 

The   engine   is   particularly   adapted   to 


Boiler  Pressure 


Absolute   \^acuum 

Fic.  4.    Noncondensing   Diagram 


AbSOluie    Vacuum  PowER^ 

Fig.  5.    Condensing  Diagram 
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Fig.  6.    Noncondensing  Economy  Curve         Fig.  7.   Condensing  Economy  Curve 


The  piston  is  of  the  block  type  and  is 
provided  with  three  snap  rings  at  each 
end.  The  Nordberg  patent  four-ported 
steam  valves  gtve  a  large  opening  with 
a  small  movement  of  the  valve  so  that 


rolling-mill  service,  street-railway  and 
lighting  work  and  general  power  pur- 
poses where  the  load  is  subject  to  wide 
fluctuations;  that  is,  where  the  load  factor 
is  low. 


Economy  Tests  of  Steam 
Turbines 

The  table  herewith  is  part  of  a  paper 
on  the  "Present  State  of  Development  of 
Large  Steam  Turbines,"  read  at  the  spring 
meeting  of  the  American  Society  of  Me- 
chanical Engineers  by  Prof.  A.  G. 
Christie,  of  the  University  of  Wisconsin. 
With  regard  to  this  phase  of  the  sub- 
ject he  says: 

The  efficiency  of  a  steam  turbine  may 
be  expressed  in  terms  of  pounds  of 
steam  per  kilowatt-hour,  as  an  efficiency 
ratio  or  as  the  B.t.u.  required  per  kilo- 
watt-hour. 

The  steam  consumption  is  dependent 
on  the  initial  steam  pressure,  its  tem- 
perature or  quality,  and  the  condenser 
pressure.  These  factors  vary  in  almost 
every  test  and  the  effect  of  a  variation 
in  each  is  not  the  same  for  all  classes 
of  turbines.  Hence,  different  turbines 
cannot  usually  be  compared  satisfactorily 
on  the  basis  of  their  steam  consumption 
alone. 

If  the  steam  could  expand  freely  to 
exhaust  pressure  in  a  turbine  without 
radiation,  friction,  eddy  or  windage  losses, 
its  expansion  would  be  adiabatic  and  on 
the  Rankine  cycle.  The  "efficiency  ratio" 
expresses  the  proportion  of  the  heat 
actually  turned  into  work  to  that  avail- 
able from  such  an  adiabatic  expansion; 
in  other  words,  it  expresses  the  efficiency 
of  the  actual  turbine  as  compared  to 
the  ideal  turbine,  and  is  independent  of 
the  type  of  turbine. 

The  B.t.u.  per  kilowatt-hour  is  figured 
above  the  heat  of  the  liquid  at  exhaust 
pressure.  This  is  not  a  satisfactory  stand- 
ard by  which  to  compare  results,  for 
it  is  largely  dependent  on  conditions  be- 
yond the  control  of  the  turbine  builder. 
For  instance,  if  the  plant  does  not  con- 
tain superheaters,  the  B.t.u.  per  kilowatt- 
hour  will  be  high.  The  same  will  be 
true  of  a  plant  which  has  a  warm  cool- 
ing-wafer supply  for  condensers  and  con- 
sequently carries  low  vacuum.  Yet  the 
turbines  may  be  designed  to  give  a  high 
efficiency  ratio  under  these  conditions. 
In  fact,  they  may  be  able  to  utilize  the 
heat  available  more  efficiently  than  the 
turbines  in  another  plant  with  both  high 
superheat  and  high  vacuum. 

This  can  be  seen  in  the  accompanying 
tabulation  of  recent  turbine  results.  The 
Brown-Boveri  turbine  at  the  Dunstan 
power  plant  uses  14,980  B.t.u.  per  kilo- 
watt-hour with  an  efficiency  ratio  of  68.8 
per  cent.  Yet  the  Westinghouse  City 
Electric,  with  a  lower  steam  pressure, 
superheat  and  vacuum,  has  an  efficiency 
ratio  of  68.9  per  cent.,  though  using 
16,925  B.t.u.  per  kilowatt-hour.  The 
Erste  BrUnner  Vienna  turbine  requires 
16,460  B.t.u.  per  kilowatt-hour  with  71.8 
per  cent,  efficiency  ratio.  It  is  therefore 
apparent  that  the  efficiency  ratio  alone 
will  express  in  the  best  manner  the  de- 
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gree  to  which  the  designer  has  ap- 
proached ideal  results  in  his  turbine. 

The  test  results  in  the  table  were 
grouped  in  order  to  analyze  the  relative 
merits  of  the  different  types  of  turbines 
on  the  basis  of  efficiency  ratios.  The 
Curtis-Parsons  machines  built  by  Erste 
Briinner  hold  first  place  in  the  list,  but 
are  followed  closely  by  others  of  the 
same  type  built  by  Brown-Boveri  and 
Westinghouse  Machine  Co.  The  Parsons 
turbines  built  by  Allis-Chalmers  and 
Brown-Boveri  also  show  high  efficiencies. 
The  second  class  in  the  order  of  efficiency 
includes  turbines  of  the  Curtis-Rateau 
and  Curtis-Zoelly  types,  among  which  the 
turbines  of  the  A.  E.  G.  and  British 
Westinghouse  Co.  show  remarkably  good 
results.  The  next  group  includes  simple 
Zoelly  and  Rateau  turbines.  The  last 
group  comprises  straight  Curtis  types. 

The  superiority  of  the  Curtis-Parsons 
over  the  Parsons  type  is  probably  due  to 


the  reduction  in  the  fluid  friction  and 
rotational  losses  occurring  in  the  first 
cylinder  of  the  Parsons  by  the  use  of  a 
Curtis  stage  in  this  section. 

The  Parsons  low-pressure  sections  evi- 
dently utilize  the  heat  in  the  steam  only 
slightly  more  efficiently  than  do  the  im- 
pulse turbines.  The  great  surface  areas 
of  all  disk-type  turbines  which  must  be 
whirled  in  steam,  produce  losses  which 
are  apparently  somewhat  larger  than  the 
combined  whirling  losses  and  leakage  in 
the  Parsons  drum  turbines.  Both  the 
Zoelly  and  Curtis-Rateau  types  appear 
to  use  the  steam  more  effectively  in 
the  low-pressure  sections  than  the  Curtis 
alone.  Many  European  engineers  hold 
the  opinion  that  where  high  economy  is 
to  be  obtained,  the  impulse  turbine  of  the 
Rateau  or  Zoelly  type  is  superior  to  the 
Curtis,  though  its  manufacturing  costs 
are  higher.  The  Curtis-Rateau  construc- 
tion  has   all   the   commendable    features 


of  impulse  turbines  and  has  proved  very 
economical. 

The  results  in  the  table  are  from  the 
best  reliable  tests  that  have  been  made 
on  each  type.  Objections  may  be  raised 
that  these  results  do  not  represent  actual 
operating  conditions  as  under  varying 
loads,  nor  the  average  economy  of  any 
type  of  turbine.  For  instance,  the  Cur- 
tis turbine  usually  gives  a  very  flat  water- 
rate  curve,  while  the  Parsons  type  is  more 
convex.  On  the  other  hand,  recent  tests 
on  the  new  Curtis-Parsons  types  have 
also  shown  flat  water-rate  curves  at 
various  loads.  It  was  impossible  to  com- 
pare the  various  types  from  this  stand- 
point on  account  of  absence  of  complete 
data  of  such  tests. 

It  is  interesting  to  note  that  the  best 
results  have  been  obtained  within  the 
past  two  years  and  that  these  show  a 
considerable  increase  in  efficiency  over 
the  earlier  turbines. 


ECONOMY  TESTS  OF  HIGH  PRESSURE  STEAM  TURBINES 
Efficiency  Ratios  Based  on  E.H.P.     Marks  &  Davis  Steam  Tables  Used 
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Reference 

Ei-sto  Briinner  M.  F.  G 

Curtis-Parsons 

1910 

2,128 

1500 

15R  2 

482 

27.89 

0.99o;13.S2 

16,460 

247.0 

343.8 

71.8 

Periodisrhe  Mitteihui'jev 

Erste  Briinner  M.  F.  G 

6,000 

0(i() 

1^1   '" 

ri7:i 

28.18 

0.854  12,56 

15.570 

271.5 

380.7 

71.3 

Zeil.    D.V.D^   Ing..    12.  10    '  U) 

Erstf  Briinner  M.  F.  G 

1910 

7,442 

!Mi(l 

I'lJ   1) 

.'.si 

28.18 

0.853,12.625 

15.705 

270.2 

384.4 

70.3 

Penoihsrhe  MtlleihingeN 

Westingliouse  Machine  Co    . 

1910 

9,173 

LSI  III 

IM    7 

t.i:) 

27.81 

1.032  14.57 

16.925 

234.1 

340.2 

68.9 

Trails.  A.S.iI.E.,  vol.  32 

3,053 

13UU 

lai-.' 

.'.( i.'i 

29  00 

0.456  13.01 

15.990 

262.2 

385.5 

68.0 

Duiglers  P.y.,  6,  17/11 

Erste  Briinner  M.  F.  G 

1910 

1,416 

1260 

128 . 2 

4S2 

27   60 

1.137115.18 

18.060 

224.6 

326.5 

68.8 

Penodische  MiUeilungen 

1911 

1,750 

1.500 

176.4 

."),S6 

27  OS 

1.392  14.23 

17.500 

239.5 

354.8 

Zeit.F.D.G.  Turb.,  5/30, '11 

Curtis-Parsons 

1910 

3,764 

1500 

161.2 

.ilil 

2.S .  77 

0.562  13.04 

16.290 

261.5 

391.4 

66.8 

Zeit.  F.D.G.  Turb.,  5  30  '11 

9,830 

750 

192.2 

475 

27.22 

1.32215. 15 

17,790 

225.2 

336.0 

67.0 

Trans.  A.S.M.E.,  vol.  32 

1911 

1,493 

3000 

200.6 

563 

26.41 

1.720  14.78 

17,880 

230.7 

345.5 

Data  from  Martufacturer 

1911 

1,271 

3000 

172.1 

568 

27.31 

1.27S  14.61 

17,880 

233.5 

354.3 

65.9 

Data  Jrom  Manufacturer 

11,466 

750 

191.7 

484 

28.07 

0.910  14.45 

17,210 

236.0 

'360.5 

Trarv!.  A.S.M.E..  lol.  32 

Erste  Brunner  M.  F.  G 

1,2.50 

3000 

184.9 

573 

27.89 

0.996  14.32 

Zeil.   D.X.D.  Ing.,   12/10/'10 

1910 

3,320 

1500 

180.9 

525 

29.02 

0.440  13.50 

16,680 

252.7 

401.3 

63.0 

Zeit.  F.D.G.  Turb..  S/30/'ll 

5,128 

1000 

171.2 

565 

28.52 

0.726  14.35 

17,830 

237.7 

382.9 

62.1 

Stodola,  4th  ed.,  p.  449 

Breitfield,  Danek  &  Co    ,  .  . 

Impulse  Parsons 

1909 

3,585 

896 

160.7 

457 

28.32 

0.782  16.08 

19,070 

212.0 

352.4 

60.2 

Zeil.  D.r.D.  Ing.,   12/10/'1Q 

1910 

6,257 

1210 

203.7 

559 

29.02 

0.440  11.95 

14,980 

285.5 

415.0 

68.8 

Official  Test  Report 

Allis-Chalmers 

1908 

4,300 

180O 

186.4 

484 

27.96 

0.960  14.02 

16,690 

243.4 

355.7 

Sibley  Jour.  o/Eng.,  1    "11 

Brown  Bo\eri  &  Cie 

1903 

3.500 

1360 

156.4 

499 

28.84 

0.532  13.71 

16,720 

248.5 

378.6 

65.6 

Zeit.  D.r.D.  Ing..   12   10.  '10 

3,000 

1360 

165.0 

H2.T 

27.02 

1.420 

14.75 

18.433 

231.3 

359.5 

64.3 

Die  Turbine,  6  20,"11 

Parsons 

5,164 

1200 

214.3 

509 

28.95 

0.473 

13.18 

16,140 

258.7 

402.3 

64.3 

Stodola,  4th  ed.,  p.  439 

Allis-Chalmers 

Parsons 

1911 

3.850 

1800 

164.7 

491 

27.91 

0.983 

15.40 

18.410 

221.3 

348.3 

63.5 

Pou-cr.  1  '2/'12 

A.  E.  G 

1911 

6,5IS 

1220 

198.7 

601 

29.28 

0.352 

11.43 

14.640 

298.4 

434.2 

68.7 

Official  Test  Report 

A.  E.  G 

1911 

6..">''i." 

1  l.'L'll 

■*ii(l  2 

597 

29.18 

0.406 

11.64 

14.848 

293.0 

Official  Test  Report 

Curtis-Rateau 

1911 

.">  Ill'' 

1  .  iMIl 

mil. 2 

552 

28.68 

0.649 

13.00 

16.100 

262.4 

391.5 

67.0 

Electrical  Review,  6  23 , '  1 1 

M.  A.  N 

Curtis-Zoelly 

■.i,:>s  1 

1  :,t  II  1 

178.3 

569 

27.54 

1.166 

13.99 

17,190 

243.7 

361.3 

Data  from  Manufacturer 

Curtis-Rateau 
Curtis-Rateau 
Curtis-Rateau 

1909 
1910 
1908 
1911 

1,.".4.', 
2,477 
4,239 
2,9.30 

louo 
loOO 
1500 
1500 

1SS.5 
140.0 
188.3 
210.2 

581 
522 
662 
568 

28.. 59 
28.81 
29.11 
28.18 

0 .  634 
0.588 
0.397 
0.894 

12.97 
13.93 
11.97 
13.72 

16,230 
17,135 
15.620 
16.935 

263.0 
244.8 
284.9 

248.7 

396.3 
373.4 
439.0 
383.3 

66.4 
65.6 
64.9 
64.9 

Zeil.  D.V.D.  Ing.,  12/10,'10 

Elec.  Zeit.,  4/20/'ll 

AEG 

Stodola,  4th  ed.,  p.  404 

Electrical  Review,  4, '28  '11 

A.  E.  G 

Curtis-Rateau 

1907 

3,169 

1500 

184.7 

592 

29.11 

0.397 

12.74 

16.230 

267.7 

425.1 

63.0 

Trans.  A.S.M.E.,  vol  32 

M.  A.  N 

Curti.s-Zoellv 

2,507 

1500 

175.5 

460 

27.40 

1  234 

16.24 

19.020 

210.0 

334.6 

Data  Jrom  Manufacturer 

Bergmann 

Curtis-Rateau 

1909 

1,562 

1500 

186.8 

ooo 

28.33 

0.780 

14.57 

17.970 

234.1 

381.3 

61.4 

Data  from  Manufacturer 

ZoeUy 

1909 

G,3S3 

1000 

202.7 

520 

27.33 

1.269 

14.305 

17.150 

238.5 

333.0 

67.5 

Enginer,  London,    10,29   '09 

>I.  A.  N 

Zoellv 

1910 

1,400 

3000 

180.7 

554 

27.40 

1.237 

14.21 

17.310 

240.0 

336.2 

67.4 

Zeit.  D.V.D.  Ing.,   12   10   '10 

Zoelly 

1910 

2,052 

3000 

193.9 

585 

28.39 

0.750 

13.04 

16.290 

261.5 

392.6 

66.6 

Zcil.  F.D.G.  Turb.,  2  20  '11 

Zoellv 

1910 

4,189 

1000 

179.7 

557 

28.66 

0.618 

13.30 

16,520 

256.5 

391.3 

65.5 

Zeit.  F.D.G.  Turlt,  2  20  '11 

Zoelly 

190S 

3,000 

1000 

170.7 

470 

27.60 

1.138 

15.52 

18,278 

219.8 

339.2 

64.8 

Zeit.  D.V.D.  Ing.,   12   10   '10 

M.  A.  N 

Zoelly 

1910 

1,250 

3000 

182.1 

582 

28.82 

0.540 

13.09 

16,500 

260  2 

404.5 

64.4 

Zeit.  D.V.D.  Ing.,  12,10/10 

Rateau 

1911 

3,166 

1500 

213.9 

663 

29.25 

0.367 

11.44 

14,970 

298.2 

450.6 

Engineering,  10,/20/'10 

Escher,  Wyss  &  Co 

Zoelly 

.5,118 

1000 

133.7 

549 

27.55 

1.161 

15.18 

18,530 

224.6 

341.6 

65.7 

Dinglers  P.J.,  7,'15/'ll 

Zoelly 

190S 

5,(K)0 

1000 

166.4 

539 

26.38 

1.736 

16.13 

19,350 

211.2 

330.4 

63.9 

Zeit.  D.V.D.  Ing.,  12  10  '10 

Eseher,  Wyss  &  Co 

Zoelly 

3,.540 

1500 

155.1 

469 

28.21 

0.838 

15.07 

17,940 

226.3 

349.5 

64.8 

Dinglers  P.J.,  7,  15,,"11 

Zoelly 

1910 

1,641 

3000 

221.0 

672 

27.91 

0.985 

13.08 

16,775 

260.6 

406.5 

64.1 

Zeit.  F.D.G.  Turb.,  2  20   '11 

Escher,  Wyss  &  Co 

Zoelly 

1910 

1.235 

3000 

176.8 

451 

28.39 

0.750 

15.35 

18,1.56 

222  3 

357  S 

Zeit.  F.D.G.  Turb.,  2/20  '11 

Curtis 

1911 

2,987 

1500 

154.7 

505 

26.75 

1.5.57 

15  96 

18.960 

213  7 

321   2 

66.5 

Engineering.  10  '20/'ll 

Gen.  Elec.  Co 

Curtis 

3,464 

210.0 

513 

28.75 

0.375 

13  62 

16,820 

250.4 

393  4 

63  6 

Trans.  A.S..M.E..  vol.  32 

Curtis 

1909 

2,50C 

1500 

126.5 

414 

28.47 

0.711 

IS  92 

18,590 

214,0 

336  1 

63  7 

Zeit.  D.V.D.  Ing..   12   10   '10 

A.  K.  G 

Curtis 

1900 

3,000 

1500 

191.3 

590 

29.05 

0.427 

12.79 

16.240 

266  6 

420.4 

63  4 

Zeit.   D.V.D.  Ing.,   12   10   '10 

A.  E.  G 

Curtis 

1909 

2,236 

1500 

191.6 

654 

29.34 

0.284 

11.77 

15.450 

289.8 

4.53.8 

63  6 

Zeit.  D.V.D  Ing.,  12   10   '10 

Gen.  Elec.  Co 

Curtis 

8,880 

192.5 

487 

28.02 

0.933 

15  Oo 

17.965 

226.7 

359.5 

63.1 

Trans.  A.S.M.E..  rol.  32 

Curtis 

19U 

1,.541 

1500 

149.7 

365 

27.97 

0.956 

17.46 

19.720 

195.3 

320  2 

61.0 

Engineering,  10  20  '11 

Curtis 
Curtis 

10,816 
5,095 

750 

190.0 
185.1 

525 
554 

29.39 
29.40 

0.260 
0.255 

12  90 

12  71 

16,135 
16,090 

264.5 
268.4 

427.3 
436.0 

61.9 
61.6 

Trans.  A.S.V.E..  vol.  32 

Gen.  Eelc.  Co 

Trans.  A.S..V.E..  rol.  32 

Curtis 

1911 

1,221 

3000 

134.7 

448 

27  16 

1.3.53 

17.75 

20,690 

192  2 

314.0 

61.2 

Engineering,  10'20  '11 

Gen.  Elec.  Co 

Curtis 

1910 

8,775 

750 

194.0 

451 

27  95 

0  956 

15  95 

18,720 

213  8 

350  8 

Trans.  A.S.M.E.,  vol.  32 

References:  Zeit.  D.V.D.  In 


nrs  Deulscher  Ingenieure:  Zeit.  F.D.G.  Tnrh.—i 
:  Polytechnisches  Journal;  Elec.  Zeit. — Electroie. 


•itschri.fl  fur  dasGcsamte  Turbinenwesen : 
\nische  Zeitschrift. 
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CUo  Recorders 

By  a.  Vincent  Clarke 

Some  of  the  reasons  given  by  engi- 
neers for  not  adopting  the  CO,-  recorder, 
or  making  a  practice  of  analyzing  the 
flue  gases  in  their  plants,  have  been 
pointed  out  in  Power.  The  principal 
reasons  appear  to  be  that  many  engineers 
do  not  feel  that  they  possess  sufficient 
knowledge  of  chemistry  to  operate  the 
apparatus,  and,  although  a  great  deal  has 
been  written  about  the  subject,  the  funda- 
mental principles  have  not  been  given; 
consequently  they  have  been  unable  to 
educate  themselves. 

Although  the  average  engineer  may  be 
very  proficient  as  a  chemist,  and  hence 
it  may  be  difficult  to  induce  him  to  take 
an  interest  in  subjects  involving  a  knowl- 
edge of  chemistry,  if  only  he  could  be 
persuaded  to  take  an  interest  he  would 
find  his  profession  much  more  interest- 
ing, and  would  benefit  financially  by  his 
ability  for  cutting  down  working  ex- 
penses. 

Most  engineers  consider  that  they  know 
what  occurs  in  the  boiler  furnace  dur- 
ing combustion,  yet  they  do  not  seem  to 
know  what  methods  can  be  adopted  to 
determine  whether  the  maximum  effi- 
ciency has  been  obtained.  The  latter 
knowledge  should  very  simply  follow  on 
from  the  former  and  is  in  fact  only  the 
completing  of  the  former  knowledge. 

It  is  well  known  that  for  combustion 
the  burning  coal  on  the  grate  should  be 
supplied  with  oxygen,  and  that  sufficient 
oxygen  should  be  supplied  so  that  all  of 
the  carbon  in  the  coal  can  be  converted 
into  carbon  dioxide  (CO;). 

For  the  formation  of  carbon  dioxide 
one  atom  of  carbon  unites  with  twc  atoms 
of  oxygen  or,  by  weight,  12  parts  of 
carbon  unite  with  32  parts  of  oxygen, 
and  during  this  formation  much  heat  is 
generated.  The  oxygen  is  taken  from 
the  air  which  is  allowed  to  enter  through 
the  ashpits. 

If  after  its  formation  the  carbon 
dioxide  has  to  pass  through  the  upper 
layers  of  the  burning  coal  its  tendency 
is  to  take  up  additional  carbon  and  form 
carbon  monoxide  (CO).  For  the  forma- 
tion of  carbon  monoxide  one  atom  of 
carbon  unites  with  one  atom  of  oxygen, 
or,  by  weight,  12  parts  of  carbon  unite 
with  16  parts  of  oxygen;  although  it  is 
composed  of  the  same  quantity  of  car- 
bon but  only  half  the  quantity  of  oxygen 
as  carbon  dioxide,  yet  the  volumes  of 
the  two  gases  are  the  same.  By  the 
conversion  of  one  volume  of  carbon 
dioxide  into  two  volumes  of  carbon  mon- 
oxide heat  is  absorbed  and  the  quantity 
of  carbon  taken  up  during  this  conver- 
sion is  lost  so  far  as  this  first  process 
is  concerned. 

Carbon  monoxide  inflames  at  a  com- 
paratively low  temperature,  and  in  the 
furnace  its  combustion  is  secured  either 


by  the  air  passing  in  above  the  fire  or  by 
that  which  gets  through  the  fuel  bed 
uncombined. 

Air  contains  four  times  as  much  nitro- 
gen as  oxygen;  therefore  in  order  to 
pass  one  volume  of  oxygen  five  volumes 
of  air  must  be  passed  through  the  fire, 
or,  by  weight,  4  parts  of  oxygen  to  18 
parts  of  air.  The  nitrogen  simply  ab- 
sorbs heat  when  passing  through  the 
fire  and  carries  it  to  waste  up  the  chim- 
ney, and  this  loss  of  heat  cannot  be 
remedied.  If  too  much  oxygen  is  al- 
lowed to  pass  through  the  fire,  then  this, 
with  its  accompanying  nitrogen,  carries 
so  much  more  heat  up  the  chimney. 

Thus  it  is  seen  that  if  too  little  oxygen 
be  supplied  to  the  coal,  then  the  com- 
bustion will  not  be  complete  and  some 
proportion  of  the  heat  value  of  the  coal 
will  be  lost,  whereas  if  too  much  oxygen 
be  supplied  there  will  be  a  direct  loss 
of  heat  up  the  chimney.  Incidentally 
it  is  seen  that  a  thin  fire  facilitates  com- 
bustion by  offering  the  least  resistance 
to  the  passage  of  air  through  it,  and  so 
minimizing  the  risk  of  the  formation  of 
carbon    monoxide;    great    care    must    be 
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taken,  however,  that  with  this  thin  bed 
of  fuel  it  does  not  burn  into  holes  and 
allow  air  to  pass  through  without  hav- 
ing its  oxygen  consumed,  thus  causing 
a  waste  of  heat. 

The  composition  of  the  flue  gases  varies 
considerably,  and  the  efficiency  of  com- 
bustion can  be  determined  only  by  an 
analysis  of  these  gases.  By  this  means 
it  may  be  ascertained  whether  there  has 
been  a  loss  of  heat  by  the  adniission 
of  a  greater  amount  of  air  to  the  fur- 
nace than  is  necessary  for  effecting 
proper  combustion,  or  by  the  admission 
of  a  smaller  amount  of  air  than  is  nec- 
essary, thus  allowing  the  escape  of  car- 
bon monoxide. 

In  a  complete  flue-gas  analysis  the 
most  important  constituents  of  the  gases 
to  be  determined  are:  carbon  dioxide, 
carbon  monoxide  and  oxygen,  the  re- 
mainder of  the  gases  being  nitrogen  and 
a  small  proportion  of  other  gases  origi- 
nating from  the  coal  and  the  air.  The 
presence  of  carbon  dioxide  shows  com- 
plete combustion,  that  of  carbon  mon- 
oxide, incomplete  combustion. 

The  accompanying  figure  shows  the 
gain  in  efficiency  that  it  is  possible  to  ob- 
tain by  increasing  the  percentage  of  car- 
bon dioxide  in  the  flue  gases  in  a  plant 


in  which  the  percentage  is  as  low  as  5 
per  cent.;  if  this  could  be  increased  to 
15  per  cent.,  then  an  increase  in  fuel 
efficiency  of  nearly  20  per  cent,  would 
be  accomplished,  and  it  can  be  readily 
seen  that  this  means  a  large  saving  of 
money. 

CO:  recorders  are  very  essential  for 
the  attainment  of  the  maximum  efficiency 
of  the  process  of  combustion,  but  inas- 
much as  they  give  a  continuous  record 
of  the  percentage  of  carbon  dioxide, 
they  should  be  regarded  as  giving  only 
a  general  indication  of  the  efficiency  for 
they  do  not  give  an  idea  of  the  possible 
losses  due  to  incomplete  combustion. 
Probably  the  best  system  of  flue-gas 
analysis  is  one  in  which  a  continuous 
record  of  the  carbon  dioxide  is  obtained 
by  means  of  a  recorder  and  an  occasional 
record  of  all  of  the  other  gases  is  ob- 
tained by  means  of  the  Orsat  apparatus. 

By  means  of  a  recorder,  the  stoker 
can  detect  any  loss  of  efficiency  in  his 
furnace  within  two  to  three  minutes  of 
its  occurrence;  he  has  a  guide  as  to  the 
correct  thickness  of  fire  or  the  correct 
amount  of  draft  to  be  given  to  the  fire 
under  varying  conditions,  and  he  has  an 
indication  should  there  be  any  leakage 
of  air  through  the  brickwork  between 
the  furnace  and  the  position  in  the  flue 
where  the  gas  is  taken  from.  These  ad- 
vantages can  only  be  obtained  by  means 
of  a  recorder  and  its  value  is  thus 
realized. 


Devo  Gasket 

The  Devo  gasket  is  intended  for  high 
and  low  pressures,  also  for  superheated 
steam,  and  consists  of  a  corrugated  steel 
gasket  entirely  embedded  in  an  asbestos 
covering,  which  is  graphited  throughout. 
The  gasket  is  ',s  in.  in  thickness,  but  it 
can  be  compressed  to  ,',t  in. 
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Sections  through  Devo  Gasket 

Being  deeply  corrugated,  this  gasket 
will  make  a  steam-tight  joint  even  where 
the  flange  surface  is  unusually  rough; 
it  is  applied  inside  the  flange-bolt  holes, 
thus  requiring  a  small-size  gasket.  It  is 
manufactured  by  the  Goetze  Gasket  & 
Packing  Co.,  New  Brunswick,  N.  J. 


Burst    Flywheel    at  Gibson- 
burg,    Ohio 

On  May  24,  a  flywheel  in  the  Collier 
sawmill  at  Gibsonburg,  Ohio,  exploded. 
Part  of  the  wheel  crashed  through  the 
roof  of  the  building,  landing  in  the  mill 
yard.  One  man  was  injured  by  the  force 
of  the  explosion. 

According  to  the  press  reports,  the  ac- 
cident was  due  to  excessive  rim  speed. 
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Switchboard    Connections    for 
Testing  Meters 

By  G.  C.  Cassard 

In  the  electric-lighting  business,  satis- 
factory service  depends  largely  upon  the 
proper  testing  and  maintenance  of  the 
various  switchboard  meters  installed  in 
the  generating  plant  and  substations. 
Much  time  is  involved  in  this  work  at 
best,  as  certain  types  of  meters  require 
frequent  attention,  and  it  is  quite  im- 
portant that  the  quickest  and  most  con- 
venient methods  be  employed  consistent 
with  safety.    Of  the  various  meters  used 


Feeder  Ammeters 
Referring  to  the  Fig.  2,  it  will  be  seen 
that,  with  the  feeder  under  test  on  bus- 
bar No.  2,  its  load  can  be  carried  only 
in  one  way — that  is,  through  the  stand- 
ard shunt,  from  busbar  No.  1  to  No.  2 — 
therefore,  this  reading  will  appear  on  the 
standard  meter  and  will  be  the  lowest 
point  of  the  check.  The  load  may  now 
be  increased  to  any  desired  amount  by 
connecting  the  jumper  and  carrying  ad- 
ditional feeders  on  busbar  No.  4  as  in- 
dicated by  the  dotted  line.  The  whole 
station  load  may  thus  be  thrown  on  one 
meter  if  necessary,  although  that  meter 
may  be  practically  idle  under  operating 


Fig.    1.    Arrangement  of   Direct-Current  Switchboard 


on  direct-current  systems,  ammeters  are 
by  far  the  most  numerous,  and  for  this 
reason  the  present  discussion  will  be  con- 
fined to  them. 

In  connection  with  the  accompanying 
diagrams,  the  portable  shunt  and  milli- 
voltmeter  method  of  testing  is  assumed 
as  this  is  the  most  generally  used.  Fig. 
1  shows  a  common  arrangement  of  a 
direct-current  switchboard  (without  aux- 
iliary apparatus)  when  only  busbar  No. 
I  is  used  during  the  periods  of  light 
load.  This  is  the  best  time  for  meter 
testing,  as  it  affords  an  opportunity  to 
use  any  or  all  of  the  other  three  bus- 
bars  for  the   various  connections. 

These  diagrams  may  be  taken  to  show 
either  the  positive  or  the  negative  side 
of  the  system,  as  both  sides  are  handled 
similarly.  In  the  arrangement  under  con- 
sideration there  are  two  switches  in  each 
set,  the  left  one  engaging  busbars  Nos. 
1  or  3,  and  the  right  one  (shown  open 
in  a  plane  perpendicular  to  the  page) 
engaging  busbars  Nos.  2  or  4.  The  switch- 
board meters  are  usually  of  the  milli- 
voltmeter  and  shunt  type,  like  the  stand- 
ard, but  are  represented  as  in  the  dia- 
gram for  the  sake  of  simplicity. 


conditions  or  be  only  a  "spare,"  that  is, 

entirely    disconnected    from    the    outside 

system.     In  making  the  changes  shown, 

it    is    important    to    remember    that    the 

feeders  in  every  case  must  be  switched  in 

on    busbar    No.    4    before    pulling    clear*  method   is  recommended   in   any  case. 

of  No.   1 ;   otherwise   the   feeder  will  be         Where  meters  are  installed  on  the  gen 

"dropped"  from  the  switchboard.  erators  of  a  booster  set,  as  they  some 


scale  reads  in  both  directions  from  the 
middle,  and  after  a  check  in  one  direc- 
tion it  is  necessary  to  reverse  the  cur- 
rent. To  do  this,  the  left-hand  switches 
are  first  all  put  back  on  busbar  No.  1 ; 
then  the  right-hand  switches  are  changed 
from  Nos.  4  to  2,  or  2  to  4,  as  the  case 
maye  be.  This  test  must  be  made  while 
the  machine  is  running  as  the  balancei 
switches  are  always  at  neutral  potentia! 
when  the  machine  is  shut  down. 

Booster  Sets 

In  testing  the  meter  on  a  boostei 
motor,  the  same  wiring  arrangement  holds 
good.  These  motors,  however,  are  usu- 
ally connected  directly  across  the  systen 
from  the  positive  to  the  negative  side,  anc 
the  connections  for  testing  must  be  made 
on  the  side  containing  the  meter  shunt 
If  connected  otherwise,  it  is  obvious  thai 
the  artificial  load  would  appear  on  the 
standard  meter  only,  while  the  actua 
motor  load  would  affect  both  meters 
Here  it  is  assumed  that  the  motor  ii 
running  during  the  test,  and  this  is,  ir 
fact,  the  safest  way.  If,  however,  i 
should  be  necessary  to  test  the  mete; 
while  the  motor  is  idle,  and  the  test  mus 
be  made  on  the  positive  side  of  the  sys- 
tem, it  is  all-important  that  the  field  ex- 
citation switch  be  thrown  to  the  "busbar' 
position  before  closing  the  positive  ma 
chine  switch.  Disregard  of  this  precau 
tion  will  result  in  a  heavy  short-circuit 
This  applies  only  to  switchboards  of  thf 
type  under  consideration,  but  it  shouk 
not  be  understood   that  this  "shutdown' 


Fig.  2.   Testing  Feeder  Meter 


It  is  not  practicable  on  a  board  of  this 
kind  to  use  busbar  No.  3  as  that  would 
necessitate  "flashing  over"  from  No.  1 
to  No.  3,  or  tying  in  each  time  on  No. 
2  or  No.  4. 

Balancers 

In  the  case  of  a  balancer  ammeter 
the   connections   are   the   same,   but   the 


,  I  fteckr 
Oomtcr  \  load 
Generator 


sting  Booster  Meter 


times  are,  such  meters  should  be  con 
nected  as  shown  in  Fig.  3,  and  teste( 
with  the  machine  idle.  It  would  appear 
from  the  arrangement  of  the  two  sets  o 
switches  peculiar  to  a  booster  generator 
that  it  would  be  simpler  to  switch  thi 
"high"  side  in  on  busbar  No.  4,  to  re 
place  the  jumper.    This  is  not  advisable 
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however,  as  the  testing  current  would 
have  to  pass  through  the  armature  and 
might  be  thoughtlessly  increased  to  a 
large  overload;  also,  if  the  machine  could 
overcome  its  inertia  and  start  up  under 
these  conditions,  it  would  run  away  as 
a  motor  with  no  field.  This,  of  course, 
could  not  occur  if  it  had  been  previous- 
ly started  in  the  regular  way  and  was 
controlled  by  its  motor,  but  care  should 


carried  so  far  that  one  machine  will 
"invert"  and  run  as  a  direct-current  motor 
and  build  up  an  artificial  load  by  feed- 
ing back  into  the  alternating-current  sys- 
tem. Therefore,  the  other  converter  will 
be  carrying  this  heavy  load  and  its  meter 
may  be  checked  at  correspondingly  high 
points.  This  does  not  mean  that  any 
extra  demand  is  made  on  the  alternating- 
current    system    as    a    whole,    other   than 


Standard 

Fig.   4.    Connections   for   Testing 
Rotary  Converter  Meter 

be  exercised  in  that  case  not  to  excite 
the  generator  field  and  thus  boost  the 
feeders  used  for  load.  The  use  of  the 
jumper  is,  on  the  whole,  simpler  and 
safer. 

If  the  test  must  be  made  while  the  set  is 
in  service,  connections  similar  to  those 
shown  in  Fig.  3  may  be  used.  Suppose, 
for  instance,  that  the  machine  was  boost- 
ing busbar  No.  3,  it  will  be  obvious  that 
the  difference  of  potential  between  No. 
1  and  No.  3  will  in  no  way  interfere  with 


Fig.  5.    Testing  Battery  Meters 

the  power  required  to  supply  the  losses 
in  the,  inverted   machine. 

It  must  be  remembered  that  a  ma- 
chine run  in  this  way  has  its  neutral 
position  shifted  several  degrees  back; 
that  is,  in  a  direction  opposite  to  that  of 
rotation,  and  the  brush  frame  must  be 
shifted  to  this  point  to  prevent  spark- 
ing. 

In  some  cases,  where  the  meter  to  be 
tested  is  on  the  only  machine  available, 
it  is  found  necessary  to  connect  a  jumper 


own  end-cell  switches  at  the  battery  and 
their  own  meters.  This  arrangement 
makes  it  possible  to  test  the  battery  am- 
meters without  charging  or  discharging, 
as  will  be  seen  by  referring  to  Fig.  5. 

By  following  the  circuit  from  busbar 
No.  1,  it  will  be  evident  that  both  of  the 
meters  will  read.  No.  1  indicating 
"charge,"  since  the  current  is  flowing  to- 
ward the  battery,  and  No.  2  indicating 
"discharge,"  as  the  current  is  returning 
through  it.  This  current  does  not  pass 
through  the  battery  as  the  end-cell 
switches  are  both  on  the  same  ce''  con- 
tact, and  are  thus  short-circuited  on  each 
other.  It  is  important  to  see  that  this 
is  the  case  before  beginning  the  test,  as 
otherwise  the  test  current  will  pass 
through  whatever  cells  happen  to  be  in- 
cluded between  the  two  switches. 

With  the  busbar  switches  connected  as 
shown,  it  is  possible  to  calibrate  meter 
No.  2  with  precision,  but  the  reading  of 
No.  1  may  be  only  approximately  correct. 
This  is  due  to  the  fact  that  there  is  usu- 
ally a  small  "fioating"  current  passing 
between  the  main  busbar  and  the  battery, 
and  this  current,  although  it  affects  meter 
No.  1,  never  reaches  the  standard  meter. 
Meter  No.  2,  on  the  contrary,  is  in  di- 
rect series  with  the  standard  meter  and, 
if  correct,  should   read   the   same. 

The  switches  may  be  reversed  without 
disturbing  the  feeder  load  if  care  is 
taken  to  switch  in  to  the  new  position 
before  pulling  out  of  the  old.  The  meters 
are  now  reversed,  and  No.    1    (which  is 


■^ 

I 

Meters    on    Neutral    Side    of 
Batteries 


Standard 

Fic.  7.  Auxiliary  Booster  Circuit  Used 
for  Testing  Battery  Meters 


Fio.  8.   Testing  Auxiliary 
Booster  Meter 


the  work  if  the  connections  are  correct- 
ly made.  The  current  measured  under 
test  in  this  case  will  evidently  be  that 
carried  by  busbar  No.  3,  plus  whatever 
is  thrown  over  to  No.  4. 

Rotary  Converters 

In  testing  the  ammeter  of  a  rotary 
converter  no  feeder  switching  is  required; 
it  is  only  necessary  to  connect  the  stand- 
ard meter  as  in  Fig.  4,  and  throw  the 
converter  over  to  busbar  No.  2.  Then, 
having  another  converter  running,  the 
load  may  be  shifted  from  one  machine 
to  the  other;  this  shifting  may  even  be 


across  the  meter  and  standard,  thus 
shunting  part  of  the  load,  as  indicated 
by  the  dotted  lines  in  Fig.  4.  This  makes 
it  possible  to  obtain  a  lower  scale  de- 
flection than  that  of  the  full  load. 

Battery  Ammeters 

The  battery  in  a  substation  is  usually 
controlled  by  four  sets  of  switches:  posi- 
tive No.  1  and  positive  No.  2,  and  nega- 
tive No.  1  and  negative  No.  2.  This 
does  not  necessarily  mean  that  there  are 
two  batteries,  but  that  the  two  extra  sets 
of  switches  are  provided  simply  for  con- 
venience   in    operating,    and    have    their 


now  on  busbar  No.  2)  will  read  "dis- 
charge" and  be  exact,  while  the  other 
will   read   "charge"  and   be   approximate. 

The  presence  of  this  small  disturbing 
current  is,  of  course,  unfortunate,  but 
its  value  is  nearly  negligible,  and  if  the 
reading  is  checked  several  times  it  in- 
troduces no  practical  error.  Precise  read- 
ings on  the  "charge"  deflection  can  only 
be  obtained  by  using  less  convenient  con- 
nections or  by  charging  the  battery,  which 
is  not  to  be  recommended. 

Where  a  three-wire  system  is  used, 
some  companies  install  integrating  am- 
pere-hour meters  on  the  neutral  side  of 
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the  positive  and  negative  batteries,  at  a 
position  between  the  battery  and  the  com- 
mon connection  to  the  neutral  of  the  sys- 
tem (see  Fig.  6).  These  meters  are  de- 
signed for  both  "charge"  and  "discharge," 
being  provided  each  with  two  sets  of 
integrating  dials;  they  must  therefore  be 
calibrated  under  both  of  these  condi- 
tions. Their  position,  however,  is  remote 
from  the  switchboard. 

It  sometimes  happens  that  certain  cells 
of  a  battery  fall  below  normal  volt- 
age, while  the  rest  hold  up,  and  there- 
fore means  must  be  provided  for  charg- 
ing these  cells  individually.  This  is  usu- 
ally done  by  running  a  separate  set  of 
two  cables  from  one  of  the  generators 
of  a  booster  set  into  the  battery  room 
and  continuing  them  above  the  battery 
as  two  bare  copper  bars.  To  these  bars 
extension  cables  are  connected  and  run 
down  to  the  affected  cells.  This  auxil- 
iary booster  circuit  runs  conveniently 
close  to  the  meters,  and  has  no  arbitrary 
polarity  like  the  buses.  In  fact,  this 
booster  circuit  has  been  the  only  avail- 
able source  of  current  for  testing  these 
meters  and  gives  a  remarkably  steady 
current  at  all  loads. 

The  connections  are  shown  in  Fig.  7. 
As  it  is  necessary  under  these  conditions 
to  open  the  neutral  switch  of  the  meter 
to  be  tested  (the  left  one),  the  jumper 
shown  on  the  right  is  used  to  maintain 
the  neutral  connection  of  the  left-hand 
battery,  and  this  must  be  done  without 
including  the  meter,  for  obvious  reasons. 
To  reverse  the  current,  the  cables  at- 
tached to  the  booster  switches  must  be 
interchanged. 

Individual  Cell  Charging  Meters 

The  auxiliary  booster  circuit  used  in 
the  foregoing  test  is  equipped  with  an 
indicating  ammeter  as  shown,  and  this 
ammeter  might,  of  course,  be  checked 
for  accuracy  with  the  connections  used 
in  Fig.  7.  When  it  is  desired  to  test 
this  meter  only,  the  very  simple  arrange- 
ment shown  in  Fig.  8  will  suffice. 

In  this  as  well  as  the  last  case,  it 
should  be  noted  that  the  booster  gen- 
erator is  practically  short-circuited  and 
these  tests  should  therefore  be  started 
on  the  weakest  field  possible;  it  may  be 
built  up  afterward.  A  few  points  cut 
out  of  the  rheostat  will  be  sufficient  un- 
der these  conditions  to  bring  the  meter 
up  to  full-scale  deflection  or  possibly 
overload  the  generator. 


LETTERS 

Too  Much  Compounding 

A  trouble  with  a  small  compound- 
wound,  interpole  generator  which  I  was 
called  upon  to  rectify  may  be  of  interest 
to  other  readers.  The  machine  was  a 
six-pole  40-kw.  generator,  running  at 
1200  r.p.m.  It  was  designed  to  over- 
compound  from  240  volts  at  no  load  to 


250  volts  at  full  load.  The  t^-ouble  ex- 
perienced was  that  with  the  field  rheostat 
set  to  give  240  volts  at  ne  load,  when 
full  load  was  thrown  on  the  voltage 
would  rise  to  about  290  volts  instead 
of   the   250   desired. 

The  first  remedy  tried,  of  course,  was 
that  of  shunting  the  series  field  winding, 
but,  while  this  helped  somewhat,  it  was 
not  nearly  enough  to  correct  the  trouble. 
As  an  experiment.  I  cut  out  the  series 
winding  altogether,  and  was  not  sur- 
prised to  see  that  with  the  shunt  field 
flone,  the  voltage  rose  about  25  volts 
from  no  load  to  full  load.  This  made 
it  at  once  evident  that  the  armature 
reaction  must  be  boosting  the  shunt  field; 
so  I  shifted  the  brushes  forward  sev- 
eral bars  in  order  to  make  the  armature 
reaction  oppose  the  shunt  field.  On  con- 
necting the  series  winding  in  circuit 
again,  there  was  no  difficulty  in  obtaining 
the  required  degree  of  compounding. 

I  was,  however,  now  confronted  with 
a  new  trouble,  that  of  bad  commuta- 
tion. As  the  natural  shift  of  the  brushes 
of  a  generator  is  forward,  the  only  likely 
reason  for  bad  commutation  in  the  new 
position  would  be  too  strong  an  inter- 
pole field.  Therefore,  I  weakened  the 
latter  by  shunting  it  with  a  strip  of  ger- 
man  silver  about  15  ft.  long,  having  a 
section  of  0.5x0.005  in.  After  that,  no 
further  trouble  was  experienced  with 
either  compounding  or  commutation. 

L.  S.  Weil. 

New    York. 


Chattering   and    Sparking 
Brushes 

About  90  per  cent,  of  commutator  and 
brush  troubles  put  down  to  faulty  design 
are  due  entirely  to  lack  of  knowledge  on 
the  part  of  the  men  in  charge  of  the 
plant.  In  order  to  keep  a  commutator 
in  good  repair,  it  is  necessary  that  it 
should  have  the  closest  attention.  Should 
the  commutator  commence  sparking,  it 
may  be  cleaned  with  a  little  kerosene, 
but  too  much  should  not  be  used  as  it  is 
a  very  good  insulator.  Use  sufficient  to 
dampen  a  piece  of  clean  rag  and  rub 
lightly  across  the  commutator;  if  this 
will  not  remove  the  trouble,  the  brushes 
may  be  lifted,  one  at  a  time,  and  the 
bearing  surface  cleaned  in  the  same 
manner  as  the  commutator. 

If  the  trouble  is  caused  by  a  bad  seg- 
ment, it  will  be  necessary  to  overhaul 
the  machine.  The  commutator  must  re- 
ceive the  first  treatment,  after  making 
sure  that  the  trouble  is  not  due  to  a 
short-circuited  armature  coil  or  a  broken 
connection,  which  can  be  found  by  plac- 
ing a  galvanometer  across  the  blackened 
segment.  Now  rub  down  the  commutator 
with  carborundum  until  the  flat  spot  has 
disappeared,  after  which  smooth  off  with 
sandpaper  and  polish.  Next  take  out  and 
thoroughly  clean  the  brushes,  and  in  re- 


setting them  place  a  strip  of  paper 
araund  the  commutator;  mark  off  where 
the  ends  meet,  divide  the  paper  into  the 
same  number  of  divisions  as  there  are 
poles  and  again  place  this  around  the 
commutator.  Now,  if  one  of  the  brushes 
is  placed  to  the  mark  on  the  commutator, 
it  will  be  found  to  be  slightly  tipped  and 
this  must  be  fitted  to  the  contour  of  the 
commutator.  This  is  done  by  placing  a 
strip  of  sandpaper  between  the  brush 
and  the  commutator  with  the  plain  side 
against  the  commutator.  It  is  then  drawn 
backward  and  forward  until  the  brush 
"toes  the  line"  and  makes  a  perfect  con- 
tact with  the  commutator.  After  treat- 
ing one  brush  on  each  pole  in  this  man- 
ner the  paper  may  be  taken  out  and 
the  other  brushes  treated  similarly.  Care 
must  be  taken  not  to  place  the  brushes 
on  the  comumtator  behind  each  other, 
but  rather  stagger  them  over  the  com- 
mutator so  that  the  whole  surface  is 
covered. 

When  the  brushes  are  finished  they 
should  be  in  perfect  alignment  axially. 
Before  throwing  the  load  on  the  machine 
the  commutator  must  be  wiped  clean  to 
make  sure  that  no  dirt  has  got  under  the 
brushes.  Finally,  the  machine  should  be 
run  without  load  with  the  brushes  bear- 
ing on  the  commutator  for  some  time. 
This  will  put  a  smooth  surface  on  the 
brushes  which  will  also  help  to  polish 
the  commutator. 

Of  course,  faults  may  appear  which 
are  due  to  faulty  design,  such  as  weak 
insulation  on  the  armature  coils  or  soft 
mica  between  the  segments,  which  burn 
away  and  cause  the  segments  to  be  short- 
circuited,  but,  generally  speaking,  the 
trouble  may  be  overcome  by  carrying 
out    the    foregoing    instructions. 

E.    O'Shea. 

London,  England. 


Thawing  a  Water  Pipe 

A  i;-4-in.  water  pipe  900  ft.  long  froze 
on  top  of  a  hill  and  to  thaw  it  out  a  30- 
kw.  2300  to  122-volt  transformer  was 
used.  The  primaries  were  connected  to 
the  pole  line  through  plug  cutouts,  and 
an  ammeter  was  connected  in  the  cir- 
cuit. The  122-volt  secondary  terminals 
were  connected  directly  to  the  pipe  to 
be  thawed  out. 

The  circuit  was  connected  to  an  idle 
alternator  and  the  engine  speed  adjusted 
by  throttling  so  as  to  make  the  trans- 
former deliver  about  its  full-load  cur- 
rent. Regulating  in  this  way  from  the 
station  made  it  unnecessary  to  use  any 
resistance  in  either  the  primary  or  the 
secondary  circuit.  The  meters  at  the  sta- 
tion showed  80  volts  and  14  amperes 
[representing  about  4;4  volts  and  264 
amperes  in  the  secondary  circuit — Ed.]. 
It  took  about  four  hours  to  thaw  out  the 
pipe.  ' 

Louis  J.  Gorilla. 

Ironwood,  Mich. 
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Gas  Power  Department 

Worth-while  gas-engine  and  producer  information  treated  in  a  way  that  can  be  of  practical  use 


Deterioration    of    Suction    Gas 
Producers 

By  J.  A.  Seagep. 

It  has  been  urged  more  than  once 
against  the  use  of  suction-gas  plants  that, 
although  for  a  time  they  appear  to  op- 
erate with  considerable  efficiency  and 
satisfaction,  they  develop  defects  which 
after  a  few  months'  running  cause  very 
considerable  trouble  and  in  some  cases 
lead  to  the  redesigning  or  abandoning 
of  the  plant.  It  will  generally  be  found, 
however,  that  such  defects  are  traceable 
10  causes  which  should  have  been  fore- 
seen, or  if  not  should  have  been  easily 
remedied  at  an  early  stage  of  the  pro- 
ceedings, and  for  this  reason  it  may  be 
claimed  that  the  responsibility  for  many 
breakdowns  of  suction-gas  plants  rests 
quite  as  much  with  the  purchaser  and 
operator  of  the  plant  as  with  its  de- 
signer and   manufacturer. 

Unfortunately  for  the  prestige  of  this 
particular  form  of  power  source,  it  is 
largely  adopted  by  people  who  are  not 
technically  expert  and  who  may  be  lo- 
cated in  out-of-the-way  places  where 
facilities  fop  overhauling  are  somewhat 
limited  even  if  the  class  of  attention 
given  to  the  plant  is  sufficient  to  detect 
faults  in  an  early  stage.  Matters  are 
therefore  allowed  to  drift  on  until  in 
the  long  run  the  trouble  becomes  so 
serious  that  it  is  almost  impossible  to 
remedy  it. 

The  following  incident  will  serve  to 
show  how  very  simply  defects  in  suc- 
tion-gas producers  can  be  put  right  if 
they  are  taken  in  time.  A  suction  pro- 
ducer and  engine  plant  was  installed  un- 
der certain  specifications  as  regards  gas 
consumption.  This  engine,  which  was 
rated  at  45  brake  horsepower  on  suction 
gas,  had  a  cylinder  13  in.  in  diameter 
and  a  20-in.  stroke  and  ran  at  230  r.p.m. 
When  it  was  first  installed  it  averaged 
on   a   four-hour  test   run   about   49   b.hp. 


and  therefore  showed  a  very  good  margin 
of  power. 

After  it  had  been  running  for  about 
nine  months,  however,  some  difficulty 
was  e.xperienced  in  carrying  the  load, 
and  eventually  it  was  found  impossible 
to  get  the  engine  to  take  its  full  load. 
The  matter  was  put  in  the  hands  of  an 
expert,  and  on  indicating  the  engine  it 
was  found  that  its  indicated  horsepower 
was  between  48  and  49.  Allowing  the 
customary  figure  of  85  per  cent,  for  the 
mechanical  efficiency  of  the  engine  made 


A  Good  Form  of  Generator  Lining 


the  brake  horsepower  developed  under 
the  conditions  of  the  second  test  about 
4i;<.  The  engine  was  overhauled  and 
carefully  examined,  but  no  defect  was  to 
be  found  in  the  engine  itself.  On  in- 
specting the  indicator  cards,  however, 
they  showed  "whale  heads,"  indicating 
a  weak  mixture.  This  directed  attention 
to  the  quality  of  the  gas  supplied  to 
the  engine  and  after  a  long  search  in- 
volving the  overhauling  of  the  generator 
it  was  found  that  the  lining  of  the  gen- 


erator was  leaky  at  certain  parts  of  the 
joints;  this  allowed  an  excess  of  air  to 
pass  through,  causing  the  weak  mixture 
which  reduced  the  horsepower  of  the 
engine. 

The  indications  seemed  to  show  that 
the  damage  had  probably  been  done  by 
the  too  vigorous  use  of  the  poking  bar 
when  cleaning  and  stirring  the  fuel  bed, 
and  the  very  simple  remedy  was  ap- 
plied of  putting  gannister  over  the  leaky 
places  and  black  leading.  This  was  a 
case,  therefore,  where,  by  reason  'of 
proper  knowledge  of  what  was  required, 
the  capability  of  the  plant  was  restored 
with  very  little  trouble.  It  may  also  be 
interesting  to  note  that  when  suction-gas 
generators  are  being  built  it  is  always 
advisable  to  avoid  joints  in  the  lining 
as  far  as  possible. 

The  accompanying  sketch  shows  a  very 
useful  form  of  generator  lining  in  which 
the  material  is  built  of  quadrant  blocks 
arranged  in  three  tiers,  the  vertical  joints 
being  staggered.  Where  it  is  possible, 
in  smaller  sizes  of  generator,  the  num- 
ber of  joints  can  be  still  further  reduced 
by  utilizing  blocks  extending  over  120 
deg.  each  so  that  only  three  pieces  are 
required  in  each  tier.  Generally  speak- 
ing, the  nearer  the  approach  can  be  made 
to  a  monolith  in  the  generator  lining, 
the  less  likelihood  there  is  of  cracks  de- 
veloping which  will  allow  undue  admis- 
sion of  air. 


Working  Several  Engines 

from  One  Producer 

By  W.  E.  Wort 

A  difficulty  sometimes  met  with  when 
attempting  to  run  more  than  two  units 
from  one  suction  gas  producer,  is  the 
tendency  of  one  or  more  engines  to  get  an 
irregular  or  insufficient  supply  of  gas 
owing  to  a  couple  of  the  units  syn- 
chronizing   with    their    suctions,    and    so 


Four  Engines  Run  from  One  Producer;  Distributing  and  Baffle  Boxes  Inserted  in  Line 
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causing  a  greater  supply  of  gas  to  flow 
in  their  direction,  owing  to  the  stronger 
suction  produced  to  the  detriment  of  the 
supply  to  the  other  unit  or  units.  This 
is  very  hkely  to  occur  where  two  units 
are  run  off  one  suction  pipe  at  one  end, 
and  another  unit  is  worked  off  the  other 
end  of  the  pipe. 

The  writer  designed  the  arrangement 
shown  in  the  sketch  for  working  four 
40-bp.  gas  engines  from  one  producer, 
and  in  practice  has  found  it  very  satis- 
factory. By  the  arrangem.ent  of  baffles 
and  expansion  boxes  it  is  as  satisfactory 
when  working  one,  two,  three,  or  all  four 
engines,  although  in  this  instance  the 
gas  producer  was  designed  to  supply 
two  engines  only. 

It  will  be  noticed  that  baffles  or  expan- 
sion boxes  of  large  capacities  have  been 
fitted  in  the  supply  line  by  making  the 
reservoirs  nearest  the  engines  about  2'S 
times  the  capacity  of  one  of  the  engine 
cylinders;  thus  no  interruption  occurs  in 
the  supply  to  any  of  the  engines. 

A  great  benefit  of  the  large  reservoir 
near  the  producer  (which  should  be 
about  three  and  one-half  to  four  times 
the  capacity'  of  al!  the  engine  cylinders) 
is  that  most  of  the  dust  and  moisture 
are  collected  here,  and,  therefore,  very 
little  deposit  is  found  in  the  other  pipes 
or  reservoirs,  although  the  whole  line  of 
piping  "should  be  thoroughly  cleaned  out 
at  least  once  a  year.  It  is  advisable  to 
have  drain  cocks  fitted  to  all  the  expan- 
sion boxes,  so  that  the  moisture  can 
be  drained  periodically. 

When  working  this  installation  the 
writer  runs  the  producer  on  gas  coke 
for  the  lighter  loads,  but  for  the  heavier 
loads  a  proportion  of  anthracite  coal  is 
necessary,  in  the  ratio  of  two  of  coal  to 
one  of  gas  coke.  Of  course,  for  the 
heaviest  working,  anthracite  coal  alone 
must  be  used. 


Utilizing  Waste  Heat  from  a 
Gas    Engine 

An  interesting  method  of  factory  heat- 
ing is  employed  at  the  Hisey-Wolf  Co.'s 
plant  at  Cincinnati. 

The  usual  hot-blast  practice  is  applied, 
using  about  200  sq.ft.  of  heater  sur- 
face, and  in  place  of  steam  as  the  heat- 
ing agent,  the  waste  heat  in  the  jacket 
water  from  a  high-power  gas  engine  is 
utilized.  The  water  is  circulated  under 
pressure  by  an  electrically  driven  rotary 
pump,  through  the  engine  jacket  and  a 
gas-exhaust  water  heater,  then  through 
a  Vento  fan  coil  and  returns  through 
the  pump  into  the  jacket. 

Connected  into  the  pump  discharge  is 
the  city  service  line,  w-hich  injects  cold 
water  into  the  jacket  supply,  under  con- 
trol of  an  Ideal  siphon  tank  regulator, 
having  its  valve  inverted  to  open  with 
high  temperature  in  place  of  closing. 
The   thermostatic   bulb   of  the  regulator 


is  placed  in  the  flow  pipe  of  the  jacket 
water  from  the  engines,  and  in  this  way 
the  jacket  water  is  held  at  the  proper 
temperature.  Referring  to  the  illustra- 
tion, A  shows  the  main  part  of  the  regu- 
lator and  B  the  stem  (containing  ex- 
pansive fluid)  inserted  in  the  supply  pipe 
and  connected  to  the  main  part  of  the 
regulator  by  a  flexible  tube. 


on  the  machine,  only  parts  of  minor  im- 
portance being  destroyed.  The  greatest 
damage  was  wrought  through  the  ma- 
chine being  surrounded  by  a  scaffolding 
two  or  three  stories  high.  The  wood 
of  this  scaffolding  during  two  or  three 
months  of  experimenting  had  become 
saturated  with  oil  and  caught  fire  very 
easily.     The  receiver  contained  consider- 


G.AS  Engine,  Piping  and  Regulating  Valve 


As  the  jacket  water  must  be  held  be- 
tween 150  and  1(30  deg.,  a  cast-iron 
boiler  is  cross-connected  with  the  systein 
to  raise  the  temperature  of  the  water 
in  the  fan  coils  in  extremely  cold  weather, 
or  when  the  engine  is  not  running.  The 
piping  is  so  arranged  that  the  flow  from 
the  boiler  is  directly  into  the  fan  coils 
and  with  the  aid  of  the  pump  the  proper 
amount  is  returned.  It  will  also  cir- 
culate by  gravity  independently  of  the 
pump  and  engine.  Natural  gas  is  used 
for  fuel  in  the  boiler,  and  the  supply 
is  automatically  controlled.  Also  an  au- 
tomatic relief  is  provided  to  care  for 
any  surplus  water  in  the  system. 


able  oil  which,  after  the  explosion  escap- 
ing in  a  burning  state,  set  fire  to  every- 
thing around  it  not  absolutely  fireproof. 
The  operators'  clothes  being  greasy  also 
caught  fire.  Had  the  explosion  occurred 
to  a  machine  fitted  with  iron  gratings  it 
would  have  passed  without  injury  to  any- 
one, and  the  damage  probably  would 
have  been  repaired  in  a  few  hours. 

The  loud  report  mentioned  by  the  news- 
papers was  not  caused  by  the  primary 
explosion  but  by  a  large  vessel  contain- 
ing liquid  oxygen  which  exploded  through 
the  heat.  The  whole  affair  was  the  out- 
come of  several  very  unfortunate  in- 
cidents which  sometimes  happen  when 
new  engines  are  tried. 


Explosion  of  a  Diesel  Engine 

A  short  time  ago  a  Diesel  engine  ex- 
ploded at  the  United  Machine  Co.'s  plant 
at  .Augsburg,  Nuremberg,  and  resulted 
in  several  fatalities.  From  the  report  of 
the  accident  now  made  public  it  appears 
that  the  primary  cause  was  the  explosion 
of  lubricating  oil.  There  was  an  abund- 
ance of  oil  in  the  pump,  and  it  had  been 
carried  into  the  receiver.  A  valve  con- 
necting the  combustion  chamber  with  the 
receiver  was  broken,  and  this  brought 
about  the  ignition  of  the  oil. 

The  explosion  had  a  very  slight  effect 


CORRESPONDENCE 

Cylinder  HeacJ  Repair 

One  of  the  cylinder  heads  on  a  12x12- 
in.  vertical  gas  engine  developed  a 
crack  on  the  inside,  between  the  inlet 
and  the  exhaust  valve,  both  of  which 
are  in  the  cylinder  head,  and  extended 
into  the  w-ater  space,  letting  the  water 
into  the  cylinder  and  grounding  the  igni- 
tion points. 

Something  had  to  be  done  as  the  en- 
gine was  needed  badly,  and  as  a  new 
cylinder   head    would   have   cost  S85,   il 
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was  decided  to  repair  the  cracked  one. 
I  accordingly  drilled  a  a'^-in.  hole  at  the 
end  of  the  crack,  tapping  it  with  a  'i- 
in.  tap,  then  selected  a  piece  of  No.  2 
copper  wire,  threaded  it  for  a  distance 
of  -^s  in.  and  screwed  it  into  the  tapped 
Jiole  firmly.  With  a  hacksaw  I  sawed 
it  off,  leaving  the  stud  extending  about 
H  in.,  then  drilled  the  next  hole  so  that 
the  drill  just  cut  the  edge  of  the  first 
stud  about  :'2  in.  This  second  hole  was 
tapped  and  the  next  stud  screwed  in. 
Care  was  taken  to  always  get  a  good 
thread  in  the  previous  stud,  making  the 


Crack  Mended  by  ScRE^X'■lNC  in  Copper 
Wire 

repair  look  as  in  the  illustration.  With  a 
small  riveting  hammer  I  riveted  the  studs 
down,  making  it  a  solid  patch  the  entire 
length  of  the  crack. 

The  main  crack  was  Q'/d  in.  long  and 
extended  open  about  A  in.;  the  smaller 
cracks  were  ]/•  in.,  1 K'  in.  and  1  in.  re- 
spectively and  thirty-one  J^-in.  studs  in 
all  were  required.  The  repair  proved  to 
be  tight  and  cost  only  about  a  day's 
time  with  practically  no  expense  for  ma- 
terial. 

M.    W.    Utz. 

M'nster,   Ohio. 


Some    Aspects    of    the    Diesel 

Engine 

The  lecture  delivered  by  Dr.  Diesel  be- 
fore the  American  Society  of  Mechanical 
Engineers  and  which  was  abstracted  quite 
fully  in  the  May  28  issue  of  Pov(  er,  pre- 
sented the  results  of  experience  running 
now  over  several  years  to  show  the  econ- 
omy of  the  principle,  the  lessened  weight 
and  bulk  of  the  motor  in  marine  service 
as  compared  with  the  combined  steam 
engine  and  boiler  and  the  gain  in  cargo 
space  or  in  radius  of  action  between  fuel- 
ing stations  when  oil  is  the  fuel  in- 
stead of  coal.  The  case  of  fueling  the 
vessel  with  oil  as  compared  with  the  re- 
cuirements  with  a  collier  supplying  coal 
was  notably  made  clear,  and  the  con- 
venient storage  of  oil  fuel  between  the 
double  bottoms  of  a  steel  boat  and  in 
spaces  between  bulkheads,  where  it  not 
onlv   steadies   the   vessel    but    is   also    in 


space  otherwise  unusable,  was  also  a 
detail  of  interest. 

The  copious  illustrations  made  it  clear 
that  the  marine  interests  of  Germany, 
Russia,  France  and  Japan  are  far  in  ad- 
vance of  the  United  States  in  availing 
themselves  of  the  economies  and  other 
advantages  of  the  Diesel  principle  and  in 
the  use  of  oil  for  power;  and  the  address 
concluded  with  a  survey  of  some  possible 
reasons  why  the  Americans  had  allowed 
Europe  to  get  in  the  lead. 

The  speaker  specifically  disavowed  his 
responsibility  as  the  originator  of  these 
explanations,  but  as  coming  from  a  friend- 
ly critic  from  outside,  they  were  the  more 
deserving  of  attention.  Many  engineers 
have  acted  in  deference  to  their  phil- 
osophy, perhaps  without  going  to  the  ex- 
tent of  phrasing  their  explanations. 
Among   them    were   the    following: 

The  American  has  not  yet  felt  the  pinch 
of  expensive  coal  to  any  extent.  Fuel  is 
costly  in  many  places  where  transporta- 
tion enters  as  a  factor,  but  industrial 
America  has  developed  near  its  fuel,  and 
large  plants  have  not  been  built  on  a 
large  scale  far  to  the  north  or  to  the 
south  of  the  coal  sources  of  the  country. 


its  being  unfamiliar.  Such  a  buyer  must 
be  shown  and  convinced  that  the  differ- 
ence in  first  cost  of  the  familiar  type 
and  the  new  will  be  obliterated  in  time 
by  the  fuel-saving  and  that  the  interest 
on  the  difference  in  first  cost  will  be 
more  than  paid  in  the  yearly  saving  in 
fuel. 

New   York   City. 

F.    R.    HUTTON. 


Cooliiij^  System    for  jacket 
Water 

Our  plant  is  equipped  with  a  125-hp. 
gas  engine  and  when  I  took  charge,  city 
water  was  used  for  cooling  the  cylin- 
ders. As  from  7000  to  8000  gal.  of  water 
were  used  per  10-hr.  day,  I  had  a  6x6;,  jX 
20-ft.  concrete  tank  built  in  the  ground 
and  capable  of  holding  over  5000  gal. 
of  water.  We  filled  this  tank  from  the 
city  supply  and  installed  a  4x5-in.  plunger 
pump  to  force  the  water  direct  into  the 
water  jackets  of  the  gas  engine.  The 
return  was  led  over  the  tank  in  two  1-in. 
pipes  and  sprayed  through  a  row  of  j-^- 
in.  holes  in  each  pipe  to  cool  the  water. 

As  these  pipes  are  about  23  ft.  above 
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Cooling   Tank   and   Engine 


On  the  Pacific  slope  and  in  New  Eng- 
land, the  water  power  and  the  hydro- 
electric plants  have  been  the  satisfactory 
solution.  The  oil-fuel  motor  has  grown 
only  locally,  on  phosphate  areas  or  in 
connection  with  remote  mines. 

The  second  and  more  important  reason 
for  the  reluctance  of  the  Americans  was 
their  attitude  in  favor  of  a  low  first  or  in- 
stallation cost,  even  when  the  operating 
cost  would  be  higher.  The  high  com- 
pression pressure  of  the  Diesel  principle 
renders  the  best  workmanship  essential 
in  construction.  This  quality  of  work  is 
not  cheaply  obtained  in  America,  or  any- 
where. Hence,  the  selling  price  of  such 
an  engine  must  compete  at  a  disad- 
vantage in  the  mind  of  a  purchasing 
agent  with  the  common  or  garden  variety 
of  motor,   in   addition  to  the  obstacle  of 


the  tank,  the  water  is  kept  cool  enough 
to  use  over  and  over  again,  and  by  add- 
ing 500  gal.  per  day  to  make  up  for  leak- 
age and  evaporation  the  tank  is  kept 
full  all  the  time.  The  piping  and  valves 
are  so  aranged  that  the  city  supply  can 
be   used,  should  it  be   found  necessary. 

This  system  has  been  in  operation  over 
a  year  and  is  very  satisfactory ;  even  in 
the  hottest  weather,  we  did  not  have  any 
trouble  in  keeping  the  water  cool  enough. 
About  15  lb.  pressure  is  carried  on  tl;e 
line  from  the  pump  to  the  water  jackets, 
and  the  tank  is  located  about  30  ft.  from 
the  engine  room.  The  arrangement  has 
saved  the  company  over  $235  for  the 
first  year,  and  the  installation  complete 
cost  only  S150. 

William   T.   Garlitz. 

McKees  Rocks,  Penn. 
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Heating  and  Ventilation 

Considered  as  power-plant  problems.     Layout  and  operation  of  systems  and  apparatus 


Charging  for  Steam  and  Hot 
Water  Service* 

During  the  year  the  committee  on  steam 
heating  of  the  National  Electric  Light 
Association  sent  out  to  a  number  of  com- 
panies which  are  engaged  more  or  less 
in  the  business  of  steam  heating  the  fol- 
lowing questions: 

1.  Do  you  heat  by  hot  watL=r  oi'  by 
sleam? 

2.  If  by  steam,  what  is  your  net  scale 
of  prices  per  thousand  pounds  of  steam? 

3.  Have  you  a  net  scale  of  prices  per 
season  tor  flat-rate  service?  If  so,  how 
are   your   prices    determined? 

4.  What  is  the  average  cost  of  coal  per 
ton  of  2000  lb.  in  your  town,  also  the 
average   B.t.u.    per  pound   of   coal? 

5.  Do  you  consider  the  business  profit- 
able at  these  prices?  If  not  profitable, 
do  the  resultant  advantages  in  selling- 
of  electricity  oftset  the  losses  on  your 
steam    business? 

6.  Do  you  have  printed  forms  of  con- 
tract for  selling  heat?  If  so,  will  you 
kindly    furnish    copies    of  same? 

7.  Do  you  furnish  specifications  to  the 
consumer  under  which  the  equipment 
must  be  installed?  If  so,  v/ill  you  kindly 
furnish    copy    of   same? 

Nearly  100  replies  were  received  and 
of  this  number  about  75  were  tabulated 
and  presented  in  the  report  of  the  com- 
mittee. Space  is  not  available  to  publish 
the  complete  table,  but  reports  from  rep- 
resentative states  have  been  included  in 
the  tabulation  presented  herewith. 

In  the  replies  to  question  5  there  was 
a  fairly  equal  division  of  opinion  as  to 
whether  the  heating  business  is  profit- 
able or  not.  It  was  the  general  sense 
of  the  committee  that  a  great  many  heat- 
ing companies  fail  to  properly  figure 
their  fixed  charges  on  the  cost  of  pro- 
ducing steam  and  that  for  this  reason 
they  have  a  fictitious  profit.  The  steam 
company  which  is,  perhaps,  the  oldest 
and  does  the  largest  business  of  any  con- 
cern in  the  country,  has  adopted  a  some- 
what higher  schedule  of  rates  than  that 
of  most  of  the  heating  companies.  The 
fact  that  this  company  has  done  a  large 
business  on  these  rates  would  seem  to 
support  the  contention  that  a  great  many 
companies  sell  steam  at  a  lower  price 
than  they  should.  It  would  be  well  for 
each  company,  before  determining  its 
price,  to  make  a  careful  estimate  of  its 
total  cost,  including  the  following  items: 

1.  The  cost  of  steam  production  in 
the   giant. 


2.  The  cost  of  steam  distribution. 

3.  The  cost  of  handling  the  business, 
including  salesmen,  collectors,  etc. 

4.  General  office  expense. 

5.  The  cost  for  insurance  and  taxes. 

6.  Depreciation  and  obsolescence. 

7.  Interest  on   the  capital   invested. 
While  the  members  of  the  committee 

recognize  that  at  present  the  flat-rate 
method  is  the  only  practicable  one  for  the 
hot-water  system  of  heating,  they  agreed 
that  the  more  satisfactory  method  of 
charging  for  steam-heating  systems  would 
be  on  the  basis  of  meter  readings.  There 
was,  however,  some  difference  of  opinion 
as  to  what  extent  the  charge  should  be 
upon  a  meter  basis.  The  simplest  scheme 
is  to  make  the  charge  depend  absolutely 
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transmission  systems  and  their  acces- 
sories. It  is  very  evident  that  a  factory 
running  24  hr.  a  day  would  make  a 
greater  use  of  the  same  investment  than 
a  church,  or  a  theater  which  is  used  only 
periodically.  Accordingly,  on  the  same 
consumption  of  steam,  there  might  be  a 
profit  to  the  company  in  one  case  and  a 
loss  in  the  other,  depending  on  the  in- 
vestment cost  as  compared  with  the  steam 
sold. 

For  steam-heating  service,  the  primary 
charge  could  be  based  on  the  theoretical 
steam-heating  requirements  of  the  build- 
ings served.  For  example,  the  company 
should  first  by  the  regular  formula  de- 
termine the  proper  amount  of  radiation 
to  be  installed  in  the  building.  After 
arriving  at  the  number  of  square  feet 
of  radiation  required,  this  can  be  multi- 
plied into  a  unit  price  per  squar.'  foot 
per  season,  say  15c.,  and  the  fixed  charge 
for  the  total  heating  season  would  be 
obtained.  This  charge  might  be  divided 
into  equal  monthly  installments,  or,  as 
it  frequently  is,  as  follows:  5  per  cent, 
payable  Oct.  I ;  15  per  cent.  Nov.  1 ;  20 
per  cent.  Dec.  1 ;  20  per  cent.  Jan.  1 ;  20 
per  cent.  Feb.  1 ;  15  per  cent.  iVlar.  1,  and 


160,000         320,000        460,000        640,000        800,000        960,000      1.120,000 
Pounds  of  Steam  Consumed  per  Month  powes^ 

Meter    Rates    for    Various    Cities 


♦Excerpts  from  report  of  committee  on 
steam  heating  read  before  the  National 
Electric  Light  Association,  Seattle,  Wash. 


on  the  amount  of  steam  consumed,  with  a 
sliding  scale  for  different  amounts  of 
steam  consumed.  In  connection  with  the 
meter  rate  there  should  also  be  a  mini- 
mum bill  to  secure  the  company  against 
loss  in  installing  and  reading  the  meters. 

There  are  many,  however,  who  believe 
that  steam  heat  should  be  sold  on  a  basis 
corresponding  to  that  of  many  lighting 
companies  which  have  a  primary  charge 
and  a  secondary  charge,  the  primary 
charge  being  a  certain  sum  per  month 
depending  upon  the  size  of  the  installa- 
tion served;  and  the  secondary  charge 
being  based  on  the  readings  of  the  steam 
meters. 

A  large  part  of  the  cost  of  most  steam- 
heating  companies  consists  in  their  in- 
vestment   for   boilers,    buildings,    steam- 


5  per  cent.  Apr.  1.  In  addition  there 
should  be  a  meter  charge  at  so  much  per 
thousand  pounds  of  steam,  rendered  each 
month  on  the  basis  of  meter  readings. 

In  an  interesting  paper  given  by  A.  D. 
Spencer  before  the  •  National  District 
Heating  Association  in  June,  1910,  the 
author  figured  that  the  cost  to  the  com- 
pany in  Detroit  is  practically  60c.  per 
thousand  pounds,  including  allowance 
for  interest  and  depreciation.  In  the  same 
paper  he  figured  that  the  cost  per  square 
foot  of  radiation  each  year  averages 
about  28.4c.  He  also  showed  in  the  same 
paper  that  the  operating  costs  are  just 
a  little  more  than  half  the  fixed  charges. 
Therefore,  the  basis  of  the  cost  would 
be  about  15c.  per  square  foot  of  radia- 
tion per  heating  season,  combined  with  a 
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meter  rate  of  30c.  per  thousand  pounds 
as  a  secondary  charge. 

Byron  T.  Gifford,  in  his  recent  book  on 
"Central  Station  Heating,"  figures  that  a 
central-station  plant  with  an  investment 
of  $200,000  and  a  connected  load  of  200,- 
000  sq.ft.  of  radiation,  and  with  coal  at 
S2  per  ton,  should  have  a  service  charge 
of  19c.  per  square  foot  of  radiation,  in 
addition  to  a  meter  rate  of  30c.  per 
thousand  pounds  of  condensation.  He 
figures  on  this  basis  an  annual  profit  of 
10  per  cent. 

The  Wisconsin  Railroad  Commission,  in 
its  reports,  Vol.  II,  page  302,  states  that 
with  coal  at  $2  per  ton  exhaust  steam 
can  be  safely  sold  at  50c.  per  thousand 
pounds.  But  it  also  states  that  if  live 
steam  is  sold  at  this  price  there  will  be 
small  profits  unless  large  quantities  of 
steam  are  sold.  It  would  therefore  seem, 
from  the  above  data,  that  a  fair  average 
price  for  steam  would  be  about  60c.  per 
thousand  pounds,  or  a  combined  rate  of 


15c.  per  square  foot  of  radiation  per 
heating  season  together  with  a  meter  rate 
of  30c.  per  thousand  pounds  for  the  sec- 
ondary charge.  This  rate,  however,  is 
considerably  higher  than  that  secured  by 
the   average  heating  company. 

The  curves  in  the  accompanying  chart 
show  the  meter  rates  in  different  cities. 
These  curves  indicate  that  the  average 
income  received  is  considerably  below  the 
60c.  rate. 


Enamel  vs.   Bronze  for   Radi- 
ating Surfaces* 

Covering  the  surface  of  a  radiator  with 
paint  or  bronze  affects  the  radiant  heat 
only.  The  experiments  made  at  the  Royal 
Technical  Institute,  at  Charlottenburg 
(Berlin),  show  that  with  low-pressure 
steam  and  a  difference  in  temperature 
between  the  radiator  and  the  surround- 


ing air  of  144  deg.,  a  single-column 
radiator  when  painted  with  oil  paint 
emitted  41.5  per  cent,  more  heat  than  did 
the  same  radiator  when  galvanized  with 
zinc   inside   and   outside. 

Peclet,  the  French  physicist,  who  made 
exhaustive  experiments  on  the  radiating 
power  of  various  bodies,  calculated  and 
tabulated  corresponding  coefficients,  these 
being  in  each  case  the  quantity  of  heat  in 
B.t.u.  emitted  or  absorbed  per  square 
foot  per  hour  for  a  difference  in  tem- 
perature of   1    deg.   F. 


Copper,  silver-pLitetl  and 

po 

ish 

d 

II  02657 

Copper,  polished .  -  - 

(1  (1.3270 

Zinc  and  brass,  polisher! 

(1  ii4«or, 

Sheet  iron 

(1   (IS.'»S.T 

Cast  iron,  new 

(1  I14.S(| 

Cast  iron,  rusted 

0 .  08(i8 

(Jil  or  varnish 

1 . 4800 

It  may  be  noticed  that  the  coefficient 
of  radiant  heat  is  about  50  times  greater 
for  oil  or  varnish  than  it  is  for  copper, 
zinc    or    brass,    the    three    metals    which 


COST  OF  .STEAM  .\ND  HOT  \V.\TER   HE.\TING 


Hot  Water 
Steam  and 

Hot  Water 
Steam 
Steam 


Steam  and 

Hot  Water 
Steam 
Steam 


Price  per  1000  Lb.        Price  per  Sq.Ft. 

of  Steam  by  Meter         of  Radiation 
Alabama 
85c.  1st     10,000  Ih.  Minimum 

75c.  next  10,000  monthly 

65c.      '■    10,000  bill 

60c.       "   20,000 
55c.       "    20,000    , 
50o.      "   30,000 
45c.  for  excess 

Discounts: 
10%  1st     100,000  lb. 
15%  next  150,000 
20%     "     250,000 
25%     "     250,000 
30%  for  excess. 
Average  rate  42e. 


70c.  1st     25,000  lb. 
60c.  next  25,000 
50c.      "   50,000 
45c.       "    50,000 
40c.  for  excess 
Discount  5% 


60c. 


75c.  1st 
70c.  next 
65c. 
60c. 
55c. 


10,000  lb. 
10,000 
10,000 
20.000 
50,000 
200,000 

45c.      "   300,000 

40c.  for  excess 

Discount  10% 


$1.50  1st  4,000  1b. 
50c.  for  excess 
50c.  1st     5,000  lb. 
45c.  next  5,000 
40c.  for  excess 


7Sc.  1st 
70c.  next 
65c.  " 
60c.  ■• 
5oc. 

50c.      ■■ 

45c.       •• 

Dis 


10,000  lb. 
10,000 

lo.ono 

20,0(10 

.50,000 

2(10.(X10 

3(10,(10(1 

nt  W% 

SI. 50  1st     4,000  lb. 

.50c.  next  10,00(j 
45c.       "    20,000 
40c,  for  excess 
Discount  10% 


Steam 

Steam  and       ^ 

Hot  Water 
Hot  Water 


3.5c.,  25c.  and 

20c. 

Flat   rates 


20c.,  16Sc., 

15c.,  12Jc. 

30c. 


D.  R. 
27.8  bus. 
33.3  res. 

I.  R. 
33.3  bus. 


.Average 

Cost  of     B.t.u.  per 

Coal  of  Coa 


1  75  10,500 

1  .50  10.000 

I  10 

1  1(1 


St^am 
Steam 
Steam 


Price  per  1000  Lb.       Price  per  Sq.Ft. 
of  Steam  by  Meter         of  Radiation 
New   York — iContinuetl) 
60c.  1st     .50,000  lb. 
55c.  next  50,000 
50c.  for  excess 
Discount  10% 


50c.  "  10,000 
45c.  "  20,000 
42.Sc.  ■'  40,000 
37.5c.  ■'  2.50,000 
35c.  for  excess 

Discount  5% 
30c.— 16.5  exhaust 
50c.— 24.0  live 

Ohio 
36c.  1st        100,0(1(1  lb.  3.' 

31. 5c.  next  150,000 
27c.  for  excess 
Discounts  20%  to  40'7o  to 

current  customers 
75c.  1st       10,000  lb.  ? 

70c.  next  10,000 
65c.  "  10,000 
20,000 
50,000 
100,000 
200,000 
300,000 
300,000 


bill 


S5c. 
50c. 
45c. 
40c. 
35c. 
30c.  for  < 

Discount  10%. 
3.5c.  1st         1.50,000  lb.  2,5c. 

2,5c.  next  1,3.50,000 
2nc.  for  excess 

17.5 
Washington 
77c.       7,143-100,000  lb.  .'Service 

C6c.  100,000-200,000  charge 

,55c.  for  e-xcess 


Wisconsin 


90c.  1st  10,000  lb. 

80c.  next  10,000 

7.5c.      "  lO.OOO 

70c.      "  20.000 

65c.       "  50,000 

60c.       •■  200,000 

55c.       "  300,000 


76.0c.  1st     25,000  lb. 
66.5c.  next  25,000 
57.0c.     "     25,000 
47.0C.     ••     75,000 
42.8c.  for  excess 


Average 
Cost  of      B.t.u 
Coal 


t.u.per 
of  Cna 

14,000 


2  65 

2  80  14.0(10 

1.90  to 
2  40 
3.45  14,300 


2 ,  30 
$2.00 


50c. 

Discount  10'> 
50c. 
48c. 


$2  48 

2    18 
2.40 


14,0(10 
14,000 


75c.  1st  25,000  lb. 
70c.  '■  25,000 
65c.  "  50,000 
60e.  "  100,000 
.5Sc.  "  100,000 
50c.  for  excess 
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fairly  represent  radiator  bronzes.  Tliis 
indicates  that  metallic  bronzes  on  the 
surface  of  radiation  must  have  a  ten- 
dency to  check  the  flow  of  radiant  heat. 
The  result  of  a  large  number  of  tests 
to  ascertain  the  effect  of  bronze  and 
radiator  enamels  on  radiation  is  tabulated 
below : 

INCRE.iSED    EFFICIENCY   OF  ENAMEL 

RADLiTOR   OVEU   SAME   RADIATOR 

WHEN  BRONZED 


Kind  of  Radiator 
(AU  38  in.  high) 
Rococo  1-column. 
Rococo  2-column . 
Rococo  3-column . 
Rococo  4-columD . 


Per 

cent. 
9  n 
17  0 
Ifi,5 
15.0 


Hundreds  of  experiments  and  tests 
have  shown  that  radiator  enamels  in- 
crease the  heating  effect  of  cast-iron 
radiation.  The  secret  of  the  increase  lies 
in  the  varnish,  which  constitutes  the  body 
of  the  paint  or  enamel.  The  better  qual- 
ity of  varnishes,  which  are  made  from 
high-grade  resinous  gums,  make  the  best 
possible  base   for  radiator  enamels. 

Color  has  no  effect  whatever;  it  does 
not  matter  whether  the  radiator  is  covered 
with  white,  black,  red,  blue,  green  or 
yellow  enamels,  the  effect  on  radiant  heat 
is  the  same.  Radiators  have  been  covered 
with  four  coats  of  white  enamel,  one  on 
top  of  the  other,  and  up  to  the  last  coat 
the  emission  of  heat  gradually  increased. 
Putting  on  five  or  six  coats  does  not  in- 
crease the  emission,  nor  does  it  seem  to 
diminish  it. 


Criticize  This  Heating  System 

Fig.  1  shows  the  steam  pipes  used  for 
heating  one  part  of  our  factor^',  the  pipes 
being  located  along  one  of  the  walls. 
There  are  eight  Pi -in.  pipes  150  ft.  long 
in  the  building,  only  four  of  which  are 
shown.  Exhaust  steam  is  used  for  heat- 
ing. 

TfSuf>p/y 
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traction,  and  at  times  some  of  the  hook 
plates  supporting  the  coils  would  be 
loosened  from  the  wires.  The  building 
is  heated  only  during  the  day. 

After  the  heating  season  is  over,  the 
pipes  will  be  changed  to  the  arrangement 
shown  in  Fig.  2.     Had  this  been  done  in 


Fig.  2.    Proposed  Coil 

the  first  place  it  would  have  been  cheaper 
in  the  end. 

Can  any  reader  of  Power  suggest  an 
improvement  over  the  method  shown  in 
Fig.  2? 

H.    A.    JAHNKE. 

iMilwaukee.  Wis. 


Draining    Coils  in  a   Dry 
House 

The  accompanying  illustration  shows 
the  end  view  of  a  drj'  house  that  is 
equipped  'with  27,000  lineal  feet  of  1- 
in.  pipe  for  radiating  purposes.  The 
drawing  shows  how  the  condensation 
from  the  coils  is  taken  care  of.  This  at 
times  amounts  to  10,000  gal.  per  12  hr. 


The  object  in  having  the  receiver  so 
high  is  to  aid  in  condensing  the  vapor 
that  rises  from  the  hot  water  as  it  is 
discharged   from  the  traps. 

J.  W.  Dickson. 

Memphis,  Tenn. 


Cause  of  Pump  Racing 

I  have  had  charge  of  steam-heating 
systems  with  pumps  piped  similarly  to  that 
described  by  W.  T.  Moulton,  and  when 
they  raced  it  was  almost  always  due  to 
\acuum  in  the  system.  With  a  heating 
system  using  three  return-tubular  boilers, 
each  66  in.  x  18  ft.,  a  M-in.  vacuum 
breaker  is  not  large  enough  to  entirely 
prevent  vacuum  in  the  system,  for  it  will 
take  some  time  for  the  system  to  fill  with 
air  through  that  size  of  pipe. 

With  4  lb.  pressure  and  a  dry  return, 
the  water  will  be  very  hot,  and  if  the  pump 
is  only  a  foot  or  two  below  the  tank,  it 
might  race  with  the  drop  in  pressure 
from  4  lb.  to  atmosphere  even  without  a 
vacuum.  The  racing  is  due  to  the  tem- 
perature of  the  water  in  pump  suction 
pipe  being  above  the  boiling  point  at  the 
reduced  pressure  and  the  pump  fills  with 
vapor  instead  of  water.  If  Mr.  Moulton 
could  get  a  vacuum  gage  he  could  tell 
how   the   pressure   varied. 

With  a  closed  heater  the  make-up 
water  can  be  put  into  the  return  tank 
cold,  thus  almost  entirely  removing  the 
trouble.  If  the  pump  could  be  placed 
low  enough,  the  racing  could  be  stopped. 


Fig.   1.    Present  Coil 


-300-0'-- '■iiif.-30'-0''---->^/. 

Drainage  Connections  for  Dry  House 


Last  summer  this  building  was  length- 
ened about  50  ft.;  the  steam  pipes  were 
also  continued  from  the  old  building  up 
to  the  end  of  the  new  one,  making  the 
pipe  200  ft.  long.  As  I  expected  to  have 
trouble  with  these  pipes  due  to  their 
length,  I  recommended  the  installation 
shown  in  Fig.  2.  but  it  was  not  adopted. 

During  the  cold  weather  it  was  neces- 
sary to  frequently  repair  many  of  the 
joints  as  they  would  leak  considerably 
at  the  branching  connections.  This 
trouble  was  due  to  expansion  and  con- 


The  traps,  which  have  lJ4-'n-  discharge 
openings,  empty  into  a  receiver  at  a 
height  not  to  exceed  4  ft.  above  the  trap. 
The  receiver  is  vertical  and  made  up 
of  10  ft.  of  8-in.  pipe  at  the  base  and 
15  ft.  of  6-in.  pipe  for  the  upper  por- 
tion, making  a  total  height  of  25  ft.  The 
receiver  is  capped  at  both  ends.  The 
bottom  cap  is  tapped  for  a  2'4-in.  pipe 
ser^'ing  as  an  outlet  from  the  receiver 
to  a  pool  located  300  ft.  from  the  re- 
ceiver. The  top  cap  is  tapped  for  a  J4- 
in.  valve  connection. 


but  in  many  cases  that  is  not  possible. 
In  case  a  pump  is  lowered,  use  a  larger 
pipe  for  the  vertical  drop  under  the  re- 
turn tank,  and  steam  forming  in  it  will 
escape  up  into  the  tank. 

By  using  a  vacuum  gage,  lowering  the 
pump  or  perhaps  opening  the  back-pres- 
sure valve  to  be  sure  the  4-lb.  drop  is 
enough  to  make  the  pump  race,  Mr. 
Moulton  can  readily  tell  if  it  is  advisa- 
ble to  make  any  changes. 

Harry   D.    Everett. 

Ft.  Apache,  Ariz. 
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Effect  of  Stiffness  of  Head 
on  Braces 

Away  back  in  1876,  Samuel  Nichols,  a 
practical  boiler  maker  in  charge  of  a  large 
English  works,  wrote  a  book  for  boiler 
makers.  In  it  he  recounts  some  experi- 
ments made  under  the  supervision  of 
Robert  Nelson,  author  of  "A  Treatise  on 
Steam  Boilers,"  upon  boilers  built  by 
himself  for  the  purpose,  with  regard  to 
unstayed  heads  in  cylindrical  shells.  A 
boiler  30  inches  in  diameter  with  flat 
heads  J^  of  an  inch  thick,  of  plate  hav- 
ing a  "tenacity"  of  21.2  tons  per  square 
inch  with  an  elongation  of  7.9  per  cent., 
flanged  on  a  radius  of  one  inch  inside 
the  plate,  was  subjected  to  hydrostatic 
pressure.  At  10  pounds  the  head  had 
bulged  i\j,  at  120  pounds  li  and  at  150 
pounds  },1  of  an  inch.  Permanent  set 
occurred  somewhere  between  50  and  65 
pounds,  at  which  latter  figure  the  de- 
flection was  Vs  of  an  inch.  Rupture 
took  place  at  about  300  pounds. 

From  the  results  of  his  tests,  Mr. 
Nichols  deduced  a  formula  which  is 
printed  in  his  book  for  determining  the 
bursting  pressure  of  cylinders  with  un- 
stayed heads,  although  he  strongly  dis- 
claimed any  advocacy  of  exposing  an  un- 
stayed surface  to  high  pressures.  "On 
the  contrary,"  he  writes  of  himself,  "he 
is  more  convinced,  now  that  he  has  wit- 
nessed these  experiments,  that  a  flat  un- 
stayed surface  is  very  weak  indeed,  and 
that  they  still  require  a  larger  amount  of 
care  and  judgment  on  the  part  of  boiler 
engineers  than  any  portion  of  the  boiler." 
Evidently  under  the  erroneous  notion 
that  if  the  head  can  take  care  of  the 
amount  of  pressure  indicated  by  this 
formula  on  its  own  account  it  will  need 
corespondingly  less  bracing,  the  Board 
of  Boiler  Rules  of  Ohio,  after  instructing 
inspectors  to  determine  the  working  pres- 
sure of  boilers  with  respect  to  the  brac- 
ing in  the  usual  way  but  with  an  allow- 
able stress  of  8000  pounds  per  square 
inch  irrespective  of  size,  tells  them,  "To 
the  above  pressure  may  be  added  the 
Nichols  formula  with  a  factor  of  safety 
of  not  less  than  8." 


If  this  means,  and  it  can  seem  to  mean 
nothing  else,  that  to  the  pressure  which 
can  safely  be  taken  care  of  by  the  brac- 
ing may  be  added  the  pressure  which,  by 
the  Nichols  formula,  would  be  allowed 
upon  the  unbraced  head,  it  is  wrong. 

Mr.  Nichols  shows  that  the  head  may 
be  bulged  considerably  without  straining 
the  sheet  beyond  the  elastic  limit.  But 
a  brace  is  supposed  to  be  tight  before 
the  head  commences  to  bulge.  Just  as 
soon  as  the  head  starts  to  move  it  com- 
mences to  stretch  the  brace.  Under  the 
allowable  stress  of  8000  pounds  per 
square  inch  of  section  a  brace  will  ex- 
tend only  about  'A-.o  of  its  length,  or  a 
six-foot  brace  would  extend  less  than 
0.02  of  an  inch.  The  pressure  which 
would  produce  the  movement  in  the  un- 
braced head  is  inconsiderable — a  pres- 
sure of  10  pounds  produced  a  movement 
of  three  times  as  much — and  yet  this  is 
all  the  help  that  the  stiffness  of  the 
head  would  be  to  the  brace. 

As  an  example,  assume  a  72-inch  boiler, 
height  of  segment  to  be  braced  24  inches, 
area  of  segment  to  be  braced  814  square 
inches,  pressure  100  pounds,  thickness 
of  head  Vj  inch,  tensile  strength  60,000 
pounds. 

The  Nichols  formula  with  a   factor  of 
safety   of  8  would   allow 
tXTX  10  _  0.5  X  60,000  X  10  ^  ^g  ^^ 

A  X  &  814  X  » 

If  this  may  be  added  to  the  pressure 
which  the  bracing  is  capable  of  carrying, 
it  would  be  necessary  to  brace  against 
only  100  —  46  =  54  pounds  per  square 
inch,  which  at  8000  pounds  per  square 
inch  would  require  seven  1-inch  braces. 
Practice  calls  for  at  least  twice  as  many. 


Flue  Gas  Analysis 

An  engineer  recently  complained  that 
Power  devoted  too  much  attention  to 
flue-gas  analysis,  concluding  his  objec- 
tion by  observing  that  not  one  engineer 
in  a  thousand  could  take  a  gas  sample 
and  analyze  it. 

These  two  statements  are  ratbsr  con- 
tradictory. Power  can  hardly  publish  too 
much  about  CO=  apparatus  or  the  method 
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of  determining  the  contents  of  flue  gases, 
if  engineers  generally  do  not  understand 
flue-gas  analysis,  and  it  is  true  that  they 
do  not. 

Twenty-five  years  ago  the  indicator  was 
a  curiosity  to  most  engineers.  The  man 
who  owned  one  was  called  an  indicator 
expert  and  was  engaged  to  set  engine 
valves  for  the  man  who  did  not  own  an 
instrument. 

If  engineering  journals  had  remained 
silent  regarding  indicator  practice,  the 
indicator  expert  would  still  be  in  evi- 
dence, and  the  majority  of  engineers 
would  still  employ  him  to  set  the  valves 
of  their  engines.  Publicity  educated  en- 
gineers as  to  the  value  of  the  indicator, 
its  use,  and  application.  Today  engineers 
who  either  do  not  own  an  instrument  or 
know  how  to  take  indicator  diagrams  are 
in   the   minority. 

In  twenty-five  years,  probably  less, 
flue-gas  apparatus  will  be  as  well  under- 
stood as  is  the  indicator  today,  not  so 
much  because  the  device  itself  will  at- 
tract attention  as  that  articles,  and  more 
instead  of  less  of  them,  will  be  published. 
.  If  improper  combustion  is  taking  place 
the  engineer  should  be  as  keen  in  detect- 
ing that  as  he  is  in  determining  leakage 
past  a  steam  piston.  An  indicator  shows 
what  is  taking  place  in  an  engine  cyl- 
inder. A  C0=  recorder  shows  what  is 
taking  place  in  the  boiler  furnace,  and 
one  is  just  as  important  to  the  engineer 
as  the  other. 

No!  Power  has  not  published  too  much 
about  flue-gas  analysis — rather  too  little 
if  anything.  More  will  come  and  the 
subject  will  be  presented  to  our  readers 
until  it  will  be  as  common  to  find  men 
analyzing  furnace  gases  as  it  for  them 
to    take    indicator   diagrams. 


mittee  on  board  the  "Carpathia,"  details 
of  which  are  given  on  page  855,  Capt. 
Roslron  said:  "I  do  not  deserve  this 
credit.  It  belongs  to  my  crew  for  their 
loyalty,  valor  and  fidelity  to  duty;  they 
have  brought  this  honor  to  me." 

There  they  stood,  engineers,  firemen 
and  coal  passers,  grimy  and  toil-stained 
as  they  came  direct  from  their  posts  to 
join  their  officers  in  receiving  tokens  of 
bravery.  "Thank  you,  sir,"  was  all  they 
said.     What  did  they  think? 

They  had  been  rewarded,  but  will  their 
deeds  soon  be  forgotten?  Will  the  lesson 
taught  by  the  "Titanip"  horror  awaken 
the  authorities  to  their  culpability  and 
arouse  them  to  take  measures  to  prevent 
its  repetition?  Will  heed  be  given  to  the 
Senate  investigating  committee's  report? 

Here  are  Chairman  Smith's  concluding 
words:  "These  men  should  be  better  paid 
for  their  labor  and  more  highly  honored 
in  their  calling.  Their  rights  must  be 
respected  and  their  work  carefully  per- 
formed; harsh  and  severe  restraining 
statutes  must  be  repealed,  and  a  new 
dignity  given  this  important  field  of 
labor." 

Not  until  these  conditions  are  brought 
about  will  the  men  of  the  sea  receive 
proper  recognition  for  their  devotion  to 
duty  and  their  vocation  be  held  dignified 
?nd  gravely  responsible. 


After  Honors,  What? 

No  recent  record  of  heroism  has  out- 
shone that  of  the  "humble  toilers  of  the 
sea"  at  the  time  of  the  "Titanic"  disaster. 
And  looming  large  in  the  forefront  were 
the  engineer  and  boiler-room  forces  of 
the  ill-fated  ship. 

A  fair  meed  of  recognition  has  been 
given  them  and  now  grateful  survivors 
have  honored  the  "Carpathia"  crew  by 
bestowing  upon  them  medals  in  com- 
memoration of  their  "coming  out  of  the 
dawn"  to  save  human  life. 

At  the  reception  of  the  survivors'  com- 


and  contracting  action  which  results  in 
forming  cracks  under  the  lap.  A  round- 
nose  or,  better  still,  a  fullering  tool 
should  be  used,  but  not  subjected  to 
heavy  blows. 


Calking  Steam   Boiler  Joints 

On  page  846  a  contributor,  in  call- 
ing attention  to  the  ill  effects  of  heavily 
hammering  the  calking  tool  when  closing 
a  leaky  joint,  states  that  many  engineers 
make  this  mistake.  Perhaps  some  of 
them  do  not  do  the  work  properly. 

Superficially,  the  general  opinion  seems 
to  be  that  calking  a  joint  is  simple,  but 
if  the  work  is  not  carefully  done  dis- 
aster may  follow,  especially  if  the  boiler 
is  under  pressure  while  being  calked.  A 
sharp-pointed  tool  should  never  be  used 
as  a  thin  portion  of  metal  is  then  driven 
between  the  plates  and  only  increases  the 
size  of  the  fissure. 

Grooves  are  also  formed  which  en- 
large rapidly  under  the  combined  action 
of  corrosion,  expansion  and  contraction. 
If  extremely  hard  blows  are  given  the 
tool  and  the  joint  is  already  badly  cor- 
roded, serious  results  are  inevitable.  Such 
ignorant  use  of  the  tool  will  also  stiffen 
lapped  and  single-strapped  butt  joints 
and  create  a  local  and  intense  expanding 


A  Contemptible  Fraud 

It  was  recently  discovered  that  a  fire- 
man in  a  large  plant  nearly  closed  the 
steam  blowers  on  his  boilers  to  hold  his 
fires  longer,  puting  the  necessity  of  more 
frequent  firing  on   his  mate. 

How  long  this  despicable  thing  might 
have  continued  before  detection  is  a  ques- 
tion. The  offender  could  have  long 
avoided  being  discovered,  especially  in 
a  busy  boiler  room,  by  only  partially 
closing  each  blower  valve.  This  not  only 
made  his  fellow  workman  do  part  of  his 
work  for  him  while  he  undeservedly  re- 
ceived pay  for  it,  but  it  forced  the  other 
man's  boilers  as  well,  and  it  was  only 
when  he  overdid  the  thing  that  he  was 
discovered. 

It  is  mild  indeed  to  say  that  such  an 
act  is  on  a  par  with  stealing  a  man's 
lunch  or  opening  his  locker  and  taking 
his  clothes  or  valuables. 


Wilbur  Wright 

Motive  power  was  necessary  to  the 
success  of  the  aeroplane,  and  credit  for 
its  successful  application  to  this  form  of 
conveyance  belongs  to  the  brothers  Wil- 
bur and  Orville  Wright. 

The  steam  engine  as  applied  by  Prof. 
Langley  to  his  "aerodrome,"  which  un- 
fortunately plunged  into  the  Potomac, 
exerted  an  accelerating  influence  on  the 
Wrights'  achievements.  From  Langley's 
experiments,  perhaps  more  than  from  any 
other  source,  was  Wilbur  Wright  able 
to  discern  that  power  was  indispensable 
to  an  aeroplane.  Truly  his  success  in 
applying  it  entitles  him  to  the  recogni- 
tion given  to  other  notable  inventors.  His 
loss  to  the  science  is  great. 


The  recent  meeting  of  the  Mechanical 
Engineers  at  Cleveland  brought  out  three 
papers  big  with  interest  for  the  power- 
plant  engineer.  Mr.  Weymouth's  paper 
on  "Natural  Gas"  is  a  collection  of  data 
hitherto  not  widely  available.  Prof. 
Christie's  paper  upon  "Large  Steam  Tur- 
bines" is  an  epitome  of  the  present  state 
of  a  rapidly  growing  art,  but  Prof.  Clay- 
ton's "New  Method  of  Analysis  for  Indi- 
cator Diagrams"  is  a  discovery. 
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Readers  with  Something  to  Say 

A  letter  good  enough  to  print  will  be  paid  for.     Ideas,  not  mere  words,  wanted 


Lubricator  Troubles 

Formerly  when  I  went  into  an  engine 
room  and  saw  the  sight-feed  glass  of  a 
lubricator  blocked  up,  I  thought  the  engi- 
neer a  shiftless  fellow.  I  would  say: 
"He  is  just  slovenly  and  careless;  he 
can  fix  that  lubricator  so  it  will  work 
well  and  look  neat  if  he  wants  to."  Sure, 
anybody  can!  What  is  a  gravity  lubri- 
cator, anyhow?  Simplest  piece  of  ap- 
paratus in  the  engine  room. 

My  friends  have  often  heard  me  ex- 
press my  opinion  on  this  subject  and 
for  that  reason  when  they  come  to  visit 
me  on  the  job,  I  quickly  pass  by  the 
18  and   10  by   12-in.  duplex   force  pump, 


Lubricator  Connections 

with  the  lubricator  connected  as  shown 
in  the  sketch,  because  the  sight-feed 
glass  was  blocked  full  of  oil  and  I  did 
not  want  to  have  them  criticize  me. 

During  the  last  six  months  I  have 
cleaned  that  glass  out  twenty  or  more 
times  a  day,  depending  on  how  much 
time  I  had.  I  have  cleaned  the  drop  noz- 
zle, filled  the  glass  with  ammonia  and 
water,  salt  and  water,  kerosene  and 
water;  fastened  a  piece  of  metal  from  A 
to  the  steam  pipe  to  keep  the  oil  warm 
and  thin,  but  all  to  no  avail.  The  oil 
would  drop  clear  a  few  times,  then  catch 
on  the  side   of  glass. 

While  working  on  it  the  other  day  I 
broke  the  glass,  and  when  I  put  in  a 
new   one   and   attempted   to  tighten   it   I 


broke  that,  also.  Then  I  investigated 
(which  I  should  have  done  before)  and 
found  that  A  had  become  turned  so  as 
to  bring  it  out  of  line  with  B.  The  result 
was  that  the  oil  traveled  from  the  nozzle 
in  A  up  against  the  glass  and  discolored 
it.  I  turned  it  in  place  and  now  my 
troubles  are  ended.  I  have  learned  to 
be  more  lenient  in  my  criticisms  too. 
A.  W.  Griswold. 
Adams,  Mass. 


Improved  Monkey  Wrench 

When  a  monkey  wrench  is  no  longer 
new  it  usually  works  so  easily  that  it 
tends  to  shift  its  adjustment.  I  have 
overcome  this  trouble  by  removing  the 
handle  and  screw  and  drilling  a  jii-in. 
hole  as  at  A  in  the  illustration.  Into  the 
hole  is  inserted  a  spring  B,  the  tension 
of  which  should  not  be  too  great.  On 
the  end  of  the  spring  the  plug  C  is  placed 
so  that  it  binds  against  the  knurled  roller 
F. 

This  kink  works  most  satisfactorily 
when  using  the  wrench  in  cramped  quart- 


Improved   Monkey   Wrench 

ers.  It  may  be  further  improved  by  drill- 
ing a  number  of  depressions  the  size  of 
the  face  of  the  plug  into  the  roller.  The 
spring  would  then  force  the  plug  into  the 
depressions  and  hold  it  more  firmly. 

Jacob   Lustenberger. 
St.  Joseph,  Mo. 


Restricted    Flue  Opening 
Causes  Poor  Draft 

At  one  station  in  our  system  of  water 
supply,  there  was  trouble  in  keeping  up 
steam  to  run  the  engines.  As  one  part 
of  the  city  depends  upon  this  station  for 
its  water  supply,  it  can  be  imagined  what 
shutting  down  this  station  would  mean. 
When  the  storage  supply  began  to  dimin- 
ish, the  officials  became  anxious  and  the 
chief  of  the  department  invited  me  over. 

An  examination  of  the  fires  proved  that 
the  trouble  was  not  with  the  coal,  as  had 
been  suggested,  but  with  the  draft.  I 
could  not  find  a  damper  in  the  flue  to  the 
stack;  then  I  looked  for  some  opening  in- 
to the  flue  and  found  a  small  plate  and 
raised  it;  the  flue  contained  about  18  in. 
of  soot. 


I  figured  this  much  soot  was  not  the 
whole  cause  for  the  poor  draft  as  the 
flue  was  large.  I  then  put  a  long  dry 
stick  down  into  the  flue  through  the  soot. 
When  the  stick  was  withdrawn  the  real 
cause  for  the  poor  draft  was  revealed, 
the  stick  being  wet  to  a  height  of  2  ft., 
which  added  to  the  18  in.  of  soot  reduced 
the  vertical  diameter  of  the  flue  3;/.  ft.; 
this  was  too  much  for  the  work  expected 
of  it.  When  the  water  was  pumped  out 
things  improved.  There  has  been  no 
further  shortage   of  steam. 

H.  R.  Blessing. 

Philadelphia,   Penn. 


Serviceable  Feed  Water  Heater 

The  accompanying  illustration  shows  a 
home-made  feed-water  heater  which  I 
constructed  from  material  gathered  from 
the  junk  pile. 

Having  on  hand  the  old  shell  of  a 
closed  heater,  I  decided  to  use  it  in  mak- 
ing the  open  heater  shown.  The  illus- 
tration shows  the  material  used  and  the 
arrangement  of  the  various  parts. 

A  4K'  and  2)4  by  4-in.  duplex  feed 
pump  and  a  6  and  4  by  6-in.  service  pump 
exhaust  into   the   heater  and   produce   a 


,  Old  Exhaust 
'-Inlet,  Plugged 

Concrete   Base  |  powti^ 
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Home-made  Feed  Water  Heater 

feed-water  temperature  of  nearly  212 
deg.  F.  The  surface  water  from  the 
condenser  enters  the  heater  at  about  100 
deg.  Approximately  2000  lb.  of  water 
per  hour  is  heated.  An  oil  trap  is  not 
needed    with    the    heater. 

The   total  cost  of  construction  did   not 
exceed  $15. 

W.  H.  Bennett. 

Seattle,  Wash. 
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Repairing  a  Cracked  Pump 
C5-linder 

We  repaired  a  cracked  pump  cylinder 
by  drilling  a  hole  at  one  end  of  the 
crack  and  tapping  out  for  a  ^-^-in.  plug. 
We  then  drilled  another  close  to  the 
first  one,  letting  the  drill  extend  into  the 
first  plug  about  Is  in.  The  second  hole 
was  then  tapped  and  plugged,  and  the 
method  continued  until  the  crack  was 
covered.  It  was  then  smoothed  off  with  a 
file  and  calked.  Straps  \s  in.  thick  used 
with  iron  cement  further  secured  the  job. 

The  pump  has  been  running  for  some 
time  with  a  110-lb.  pressure  without 
signs  of  leaking. 

F.    H.   COLE.MAN. 

Milledgeville,  Ga. 


Waterproof  Cement  for   Belts 

To  put  waterproof  cement  on  belts  re- 
quires more  care,  time  and  skill  than  to 
put  on  ordinary  glue  cement,  but  this  is 
justified  as  the  belt  can  be  used  then 
where  a  rubber  belt  would  be  ordinarily. 

Unlike  glue,  the  waterproof  cement  is 
used  without  heating  and  evaporates 
quickly;  two  coats  of  the  cement  are 
needed  for  a  successful  job.  It  gives 
the  best  results  on  good  dry  oak  leather, 
but  it  must  be  dry  and  free  from  oil,  as 
no  cement  will  make  a  strong  job  on  an 
oily  surface. 

The  lapping  ends  must  be  cut  straight 
and  at  the  same  angle  to  make  the  thick- 
ness of  the  joint  uniform  and  equal  to 
that  of  the  body  of  the  belt,  as  the  joint 
must  be  effected  by  a  steady  pressure  and 
not  by  hammering  nor  rubbing.  The 
point  of  the  lap  uppermost  should  be 
about  3^5  in.  thick  and  a  corresponding 
depression  cut  across  on  the  heel  to  re- 
ceive it.  This  allows  the  cement  to  im- 
pregnate the  grain  at  the  point  and  makes 
a  stronger  and  better  joint. 

When  the  laps  are  made,  scraping  both 
surfaces  of  the  lap  raises  the  fibers  of 
the  leather  and  makes  the  cement  more 
effective.  As  the  cement  evaporates 
rapidly  when  exposed  to  the  air,  only  a 
little  should  be  poured  out  at  a  time  and 
preferably  into  a  narrow,  deep  can.  With 
a  clean  brush  the  surfaces  should  be 
given  a  good  coat,  working  the  cement 
well  into  the  fibers.  The  second  coat  should 
not  be  applied  until  the  first  dries  thor- 
oughly, say  from  30  min.  to  an  hour;  it 
will  assume  a  grayish-white  appearance 
when  dr\'. 

At  this  point  a  press  clamp  is  needed 
which  should  be  the  same  length  as  the 
clamps  used  to  pull  up  the  belt,  but  flat, 
about  4  in.  wide  on  the  face,  and  covered 
on  both  clamping  surfaces  with  sheet 
rubber  or  felt.  Bring  the  two  lap  sur- 
faces together  and  tack  one  end  when  the 
lap,^  lie  straight,  mark  4  in.  from  the 
other  end  and  put  the  press  clamp  at  the 
edge   of  the  4-in.  mark;   then  raise  the 


end  of  the  lap  and  cement  the  4-in. 
strip  thinly  and  evenly  and  slide  the 
press  clamp  over  on  the  joint  and  tighten 
evenly  and  firmly.  Let  this  set  for  15  or 
20  min.,  then  loosen  the  other  end,  lift 
the  lap  and  mark  4  in.  ahead  of  the 
press  clamp,  loosen  the  clamp,  then  ce- 
ment 4  in.  and  slide  the  clamp  over  and 
tighten  it;  cement  just  the  width  of  the 
clamp  each  time  until  finished.  The  joint 
must  set  six  hours  before  putting  any 
strain  on  it. 

When  using  waterproof  cement  keep  it 
away  from  a  flame  or  open  light,  as  it  is 
highly  inflammable. 

John  F.  Cochrane. 

Norwich,  Conn. 


Calking  Steam  Boiler  Joints 

In  calking  steam-boiler  joints  many  en- 
gineers make  the  mistake  of  heavily 
pounding  the  tool  until  further  effort  to 
stop  the  leak  seems  futile.  With  a  high 
pressure  in  the  boiler  this  method  ag- 
gravates the  leak  as  the  internal  pres- 
sure tends  to  open  the   fissure. 

In  calking,  the  point  of  the  tool  should 
be  set  a  trifle  above  the  joint  and  light 
blows  applied  to  it.  This  will  bring  the 
plates  together  and  materially  lessen,  if 
not  entirely  stop,  the  leak. 

Lloyd  V.  Beets. 

Nashville,  Tenn. 


Punch  for  Making  Washers 

The  illustration  shows  a  tool  for  cut- 
ting washers  from  packing,  which  is 
cheap  to  make  and  very  effective.  Parts 
A  and  C  are  made  of  Ketos  steel  and 
shedders  B  and  D  are  of  machine  steel. 
Parts  A  and  C  required  no  grinding  after 


■X 
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Punch   for  Cutting  Washers 

hardening  as  they  did  not  change  in  size 
and  assembled  without  any  trouble.  Part 
C  is  a  driving  fit  on  part  A  and  is  also 
held   by  two   setscrews   F  and   G.     The 


washer  is  ejected  by  a  shedder  B  and  the 
scrap  is  forced  from  the  center  by  shed- 
der D.  This  tool  is  used  in  the  punch 
press  and  strikes  a  machine-steel  piece 
held  in  a  bolster,  thereby  saving  the  cut- 
ting edges  of  the  punch  and  completing 
a  first-class  job. 

Walter  Edwards. 

West  Philadelphia,  Penn. 

[Ketos  steel  is  a  tool  steel  adapted  to 
making 'dies,  taps,  etc.,  which  may  be 
hardened  with  very  little  distortion. — 
Editor.] 


Separator  tor  Oil   Pump 
Governor 

In  the  throttling  control  of  pumps 
handling  such  fluids  as  fuel  oil,  which 
sometimes  tends  to  become  sluggish  and 
clog,  a  separator  device  may  readily  be 
made  by  means  of  which  clear  water  can 
be  used  as  a  pressure-transmitting 
medium  between  the  valve-chamber  bon- 
net, header  or  discharge  piping  and  the 
pump  governor.  This  not  alone  secures 
a   more   sensitive   regulation,   but   by  the 


f^\ 


Separator  for  Pump  Governor 

introduction  of  pure  water  in  the  case 
of  a  governor  containing  a  textile  dia- 
phragm the  latter  will  last  indefinitely, 
whereas  fuel  oil  will  soon  cause  it  to 
deteriorate;  the  pressure  gages  in  the 
above  apparatus  will  also  be  kept  clean 
and  in  better  order. 

The  illustration  shows  a  device  which 
can  be  readily  constructed.  It  is  desir- 
able to  include  a  permanent  water-supply 
connection  from  a  source  of  moderate 
pressure  as  it  will  obviate  the  more 
tedious  task  of  filling  the  chamber  through 
a  funnel.  By  selecting  extra-heavy  fit- 
tings and  1-in.  nipples  at  X,  no  bracing 
is  necessary  if  excessive  vibration  is  not 
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present  in  the  discharge  line.  The  ap- 
paratus is  particularly  desirable  in  the 
conlol  of  heavy  fuel  fluids  to  steel  fur- 
nace burners,  and  its  application  to  other 
service   is   obvious. 

B.  G.  Stewart. 
Kansas   City,   Kan. 


from  the  tank  to  where  it-  could  get  no 
water  over  the  end,  there  was  no  fur- 
ther trouble. 

A.  C.   Waldron. 
Revere,   Mass. 


Heater  Acted  as  Jet  Con- 
denser 

The  layout  shown  in  the  accompany- 
ing illustration  caused  me  no  end  of 
trouble  on  several  occasions.  Without 
warning,  this  16x48-in.  Corliss  noncon- 
densing  engine  would  act  just  as  though 
someone  had  cut  the  main  belt,  suddenly 


Welding    a    Cracked   Furnace 
Door 

I  applied  the  autogenous  process  of 
welding  to  a  crack  in  the  firedoor  which 
extended  through  the  rivet  hole  from  the 
edge  of  the  plate  to  about  4  in.  beyond 
the  rivet  hole. 

The  rivet  in  the  hole  through  which  the 
crack  passed  and  one  on  each  side  of  it 
were  taken  out  and  a  wide  V-groove  cut 


Pipe  Connections  to  Heater 


relieving  the  engine  of  its  load.  The  en- 
gine would  practically  double  its  speed 
for  a  period  of  about  12  sec,  during 
which  the  slack  side  of  the  belt  would 
flap  violently  and  all  the  smaller  belts 
would  screech,  due  to  the  sudden  in- 
crease  in   speed. 

The  general  conditions  of  the  plant 
were  such  that  it  did  not  invoke  surprise 
no  matter  what  happened.  The  engine 
was  said  to  be  52  years  old,  and  every- 
thing else  was  in  harmony  with  the  en- 
gine. 

After  a  thorough  investigation  I  found 
that  the  drip  A  went  into  the  blowoff 
tank,  and  when  the  water  rose  above  the 
end  of  the  drip,  the  velocity  of  the  ex- 
haust steam  from  the  engine  in  close 
proximity  to  the  heater  drip  A,  caused 
the  water  in  the  tank  B  to  be  drawn  up 
into  the  heater  C,  mixing  with  the  ex- 
haust steam  and  thereby  creating  a  partial 
vacuum.  As  the  drip  A  was  only  1'^ 
in.  in  diameter  it  was  not  long  enough 
to  maintain  a  vacuum  of  about  8  in. 
for  a  longer  period  than  10  or  12  sec, 
thereby  causing  the  heater  to  act  as  a 
jtt  condenser.     After  I  changed  the  drip 


along  the  crack,  almost  through  the  plate 
and  about  ■  _•  in.  beyond  the  end,  leaving 
a  thin  sheet  of  metal  h  in.  thick  to  weld 
against. 

The  flame  of  the  welding  torch  was 
then  applied  along  the  crack  and  mild 
steel  melted  in  it  until  the  crack  was 
filled,  every  inch  or  so  being  hammered 
smooth  with  the  sheet.  The  rivet  hole 
was  also  filled  and  later  drilled  out  for 
the  rivet. 

After      the      crack      was      filled      and 

smoothed  over,  it  was  annealed,  the  rivets 

replaced,  and  the  boiler  put  into  service. 

The    operation    was    entirely    successful. 

Robert   Voss. 

Holyoke,  Mass. 


What  Cuts  the  Top  of  the 
Cylinder.? 

A  very  elusive  knock  which  appeared 
and  disappeared  without  any  apparent 
reason  developed  on  the  high  pressure 
side  of  a  1000-hp.  Corliss  engine.  When 
running  with  a  full  load  the  knock  was 
slight  or  entirely  absent,  and  at  times  it 


would  be  heard  when  the  load  was  light; 
in  starting  and  stopping  it  was  severe. 
Our  efforts  to  locate  the  cause  were 
futile,  and  though  we  thought  several 
times  that  the  trouble  had  been  located 
and  cured,  the  knock  came  back.  We  took 
out  the  boxes  and  scraped  and  adjusted 
them  carefully,  tested  for  loose  pins, 
loose  crank,  piston  and  follower  plate, 
but  everything  was  tight  and  the  clear- 
ance was  correct.  Finally  the  builders' 
expert  went  over  everything,  took  up  a 
little  more  on  the  crosshead  shoes,  but 
he  left  the  knock,  and  all  the  time  it  was 
growing  worse. 

About  a  week  after,  trouble  was  en- 
countered in  the  metallic  packing  of  the 
piston  rod,  to  remedy  which  it  was  nec- 
essary to  take  out  the  piston  and  rod. 
When  this  was  done,  the  interior  of  the 
cylinder  showed  the  cause  of  the  pound. 
Although  the  bottom  of  the  cylinder  was 
in  fine  condition,  there  was  a  shoulder 
worn  at  the  -top  of  the  back  end.  A 
like  shoulder  also  existed  at  the  head 
end,  but  on  account  of  its  position  it 
would  not  be  noticed  except  by  very  close 
scrutiny.  When  the  cylinder  had  been 
looked  into,  the  bottom  appeared  so  fine 
that  there  had  been  no  thought  of  cut- 
ting. 

At  a  line  along  the  middle  of  the  top 
of  the  cylinder  the  cut  was  about  's  in. 
deep  and  this  shaded  off  to  nothing  on 
each  side  at  about  50  deg.  from  the  mid- 
dle line.  Next  it  was  found  that  the 
rings  had  fared  even  worse,  nearly  ig. 
in.  being  worn  from  them  practically  all 
around.  As  each  piston  has  only  one 
sectional  ring,  it  does  not  reach  the 
counterbore;   hence  the  shoulder. 

As  the  ring  was  new,  the  builders  were 
told  that  they  had  used  a  wrong  kind  of 
iron,  but  they  denied  this  and  came  back 
with  the  claim  that  we  used  poor  oil,  but 
it  was  tested  to  specifications;  moreover, 
on  opening  other  engine  cylinders  no 
sign  of  such  trouble  was  found.  It  cer- 
tainly seemed  to  be  due  to  the  new  ring. 

The  cylinder  was  rebored,  a  new  pis- 
ton was  put  in  and  for  a  time  all  went 
well  until  about  four  months  later,  when 
more  trouble  loomed  up.  Another  en- 
gine is  now  ready  for  the  boring  bar  and 
the  i"ings  are  badly  worn,  two  of  the  cylin- 
ders show  considerable  wear  and  the  one 
where  the  trouble  started  has  rejoined  the 
list.  The  cylinders  invariably  cut  on  top, 
and  in  all  cases  the  rings  are  badly  worn. 
Superheated   steam  is  not  used. 

We  have  found  the  cause  of  the  pound, 
but  what  is  the  cause  of  the  wear?  The 
engine  builders  are  now  released.  The 
boiler  compound  is  under  suspicion,  but 
the  makers  positively  assure  us  that  there 
is  nothing  in  it  that  could  cause  such 
trouble.  Even  if  that  is  the  source,  why 
did  the  trouble  appear  in  one  cylinder 
so  much  earlier  than  in  the  others?  An- 
other engine  taking  steam  through  the 
same    separator    is    even    yet   unaffected. 
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Why  are  not  all  the  engines  equally  af- 
fected ?  Why  do  the  cylinders  cut  on 
top?  Why  do  the  rings  wear  away  so 
fast  ? 

William  E.  Dixon. 
Maiden,  Mass. 


Putting  in  a  New  Crankpin 

It  was  decided  to  put  a  new  crankpin 
on  the  low-pressure  side  of  a  250-hp. 
Corliss  engine.  To  get  the  old  pin  out, 
a  number  of  holes  were  drilled  in  the 
ends  of- the  pin  near  its  circumference, 
and  it  was  then  driven  out.  A  new  pin 
was  turned  out  and  finished  0.004  in. 
too  large  and  given  a  slight  taper. 

Three  pieces  of  shafting  were  turned 
to  fit  the  hole  and  heated  in  a  portable 
forge.  The  crank  disk  was  heated  red 
hot  on  one  side  by  inserting  the  hot 
pieces  of  shafting  in  the  hole.  When 
the  disk  was  red  hot,  the  new  pin  was 
driven  in  with  a  sledge-hammer  using 
a  brass  bumper. 

The  engine  was  connected  up  and 
started  without  giving  any  trouble,  and 
the  new  pin,  put  in  about  nine  months 
ago,    is    still    doing    good    work. 

Clair  A.  Gilson. 

East  Lansing,  Mich. 


Timely  Examination  of  Leaks 

Some  engineers  and  steam-fitters  allow 
leaks  on  high-pressure  steam  and  water 
lines  to  continue,  not  realizing  how  seri- 
ous they  may  be. 

One  morning  I  noticed  a  small  leak 
in  one  of  the  joints  of  a  ;^j-in.  nipple 
which  connects  a  globe  valve  to  the  main 
steam  line  on  top  of  the  boilers;  this 
pipe  furnishes  steam  to  the  factory.  That 
night,  after  the  steam  was  shut  off  and 
the  leaky  joint  examined,  it  was  found 
'hat  the  nipple  was  rusted  and  nearly 
eaten  through  at  the  threads.  This  nipple 
was  cut  from  a  length  of  '/2-in.  standard 
pipe  and  was  only  in  service  about  two 
years. 

I  believe  the  quick  wasting  away  of 
the  nipple  was  due  to  the  fact  that  very 
little  steam  is  taken  from  this  pipe  and 
it  is  frequently  full  of  water.  Had  I 
not  removed  the  nipple  that  night,  I  am 
quite  sure  there  would  have  been  a  shut- 
down at  the  plant  the  next  day,  due  to 
the  nipple  breaking  at  the  joint. 

Another  case  was  that  of  a  lx3-in. 
nipple  in  the  lower  pipe  connection  of  a 
water  column  which  started  to  leak  at 
one  of  the  joints.  At  night,  after  quit- 
ting time,  the  pressure  was  removed  from 
this  boiler  and  when  the  defective  joint 
was  examined,  it  was  found  that  the  nip- 
ple was  nearly  eaten  through  at  the 
threads.  I  could  not  understand  how  it 
had  held  the  pressure. 

After  this  experience  I  made  it  a  prac- 
tice to  test  all  pipe  connections  in  the 
water  column  when  the  boiler  was  be- 
ing  cleaned    by    tapping    lightly    with    a 


hammer.  If  a  pipe  or  nipple  showed 
.signs  of  being  defective,  it  was  immedi- 
ately removed. 

H.    A.   Jahnke. 
Milwaukee,  Wis. 


Turbine  Repair 

Our  500-kw.  turbine  would  overspeed 
on  light  loads  considerably.  After  try- 
ing several  means  of  overcoming  this 
trouble  we  finally  decided  it  was  due  to 
steam  leaking  through  the  cylinder  relay 
bushing  A  in  the  accompanying  illustra- 
tion, thus  preventing  the  poppet  valve 
from  closing  when  the  needle  valve  B 
was  tightly  closed. 

Examination  showed  a  clearance  of 
0.009  in.  between  the  bushing  and  the 
spindle  C.    A  new  brass  bushing  was  put 


Turbine  Poppet  Valve 

in  to  replace  the  worn  cast-iron  one.  The 
clearance  then  measured  0.002  in.  This 
seemed  to  be  insufficient  as  the  valve  was 
not  sensitive  enough  in  its  action,  even 
though  much  steam  was  admitted  throirgh 
the  needle-valve. 

The  trouble  was  effectively  overcome 
by  stopping  the  turbine  and  injecting  oil 
through  the  needle-valve  passage  with  a 
squirt  gun.  The  valve  has  worked  well 
ever  since. 

F.  Martin. 

College   Point.  N.  Y. 


Cleanliness  and  Mechanical 
Efficiency 

A  large  Western  concern  having  25  or 
30  power  plants  recently  issued  a  bul- 
letin containing  the  following  paragraph: 

"A  prize  of  ten  dollars  will  be  awarded 


to  each  plant  employee  having  the  best- 
looking  apparatus,  outside  and  in." 

There  is  plenty  of  room  for  improve- 
ment in  the  appearance  of  nearly  all 
power  plants,  and  while  I  am  strictly  in 
favor  of  cleanliness,  my  argument  is 
that  a  plant  may  be  neglected  in  clean- 
liness and  be  superior  in  mechanical  ef- 
ficiency to  one  with  everything  shining 
and  spotless. 

For  example,  a  boiler  may  shine  with 
highly  polished  trimmings,  valves,  gages, 
etc.,  and  at  the  same  time  be  badly 
scaled,  the  valve  stems  need  repack- 
ing, the  tubes  dirty  and  the  water 
column  nearly  clogged  up.  An  open 
feed-water  heater  may  be  spotless  out- 
side, and  on  the  inside  the  baffle-plates 
may  be  so  corroded  that  the  perforations 
are  filled,  and  possibly  the  coke  or  other 
filtering  material  has  not  been  cleaned 
for  months. 

The  bulletin  is  no  doubt  an  induce- 
ment and  a  large  factor  in  having  em- 
ployees keep  the  stations  clean,  but  I 
believe  that  a  plant  should  be  judged 
by  its  mechanical  efficiency  first  of  all. 
C.    E.    Aldrich. 

Mendota,    Calif. 


Reducing  Labor  and  Filtering 
Oil 

The  engine  in  our  plant  is  set  upon  a 
sub-base  that  rests  upon  a  cement  foun- 
dation. Inside  the  sub-base,  just  under 
the  crank  disk  and  connecting-rod,  is  an 
oil  tray,  which  catches  the  oil  drained 
from  the  crosshead,  guides  and  crank 
disk.  There  is  a  V^-m.  pet-cock  screwed 
into  a  hole  in  the  sub-base  just  above 
the  bottom  of  the  tray;  from  this  pet- 
cock  the  oil  in  the  tray  can  be  drawn  off. 

As  the  capacity  of  this  tray  was  small 
and  as  much  dirt  collected  and  fell  into 
it,  I  devised  a  plan  to  filter  the  oil  and 
lessen  the  labor  of  frequently  emptying 
the  pan. 

In  a  6-ft.  space  under  the  floor  I  placed 
an  old  oil  barrel,  beside  the  engine  foun- 
dation, directly  under  the  pet-cock.  Near 
the  bottom  of  the  barrel  I  bored  a  fj-in. 
hole  and  screwed  in  a  valve  of  the  same 
size.  I  next  sawed  out  a  piece  of  the 
head  about  8  in.  square  and  fitted  it  with 
hinges.  Then  I  bored  a  hole  through 
the  floor  over  the  barrel  and  connected 
the  pet-cock  with  a  '4-in.  brass  pipe, 
running  it  down  through  the  hole  in  the 
floor  into  the  barrel. 

Whatever  oil,  water  and  dirt  collected 
in  the  sub-base  tray  would  run  down 
into  the  barrel.  I  had  already  filled  the 
barrel  with  water  up  to  the  height  of  the 
highest  valve.  As  the  oil  ran  into  the 
barrel  the  dirt  it  contained  would  sink 
to  the  bottom  of  the  barrel,  leaving  the 
oil  clean.  The  oil  or  water  could  be 
drawn  off  at  any  time. 

Ward  T.  Moulton. 

Portland,  Maine. 


June   11,   1912 


POWER 


849 


Questions  Before  the  House 

Comment,  criticism,  suggestions  and  debate  upon  various  articles, 
letters   and   editorials    which  have  appeared  in  previous  issues 


Turbine  or   Engine? 

The  writer  is  particularly  interested  in 
your  editorial  of  June  4,  1912,  inasmuch 
as  the  Spiro  turbine,  of  which  he  is  the 
inventor,  appears  to  be  responsible  to 
some  extent  for  its  conception. 

Some  objects  which  are  complex  in 
their  nature  may  best  be  defined  by  de- 
scribing what  they  are  not.  The  absence 
of  certain  actions  or  functions  is  oc- 
casionally more  restrictive  than  the  pres- 
ence of  a  large  number  of  those  more 
commonly  shared. 

If  turbines  were  all  alike  in  action, 
and  possessed  a  common  feature  by  which 


Fig.   1.    A   Pair  of  Spiro  Rotors 

they  could  be  defined,  it  would  be  easy 
to  dictate  the  limits  outside  of  which  a 
motor  would  cease  to  be  a  turbine.  Evi- 
dently the  editor  selects  "velocity  action" 
as  the  defining  element.  The  pile-driver 
Illustration  is  very  apt  in  this  connection, 
and  certainly  is  analogous  to  the  impact 
type  of  turbine  where  the  initial  veloc- 
ities are  high,  ranging  from  1000  to  4000 
ft.  per  second,  and  the  blade  velocity 
only  one-half  the  steam  velocity.  But 
how  would  this  apply  to  the  so  called 
reaction  type  of  turbine,  such  as  the  Par- 
sons? Here  the  steam  velocities  are  low, 
from  300  to  600  ft.  per  second  usually, 
and  the  blade  velocity  practically  equal 
to  the  steam  velocity.  How  much  effect 
would  the  blow  of  the  pile  driver  have 
if  the  pile  were  moving  as  fast  as  the 
weight? 

Evidently  the  "velocity"  action  will  not 
do   for  the  distinguishing   feature. 

Also,  if  it  were  possible  to  run  a  re- 
ciprocating piston  engine  at  unlimited 
speed,  the  pressure  action  within  the  cyl- 
inder would  decrease  as  the  speed  in- 
creased, and  the  velocity  action  would 
increase,  so  that  in  time  the  engine  would 


be  running  under  impact  and  the  ex- 
pansion would  take  place  in  the  port 
which  would  correspond  to  a  nozzle.  But 
this  increase  in  speed  of  action  and  con- 
sequent functional  change  could  not  be 
said  to  convert  the  piston  engine  into  a 
turbine. 

Just  as  it  is  practically  impossible  to 
give  an  intelligent  definition  of  a  human 
being,  it  seems  impossible  to  rigidly  de- 
fine a  turbine.  Certain  motors  have,  how- 
ever, become  definitely  accepted  by  the 
engineering  public  as  turbines,  and  others 
just  as  definitely  established  as  engines. 
Let  us  analyze  the  established  differ- 
ences. 

Turbines  in  general  are  distinguished 
by:  high  rotative  and  peripheral  speeds; 
numerous  blades,  or  vanes  rotating  about 
the  axis;  the  absence  of  valves  except 
as  an  adjunct  of  speed  regulation,  and 
extreme  continuity  of  action  due  to  the 
large  number  of  blade  efforts  per  revolu- 
tion. 

Engines,  particularly  rotary,  are  dis- 
tinguished by:  slower  rotative  and 
peripheral  speeds;  a  few  blades,  or 
vanes   rotating   around   the   axis    (rarely 


Fig.  2.    The  Inlet  Port  or  Nozzle 

more  than  three  in  any  rotary  engine 
which  has  reached  an  operative  state) ; 
the  presence  of  valves,  either  reciprocat- 
ing or  rotary,  and  few  steam  efforts  per 
'revolution,  corresponding  to  the  number 
of  blades. 

There  are  exceptions  to  both  classifica- 
tions, and  overlappings  in  some  cases, 
but  it  is  safe  to  state  that  if  a  motor  par- 
took of  all  the  features  described  under 
"turbines"  it  would  be  proper  to  call  it 
a  turbine,  whereas  if  it  partook  of  all 
of  the  features  stated  above  as  peculiar 
to  engines,  it  would  be  placed  in  the  en- 
gine classification. 

The  impact  turbine,  as  a  class,  has 
still  another  peculiarity  which  distinctly 


separates  it  from  all  other  fluid  motors — 
its  ability  to  develop  power  and  attain 
high  rotative  speed  irrespective  of  its 
containing  case.  An  impact  turbine  would 
operate  as  well  without  the  case  as  with 
one,  except  that  the  steam,  or  other 
motive  fluid,  would  escape  into  the  room 
after  leaving  the  wheel.  This  is  not  true 
of  any  other  type  of  turbine,  nor  of  a 
reciprocating  piston,  or  rotary  engine,  so 
that  if  a  motor  possesses  this  peculiar 
feature,  we  may  without  argument  place 
it  in  the  impact-turbine  class. 

As  to  the  Spiro  turbine,  there  is  no 
doubt  in  our  minds  as  to  its  classification. 
Fig.  1  shows  a  pair  of  Spiro  rotors 
mounted  in  bearings,  and  without  an  in- 
closing case  or  cylinder.  Fig.  2  illus- 
trates the  inlet  port  or  nozzle,  there  be- 
ing two  openings,  one  on  each  side  of 
the  central  post,  through  which  steam  or 
air  impinges  upon  the  rotors.  The  open- 
ing on  one  side,  indicated  by  the  arrow, 
is  so  small  as  to  be  almost  imperceptible 
in  the  engraving.  This  little  model  was 
made  particularly  to  demonstrate  the  tur- 
bine action  of  the  Spiro.  As  it  stands, 
without  a  cylinder  or  case,  and  with  80 
lb.  initial  air  pressure,  it  develops  a  speed 
of  15,000  r.p.m.  This  is  impact  pure  and 
simple,  and  places  the  Spiro  without  a 
cylinder  in  the  impact-turbine  class. 

The  addition  of  the  cylinder  adds  an- 
other function — expansion — without  de- 
tracting from  the  original  impactive  ac- 
tion. The  range  of  speed  in  the  com- 
mercial Spiro  is  from  1200  to  5000  r.p.m.; 
there  are  no  valves,  rotary  or  otherwise, 
except  as  adjuncts  to  speed  regulation 
in  the  form  of  a  governor  throttle  valve, 
and  the  steam  action  is  perfectly  con- 
tinuous, due  to  the  large  number  of  blade 
efforts  per  revolution.  In  every  respect 
it  possesses  the  distinguishing  features 
of  a  turbine  as  the  term  is  known  or  un- 
derstood, and  the  only  argument  that  can 
be  brought  to  bear  against  its  being  in- 
cluded in  this  classification,  is  that  it 
utilizes  the  function  of  expansion  within 
the  tooth  blades,  notwithstanding  the  fact 
that  expansion  within  the  blades  is  a  well 
known  turbine  attribute. 

John  H.  Van  Deventer. 

Buffalo,  N.  Y. 


Aid  for  Small  Plants 

More  articles  from  men  in  charge  of 
large  power  plants  describing  the  opera- 
tion in  detail  would  help  the  engineer  in 
the  small  plant  to  grasp  their  importance. 


Necessity  has  compelled  obtaining  low- 
cost  for  power  production  in  the  larger 
stations. 

The  smaller  plants  have  not'  experi- 
enced the  radical  changes  possible  in 
the  larger  ones,  and  therefore  show  much 
less  relatively  marked  improvement  in 
their  operation. 

The  reasons  are  clear,  for  with  large 
interests  in  control  they  have  been  able 
to  secure  the  best  men  in  the  field,  who 
have,  with  capital  behind  them,  been  en- 
abled to  attack  the  cost  of  producing 
power  from  every  angle,  at  an  expense 
in  many  cases,  even. in  proportion  to  its 
size  and  output,  that  would  be  prohibitive 
and  disastrous  to  the  small  plant.  There- 
fore, the  men  who  can  assist  the  smaller 
plants  are  most  likely  to  be  found  in  the 
larger  ones,  and  they  should  be  willing 
to  give  such  information  as  would  be 
practically  applicable  to  the  specific  prob- 
lems that  confront  the  small  plant. 

The  whole  trend  of  things  is  to  a  greater 

economy    and    the    conservation    of    the 

natural   resources   of   our   country.     Let 

us  have  more  letters  from  the  big  men. 

R.  A.  Morse. 

St.  Joseph.  Mo.    . 


A  Troublesome  Condenser 

In  reply  to  B.  A.  Jacobs'  letter  under  the 
above  heading,  in  the  Apr.  30  issue,  if 
the  condenser  loses  its  vacuum  with  no 
outlet  to  the  atmosphere,  the  steam  pres- 
sure will  rise  in  the  condenser  and  ex- 
haust piping  until  the  engine  stops  or 
something  breaks,  and  the  condenser 
shell,  not  being  designed  to  withstand 
internal  pressure,  will  probably  burst. 

Mr.  Jacobs'  information  is  insufficient 
to  more  than  guess  at  the  cause  of  the 
trouble.  The  steam  used  per  horsepower- 
hour  should  be  known,  the  size,  type, 
speed,  horsepower,  point  of  cutoff  and 
steam  pressure,  and  the  degree  of  vac- 
uum desired;  the  type  of  condenser, 
whether  jet  or  surface;  the  temperature 
of  the  injection  water,  the  quantity  of 
injection  used,  and  the  size,  type  and 
speed  of  the  vacuum  pump;  if  a  dry-air 
pump  is  used,  and  the  diameter  of  the 
injection    pipe. 

There  are  a  number  of  interesting 
points  in  his  layout.  The  pump  condensers 
are  on  the  engine-room  floor;  therefore 
condensation  from  the  exhaust  steam 
cannot  properly  drain  into  the  condenser, 
hut  will  accumulate  in  the  exhaust  line 
until  the  pipe  is  filled  sufficiently  to 
cause  the  back  pressure  to  force  it 
through. 

The  suction  lift  is  excessively  high. 
With  26  in.  of  vacuum  it  is  not  good 
practice  to  lift  the  injection  water  more 
than  about  20  ft.  by  suction.  This  al- 
lows a  good  margin  of  pressure  to  ac- 
celerate the  water  and  to  overcome  fric- 
tion in  the  pipe. 

There  are  two  unnecessary  fittings  and 
four  joints  in  the  engine-exhaust  piping 


which   retard   the   flow  of  steam   and   in- 
crease  the   likelihood   of   leakage. 

The  injection  line  is  so  shaped  as  to 
form  an  air  pocket  just  before  the  con- 
denser is  reached,  the  air  going  over  into 
the  condenser  at  intervals  and  causing  a 
fluctuation   of  the  vacuum. 

By  placing  the  condenser  below  the 
engine,  the  condensation  would  drain  off 
and  the  suction  lift  would  at  the  same 
time  be  brought  down  to  where  it  should 
be.  The  engine  exhaust  line  could  have 
been  dropped  straight  dow-n  to  the  level 
of  the  horizontal  pipe,  thus  eliminating 
the  superfluous  elbows  and  joints  and 
giving  a  more  direct  flow,  yet  passing  be- 
low the  belt  shown. 

G.  H.  Bridges. 

Holyoke,   Mass. 


There  is  little  chance  of  the  engine 
running  condensing  very  long.  With  the 
lift  given,  the  pump  has  a  fair  piece  of 
work  to  perform.  Why  not  have  the 
pump  discharge  the  water  through  the 
condenser  instead  of  having  the  con- 
denser connected  in  the  suction  line? 
This  water  can  be  discharged  from  the 
condenser  into  a  hotwell  or  taken  care 
of  by  another  pump. 

I  have  operated  expansion  pumping 
engines  without  automatic  relief  valves, 
or  valves  of  any  kind.  In  Mr.  Jacobs' 
case  his  heater  and  condenser  would  soon 
be  subjected  to  dangerous  pressure  if 
the  vacuum  was  lost. 

J.    P.    COLTON. 

Ohio   City,  Ohio. 


If  Mr.  Jacobs  would  shut  the  valve 
between  the  exhaust  line  and  the  con- 
denser, then  try  for  a  better  vacuum,  he 
might  find  a  leaky  suction  pipe;  if  he 
obtains  a  better  vacuum  with  this  valve 
closed,  it  indicates  leaks  in  the  exhaust 
line.  If  the  condenser  loses  its  vacuum, 
the  steam  will  blow  back  down  the  suc- 
tion pipe  and  out  through  the  suction  and 
discharge  valves  of  his  condenser  and 
through  the  discharge  pipe. 

Losing  the  vacuum  will  not  harm  the 
engine,  but  the  condenser  might  be  dam- 
aged. If  the  engineer  was  near-by,  he 
could  open  the  atmospheric  valve  and 
close  the  valve  between  the  exhaust  line 
and  the  condenser  and  prevent  trouble. 
Samuel  H.  Winterbottom. 

Woonsocket.  R.   I. 


Referring  to  Mr.  Jacobs'  inquiry  under 
the  above  heading  in  the  Apr.  30  issue, 
I  would  suggest  that  he  search  thor- 
oughly for  air  leaks.  If  the  condenser 
is  of  the  surface  type  he  may  find  the 
trouble  in  the  air-pump  valves.  He  com- 
plains of  obtaining  only  24-in.  vacuum 
when  the  engine  is  idle.  This,  of  course, 
depends  upon  the  altitude,  as  30  in.  can 
be  obtained  only  at  sea  level  and  the 
altitude  of  Frankfort,  Mich.,  may  account 
for  the  seemingly  low  vacuum.    The  best 


vacuum  I  have  seen  in  naval  service  was 
28K'   in. 

In  testing  for  leaks  use  a  candle  in 
the  usual  way  and  stop  the  leaks  with 
red-  or  white-lead  putty  mixed  with 
litharge.  Test  for  leaky  tubes  by  filling 
the  steam  side  with  water  under  a  pres- 
sure not  to  exceed  5  lb. 

William  H.  Dalley. 

San  Francisco,  Calif. 


Feed  Water  Heater  Troubles 

Like  Lindsay  Duncan,  whose  letter  un- 
der the  above  heading  appears  in  the  Apr. 
16  issue,  I  have  had  considerable  trouble 
with  water  heaters  made  somewhat  after 
the  designs  shown  in  the  illustration.  Oil 
did  not  cause  the  trouble  as  in  Mr.  Dun- 
can's case,  but  scale  had  completely 
filled  the  tubes  connecting  the  chambers 
G  and  H.  To  clean  them  I  had  to  re- 
move the  top  flanges  from  the  outer  cas- 
ing and  drill  the  scale  from  the  tubes 
after  removing  the  cover  from  the  com- 
partment G. 

After  this  process  was  gone  through  a 
couple  of  times  I  made  a  change  in  the 
heater,  and  instead  of  admitting  live  and 
exhaust  steam  through  the  inlets  A  and 
B,  I  connected  the  water  inlet  at  B  and 


Water  Heater 
the  outlet  at  A,  with  the  live-steam  inlet 
at  B  and  the  outlet  at  D.  This  change 
was  made  over  a  year  ago  and  the  heater 
still  works  very  satisfactorily,  although 
I  was  warned  that  this  change  would  be 
a  complete  failure.  Before  it  was  made, 
the  cold  water  entered  at  D  and  passed 
out  at  £.  F  is  used  for  blowing  out  sedi- 
ment. Pipes  F,  D  and  £  are  made  of 
brass,  the  rest  of  the  heater  being  cast 
iron.  The  large  openings  A  and  B  are 
to  be  used  for  exhaust  steam.  For  live 
steam  these  openings  should  be  reduced 
to  the  desired  size.  Pipe  C  carries  the 
water  of  condensation  back  to  the  hotweli. 
John  Thorn. 
London  Junction,   Ont. 
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Inquiries  of  General  Interest 

All  Questions  Must  be  Accompanied  by  Name  and  Address — Not  for  Publication 


Efficiency  of  Electric  Plant 

What  are  the  brake  horsepower,  the  me- 
chanical efficiency,  the  electrical  effi- 
ciency, the  steam  consumption  per  in- 
dicated horsepower,  the  steam  consump- 
tion per  brake  horsepower  and  the  ther- 
mal efficiency  of  a  steam-electric  plant 
indicating  240  horsepower  and  delivering 
150  kilowatts  to  the  switchboard?  The 
steam  pressure  is  120  pounds  gage.  The 
temperature  of  the  feed  water  is  207 
degrees  and  the  steam  carries  2  per  cent. 
of  moisture. 

F.  J.   F. 

746 

150  kilowatts  =  ISO  X  1.34  =  201  e.h.p. 
There  are  developed  in  the  cylinder  240 
horsepower  to  produce  201  horsepower 
upon  the  switchboard;  the  "overall"  effi- 
ciency is  therefore 

EJl.p.         20I  - 

This  includes  the  mechanical  efficiency 
of  the  engine  and  the  overall  efficiency 
of  the  generator.  If  it  is  assumed  that  the 
mechanical  efficiency  of  the  engine  is 
93  per  cent.,  the  brake  horsepower  will 
be 

I.h.p.  X  mech.  ef.  =  240    ■:  0.93  = 
223.2  h.p.  (a) 

The  mechanical  efficiency  is  the  ratio  of 
the  brake  to  the  indicated  horsepower. 
B. h.p.  _  2 23. 


=  '  =  93  per  cent. 


ih) 


=  • =  90  per  cent. 


(f) 


I.h.p. 

as  assumed.  The  electrical  efficiency  will 
be  the  ratio  of  the  electrical  horsepower 
to  the  brake  horsepower 

E.h.p. 

B.h.p.  223.2 
The  electrical  horsepower  is  the  pro- 
duct of  the  indicated  horsepower  and 
the  overall  efficiency.  The  brake  horse- 
power is  the  product  of  the  indicated 
horsepower  and  the  mechanical  efficiency. 
Substituting  these  values  in  the  ratio 
just  used,  thus, 

I.h.p.  X  overall  eff. overall  eff. 837s 

I.h.p.  X  mech.  eff.         mech.  eff.  93 

go  per  cent. 
shows  that  the  same  result  may  be  at- 
tained by  dividing  the  overall  by  the  me- 
chanical efficiency.  The  steam  consump- 
tion can  be  determined  only  by  test,  and 
the  thermal  efficiency  cannot  be  computed 
unless  this  is  known.  Assume  that  the 
engine  takes  25  pounds  of  steam  per 
horsepower-hour.     The  heat  of  evapora- 


tion of  steam  at  120  pounds  (say  135 
pounds  absolute)  is  869.9  B.t.u.,  but 
since  the  quality  x  of  the  steam  is  but 
98  per  cent.,  that  is,  only  0.98  of  it  is  in 
the  form  of  steam,  it  will  take  only 

869.9  X  0.98  =  852.5  B.t.u. 
to  evaporate  this  much.    The  heat  of  the 
liquid    at    135    pounds    is    321.7.      Each 
pound  of  working  fluid  will  carry  to  the 
cylinder 

852.5  +  321.7  =  1174.2  B.t.u. 
reckoning  from  water  at  32  degrees  as 
a  base.  But  the  exhaust  is  capable  of 
heating  the  feed  to  212  degrees,  and  the 
engine  should  be  credited  with  the  180 
B.t.u.  in  a  pound  of  feed  water  of  that 
temperature.  The  net  heat  supplied  to 
the  engine  per  pound  of  steam  is  there- 
fore 

1174.2  —  180  =  994.2  B.t.u. 
and  the  25  pounds  per  hour  will  bring  in 

25  X  994.2  =  24,855  B.t.u. 
A   horsepower-hour  is        '■ 

33,000  X'  60  =  1,980,000  foot-pounds 
or 

1,980.000  -:-  778  =  2545  B.t.u.  per  hour. 
To  produce  the  equivalent  of  2545  B.t.u. 
of  work,  24.855  B.t.u.  have  been  used. 
The  thermal  efficiency   therefore  is 

Heatvalueojh  p.  2,S4S 

U — ; 7T ■ — =~^7r^   ^  10. 2A  percent. 

Heat  used  by  engine       24,855 

The  feed-water'  temperature  is  given  as 
207  instead  of  212.  If  this  figure  is 
used,  it  will  give  a  somewhat  smaller 
efficiency;  but  the  engine  gives  back 
steam  enough  and  hot  enough  to  heat 
its  feed  to  212,  and  if  the  heater  does 
not  do  it  or  the  piping  radiates  it,  the 
engine   is   not  to   blame. 


Hedt  of  Steam 


Effect  of  Clearance 

What  effect  has  clearance  on  the  mean 
effective  pressure? 

F.   W.   D. 

Clearance  has  the  effect  of  increasing 
the  mean  eifective  pressure  both  by  in- 
creasing the  mean  forward  pressure  and 
decreasing  the  mean  back  pressure.  The 
steam  which  expands  after  cutoff  includes 
that  which  fills  the  clearance  spaces; 
hence  the  greater  the  percentage  of 
clearance  the  greater  the  average  forward 
pressure.  On  the  return  stroke  the  vol- 
ume of  the  space  into  which  the  steam  is 
compressed  determines  the  compres- 
sion; therefore  the  average  back  pres- 
sure will  be  less  the  greater  the  per- 
centage  of   clearance. 


Factor  = 


Some  text  books  give  the  formula  of 
evaporation  as 

//  —  h 
y65.7 

In  certain  correspondence  school  books 
it  is  given  as 

fl_—l  -1-32 
966.1" 

H  =  total  heat  in  steam  at  pressure 
of  actual  evaporation 
t  =  observed    temperature    of    feed 
water. 

Why  this  difference?  How  would  re- 
sults of  an  evaporative  test  of  a  boiler  be 
affected  by  using  the  latter  in  place  of 
the    former? 

Why  are  the  pressures  in  steam  tables 
quoted  as  20.3,  21.3,  22.3,  etc.,  in  place 
of  even   pounds  per  square   inch. 

G.  C.   U.  S. 

Both  formulas  are  based  on  the  value 
of  the  old  British  thermal  unit,  viz.:  the 
heat  required  to  raise  1  lb.  of  water  1 
deg.  F.  from  39.1  deg.  F.  The  second 
one  assumes  that  the  heat  in  the  feed 
water  above  32  deg.  temperature  in- 
creases directly  with  its  temperature, 
which  is  not  strictly  true.  In  this  and 
other  respects  the  first  formula  is  sup- 
posed, when  used  with  certain  tables,  to 
be  an  improvement  on  the  second. 

The     difference     between     using     one  . 
factor    or    the    other    would    be    scarcely 
discoverable    in    a    practical    evaporative 
test. 

The  most  modern  steam  tables  (Marks 
and  Davis)  are  constructed  on  the  basis 
of  a  heat  unit  being  Vi^i  of  the  heat  re- 
quired to  raise  1  lb.  of  water  from  32 
degrees  F.  to  212  degrees  F.,  and  em- 
ploying their  values  of  H  and  h  makes 
the  formula, 

F  =  "  —  '' 
970.4 

As  the  absolute  pressure  of  the  atmos- 
phere is  14.7  lb.  per  square  inch  (at  se.i 
level)  and  the  ordinary  gage  pressure 
has  its  zero  at  atmospheric  pressure,  then 
any  gage  pressure  corresponding  to  an 
absolute  pressure  will  be  14.7  lb.  per 
square  inch  less  than  the  absolute. 

Thus  the  absolute  pressure  35.0  will 
correspond   to 

35.0—  14.7  =  20.3  lb. 
gage  pressure. 


During    1911,    the    exports   of   British 
coal  amounted  to  $64,599,266  long  tons. 
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Study    Questions 

This  Week's  Questions 
Last  \A^eek's   Answers 


21.  If  the  uphill  speed  of  an  auto- 
mobile is  15  miles  an  hour,  the  downhill 
speed  30  miles  an  hour  and  the  speed 
on  the  level  20  miles  an  hour,  how  long 
will  it  take  to  go  50  miles  and  return  over 
the  same  course? 

22.  What  will  be  the  inside  dimen- 
sions of  a  completely  inclosed  rectangular 
tank  made  of  the  least  possible  material 
to  hold  500  lb.  of  water? 

23.  What  will  be  the  length  of  a  ver- 
tical wire  which  will  break  by  its  own 
weight  if  the  tensile  strength  of  the 
metal  is  40,000  lb.  per  square  inch  and 
the  weight  555  lb.  per  cubic  foot? 

24.  If  a  Fahrenheit  thermometer  in- 
dicates a  rise  of  45  deg..  what  will  be  the 
corresponding  rise  on  a  Centigrade  ther- 
mometer? 

25.  If  the  displacement  of  a  boiler 
feed  pump  is  1.25  gal.  per  revolution, 
then,  allowing  20  per  cent,  slip,  what 
boiler  horsepower  of  30  lb.  water  evap- 
orated per  hour  will  be  supplied  by  the 
pump  per  revolution  per  minute? 


Answers  to  the  above  will  appear  in 
the  next  issue.  Answers  to  last  week's 
questions  follow: 

16.  Opening  one  link  of  each  piece 
and  welding  to  the  next  would  require 
five  cuts  and  five  welds,  but  the  job  can 
be  done  with  four  cuts  and  four  welds 
by  cutting  all  of  the  links  of  one  4-link 
piece  and  using  these  links  separately 
to  join  the  other   five   pieces. 

17. 
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The  board  can  be  cut  as  shown  in  the 
upper  sketch  and  refitted  as  in  the  lower 
to  cover  the  trench. 

18.  At  the  end  of  its  stroke  the  en- 
ergy in  the  hammer  will  be  that  due  to 
gravity  plus  that  due  to  the  steam  pres- 
sure.    That  due  to  the  weight  will  be 

W  X  / 
where 

W  =  Weight  in  pounds; 
I  =  Length  of  stroke  in  feet. 


That  due  to  the  steam  pressure  will  be 

p  X  a  X  I 
where 

p  —  Mean  effective  pressure; 
a  —  Area     of     cylinder'   in     square 
inches. 
Then 

(  H'  X  n   -I-   (P  X  a  X  /)   =  total  energy 
Substituting  the  known  values, 
(62  X    ft)    +    (90  X  3.1416  X    (3)=  X 
ft)    =  41.333  -f   1696.464  =   1737.794 
ft.-lb. 
19.     The  energy  in  the  hammer  at  the 
end  of  the  stroke  is 

E  -  y.  mTT 

where 

G 

g-   °' 

the  weight  divided  by  the  ac- 
celeration of  gravity   (32.2)  ; 
V  =  Velocity  in  feet  per  second. 
Since 

G  =  62  lb.  and,  from  problem  No.  18 
£  =  1737.794  ft.-lb.; 
Substituting, 

7QJ.    —  s/    

32.2 


M  =  Mass  of  the  hammer 


0.8074 

V  =  46.39  ft.  per  second. 
20.  The  article  "Efficiency  of  Joints 
in  Boiler  Shells,"' printed  May  14,  page 
703,  explained  fully  why  the  stress  on  a 
longitudinal  seam  equals  half  the  product 
of  the  area  of  the  longitudinal  central 
section  by  the  intensity  of  pressure.  In 
the  present  problem  the  area  referred  to 
is 

66  in.  X   16  //.  =  66  X   16  X   12  = 
12,672  sq.in. 

the  pressure  90  lb.  per  square  inch  and 
the  force  tending  to  rupture  the  shell 
along  one   longitudinal  seam 

l^:^Z|>i^=  570.240/6. 

Errata :  In  the  answer  given  to  ques- 
tion No.  5  in  the  May  21  issue,  the  term 
i?  =  radius  of  the  sphere,  used  in  the 
formula  should  have  been  D  =  diameter 
of  the  sphere.  In  the  numerical  sub- 
stitution the  diameter  6  ft.  was  used,  not 
the  radius  3  ft.,  so  that  the  answer  a  = 

2  ft.  was  correct.  There  was  also  a 
typographical  error  in  the  last  sentence 
where  V  should  have  been  r  as  was  indi- 
cated by  the  formulas  following  it.  The 
latter   were   wrong    from   having   used   R 

=   6  ft.  which  should  have  been    —    or 

3  ft.    when 


and 


r  =  2Ra  —  a=  = 


r=  V   8  =  2.83 /«. 
2r  =  5.86  ft. 


Mechanical  Engineers'  Spring 
Meeting 

The  spring  meeting  of  the  American 
Society  of  Mechanical  Engineers  was  in- 
augurated at  the  Chamber  of  Commerce, 
Cleveland,  by  addresses  of  welcome  by 
His  Honor  the  Mayor  and  Ambrose 
Swasey.  chairman  of  the  local  committee. 
The  committee  on  constitution  submitted 
proposed  amendments  to  the  fundamental 
law,  simplifying  the  method  of  electing 
members,  providing  an  additional  grade 
of  membership  intermediate  between  the 
junior  members  and  the  members,  those 
com.posing  it  to  be  known  as  associate 
members,  while  those  "qualified  to  co- 
operate with  engineers  in  the  advance- 
ment of  professional  knowledge"  will  be 
known  as  heretofore  simply  as  "as- 
sociates." A  further  amendment  makes 
the  Committee  on  Constitution  one  of  the 
standing  committees  of  the  society. 

The  secretary  reported  a  substantial  in- 
crease in  the  membership  as  the  result  of 
the   recent   election. 

Following  the  business  meeting  the 
professional  session  opened  with  a  paper 
by  J.  Paul  Clayton  on  "A  New  Analysis 
of  the  Cylinder  Performance  of  Recipro- 
cating Engines."  By  plotting  the  ordi- 
nary indicator  diagram  on  logarithmic 
paper  the  /"i"  curve  becomes  a  straight 
line.  By  noting  the  deviations  from  this 
the  various  events  occurring  in  the  cyl- 
inder can  be  analyzed,  leakage  detected 
and  the  clearance  figured.  It  also  fur- 
nishes a  means  for  calculating  the  steam 
consumption. 

The  other  papers  of  the  morning  were 
"Equipment  of  a  Modern  Flour  Mill  on  a 
Gradual  Reduction  System,"  by  John  F. 
Harrison  and  W.  W.  Nichols;  and  "The 
Design  and  Mechanical  Features  of  the 
California  Gold  Dredge,"  by  Robert  E. 
Cranston. 

The  Thursday  morning  session  was 
taken  up  with  the  presentation  of  four 
papers.  The  first,  by  Thomas  D.  West,  up- 
on "New  Processes  for  Chilling  and 
Hardening  Cast  Iron,"  outlined  a  series 
of  experiments  to  determine  the  effect 
of  different  methods  of  treatment  in 
chilling  and  hardening  cast  iron  during 
the  process  of  cooling  after  pouring  the 
mold.  The  first  experiments  showing  how 
to  produce  mechanically  mottled  and 
white  iron  inside  a  gray  body  led  to  ex- 
periments with  chillers  and  with  various 
other  heat-absorbing  or  hardening  media, 
such  as  air,  charcoal,  powdered  man- 
ganese, cyanide,  etc. 

The  experiments  indicated  that  the  ac- 
cepted idea  of  chilling  entirely  while  the 
molten  iron  is  solidifying,  is  wrong.  They 
showed  further  that  the  stronger  grades 
of  iron  can  be  used  for  car  wheels,  rolls, 
etc.,  and  still  obtain  the  desired  depths 
of  chill,  also  that  air  cooling  is  superior 
to  metal  chillers. 

The  next  paper,  by   Reid  T.   Stewart, 
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dealt  with  the  strength  of  steel  tubes, 
pipes  and  cylinders  under  internal  fluid 
pressure.  It  presented  the  results  of  a 
series  of  tests  and  investigations  into 
the  application  of  the  five  accepted  for- 
mulas, namely,  Barlow's,  Lame's,  Cla- 
varino's,  Birnie's  and  the  common  formula 

—  ^  These    showed    that    Cla- 


("  =  f)- 


varino's  formula  is  theoretically  correct 
for  cylinders  with  attached  heads  and 
Birnie's  formula  for  heads  held  inde- 
pendently. These  formulas  are  prac- 
tically applicable  to  certain  classes  of 
seamless-steel  tubing  and  to  a  critical 
examination  of  ordinary  commercial  steel 
tubing  when  accurate  data  are  available. 
In  commercial  welded  pipe  the  varia- 
tion in  the  thickness  of  the  walls,  per- 
fection of  the  weld,  etc.,  account  for  a 
variation  in  the  bursting  strength  suffi- 
cient to  render  unnecessary  any  con- 
sideration of  Clavarino's  or  Birnie's  con- 
dition of  head  support.  For  ordinary 
commercial  wrought-iron  pipe  Barlow's 
formula  is  recommended.     This  is 

where 

D  =  Outside   diameter   in    inches; 

t  =  Average      wall      thickness      in 

inches; 

p  =  Internal  fluid  pressure  in  pounds 

per  square  inch; 

n  =  Factor  of  safety; 

/  =  Fiber     stress     in     pounds     per 

square  inch; 

40,000   ,        .  ,_,  _, 

=    for     butt-welded     steel 

n 

pipe; 

50,000  ,  ,  ,  ,    , 

=         -  -  for      lap-welded 


steel 


for  seamless  steel  tubes; 

28,000    „  ,      . 

=  for    wrought-iron    pipe. 

Next  came  Prof.  William  F.  Durand's 
paper  on  the  "Control  of  Surges  in 
Water  Conduits."  This  dealt  with  the 
design  of  surge  chambers  having  a  taper- 
ing rather  than  a  cylindrical  form  and 
embodied  the  development  of  a  method 
by  which  the  approximations  of  the  vari- 
ous analytical  and  empirical  formulas 
may  be  avoided  and  a  chamber  deter- 
mined with  a  taper  to  suit  the  given  con- 
ditions. 

The  final  paper  of  the  morning  was 
by  William  Uhl  upon  the  "Speed  Regu- 
lation in  Hydro-electric  Plants."  This, 
like  Prof.  Durand's  paper,  was  of  a 
highly  technical  nature  and  elicited  prac- 
tically no  discussion. 

The  program  for  Friday  morning  in- 
cluded four  papers:  "The  Present  State 
of  Development  of  Large  Steam  Tur- 
bines," by  Prof.  A.  G.  Christie;  "A  Dis- 
cussion of  Certain  Thermal  Properties  of 
Steam,"  by  G.  A.  Goodenough;  "The 
Reduction-  in  Temperature  of  Condensing 
Water    Reservoirs    Due    to    the    Cooling 


Effect  of  Air  and  Evaporation,"  by  W.  B. 
Ruggles,  and  "The  Results  of  Tests  on 
the  Discharge  Capacity  of  Safety  Valves," 
by  E.  F.  Miller  and  A.  B.  Carhart. 

The  first  dealt  with  the  construction 
details  of  the  leading  types  of  large 
steam  turbines,  the  commercial  results 
obtained  and  the  present  tendencies  in 
development.  Owing  to  the  importance 
of  the  subject,  considerable  discussion 
was  evoked.  An  extract  from  this  paper 
appears  on  page  831  and  an  abstract 
of  the  remainder  of  the  paper  will  be 
printed  in  a  latter  issue. 

In  the  absence  of  Mr.  Ruggles,  his 
paper  was  presented  by  F.  E.  Cardullo. 
This  paper  was  based  on  the  data  ob- 
tained from  tests  on  a  cooling  reservoir 
of  about  6'  J  acres,  the  object  being  to 
determine  from  the  heat  radiation  a  re- 
liable factor  for  use  in  determining  the 
size  of  reservoir  for  any  assumed  con- 
ditions. The  tests  were  made  in  May, 
July  and  November  of  last  year  and  were 
each  of  a  week's  duration;  the  plant 
was  of  about  2500  hp.  The  average 
temperature  of  the  reservoir  was  taken 
as  the  difference  between  the  average 
inlet  and  outlet  temperatures  and  the  dif- 
ference between  this  and  the  average 
air  temperature  as  the  temperature  differ- 
ence between  the  air  and  water.  With 
these  assumptions  the  heat  absorbed  by 
the  air  and  by  evaporation  was  found 
to  be  from  3.22  to  3.71  B.t.u.  per  square 
foot  of  surface  per  degree  temperature 
difference. 

In  the  discussion  following,  Mr.  Car- 
dullo criticized  the  method  of  arriving  at 
the  average  temperature  of  the  reservoir, 
claiming  that  the  arithmetrical  mean  does 
not  represent  the  average  temperature, 
but  rather,  that  it  is  more  nearly  the 
intake  temperature,  as  the  greatest  evap- 
oration occurs  at  that  point.  He  also 
believed  that  Mr.  Ruggles  had  erred  in 
neglecting  to  consider  wind  conditions. 
From  his  experience,  3'j  to  4  B.t.u.  per 
square  foot  of  surface  per  hour  per  de- 
gree difference  of  temperature  was  a 
factor  close  enough  for  all  ordinary  pur- 
poses. 

The  last  paper  of  the  morning,  "The 
Results  of  Tests  on  the  Discharge  Capa- 
city of  Safety  Valves,"  has  already  been 
printed  in  abstract  (see  Power,  Mar.  5, 
1912,  page  323). 

Gas   Power   Section 

In  the  absence  of  the  permanent  chair- 
man, F.  R.  Low  presided,  and  in  opening 
the  session  referred  to  the  loss  sustained 
by  the  gas-power  section  through  the 
death  of  one  of  its  most  active  members, 
F.   H.   Stillman. 

The  first  paper,  by  Thomas  R.  Wey- 
mouth, dealt  with  problems  in  natural-gas 
engineering.  It  included  a  discussion  of 
the  properties  of  natural  gas,  supple- 
mented by  a  table  of  analyses  of  gases 
produced  in  the  princical  gas  fields  of 
the  United  States.  For  use  where  analyses 


or  a  calorimetric  determination  of  the 
heat  value  are  not  available,  a  formula 
was  submitted  for  arriving  at  the  heat 
value  of  a  gas  from  its  specific  gravity, 
with  very  close  appro.ximation.  The  sec- 
ond part  of  the  paper  was  devoted  to 
the  development  of  original  formulas  for 
the  flow  of  gas  in  pipe  lines,  the  power 
required  for  compression  and  the  stor- 
age capacity  of  lines.  This  was  further 
supplemented  by  examples  showing  the 
general  method  of  designing  a  transmis- 
sion system. 

Prof.  G.  W.  Munro's  paper,  "Some 
Tests  of  Carburetors,"  outlined  the  prob- 
lem of  carburation  for  motor  vehicles 
and  pointed  out  the  difficulties  met  in 
determining  the  performance  of  a  car- 
buretor as  distinct  from  the  performance 
of  the  engine.  The  paper  contained  the 
results  of  some  400  economy  tests  on  a 
single  engine  served  by  six  different  car- 
buretors under  identical  conditions  of 
speed  and  load.  These  tests  lead  to  the 
following  conclusions: 

1.  Under  identical  conditions  of  speed 
and  load  an  engine  gives  materially  dif- 
ferent fuel  economy  when  served  by  dif- 
ferent carburetors. 

2.  Carburetor  action  is  the  limiting 
factor  in  engine  capacity  as  well  as  in 
economy. 

3.  Each  carburetor  has  distinctive 
performance  characteristics  which  may  be 
determined    and    plotted. 

4.  Wide  range  and  perfect  operation 
give  no  indication  of  fuel  economy. 

5.  A  carburetor  giving  excellent  re- 
sults under  some  conditions  may  give 
very  poor  economy  over  a  large  part 
of  its  range. 

In  the  discussion,  it  was  generally  con- 
ceded that,  although  the  tests  were  too 
limited  to  afford  a  definite  basis  for  con- 
clusions. Professor  Munro  had  taken  the 
lead-  In  a  field  of  investigation  which 
might  be  followed  up  with  very  productive 
results.  While  the  engineering  staffs  of 
many  automobile  manufacturers  have 
given  much  time  and  attention  to  this 
problem  and  have  obtained  very  good  re- 
sults, generally  each  has  been  concerned 
with  a  particular  make  of  engine,  there- 
fore the  problem  has  not  been  treated  as 
broadly  as  it  might  otherwise  have  been. 

The  point  was  also  brought  up  that 
atmospheric  conditions  factor  largely  in 
the  adjustment  and  operation  of  a  car- 
buretor. 

George  A.  Orrok  remarked  that  Pro- 
fessor Munro  had  failed  to  take  ad- 
vantage of  some  of  the  more  improved 
types  of  carburetors  and  believed  that 
more  conclusive  results  might  have  been 
obtained  with  those  having  an  auxiliary 
air  valve. 

Fred  S.  King,  of  the  National  Meter 
Co.,  said  that  his  experience  with  the 
larger  gas  engines  had  been  that  the 
size  of  cylinders  had  a  great  influence 
upon  the  mixture. 
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The  last  paper  at  this  session,  by  C. 
M.  Garland,  concerned  bituminous-coal 
gas  producers.  It  described  the  general 
arrangement  of  bituminous  producers  as 
designed  for  power,  gave  details  of  the 
scrubbing  apparatus,  data  as  to  its  effi- 
ciency and  the  amount  of  solid  matter 
delivered.  Figures  for  the  first  and  op- 
erating costs  at  full  load  for  a  1200-hp. 
plant  were  given  so  as  to  make  them 
applicable  to  different  conditions  of  fuel 
and  load. 

A  fuller  abstract  of  this  paper  will  be 
given  in  a  later  issue. 

Social  Program 

Much  credit  is  due  the  local  com- 
mittee for  the  very  complete  arrange- 
ments covering  the  entertainment  of  mem- 
bers and  guests.  Beginning  with  a  re- 
ception by  Past  President  and  Mrs. 
Swasey  on  Tuesday  afternoon,  a  reunion 
of  members  followed  in  the  evening  at 
the   Chamber  of  Commerce   Hall. 


a  dance  and  reception  was  given  at  the 
Colonial   Club. 

Excursions  to  the  plants  of  the  Good- 
rich Rubber  Co.  and  the  Wellman-Seaver- 
Morgan  Co.,  at  Akron,  on  Friday  after- 
noon, concluded  the  social  program. 


New  Jersey  N.   A.   S.   E. 
Convention 

The  New  Jersey  State  Association  of 
the  National  Association  of  Steam  En- 
gineers held  its  annual  convention  at 
Krueger  Auditorium,  Newark,  N.  J.,  from 
May  30  to  June  2. 

The  exhibition  was  opened  on  May  30 
and  was  well  attended.  The  convention 
opened  at  2  p.m.,  Saturday,  June  1, 
followed  by  a  banquet  in  the  evening. 

J.  H.  Donnelly,  President  of  the  Com- 
mon Council  of  Newark,  delivered  the 
welcoming  address  as  Mayor  Jacob 
Hausling  was  unavoidably  detained.  Ed- 
ward   H.    Kearney,    National    President, 


stimulate  action  to  betterment  in  operat- 
ing practice.  Alderman  M.  J.  McGovern, 
Jr.,  also  spoke  on  the  value  of  intelligent 
cooperation.  Curtiss  R.  Burnett,  presi- 
dent of  the  Board  of  Trade,  spoke  of 
Newark's  industrial  growth.  He  quoted ' 
from  statistics  which  showed  that  252 
different  commodities  were  made  in 
Newark  and  that  last  year's  output 
amounted  to  5219,000,000.  Good  singers 
and  humorists  furnished  enjoyable  en- 
tertainment. 

The  Exhibit 

The  exhibit  was  unquestionably  the 
most  successful  ever  held  in  New  Jersey. 
There  were  many  booths  containing 
power-plant  requirements  of  all  conceiv- 
able kinds.  The  firms  represented  were 
as  follows:  Albany  Grease  Co.,  Ashton 
Valve  Co.,  American  Engine  Co.,  A.  B. 
Botfield  Co.,  American  Oil  &  Supply  Co., 
A.  C.  Lippincott  S.  S.  &  Supply  Co.,  Boig 
&  Hill,  Buhne  Metal  Packing  Co.,  Cran- 


New  Jersey  N.  A.  S.  E.  Banquet,  at  Krueger  Auditorium,  Newark,  N.  J. 


While  the  professional  session  was  in 
progress  Wednesday  morning,  the  ladies 
were  taken  on  an  excursion  to  the  plant 
of  H.  Black  &  Co.,  cloak  manufacturers. 
Luncheon  was  served  by  the  society  and 
in  the  afternoon  parties  visited  the  plants 
of  the  American  Steel  &  Wire  Co.,  the 
Brown  Hoisting  Machinery  Co.,  the  Na- 
tional Acme  Manufacturing  Co.,  the  Peer- 
less Motor  Car  Co.,  the  Pennsylvania 
R.R.  Co.'s  ore-handling  plant,  the  Warner 
&  Swasey  Co.,  the  Winton  Motor  Car 
Co.  and  the  White  Co.  In  addition  to 
these  numerous  other  plants  within  the 
city  extended  the  courtesy  of  inspection 
to   the   visitors. 

After  the  trips,  tea  was  served  at  the 
Country  Club.  In  the  evening  a  very 
interesting  lecture  on  sound  was  given 
by  Dr.  Dayton  C.  Miller,  of  the  Case 
School   of  Applied   Science. 

Thursday  afternoon  a  boat  ride  was 
enjoyed  on  Lake  Erie  and  in  the  evening 


told  of  the  progress  of  the  association, 
saying,  in  part,  that  the  first  national  con- 
vention was  held  29  years  ago  in  a  small 
room  in  Past  President  Beckerleg's  house. 
The  present  convention  was  great  in  con- 
trast as  the  city's  largest  hall  was 
crowded.  Judge  Robert  Cary,  of  the 
Supreme  Court  of  Hudson  County,  gave 
a  most  interesting  talk  on_  the  import- 
ance of  the  engineer  in  civic  life  and 
requested  them  to  take  a  more  active  part 
in  engineering  political  affairs  to  a  bet- 
ter condition. 

Past  National  President  William  Rey- 
nolds spoke  of  the  value  of  cooperation, 
and  Fred  R.  Low,  editor  of  Power,  talked 
on  the  educational  opportunities  open  to 
engineers  which,  if  taken  advantage  of, 
would  lead  to  still  higher  standing  of  the 
vocation.  George  W.  Knight,  chief  en- 
gineer of  public  schools,  read  a  paper  on 
efficiency  and  its  relation  to  the  operating 
engineer.     Mr.  Knight's  purpose  was  to 


dall  Packing  Co.,  Cooney  &  O'Rouke, 
Clement  Restein  Co.,  Crane  &  Milligan, 
C.  T.  Coe  &  Co.,  Crane  Co.,  Couse  & 
Bolton,  C.  E.  Squires  Co.,  Consolidated 
Packing  Co.,  Cling  Surface  Co.,  Dayton 
Belting  Co.,  Dearborn  Drug  &  Chemical 
Works,  David  C.  Seymour  Co.,  Dixon 
Cascade  Pump  Co.,  Eureka  Packing  Co., 
Foster  Engineering  Co.,  Fletcher,  Stanley 
Co.,  F.  W.  Webb  Manufacturing  Co., 
Griscom,  Spencer  Co.,  Greene,  Tweed  & 
Co.,  Garlock  Packing  Co..  General  Elec- 
tric Co.,  Greenpoint  Fire  Brick  Co.,  Home 
Rubber  Co.,  H.  W.  Johns-Manville  Co., 
H.  B.  Underwood  &  Co.,  Homestead 
Valve  Manufacturing  Co.,  Hewes  & 
Phillips  Iron  Works.  Heine  Safety  Boiler 
Co.,  International  Acheson  Graphite  Co., 
Iron  Works  Co.,  International  Corre- 
spondence Schools,  Jenkins  Brothers, 
Jackson  Awning  Co.,  James  W.  Crane, 
John  A.  Roebling  Sons'  Co.,  Keystone 
Lubricating  Co.,  Lunkenheimer  Co.,  L.  J. 
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Wing  Manufacturing  Co.,  Ludlow  & 
Squires,  Manning,  Maxwell  &  Moore,  M. 
T.  Davidson  Co.,  Macknet  &  Doremus 
Co.,  McLeod  &  Henry  Co.,  Mutual  Sup- 
ply Co.,  N.  Y.  Belting  &  Packing  Co., 
Norbin  Oil  &  Supply  Co.,  National  Flue 
Cleaner  Co.,  National  Oil  &  Supply  Co., 
Newark  Fire  Alarm  Co.,  Otis  Elevator 
Co.,  Ohio  Blower  Co.,  Peerless  Rubber 
Manufacturing  Co.,  Pitts  &  Kitts  Co., 
Po\x  ER,  Philadelphia  Grease  Co.,  R.  &  J. 
Dick  Co..  Ross  &  Taggart,  Standard 
Regulator  Co.,  Strong  Machinery  Co., 
Sunset  Co.,  Schaeffer  &  Budenberg  Man- 
ufacturing Co.,  Smooth-On  Manufactur- 
ing Co.,  Strong,  Carlisle  &  Hammond  Co., 
Simmons  Pipe  Bending  Works,  Standard 
Oil  Co.,  the  Under-Feed  Stoker  Co.  of 
America,  V.  D.  Anderson  Co.,  Walter  G. 
Ruggles  Co.,  Warren  Webster  &  Co.,  W. 
B.  McVicker  Co.,  William  Powell  Co., 
Yingling  &  Sons. 


Gas  Engine  Association   Con- 
vention 

During  the  semiannual  convention  of 
the  National  Gas  Engine  Association,  to 
be  held  at  Milwaukee  on  June  17  to  22 
in  conjunction  with  the  gas-engine  show, 
the  following  program  will  be  presented: 

On  Tuesday,  June  18,  the  gas-engine 
manufacturers'  section  (composed  of 
members  who  are  manufacturers  of  gas 
or  gasoline  engines  of  any  kind)  will 
discuss  freight  rates  on  gas  and  gasoline 
engines,  considering  their  weight,  the 
way  they  are  packed  and  the  small  lia- 
bility of  breakage. 

Charles  Barnes,  Kenosha,  Wis.,  an  at- 
torney who  has  made  inspection  a  par- 
ticular study,  will  present  this  question: 
"Is  the  present  system  of  oil  inspection 
of  any  particular  value,  and  if  so,  what?" 

This  question  will  also  come  up  for 
discussion:  "Are  we  satisfied  with  the 
present  insurance  rates  issued  by  the 
Board  of  Underwriters?  If  not,  will  con- 
certed action  on  the  part  of  the  engine 
builders  throughout  the  country  bring 
about  a  radical  change  to  the  benefit  of 
our  business?" 

The  advisability  of  a  standard  form  of 
guarantee,  to  be  known  as  the  Associa- 
tion Standard  Guarantee,  will  be  con- 
sidered during  this  session. 

On  Wednesday,  June  19,  the  main  ses- 
sions of  the  association  will  include  these 
papers:  "Lubrication  and  What  It 
Means,"  A.  E.  Potter,  New  York;  "Oil 
Engines,"  A.  O.  Krieger,  St.  Louis;  "Gas 
Engines  for  the  City,"  H.  W.  Jones,  Chi- 
cago; "Gas  Producers." 

On  Thursday,  June  20  (Farm-Power 
Day)  :  "Storage  Battery  in  Isolated  Light- 
ing Plants,"  Taliaferro  Milton;  "Gen- 
erators," C.  H.  Roth,  Chicago;  "The 
Tractor,"  L.  W.  Ellis,  La  Porte.  Ind.; 
"How  Can  the  Dealer  Best  Increase  His 
Sales?"   Open   discussion,   led   by   Presi- 


dent Parker;  "Essentials  of  Foreign 
Sales  Development,"  Franklin  Johnston, 
New  York. 

Friday,  June  21  (Publicity  Day)  :  "Pub- 
licity Through  the  Trade  Journals  and 
What  It  Means  to  the  Manufacturer," 
E.  R.  Shaw,  president  Federation  of 
American  Trade  Press  Associations; 
"Publicity  Through  the  Trade  Journals," 
W.  R.  C.  Smith,  Atlanta,  Ga.;  "Direct 
Advertising  to  the  Dealer,"  C.  H.  Hall, 
Milwaukee;  "General  Publicity,"  F.  E. 
Long,  Chicago. 

H.  E.  Miles,  chairman  of  the  com- 
mittee on  industrial  education  of  the  Na- 
tional Association  of  Manufacturers,  will 
also  deliver  an  address  during  the  con- 
vention. 

Tickets  of  admission  to  the  convention 
and  the  entertainments  will  be  secured 
from  the  exhibitors  or  members.  When 
presented  by  the  recipient  he  will  re- 
ceive a  numbered  badge  entitling  him  to 
admission  to  the  convention  sessions  (ex- 
cept executive  meetings)  and  to  the  en- 
tertainment provided  by  the  local  com- 
mittees. Every  provision  will  be  made 
for  the  comfort  and  entertainment  of  per- 
sons associated  with  the  trade  in  any 
way  or  who  are  interested  in  the  subject 
of  gas-engine  power,  and  special  pro- 
vision will  be  made  that  such  persons 
be  admitted  to  the  convention  during  the 
open  sessions. 


Ladies'  Auxiliary  N.   A.  S.  E. 
Convention 

On  May  22,  the  Ladies'  Auxiliary  of 
the  New  England  Association  of  Station- 
ary Engineers  held  its  twelfth  annual  con- 
vention at  the  Benedict  House,  Paw- 
tucket,  R.  I.  Forty-five  delegates,  repre- 
senting auxiliaries  throughout  New  Eng- 
land, were  in  attendance.  The  convention 
had  as  guests  National  President  Edward 
F.  Kearney  and  Mrs.  Kearney,  Boston; 
Past  National  President  Herbert  E.  Stone, 
Framingham,  Mass.;  Past  National  Presi- 
dent Mrs.  Nellie  Moore,  of  the  Ladies' 
Auxiliary,  Worcester,  Mass.;  National 
Treasurer  Mrs.  Emma  Stone,  Framing- 
ham,  Mass. 

A  revision  of  the  bylaws  was  discussed 
and  a  resolution  adopted  petitioning  the 
national  convention  for  the  privilege  of 
a  referendum  vote  of  the  subordinate 
body.  It  was  voted  to  hold  the  thirteenth 
annual  convention  in  Waterbury,  Conn. 
The  reports  of  the  condition  of  the  af- 
filiating auxiliaries  showed  progress  dur- 
ing the  year,  with  one  new  auxiliary 
formed  in  Torrington,  Conn.,  and  one 
organized  at  New  Bedford,  Mass. 

Officers  were  elected  as  follows:  Past 
President,  Mrs.  Ollie  Heckler,  New 
Haven,  Conn.;  president,  Mrs.  E.  C. 
Greene,  Chartley,  Mass.;  vice-president, 
Mrs.  Gertrude  Hunt,  Hyde  Park,  Mass.; 
recording   secretary,   Mrs.    Dorothy    Cole 


Rowe,  Waltham,  Mass.;  treasurer,  Mrs. 
Hannah  L.  Canfield,  Providence,  R.  I.; 
conductor,  Mrs.  Nettie  Pike,  Worcester, 
Mass.;  chaplain,  Mrs.  Nellie  E.  Travers, 
New  Bedford,  Mass.;  doorkeeper,  Mrs. 
Minnie  T.   Hallm,  Springfield,  Mass. 

The  delegates  were  guests  of  the  local 
branch   at  a  reception   in  the   evening. 


"Carpathia's"   Crew  Honored 

On  the  arrival  of  the  "Carpathia"  in 
New  York  on  May  29  from  Naples,  she 
was  boarded  by  a  committee  of  "Titanic" 
survivors  bearing  a  loving  cup  and  gold 
medal  for  Capt.  Arthur  H.  Rostron  and 
silver  and  bronze  medals  for  his  officers 
and  crew. 

Chairman  Frederick  K.  Seward  headed 
the  committee  and  the  presentation  took 
place  in  the  "Carpathia"  dining  room, 
where  were  assembled  the  entire  ship's 
company. 

Having  feelingly  thanked  the  com- 
mittee for  the  loving  cup  and  medal, 
Capt.  Rostron  said:  "I  will  not  take  the 
credit  for  the  achievement  of  that  night 
when  we  went  to  the  aid  of  the  people 
of  the  'Titanic'  I  do  not  deserve  this 
credit.  My  crew  does,  and  to  them  I 
want  to  give  my  heartfelt  thanks  for 
their  loyalty,  valor  and  fidelity  to  the  trust 
imposed.  I  cannot  think  of  them  too 
highly,  for  they  have  brought  this  honor 
to  me  and  to  themselves,  and  I  feel 
humbly  proud  of  what  has  been  done  for 
me  through  their  valor." 

Chairman  Seward  then  spoke  to  the 
crew,  saying,  in  part:  "The  eyes  of  the 
world  are  upon  you  and  were'upon  you 
when  you  came  to  us  on  the  open  ocean, 
when  we  saw  the  'Carpathia'  coming  to 
us  out  of  the  dawn.  To  all  of  you  we 
wish  to  give  our  heartfelt  thanks.  For 
your  hospitality,  devotion,  unselfishness 
and  for  all  that  was  done  for  us  we  never 
can  be  adequately  grateful,  and  as  a 
slight  token  of  that  appreciation  we  wish 
you  to  accept  the  medals  that  we  have 
had  struck  for  every  man  and  woman  of 
this  ship." 

The  medals  bore  in  bas-relief  a  copy 
of  the  "Carpathia"  going  at  full  speed  to 
the  rescue  of  the  "Titanic's"  victims, 
while  the  reverse  side  bore  the  following: 

"Presented  to  the  Captain  and  crew  of 
the  R.M.S.  'Carpathia'  in  recognition  of 
their  gallant  and  heroic  services,  from 
the  survivors  of  the  S.S.  'Titanic,'  April 
15,    1912." 

There  were  six  gold  medals,  one  for 
Capt.  Rostron,  Chief  Engineer  Johnson, 
Surgeon  Frank  E.  McGee,  Purser  E.  G.  F. 
Brown,  R.  N.  R.;  Chief  Steward  E.  H. 
Hughes  and  Second  Engineer  Marshall. 
Then,  at  the  request  of  the  committee, 
Capt.  Rostron  handed  a  medal  to  each 
member  of  the  crew  as  they  responded 
to  their  names  called  by  Purser  Brown, 
each  man  saluting  the  commander  as  he 
received    his   decoration,   while   his   ship- 
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mates  cheered.  The  junior  officers  re- 
ceived silver  medals  and  the  crew  bronze. 
In  speaking  of  the  honor  that  had  been 
accorded  to  him  by  the  United  States 
Government,  Capt.  Rostron  said  that  he 
was  proud  for  himself,  the  officers  and 
the  crew  of  the  "Carpathia,"  and  for  the 
Cunard  Line,  and  that  he  believed  the 
whole  mercantile  marine  of  the  world 
would  feel  honored  bv  it. 


Cylmder  Head  Blown  Out 

The  cylinder  head  of  one  of  the  large 
horizontal  engines  at  the  plant  of  Hahne 
&  Co.'s  department  store  at  Newark.  N. 
J.,  was  blown  out  on  Wednesday,  May 
29.  The  jam  nut  which  held  the  piston 
became  loose  and  dropped  from  the  rod, 
causing  the  head  to  be  blown  out  on 
the  return  stroke.  The  condensed  steam 
damaged  the  stock  adjacent  to  the  engine 
room. 


Boiler  and  Fl3'\vheel  Accidents 

According  to  the  May  bulletin  of  the 
Fidelity  &  Casualty  Co.,  of  New  York 
City,  from  Mar.  8  to  Apr.  13  there  were 
25  boiler  explosions,  and  from  Mar, 
28  to  Apr.  11,  four  flywheel  explosions. 

There  were  47  persons  killed  and  81 
injured  by  boiler  explosions,  and  one 
person  was  killed  and  two  injured  in  the 
flvwheel  accidents. 


NEW  PUBLICATION 

JIECHAXICS  OF  HEATING  AND  VEX- 
TILATIOX.  Bv  Konrad  Meier.  Mc- 
Graw-HiU  Book  Co.,  Xew  Tork  City. 
Cloth:  161  pages.  6x9  in.;  36  illus- 
trations,  10  charts.     Price,  $5. 

As  its  name  implies  this  book  is  a 
treatise  on  the  flow  and  resistance  of 
fluids  as  applied  to  the  practice  of  heat- 
ing and  ventilation.  Especially  note- 
worthy are  the  charts  showing  capacities 
and  friction  losses  of  standard  iron  pipes 
for  steam  and  water  under  different  con- 
ditions, and  capacity  and  losses  for  sheet- 
iron  air  ducts.  The  arrangement  of  the 
charts  is  excellent  for  convenient,  rapid 
and  practical  use.  For  accurate  results 
much  will  depend  upon  the  judg- 
ment of  the  engineer  in  making  the 
proper  assumptions,  but  a  careful  study 
of  the  text  matter  and  the  formulas  up- 
on which  the  charts  are  based  will  help 
in  this  direction. 

The  book  treats  air,  water  and  steam 
as  fluids  governed  by  the  same  laws  as 
applied  to  the  design  of  conduits  for 
their  conveyance.  This  shoulc"  have 
a  decided  influence  in  clearing  up 
many  erroneous  ideas  that  are  abroad 
concerning  the  action  of  steam  as  ap- 
plied to  heating  at  pressures  below  at- 
mosphere. A  thorough  study  of  the  charts 
and  text  and  the  solution  of  a  few  prob- 
lems in  pipe  sizes  will  show  the  limita- 


tions in  the  use  of  steam  for  heating  at 
pressures    below    atmosphere. 

In  designing  systems  of  piping  the 
author  lays  great  stress  on  the  import- 
ance of  balancing  the  friction  heads  so 
as  to  equalize  the  flow,  and  the  examples 
furnished  show  this  done  with  consider- 
able refinement.  Nothing  is  said  about 
arranging  the  piping  so  as  to  balance 
the  distance  as  well.  This  is  exceedingly 
important  when  high  heads  and  long  dis- 
tances are  involved  as  in  forced  cir- 
culation of  hot  water,  while  not  so  nec- 
essar\-  when  low  heads  and  short  dis- 
tances occur  as  in  house-heating  work. 

The  author  makes  the  point  that  in- 
dividual regulation  of  branches  by  means 
of  choke  valves  is  unnecessary  where  the 
distributing  system  has  been  properly 
sized,  and  the  work  is  an  able  demonstra- 
tion of  the  engineering  fact  that  even 
the  worst  layout  of  piping  can  be  prop- 
erly balanced  in  discharge  by  use  of  the 
tables  and  charts. 

On  page  31  the  relation  of  the  static 
head  of  the  system  with  reference  to  the 
height  of  the  expansion  tank  is  men- 
tioned. On  large  jobs  the  tank  should 
be  connected  to  the  return  and  operated 
with  air  pressure  of  15  lb.  in  addition  to 
the  static  heads  of  the  system.  Better 
results  will  be  obtained  and  the  difficulty 
of  a  vacuum  forming  on  the  return  of 
the  pump  will  be  avoided.  The  over- 
head tank  at  a  remote  point  will  always 
endanger  the  piping  due  to  the  fact  that 
leaks  are  not  easily  discerned  when  an 
automatic  water  feeder  is  used.  This  is 
not  so  important  on  small  plants. 

The  charts  on  gravity  water  circulation 
are  excellent  and  very  convenient  for  use. 
They  undoubtedly  have  been  verified  by 
the  author  in  his  extensive  experience 
in  this  line  of  work. 

In  the  derivation  formulas  for  chart 
III  a  slight  arithmetical  error  creeps  in. 
The  quantity  83.8  H  should  be  83.7  H 
and  for  chart  II  the  same  quantity  70.8 
H  should  be  70.4  H.  These  errors  do 
not  materially  affect  the  results. 

Recommendations  to  bring  the  resist- 
ance head  to  within  10  per  cent,  of  the 
available  effective  head  are  made  on 
page  45.  Although  this  might  be  done 
with  good  results  on  jobs  with  low  veloc- 
ity, it  is  too  close  for  high  velocities,  due 
to  the  charts  not  covering  all  known  con- 
ditions of  a  piping  system  as  finally  in- 
stalled. On  page  73  the  author  suggests 
that  reducing  valves  may  be  eliminated  on 
long  lines  and  the  drop  in  pressure  made 
available  for  high  velocities  and  ver>' 
small  pipe  sizes,  in  this  manner  balanc- 
ing the  radiation  of  the  system  of  dis- 
tributing mains  with  the  heat  generated 
by  friction.  This  is  entirely  practical, 
although  making  the  use  of  very  low 
pressure  impossible  as  required  when  ex- 
haust steam  is  to  be  utilized. 

Chart  VII  recommends  6  to  12  lb.  per 
square  foot  for  the  drop  in  pressure  on 


the  entire  system.  This  will  give  altogether 
too  large  a  main  as  in  most  cases  the  total 
drop  can  be  easily  100  or  144  lb.  per 
square  foot,  as  this  would  only  mean  yi 
or  1  lb.  pressure  per  square  inch.  The 
radiation  from  the  larger  main  would  be 
a  more  serious  item  of  loss  than  the 
drop  in  pressure,  to  say  nothing  of  the 
extra  cost  of  larger  mains  and  covering. 

The  chart  and  chapters  on  the  flow  of 
air  and  losses  in  friction  in  ducts  are 
good  and  the  values  given  check  almost 
exactly  with  independent  authorities.  This 
chart  is  invaluable  in  arranging  duct 
work  and  should  have  a  decided  influence 
in  increasing  the  economy  of  operation 
over  the  present  method  of  guessing  and 
using  adjustable  dampers  in  the  branches. 

Air.  Meier  deserves  to  be  congratulated 
for  his  practical  and  useful  contribution 
to  the  profession.  The  charts  are  ex- 
ceedingly valuable  as  a  guide  in  laying 
out  classes  of  work  for  which  the  author 
mtended  them  and  the  data  given  en- 
able modifications  to  be  made  by  the 
engineer  to  suit  his  individual  conditions. 
They  should  pay  a  handsome  return  in 
decreased  trouble  in  adjustment  due  to 
uncertain  design. 


PERSONAL 

F.  C,  Buckley  has  succeeded  Robert 
R.  Keith  as  general  manager  of  the 
Sterling  Machine  Co.,  of  Norwich,  Conn. 

William  McClellan,  electrical  engineer 
of  the  New  York  Public  Service  Commis- 
sion, Second  District,  was  elected  a  man- 
ager for  a  term  of  three  years  at  the  an- 
nual meeting  of  the  American  Institute 
of  Electrical  Engineers  on  May  21. 

A.  B.  Hitzel,  for  several  months  man- 
ager of  the  Bernardsville,  N.  J.,  power 
plant  for  the  Eastern  Pennsylvania  Power 
Co.,  has  resigned  to  accept  the  position 
of  general  manager  for  the  Carolina 
Power  &  Light  Co.  Mr.  Hitzel  will  be 
succeeded  by  E.  E.  Yensel,  of  Scranton, 
Penn. 


Of  the  17  steel-hull  steamers  and  12 
steel  barges  being  built  by  the  James 
Rees  &  Sons  Co.,  of  Pittsburg,  for  the 
Para  Corporation,  of  South  America, 
eight  of  the  steamers  have  been  erected 
and  all  will  likely  be  finished  by  Aug.  1. 
The  vessels,  designed  for  light-draft  work 
on  the  headwaters  of  the  Para  and  Ama- 
zon Rivers,  are  of  the  stern-wheel  type, 
125  ft.  long,  26- ft.  beam  and  3-ft.  hold. 
They  will  draw  17  in.  light,  have  a  carry- 
ing capacity  of  150  tons,  and  be  driven 
by  a  pair  of  'O-in.  cylinders  with  4-ft. 
stroke.  The  boilers  will  be  of  the  loco- 
motive type,  arranged  for  ..-ood  burn- 
ing, to  conform  with  the  conditions  of 
the  country  in  which  they  are  to  be  op- 
erated. The  barges  are  18x75  ft.  and  can 
be  loaded  to  a  depth  of  three  feet. 
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The  Helpf mI  Pajpar 


WHEN  a  large  engine  is  to  be  turned 
by  hand,  the  engine  room  force  con- 
centrate their  efforts  in  one  direction. 
Were  they  to  pull  against  one  another  from 
opposite  sides  of  the  flywheel,  nothing  would 
be  accomplished.  This  is  typical  of  any 
purpose;  if  there  is  to  be  any  good  done,  there 
must   be   harmony   of   effort. 

"Power"  is  devoted  to  the  generation  and 
transmission  of  power,  especially  the  practical 
and  operating  considerations,  and  its  aim  is 
to  assist  the  owner,  the  manager  and  the  engi- 
neer. Its  success  is  dependent  in  great  meas- 
ure on  the  hearty  co-operation  of  its  more  than 
30,000  readers  acting  through  the  editorial 
staff.  It's  like  turning  the  engine  over:  A  long 
pull,  a  strong  pull  and  a  pull  all  together. 

Sometimes  a  well  intentioned  member 
wants  to  pull  the  other  way  without  due 
consideration  for  his  colleagues.  He  wants 
the  paper  to  embrace  deeper  and  more  techni- 
cal subjects  while  an- 
other implores  that  such 
matter  be  tabooed.  If 
either  had  his  entire 
way  it  would  result  in 
an  unbalanced  load,  so 
to  speak,  so  the  edi- 
tors have  to  act  as  the 
equalizer. 

The  operating  en- 
gineer wants  material 
telling  him  how  to 
run  his  plant  properly  without  going  into 
mathematics  or  dealing  with  things  with  which 
he  is  unfamiliar.  He  wants  plain  practical 
matter  readily  apphcable  to  his  needs.  He 
gets  it,  and  he's  going  to  continue  to  get  it. 

vStill,  the  man  who  wants  more  advanced 
information  must  not  be  forgotten.  It  is 
"Power's"  function  to  cover  the  whole  field  of 


power  generation  and  transmission.  There 
are  abstruse  problems  in  which  the  ad- 
vanced thinkers  in  the  field  are  interested. 
The  rate  of  progress  and  the  comparative 
achievement  of  different  plants  and  ap- 
paratus are  marked  by  tests  the  analysis  of 
which  may  carry  the  untaught  reader  over  his 
head.  He  should  not  begrudge  the  space 
devoted  to  these  subjects,  any  more  than 
the  "highbrow"  who  can  read  them  should 
turn  up  his  nose  at  the  more  elementary 
matter.  There  is  more  than  4  cents'  worth 
in  every  issue  for  every  man  who  will  read  it. 

The  phenomenal  advance  in  power  plant 
engineering  in  recent  years  has  thrown  upon 
the  engineer  increased  duties  of  a  wider  and 
more  varied  character.  To  successfully  meet 
the  new  conditions  requires  a  wider  and  more 
varied  knowledge.  This  brings  before  the 
engineer  many  unfamiliar  problems  and  ap- 
pliances that  he  is  at  first  apt  to  consider  be- 
yond him.  It  is  "Pow- 
er's" purpose  to  tell 
him  about  these  things, 
to  keep  him  in  touch 
with  the  development 
in  his  vocation.  To 
>hun  these  important 
matters  would  be  to 
cease  to  be  thoroughly 
practical,  to  cease  to 
l)e  the  leader;  hence 
"Power"  must  not  fail 
to  inform  of  uptodate  practice. 

To  half  tell  a  thing  is  worse  than  not 
telling  it  at  all.  But  to  teU  it  all,  and  tell  it 
in  comprehensible  language  —  so  you  can 
read  it — that  is  what  you  want.  That  is 
"Power's"  plan. 

So  let  us  exert  an  even  longer  pull, 
a  stronger  pull  and  a  pull  altogether. 
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A  New  Analysis  of  Indicator  Cards 


If  when  fluid  e.xpands,  as  does  steam 
in  the  cylinder  of  an  engine,  its 
pressure  varies  inversely  as  its  volume, 
the  relation  of  pressures  and  volumes 
will  be  represented  by  the  middle  curve 
in  Fig.  I.  The  product  of  the  vol- 
umes and  the  pressures  corresponding 
with  the  several  volumes  will  be  as 
follows: 

Vol.  X  pressure  =  constant 


1 

X 

120 

=  120 

2 

X 

60 

=  120 

3 

X 

40 

=  120 

4 

X 

30 

=  120 

5 

X 

24 

=  120 

6 

X 

20 

=  120 

Adapted  from  a  paper  by  the 
originator  of  the  analysis,  J.  Paul 
Clayton. 

Describes  means  for  determin- 
ing from  an  indicator  diagram 
an  almost  complete  analysis  of 
the  cylinder  performance  of  a  re- 
ciprocating engine,  including  re- 
sults heretofore  considered  im- 
possible to  so  obtain  accurately. 


Setting  these  pressures  off  upon  the 
corresponding  ordinates  and  connecting 
the  points  so  located,  the  curve  is  formed 
as  shown. 

Suppose,  however,  that  the  variation  of 
pressure    with    change    of    volume    were 

no 


Vol.]     Vol.  Xpres.    =  constant 

1  1  X120      =120 

■      2  1.414  X84. 85  =  120 

3  1.732  X69. 28  =  120 

4  2  X60        =120 

5  2   236  X53. 66  =  120 

6  2.449  X49        =120 

The  expression  4^  means  that  4  is  to 
be  raised  -to  the  third  power,  or  cubed, 
and  that  the  second  or  square  root  of 
that  power  is  to  be  extracted.     Similarly 


\alue  of  the  exponent  between  0.5  and  2 
will  carry  the  curve  from  the  upper  to 
the  lower  position  in  Fig.  1. 

J.  Paul  Clayton,  of  the  engineering-ex- 
perimental station  of  the  University  of 
Illinois,  in  a  remarkable  paper  presented 
at  the  spring  meeting  of  the  American 
Society  of  Mechanical  Engineers,  de- 
scribes a  new  method  of  analyzing  the 
indicator  diagram  which  is  full  of  in- 
terest and  promise.  From  the  study  of 
a  large  number  of  diagrams  from  engines 
of  various  types  and  running  under  dif- 
ferent conditions,  he  found  that  the  ex- 
pansion and  compression  lines  were  quite 
generally  true  exponential  curves,  such 
as  would  be  derived   by  the   formula 

l>v'i  =  Con. 
but   that   the   value   of   the    exponent   n 
varies  between  0.7   and    1.34,  the  curve 
ordinarily  used  being  simply  the  special 
case  where  n  =  1  and  pv  =  con. 


i 

\\ 

\\ 

\j> 

"^^ 

\      ^ 

^^ 

--- 

^^^%5 

>.^ 

^2^ 

■— __ 

___ 

PowEi^  Volumes 

Fig.  1.   pv  Equations  Plotted  with  Regular 
Co-ordinates 
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Fig.  2.   Same  Equations  Plotted  with  Logarithmic 
Co-ordinates 


such  that  the  product  of  the  pressure  and 
the  square  of  the  volume  were  constant. 
The  pressures  for  the  several  volumes 
would  be  as   follows: 


Vol. 

1 

Vol. 
1 

Xpres.  =  constant 
X120    =120 

2 

4 

X   30    =120 

3 

9 

X    I3J=120 

4 

16 

X     7i=120 

0 

25 

X   4.8=120 

6 

36 

X     3i  =  120 

Setting  these  values  of  the  pressure 
off  upon  the  several  ordinates,  the  curve 
drawn  through  them  is  the  lower  one  of 
Fig.  1. 

Suppose,  again,  that  the  product  of 
the  pressure  and  the  square  root  of  the 
volume  were  constant,  the  pressures  for 
the  several  volumes  would  be  as  fol- 
lows: 


4--  means  that  the  second  or  square  root 
of  the  first  power  of  4  is  to  be  extracted. 
As  the  first  power  is  the  quantity  itself, 
this  is  a  convenient  way  to  express  the 
square  root  of  a  quantity.  The  small 
figure  above  the  number  is  called  the 
"exponent"  and  when  fractional  it  may 
be  expressed  as  well  by  a  decimal  as  a 
vulgar   fraction   thus: 

1  "4  =  4^  =4"-'^  =  2 
In  Fig.  1  it  will  be  seen  that  if  this 
exponent  is  less  than  unity,  the  curve 
will  be  above  the  pv  =  con.  curve  with 
which  the  expansion  and  compression 
lines  of  the  steam-engine  indicator  are 
commonly  compared,  while  if  it  is  greater 
than  unity,  the  curve  will  be  below  that 
in  plotting  which  the  exponent  of  v  is 
taken   as   unity,   and   a   variation   of  the 


If  the  ordinates,  instead  of  being  spaced 
equally  as  in  Fig.  1,  are  spaced  like  the 
spaces  on  a  slide-rule,  so  that  the  space 
from  1  to  2  equals  the  space  from  2  to 
4  or  from  4  to  8,  and  the  heights  corre- 
sponding to  the  pressures  are  laid  off  in 
the  same  way,  a  curve  having  the  for- 
mula 

p-i'"    =   C071. 

will  become  a  straight  line  when  laid  out 
upon  such  a  field.  Paper  ruled  in  this 
way  and  called  logarithmic  cross-section 
paper  can  be  had  from  a  dealer  in  drafts- 
man's supplies. 

A  sample  with  the  curves  of  Fig.  1  laid 
out  upon  it  is  shown  in  Fig.  2.  The 
pitch  or  inclination  of  the  curves  (now 
become  straight  lines)  depends  upon  their 
exponent,  and  the  exponent  may  be  de- 
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termined  by  drawing  a  vertical  and  hori- 
zontal line  intersecting  each  other  and 
the  curve  as  in  Fig.  2,  and  dividing  the 
length  of  the  line  OX  by  that  of  the  line 
OY.  Notice  that  for  the  middle  curve 
OX  is  the  same  as  OV  and 
('-V       . 


(n 


On  the  lower  curve  OX  is  only  one-half 
as  long  as  OY  and 

( i-V 
while   for   the   upper  curve   OX  is   twice 
as   long  as   OY  and 

OY 

OX 

indicating  thus  the  exponents  used  in 
the  formulas  by  which  the  curves  were 
laid  out. 


=  0.5 


representing  the  absolute  zero  of  vol- 
umes. The  distance  between  the  line 
OX  and  the  atmospheric  line  must  be  the 
barometric  pressure  at  the  place  and 
time  that  the  diagram  was  taken  meas- 


0.0704   X   3.99  =  0.281   in. 
The  barometer  reading  when  the  diagram 
was  taken  was  14.2  lb.  per  square  inch 
and  the  scale  of  the  spring  used  in  the 
indicator  was  79.     The  distance  between 


Mr.  Clayton  plots  not  only  the  expan-       powei^ 


\^as8i^ 


Volumes,    Inches 
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Fig.  3.    Diagram  from  Corliss  Engine  Transposed  to  Logarithmic  Scale 
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sion  and  compression  curves  but  the 
whole  diagram  upon  logarithmic  paper, 
and  the  diagram  so  produced  offers  many 
important  advantages  for  analysis. 

Transferring  the  Diagram 

Fig.  3  shows  a  diagram  from  a 
Corliss  engine  transferred  in  this 
way.  It  must  be  prepared  by  put- 
ting on  the  line  OX,  representing  the  ab- 
solute zero  of  pressures,  and  the  line  OY, 


ured  by  the  scale  of  the  indicator  spring 
used.  The  distance  between  the  line  OY 
and  the  line  AB,  marking  the  extreme 
left  of  the  diagram,  must  bear  the  same 
proportion  to  the  length  AC  of  the  dia- 
gram that  the  volume  of  the  clearance 
bears  to  the  piston  displacement.  In 
this  engine  the  clearance  is  7.04  per  cent. 
The  length  AC  of  the  diagram  is  3.99 
in.  The  width  YA  of  the  clearance  space 
on  the  diagram  is  therefore 


the  atmospheric  and  absolute  zero  lines 
is  therefore 

14.2  H-  79  =  0.18  in. 
The  logarithmic  paper  used  consists  of 
four  5-in.  squares  arranged  two  each 
way,  as  in  Fig.  3,  which  shows  the  lower 
left-hand  square  complete  with  por- 
tions of  the  others.  As  the  paper 
comes  from  the  dealers  it  is  num- 
bered by  heavy  figures  close  to  the  ruling. 
These    have    been    multiplied    by    10   to 
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give  the  scale  of  pressures  as  indicated 
by  the  figures  at  the  left. 

The  horizontal  scale,  that  of  volumes, 
will  do  as  it  is.  The  printed  figures  be- 
low the  lower  left-hand  square  will  rep- 
resent tenths  of  an  inch  and  the  inter- 
mediate rulings  hundredths,  except  in  the 
extreme  left-hand  division,  1  to  2,  where 
there  are  20  subdivisions  of  one-half  a 
hundredth  each.  The  figures  in  the  right- 
hand  square  represent  even  inches. 

A  number  of  horizontal  lines  may  be 
drawn  across  the  diagram,  as  shown,  and 
their  intersections  with  the  diagram 
transferred  to  the  logarithmic  paper.  The 
point  F,  for  instance,  is  at  a  height  cor- 
responding to  15  lb.,  and  its  distance  EF 
from  the  zero  or  clearance  line  is  0.93 
in.  The  point  is  thus  located  on  the 
ordinate  0.93  on  the  scale  of  volumes  (in- 
dicated by  /-  on  the  horizontal  scale)  at 
the  intersection  of  the  horizontal  line  in- 
dicating 15  lb.  At  the  same  height  but 
at  the  horizontal  distance  3.77  is  lo- 
cated the  point  G. 
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and  one  wonders  how  the  professor  read 
to  tenths  of  pounds  with  a  79-lb.  scale, 
but  small  differences  in  the  pressures 
would  have  little  effect  upon  the  location 
of  the  points,  especially  in  the  upper 
part  of  the  diagram. 

Location    of    Points   of    Cutoff   Com- 
pression, Etc. 

The  point  of  cutoff  can  be  located  on 
the  ordinary  indicator  diagram  to  within 
/,.  in.,  measured  on  the  diagram  itself. 
The  actual  beginning  of  true  compression, 
however,  can  never  be  accurately  located 
on  such  a  diagram.  True  compression, 
unaffected  by  leakage,  begins  after  the 
exhaust  valve,  in  closing,  has  acquired 
enough  seal  to  prevent  leakage.  The 
point  of  the  beginning  of  true  compres- 
sion is  generally  at  least  5  lb.  above  the 
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the  logarithmic  diagram.  Prof.  Clayton 
says  that  these  events,  even  though  ob- 
scure in  the  pressure-volume  diagram, 
may  be  located  to  well  within  about  b.  in. 
on  the  logarithmic  diagram,  this  length 
being  equivalent  to  about  h  in.  when 
retransferred  to  the  pv  diagram  itself. 

In  most  of  the  diagrams  given  in  the 
paper  the  horizontal  distances  are  taken 
as  volumes  in  cubic  feet,  instead  of 
lengths  on  the  diagram.  The  author  com- 
putes the  volume  of  the  cylinder  for  1-in. 
length  of  diagram  and  multiplies  the  dis- 
tance of  the  points  from  the  line  of  zero 
volume  by  this  factor.  When  the  hori- 
zontal scale  is  used  as  diagram  lengths 
the  location  of  points  determined  as  in 
the  foregoing  may  be  set  off  directly  on 
the  pv  diagram  at  the  intersection  of  the 
same  pressure  and  volume  lines,  revers- 


es        0.3      0.4    0.5  0.6  a?  Oi  03 1.0  2.0         3.0     40 

Absolu+e         Volume,        Cu.       Ft. 
Fig.  4.    Diagrams  from  Locomotive  Using  Superheated 
Steam 
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Fig.  5.    Diagrams  from  Gas  Engine  Using 
Illuminating  Gas 


In  this  way  the  several  points  of  the 
indicator  diagram  are  transferred  to  the 
logarithmic  paper  and  lines  drawn  through 
them  furnish  the  logarithmic  diagram. 
The  values  of  the  pressures  and  volumes 
used  in  the  diagram  as  given  by  Prof. 
Clayton  are  as  -follows: 


Di-stance  from  zero 

volume 

line  of  points 

on 

Abs. 

pressure, 

lb.  per 

Compression 

Expansion 

sq.in. 

Ime 

Une 

134.3    ' 

0  30 

1  205 

11.5.3 

0.2S 

1  39 

96.3 

0.28 

1  05 

77.3 

0.28 

2  06 

58  1 

0.295 

2  76 

38.7 

0.38.1 

4.12 

29.1 

0.48.5 

^.26 

19.8 

0.66 

4.29 

15.0 

0.93 

3.77 

There  is  no  reason  why  the  spacings 
should  not  be  located  at  even  pressures. 


back  pressure.  The  point  at  which  leak- 
age ceases  cannot  be  indicated  upon  the 
pressure-volume  or  ordinary  indicator 
diagram  because  the  curve  of  true  com- 
pression and  the  curve  made  during  the 
time  the  valve  has  insufficient  seal  are 
of  the  same  direction  of  curvature,  and 
are  not  reverse  curves  as  in  the  general 
case  of  admission  and  expansion. 

The  law  pv»  =  con.  will  apply  only 
when  the  weight  of  fiuid  operating  is  con- 
stant. The  compression  or  expansion 
line  of  the  logarithmic  diagram  does  not 
become  straight  until  this  condition  has 
been  established. 

In  Fig.  4  are  shown  diagrams  from  a 
locomotive  taken  at  short  cutoff  and  high 
speed.  In  their  form  as  they  came  from 
the  indicator  the  points  of  cutoff  release 
compression  and  admission  are  very  diffi- 
cult to  locate,  but  stand   out  sharply   in 


ing  the  process  by  which  Fig.  3  was 
plotted.  When  the  horizontal  scale  is 
used  for  specific  volumes,  as  in  Fig.  4 
and  others  from  the  paper,  the  reading 
for  volume  must  be  divided  by  the  vol- 
ume per  inch  of  cylinder  to  obtain  the 
horizontal  distance  on  the  pv  diagram. 
The  shape  of  the  diagram  will  be  the 
same  whichever  value  is  used  for  the 
horizontal  scale;  it  w'ill  simply  be  shifted 
horizontally  on  the  paper. 

Detecting  Leakage 

It  has  been  pointed  out  that  the  ex- 
pansion and  compression  curves  will  be- 
come straight  lines  in  the  logarithmic 
diagram  only  w;^hen  the  weight  of  fluid 
acting  remains  constant.  They  will  not 
be  straight  lines,  therefore,  when  the 
quantity  of  fluid  acting  is  being  changed 
by  leakage  into  or  out  of  the  cylinder. 
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Except  in  the  highly  improbable  case, 
where  the  leakage  into  just  replenishes 
the  leakage  out  of  the  cylinder,  the  ef- 
fect of  leakage  will  be  to  distort  the  ex- 
pansion and  compression  curves  so  that 
they  do  not  become  straight  lines  on  the 
logarithmic  diagram. 

Fig.  5  is  a  diagram   from   a    lOxlO-in. 


age  into  the  cylinder  during  this  opera- 
tion. The  lower  part  of  the  compression 
curves,  by  rising,  indicates  leakage  into 
the  cylinder  either  past  the  piston  or 
through  the  discharge  valves.  The  upper 
part  of  these  curves  indicates  leakage 
from  the  cylinder  either  past  the  piston 
or  through  the  suction  valves. 
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Fig.  6.    Diagram  from  Leaky  Corliss  Engine 


gas  engine  intended  for  producer  gas 
but  using  illuminating  gas,  which,  with 
the  high  compression,  produced  a  high 
initial  pressure.  The  piston,  a  single-act- 
ing trunk  type,  allowed  a  large  leak, 
evidenced  by  the  noise  of  escaping  gas 
at  the  commencement  of  the  combustion 
stroke.  Both  the  compression  and  the 
expansion  curves  show  the  effect  of  this 
leak  very  decidedly  at  A  and  B  respective- 
ly. 

Fig.  6  is  from  a  14x35-in.  Corliss  en- 
gine. The  knowledge  of  the  leaky  condi- 
tion of  the  piston  and  valves  came  from 
the  engineer  in  charge.  The  expansion 
and  compression  lines  indicate  by  their 
form  at  the  upper  ends  a  large  leak 
from  the  cylinder,  iryJicating  a  leaky  pis- 
ton or  exhaust  valve  or  both.  The  lines 
also  show  by  the  rising  of  the  curves  at 
the  'lower  ends  a  considerable  addition 
to  the  steam  in  the  cylinder  during  ex- 
pansion and  compression.  This  steam 
could  come  only  from  a  leak  in  the 
steam  valve. 

Fig.  7  is  from  an  ll':;x22-in.  double- 
acting  ammonia  compressor,  the  cylin- 
der of  which  was  known  to  be  in  very 
bad  condition  as  regards  wear  and  leak- 
age of  piston  and  valves.  The  reexpan- 
sion  curves,  by  the  enormous  amount  of 
reexpansion  shown,  indicate  large  leak- 


Very  smooth  curves  may  be  obtained 
in  the  indicator  diagram  even  if  there  is 
considerable  leakage  taking  place.  The 
expansion  and  compression  curves  of  the 
pv  diagram,  Fig.  6,  are  fairly  regular, 
but  the  logarithmic  diagram  shows  plain- 
ly that  large  leakage  of  two  kinds  was 


in  mind  that  difference  in  pressure  be- 
tween two  regions  is  the  cause  of  the 
phenomenon.  In  the  steam  engine  there 
are  three  pressures  which  must  be  con- 
sidered, that  in  the  steam  chest,  in  the 
cylinder  and  in  the  exhaust  passage.  Leak- 
age, being  due  to  difference  in  pressure, 
becomes  material  only  when  this  differ- 
ence becomes  considerable.  The  leak- 
age into  or  out  from  a  steam  cylinder  has 
been  found  to  occur  in  most  cases  only 
when  the  pressure  difference  is  over 
about  20  lb. 

In  Fig.  6  the  leakage  into  the  cylinder, 
shown  by  the  lower  parts  of  the  line, 
begins  to  occur  at  about  25  lb.  absolute 
or  35  lb.  lower  than  the  pressure  at  ad- 
mission. The  leakage  out  from  the  cyl- 
inder, shown  by  the  upper  parts  of  the 
line,  ceases  to  occur  at  a  pressure  of 
about  40  lb.  absolute  for  the  expansion 
curve  and  begins  to  occur  at  about  25 
lb.  absolute  for  the  compression  curve. 
The  difference  of  pressure  between  the 
steam  in  the  cylinder  and  that  in  the  ex- 
haust passage  is  about  35  lb.  in  the  first 
case,  and  about  20  lb.  in  the  second 
case. 

This  fact,  founded  upon  many  dia- 
grams analyzed,  permits  the  division  of 
the  expansion  and  compression  lines 
roughly  into  three  equal  parts  on  the 
logarithmic  diagram  (when  these  lines 
extend  from  the  initial  pressure  nearly  to 
the  back  pressure):  (a)  the  upper  third, 
influenced  by  leaks  out  from  the  cylinder; 
(b)  the  middle  third,  practically  unin- 
fluenced by  leakage;  (c)  the  lower  third, 
influenced  by  leakage  into  the  cylinder. 
Thus  fairly  reliable  values  of  n  free  from 
the  effects  of  leakage  may  be  obtained 
from  the  middle  third  of  the  lines.  Or- 
dinarily it  is  not  possible  to  distinguish 
between  two  leaks  occurring  in  the  same 
third   of  the   curves. 

When  only  one  kind  of  leakage  exists 
it   is   possible   to   compute   with    fair  ac- 
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taking  place  during  expansion  and  com- 
pression. Leakage  which  takes  place 
during  admission  or  exhaust  has  no  ef- 
fect upon  the  lines  of  the  diagram  as  the 
weMght  of  the  medium  is  continually 
changing. 

Ib  discussing  leakage  it  must  be  kept 


curacy  the  volume  of  leakage  taking 
place  during  expansion  or  compression. 
In  Fig.  5  the  lines  are  extended  (as  shown 
dotted),  giving  the  lines  of  constant 
weight  of  medium.  If  there  had  been 
no  leak  the  volume  at  100  lb.  pressure 
would  be  that  indicated  by   the  intersec- 
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tion  of  the  dotted  extension  of  the  com- 
pression line  at  C.  The  volume  actually 
present  is  indicated  by  the  location  of 
the  point  A.  The  difference  between  the 
volume  indicated  by  A  and  C  is  a  meas- 
ure of  the  leakage.  The  important  thing, 
however,  is  the  indication  that  leakage  is 
taking  place  so  that  it  may  be  stopped. 

Determining  the  Clearance 

The  curves  of  the  indicator  diagram 
will  become  straight  lines  upon  the 
logarithmic  paper  only  when  the  pres- 
sures and  volume  are  measured  from  ab- 
solute zero.  If  there  is  any  mistake 
made  in  locating  the  line  of  zero  pres- 
sure or  the  clearance  line,  the  replotted 
expansion  and  compression  lines  will  be 
curved.  If  the  clearance  is  not  known 
it  may  be  determined  by  plotting  the 
logarithmic  diagram  for  a  number  of  as- 
sumed clearances  until  the  compression 
line  becomes  straight.  This  was  done 
in  Fig.  8,  which  is  from  a  42x60-in.  gas 
engine  using  blast-furnace  gas.  Curves, 
both  expansion  and  compression,  were 
plotted  for  14,  16,  18,  20  and  22  per 
cent,  of  clearance.  With  the  true  clear- 
ance of  18  per  cent.,  the  curves  become 
straight  lines.  With  values  of  the  clear- 
ance less  than  18,  the  curves  become  bent 
to  the  left;  with  the  value  above  18,  to 
the  right. 

If  the  clearance  is  accurately  known, 
the  position  of  the  line  of  absolute  zeros 
of  pressure  may  be  located  in  the  same 
way,  thus  determining  the  barometric 
pressure  if  the  atmospheric  pressure  and 
the  scale  of  the  spring  are  giv.en,  or  the 
scale  of  the  spring  if  the  atmospheric 
pressure  and  reading  of  the  barometer 
are  given.  The  compression  line  gives 
naturally  the  better  indication,  as  shown 
by  the  wider  spacing  and  more  decided 
curvature  of  the  compression  curves  pro- 
duced with  the  erroneously  assumed 
clearances  in  Fig.  8. 

Steam  Consumption  from  the  Diagram 

The  indicator  diagram  shows  the  pres- 
sure of  the  steam  in  the  cylinder  at  the 
point  of  cutoff.  From  the  steam  tables 
its  weight  per  cubic  foot  at  this  pressure 
may  be  determined.  Knowing  the  volume 
of  the  cylinder  up  to  cutoff  and  the  num- 
ber of  times  it  is  filled  per  hour,  it  would 
seem  that  the  weight  of  steam  thus 
metered  off  could  be  computed;  and  it 
could  if  the  contenis  of  the  cylinder  at 
the  instant  of  cutoff  were  all  steam.  As 
a  matter  of  fact,  the  steam  consumption 
computed  from  the  diagram  in  this  way 
will  be  from  15  to  50  per  cent,  too  low 
because  some  of  the  entering  steam  has 
condensed  upon,  the  surfaces  which  have 
just  been  exposed  to  the  cooler  exhaust, 
and  is  present  as  water  when  cutoff  takes 
place. 

As  the  pressure  is  lowered  by  expan- 
sion below  that  corresponding  to  the  tem- 
perature of  this  water,  a  portion   of  the 


steam  is  reevaporated,  changing  the 
course  of  the  expansion  line,  and  the  most 
significant  point  brought  out  by  Mr.  Clay- 
ton's paper  is  that  the  line  remains  a 
true  exponential  curve  and  that  the  value 
of  n  bears  a  definite  relation  in  any  given 
cylinder  to  the  proportion  of  the  total 
weight  of  steam  mixture  which  was  pres- 
ent as  steam  at  cutoff. 

Furthermore,  the  relation  of  n  to  this 
initial  quality  for  the  same  class  of  cyl- 
inder as  regards  jacketing  has  been  found 
to  be  practically  independent  of  engine 
speed  and  of  cylinder  size.  If  one  can 
determine  then  the  exponent  of  the  curve 
of    a    given    diagram,    and    knows    the 


less  than  half  way  between  the  curved 
lines  representing  0.56  and  0.58.  At  100 
lb.  it  is  nearly  0.62,  etc. 

This  chart  is  plotted  from  the  results 
of  tests  upon  a  12x24-in.  Corliss  engine 
exhausting  into  a  condenser  in  order  that 
the  condensate  might  be  weighed,  but  at 
about  atmospheric  pressure.  The  speed 
had  a  slight  effect  upon  the  quality  at 
cutoff  and  the  chart  is  plotted  for  120 
r.p.m. 

The  effect  of  a  change  of  pressure  on 
the  relations  of  the  quality  at  cutoff  and 
n  is  not  great  between  the  limits  of  75 
to  150  lb.  An  approximate  equation,  cor- 
rect for  the  conditions  at   129  lb.  abso- 
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Fig.  8.    Diagram  from  Gas  Engine  with  Blast  Furnace  Gas 


quality  of  the  mixture  at  cutoff  corre- 
sponding to  that  exponent,  he  can  com- 
pute from  the  diagram  the  amount  of 
steam  actually  used  by  the  engine  with 
a  degree  of  accuracy  limited  only  by  the 
accuracy  with  which  these  quantities  are 
known. 

The  method  of  determining  the  value 
of  the  exponent  from  the  slope  of  the 
expansion  curve  has  already  been  ex- 
plained. 

In  Fig.  9  is  given  a  chart  from  which 
the  quality  at  cutoff  for  any  value  of  n 
between  0.85  and  1.25  and  for  any  pres- 
sure at  cutoff  between  40  and  160  lb. 
absolute  may  be  measured.  For  n  = 
0.95,  for  instance,  the  quality  at  cutoff 
is  a  little  less  than  0.51;  at  60  lb.  a  little 


lute  representing  the  average  of  the  range 
mentioned,  is 


\r 


0.576 


where 
Xr  =  Proportion  by  weight  of  the  mix- 
ture present  as  steam  at  cut- 
off; 
and 

n  =  Exponent  of  r  in  the  equation 
pv  =  con. 
This  quantity  for  the  ordinary  case 
will  be  less  than  unity,  and  dividing  the 
weight  per  cubic  foot  of  dry  saturated 
steam  at  the  cutoff  pressure,  as  given 
by  the  steam  table,  by  it  will  give  the 
weight  per  cubic  foot  of  the  mixture. 
Multiplying  the  volume  of  the  cylinder  up 
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to  the  point  of  cutoff  in  cubic  feet  by 
the  weight  per  cubic  foot  will  give  the 
weight  of  steam  and  water  present  in 
the  cylinder  at  the  point  of  cutoff. 

But  not  all  of  this  came  in  when  the 
valve  was  opened  for  admission.  There 
was  some  saved  from  the  previous  stroke 
by  closing  the  exhaust  valve  before  the 
stroke  was  finished.  It  has  been  demon- 
strated by  George  Duchesne*  that  this 
steam  at  the  commencement  of  compres- 
sion is  dry  saturated.  After  the  exhaust 
valve  has  become  fully  seated  and  the 
weight  of  steam  being  compressed  has 
become  constant,  the  compression  line 
will  be  straight  upon  the  logarithmic  dia- 
gram  as   between   A   and   B,   Fig.   3.     If 


Further  investigations  of  the  relations  of 
-V,-  and  n  with  all  types  of  engines  run- 
ning under  all  sorts  of  conditions  may 
lead  to  the  evolution  of  a  set  of  tables 
or  charts  of  these  relations  which  can 
be  used  with  confidence  that  they  will 
give  a  sufficiently  close  approximation  to 
the  actual  consumption  of  the  engine  to 
allow  that  consumption  to  be  computed 
from  the  indicator  diagram  instead  of 
laboriously  being  measured  in  an  expen- 
sive test.  An  engine  which  would  other- 
wise be  tested  perhaps  once  in  its  life- 
time may  have  its  water  rate  determined 
frequently  with  little  more  labor  than  is 
now  spent  upon  the  worthless  uncor- 
rected   consumption    from    the    diagram, 


Furnace  Arches 
By  W.   H.  Booth 

Under  the  severe  conditions  to  which 
brick  furnace  arches  are  subjected,  it 
is  a  wonder  that  they  last  as  long  as 
they  do.  Many  who  have  to  deal  with 
firebricks  are  content  to  purchase  them 
from  some  convenient  supply  house  and 
they  may  have  been  exposed  to  the 
weather  and  be  saturated  with  moisture. 

Damp  bricks  should  never  be  put  into 
a  furnace  arch,  but  should  be  stored  in 
a  place  where  they  will  be  thoroughly 
dried  out  before  using.  If  it  is  not  pos- 
sible to  so  store  them,  they  should  be 
kept    as    dry    as    conditions    will    permit 
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this  line  is  projected  downward  as  by 
the  dotted  line  BC,  the  intersection  with 
the  back-pressure  line  of  the  diagram 
will  indicate  the  volume  of  dry  saturated 
steam  of  that  pressure  present.  The 
weight  of  the  volume  at  that  pressure 
can  then  be  taken  from  that  present  at 
cutoff  and  the  difference  will  be  the 
weight  supplied  per  stroke,  which  multi- 
plied by  the  number  of  strokes  jjer  hour 
will  give  the  weight  supplied  from  the 
boiler  for  that  end   of  the  cylinder. 

The  results  of  the  applications  made 
up  to  the  present  tend  to  show  that  the 
steam  consumption  of  engines  may  be 
approximated  from  the  indicator  diagram 
to  within  an  average  difference  of  less 
than  4  per  cent,  from  the  test  results.  In- 
dividual examples,  however,  may  show 
as  much   as  8   per  cent,   in   rare  cases. 


and  such  easily  made  determinations  may 
serve  all  the  purpose  of  expensive  tests 
except  where  large  bonuses  or  forfeits 
are  involved,  and  even  in  these  cases 
would  serve  as  a  check  upon  the  test  fig- 
ures. 

The  paper  contains  tables  of  results 
from  tests  of  numerous  engines,  an  ex- 
planation of  the  development  of  the  chart 
shown  in  Fig.  6,  diagrams  from  various 
engines,  including  the  Diesel,  the  Stumpf 
unidirectional  flow,  combined  diagrams 
from  compound-  and  triple-expansion  en- 
gines, and  much  material  of  value  to  the 
student   of  indicator  diagrams. 


•Power,  Jan.  10.  1911,  page  71. 


For  the  year  1910,  reports  the  De- 
partment of  Mines  of  Western  Australia, 
there  were  58  gas  engines  in  use  in 
mines  developing  607  hp.,  while  2933 
hp.   was   developed   by   420  oil   engines. 


and  brought  into  a  dry,  warm  place  two 
or  three  weeks  before  being  used.  It  is 
then  possible  to  build  an  arch,  using  a 
little  fireclay  as  a  jointing  material. 

An  arch  should  be  given  time  to  dry 
out  slowly,  first  letting  a  gentle  draft 
pass  through  the  cold  furnace  and  then 
maintaining  a  slow  fire  for  several  days. 

Thin  joints  are  essential  to  longevity, 
and  this  should  rule  out  all  bricks  not 
properly  tapered  to  fit  the  radius  of  the 
arch  in  order  that  the  joirits  may  be  even 
throughout.  The  best  fire  arch  bricks 
are  those  which  taper  lengthwise.  Some 
are  made  with  a  horizontal  projection 
on  one  side  to  fit  as  a  key  into  an  inverted 
hollow  on  the  other  side  of  the  next 
brick.  Any  attempt  to  use  rectangular 
bricks  is  fatal  to  rigidity  as  the  bricks 
will  ride  together  on  the  inner  curve  of 
the   arch   and   will   soon   work   loose   and 
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collapse.  If  the  jointing  material  is  made 
into  a  grout  into  which  the  bricks  are 
dipped,  they  may  be  rubbed  together  to 
exclude  any  surplus  clay  and  a  solid 
arch  will  result,  if  dried  out  slowly. 
The  side  walls  of  a  boiler  setting  must 


be  capable  of  withstanding  the  lateral 
thrust  of  a  flat  arch.  This  stability  can 
always  be  insured  by  stout  supports  of 
girder  iron  sunk  below  the  ground  and 
held  together  above  the  boiler  by  cross  tie 
rods. 


When  carefully  treated  the  furnace 
arch  becomes  cemented  into  a  uniform 
mass  by  the  fusion  of  the  bricks,  but  this 
will  occur  only  in  a  well  built  arch. 
When  it  does  occur,  it  prolongs  the  life 
of  the  arch. 


Safeguards  for  Power  Plant  Equipment 


Statisticians  have  estimated  that,  each 
year,  from  30,000  to  35,000  wage  earn- 
ers in  the  United  States  lose  their  lives 
as  the  result  of  industrial  accidents  and 
that  about  2,000,000  nonfatal  accidents 
occur.  Probably  60  per  cent,  of  these 
accidents  are  either  the  result  of  the 
injured  person's  carelessness  or  are  due 
to  the  absence  of  proper  'safeguards. 

It  is  particularly  true  that  the  care- 
lessness of  any  power-plant  operator  not 
only  endangers  his  own  safety  but  that 
of  others;  consequently  new  men  should 
he  instructed  about  the  dangers  incident 
to  their  work  and  the  most  rigid  dis- 
cipline maintained  to  enforce  all  pre- 
cautionary measures.  The  importance  of 
this  careful  attention  can  best  be  kept 
before  the  operator  by  hanging  framed 
safety  rules  in  conspicuous  places  in  the 
plant. 

Railed  Walks 

Where  coal  cars  are  switched  to  a 
trestle  to  deliver  fuel  to  the  bunkers, 
there  are  two  possibilities  for  accidents; 
a  man  may  be  caught  where  there  is 
no  room  for  him  to  avoid  the  moving 
cars;  or  persons  passing  under  the 
trestle  may  be  injured  by  falling  ma- 
terial. Fig.  1  illustrates  a  trestle  where 
these  dangers  have  been  safeguarded. 
Railed  walks  have  been  provided  along 
either  side  of  the  trestle  with  a  platform 
between  the  tracks,  the  walks  having  base 
boards  which  prevent  loose  material  from 
being  kicked  off  the  trestle,  or  a  man 
slipping  on  the  walk  and  fallitig  under 
the  hand  rail.  The  standard  calls  for  a 
walk  4  ft.  3  in.  wide  with  a  metal  hand 
railing  3  ft.  6  in.  above  the  walk  and  a 
toe  board  6  in.  high.  If  a  driveway  or 
walk  passes  under  the  trestle,  the  struc- 
ture is  completely  planked  over  at  this 
point. 

Railed  walks  and  permanent  ladders 
leading  to  platforms  which  carry  the  op- 
erators within  reach  of  all  valves  in  the 
plant  are  good.  Fig.  2  illustrates  the  in- 
terior of  a  plant  so  equipped.  These 
walks  not  only  save  loss  of  time  in  shut- 
ting off  the  steam  in  case  of  an  emer- 
gency, but  also  do  away  with  the  prob- 
ability of  serious  falls.  Railed  walks 
are  also  used  on  each  boiler  in  the  plant 
and  lead  from  boiler  to  boiler. 

It  is  important  to  have  two  valves  be- 
tween the  boiler  and  its  header  when 
two  or  more  boilers  are  connected  to  it. 
A  man  cannot  do  good  work  in  a  boiler 
if  he  feels  insecure,  and  no  man  should 


By  Edward  K.  Hammond 


A  description  of  several  devices 
for  preventing  accidents. 

They  are  practical,  and  so  sim- 
ple that  the  ordinary  engineer 
can  make  and  install  them  at 
small  expense. 


be  exposed  to  danger  for  the  sake  of 
saving  the  extra  expense  of  a  second 
valve.  A  locking  lever  for  preventing  the 
accidental  opening  of  valves  on  the  boiler 
steam,  feed  and  blowoff  pipes  while  men 
are  in  the  boilers  making  repairs  or  in- 
spections is  shown  in  Fig.  3. 


of  air  through  the  boiler  and  carry  off 
any  inflammable  vapor.  Accidents  from 
explosions  in  boilers  where  kerosene  has 
been  used  or  where  sewer  gas  may  have 
entered  will  be  avoided  by  observing  this 
precaution. 

Pipes  discharging  at  points  where  pass- 
ersby  are  likely  to  be  scalded  should  dis- 
charge into  exhaust  pits  and  these  pits 
should  be  covered  with  something  suit- 
able  for  the  use  over  hot-water  sewers. 

It  is  of  utmost  importance  that  each 
boiler  have  a  steam  gage,  so  mounted  as 
to  make  it  possible  for  it  to  give  accurate 
indications.  In  connecting  a  gage  the 
piping  should  be  as  short  as  possible  with 
nothing  in  the  piping  between  the  boiler 
and  its  gage  except  the  gage-cock.  In 
the  piping  should  be  a  water-pocket  that 
high-temperature    steam    may    not    come 


Fic.  1.   Tkl^'ili:  with  Railed  Walks 


To  release  this  lever  a  man  must  use 
one  hand  to  depress  the  spring  and  the 
other  to  throw  over  the  catch  A ;  this 
makes  it  impossible  for  a  valve  thus  se- 
cured to  be  accidentally  opened.  A  warn- 
ing notice  stating  that  the  boiler  is  down 
is  used  in  connection  with  this  locking 
lever,  the  notice  being  hung  on  the  closed 
valve.  There  is,  therefore,  no  excuse  for 
injury  through  the  accidental  opening  of 
a  valve.  As  a  further  precaution,  how- 
ever, it  is  advisable  for  a  man  about  to 
enter  a  boiler  to  notify  all  of  the  work- 
men in   that   section  of  the  plant. 

Care  of  Boilers 

After  opening  the  manholes  the  damper 
should  be  opened  to  produce  a  current 


into  direct  contact  with  the  bent  gage  tube 
and  draw  its  temper,  thus  causing  the 
gage  to  give  incorrect  readings.  All  of 
the  gages  in  the  plant  should  be  cali- 
brated at  regular  intervals  to  insure  their 
accuracy. 

Gage-glass  Guard 

Fig.  4  illustrates  a  guard  to  prevent  in- 
jury to  the  man  putting  in  a  new  gage- 
glass.  This  guard  consists  of  a  semi- 
cylindrical  piece  of  sheet  metal  mounted 
on  a  pivot  at  either  end  so  that  it  can 
swing  around  the  glass.  When  a  new 
glass  is  being  warmed  up,  the  guard  is 
placed  between  it  and  the  operator  where 
it  will  protect  him  from  flying  pieces  of 
^lass    and.    to    some    extent,    from    the 
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Fig.  2.   Railed  Walk  Above  Boilers 


Fig.  3.    Locking  I. ever 


4.    GACt;-GLAss  Guard 


steam  and  hot  water  if  the  tube  bursts. 
After  the  new  glass  has  been  subjected 
to  a  fair  test  in  this  way,  the  guard  is 
swung  around  to  the  back  of  the  glass, 
where  it  does  not  obstruct  the  view.  The 
guard  is  shown  in  this  position.  A  lamp 
close   to   the   gage   illuminates   it. 

Scale 

Although  scale  frequently  causes  boiler 
accidents,  some  power-plant  operators 
regard  its  formation  as  of  little  import- 
ance, but  such  an  accumulation  causes 
overheating  of  the  plates,  which  reduces 
their  strength.  When  heavy  scale  forms 
on  the  tubes  and  tube  sheets  the  tube 
ends  are  burned  and  soon  leak  at  their 
connection  in  the  tube  heads.  Other  dan- 
gers from  scale  in  a  boiler  are  incorrect 
water  levels  and  pressure  readings  due 
to  clogging  of  the  pipes  leading  to  the 
gages   and   of  the    feed   pipes. 

Flywheel   Explosion 

The  most  serious  hazard  connected 
with  the  operation  of  engines  is  that  of 
the  flywheel  bursting,  usually  caused  by 
centrifugal  force.  To  minimize  flywheel 
accidents  correct  design  is  the  first  es- 
sential, but  even  properly  designed 
wheels  may  burst  if  run  above  their  safe 
speed.  Overloading  causes  a  flywheel 
to  fail  because  of  the  bending  stresses  in 
the  spokes. 


In  addition  to  the  danger  from  burst- 
ing, flywheels  are  a  menace  from  the 
chance  of  accidental  contact  with  them; 
therefore  it  is  well  to  surround  them 
with  railings.  Fig.  5  is  a  view  in  a 
power  plant  where  the  flywheel  is  thus 
railed  off,  a  substantial  metal  guard  be- 
ing provided  at  the  base  to  prevent  a 
man  slipping  under  the  rail  and  into  the 
flywheel  pit.  Railed  stairs  and  walks  are 
provided  wherever  it  is  necessary  for 
an  oiler  to  go  on  the  engine. 

Fig.  6  shows  a  turbine-generating  set 
in  which  the  flexible  shaft  coupling  is 
completely  inclosed;  this  keeps  dirt  away 
from  the  bearings  and  eliminates  danger 
of  a  man  being  caught  by  the  coupling. 

Electrical  Safeguards 

While  the  precautions  to  be  observed 
in  the  design  and  operation  of  electrical 
switchboards  and  equipment  are  too 
numerous  to  receive  detailed  treatment, 
certain  rules  are  fundamental.  All 
switchboards,  dynamos  and  motors  of 
over  250  volts  shoulr"  be  thoroughly 
grounded,  and  surrounded  by  railings  of 
a  nonconducting  material.  The  terminals 
and  other  parts  of  high-voltage  dynamos 
and  motors  should  be  inclosed,  or  so  ar- 
ranged as  to  preclude  possibility  of  an 
operator  touching  them  directly  or  with 
a  conducting  tool. 

Several  good  features  may  be  seen  on 


the  electrical  equipment  in  Fig.  7.  The 
switchboard  operator  stands  on  a  rubber 
mat  placed  on  a  wooden  platform.  Use 
of  rubber  mats  around  all  machines  is 
strongly     advised,     thus     reducing     the 
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Fig.  5.    Guarded  Generator  Set 


Fig.  6.    Housed  Turbine  Coupling 


Fig.  7.   Belt  Guard 
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chance  of  an  operator  slipping  and  being 
injured  by  moving  parts.  At  the  back 
of  the  switchboard  ample  working  space 
has  been  left,  and  this  is  always  kept 
unobstructed.  When  working  on  the  board 
the  operator  should  use  rubber  gloves, 
and  switches  should  be  provided  to  make 
the  board  "dead"  when  such  work  has 
to  be  done.  Many  plants  provide  for 
shutting  off  the  space  at  the  back  of  the 
switchboards  whenever  men  are  not  en- 
gaged in  making  repairs  and  adjustments. 
Guard  rails  are  shown  at  each  belt  driv- 
ing the  generators. 


Fig.  8  illustrates  another  safety  device 
which  incloses  the  electrical  switches  in 
the  factory  so  that  men  ignorant  of  their 
danger  cannot  be  injured. 

Inspection 

."Ml  of  the  equipment  in  the  power 
plant  should  be  inspected  at  regular  in- 
tervals. Whenever  a  boiler  is  put  out  of 
commission,  a  complete  inspection  should 
be  made,  the  plates  examined  for  cracks, 
the  stays  tested  for  tightness  and  the 
drum  connections  examined  for  pitting. 
Flvwheels   should    also   be   carefullv   ex- 


amined for  cracks  which  usually  develo] 
in  the  under  side  of  the  rim  near  th 
spokes  and  if  not  detected  will  graduall 
increase  in  size  and  cause  the  wheel  t 
fail. 

Signed  inspectors'  forms  on  whic 
is  reported  the  result  of  all  inspection 
are  valuable  as  they  can  be  filed  fo 
reference  and  in  case  of  acciden 
make  possible  placing  responsibility  fc 
any  negligence  where  it  belongs.  Th 
normal  influence  of  such  a  system  tend 
to  keep  the  inspecting  from  bein 
slighted. 


The  Bloomington  Boiler  Explosior 


A  press  report  of  this  locomotive-boiler 
explosion  was  published  in  the  May  7 
issue,  but  the  following  details  were  then 
unavailable: 

At  about  noon  of  Sunday,  Apr.  21, 
engine  No.  127  was  drilling  in  the  Monon 
yards  at  Bloomington,  Ind.,  when  the 
boiler  exploded,  hurling  the  engineer 
through  the  box  car,  shown  in  Fig.  1,  and 
killing  him  instantly.  The  fireman  was 
standing  on  the  tender  at  the  time  and 
was  thrown  over  a  caboose,  landing  about 
75  ft.  away;  though  seriously  injured,  he 
is  said  to  be  recovering.  It  was  a  Bald- 
win locomotive,  dated  April,  1892,  and 
numbered  12,617,  and  was  rebuilt  and 
used  for  drilling  purposes  only  up  to  the 
time  it  exploded.  It  is  said  that  the  en- 
gine was  condemned  a  short  time  prior 
to  the  explosion. 


A  locomotive  boiler  explodes  in 
Bloomington,  Ind.,  killing  the 
engineer  and  seriously  injuring 
the  fireman. 

The  shell  is  stripped  of  all 
piping  and  attachments,  the 
crown  sheet  torn  away  and  the 
shell  hurled  240  ft.  The  tubes 
were  but  slightly  distorted. 


The  cause  of  the  explosion  is  as  yet 
unknown,  but  much  lime  deposit  in  the 
form  of  scale  was  found  about  the  boiler 
near  the  spot  at  which  the  explosion  oc- 
curred, showing  that  it  was  heavily 
scaled. 

All  the  piping  and  attachments  (Figs. 
1  and  6)  were  stripped  from  the  boiler, 
leaving   only   the   shell    and    firebox    in- 


tact. The  air  pump,  however,  was  cai 
ried  with  the  boiler  for  a  considerabl 
distance  before  it  was  torn  from  th 
shell  and  imbedded  itself  in  the  eart 
350  ft.  away.  It  appears  that  the  pum 
was  partially  torn  from  the  boiler  at  th 
moment  of  the  explosion  and  when  th 
latter  turned  over  in  the  air  the  pum 
was  then  severed. 

As  the  explosion  was  downwar 
through  the  firebox,  the  trucks,  engiii 
cylinders,  etc.,  remained  on  the  trac 
and  were  but  slightly  damaged.  It  : 
peculiar  that  the  tubes  were  so  slighil 
distorted  (see  Figs.  3  and  6).  Despii 
the  fact  that  the  piping  and  attachmeni 
were  cleanly  cut  from  the  shell,  its  onl 
appreciable  damage  was  to  the  crowr 
sheet,  which  was  torn  away  and  lodge 
in  front  of  the  firebox  (Fig.  2). 


Figs.  1  and  2.   Showing  Firebox 


Figs.  3  and  4.   Interior  of  Firebox  and  Location  of  Parts 
After   Explosion 
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Fig.  5.    Wrecked  Freight  Car 


Fig.  6.    Sho\ 
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Fig.  4  shows  a  general  view  of 
the  yards.  The  arrow  A  indicates  the 
location  of  the  locomotive  at  the  time 
of  the   explosion;    the   locomotive   shown 


at  this  point  is  of  the  same  type  as 
the  one  wrecked.  Arrow  B  shows 
the  boiler  resting  against  a  fence  about 
240   ft.   distant,  and   arrow   C  gives  the 


position  of  the  air  pump  which  is  so 
deeply  imbedded  in  the  earth  as  to  be 
almost  indistinguishable  in  the  photo- 
graph. 


The   Solignac-G  rille   Boiler 


Among  boilers  employing  small-diame- 
ter water  tubes  for  rapid  steaming,  the 
new  Solignac-Grille  boiler,  made  hy 
Grille  &  Co.,  Paris,  France,  presents  some 
original  features  in  its  circulating  and 
superheating  systems,  and  the  means  em- 
ployed for  cleaning  the  tubes.  The  manner 
of  circulating  the  water  and  passing  the 
steam  through  the  tubes  is  quite  different 
from  that  employed  by  other  boilers.  One 
novelty  is  the  introduction  at  the  feed- 
water  end  of  the  tube  of  a  supplementary 
resistance,  preventing  escape  of  steam 
in  a  direction  to  interrupt  the  inflow  of 
water  and  admitting  water  only  as  fast 
as  it  can  be  vaporized  in  the  tube. 

Before  describing  the  boiler,  it  might 
be  well  to  briefly  outline  the  experimental 
demonstration  of  the  reasons  for  adopting 
a  device  to  insure  regular  circulation, 
which  were  given  at  some  length  by 
Engineering  in  an  abstract  of  a  paper 
read  by  G.  Hart  before  the  Institution  of 
Naval  Architects. 

Investigations  on  water  circulation  in 
boilers  by  Mr.  Bellens  have  shown  that 
the  evolution  of  steam  is  not  continuous, 
but  intermittent  and  in  the  form  of  very 
large  steam  bubbles.  By  means  of  a 
sighting  hole  fitted  with  a  glass  cover  it 
was  also  shown  that  the  water  descends 
between  two  escapes  of  steam  by  the 
path  of  this  escape.  It  was  to  do  away 
with  such  spasmodic  emissions  of  steam 
and  reverses  of  direction  that  Mr.  Solig- 
nac  conceived  the  idea  of  fitting  at  the 
lower  end  of  the  tube  a  diaphragm 
creating  a  supplementary  resistance 
which  should  prevent  any  escape  of 
steam  at  the  lower  end. 

As  a  basis  for  this  design  he  took  the 
result  of  the  following  experiments:  Two 
similar  vessels,  such  as  are  shown  in  Fig. 
1,  were  placed  in  the  same  horizontal 
plane  and  connected  by  a  horizontal 
metallic  tube.     The  tube  was  heated  and 


A  water-tube  boiler  in  which 
the  steam  in  formation  does  not 
pass  through  the  water. 

The  entire  boiler  may  be  turn- 
ed on  a  pivot  out  of  the  setting. 


the  steam  escaped  intermittently  from 
the  two  ends.  The  heated  portion  became 
red  hot  and  the  water  which  the  tube 
contained  was  converted  into  steam.  This 
steam  escaped  as  often  as  its  pressure 
exceeded  the  resistance  caused  by  the 
head  of  water  above  the  tube;  then  it 
escaped  with  a  sudden  rush  and  each 
time  water  again  filled  the  entire  tube. 
When  the  water  rushed  into  the  tube,  a 
rapid  hammering  could  be  heard,  which 
decreased  as  the  temperature  of  the  feed 
water  rose. 


Fig.  1 


Fig.  2 


By  carefully  raising  one  of  the  ves- 
sels so  as  to  give  more  inclination  to  the 
tube,  the  phenomena  were  modified  ac- 
cording to  the  inclination.  As  long  as  it 
was  slight  and  did  not  exceed  the  diam- 
eter of  the  tube  the  effects  observed 
v.'ere  nearly  the  same  as  when  the  tube 
was  horizontal,  but  as  the  inclination  of 
the  tube  increased  a  larger  quantity  of 
steam  escaped  at  the  side  next  to  the 
upper  end.  while  the  water  in  the  vessel 
on  this  side  was  also  heated  to  a  higher 
temperature. 

That   the   escape   of   steam   was   never 


regular,  and  had  periods  of  variable  in- 
tensity, was  shown  by  hanging  on  the 
upper  end  of  the  tube  a  small  thin  shut- 
ter, which  lifted  with  each  discharge  of 
steam.  While  there  was  only  an  oc- 
casional escape  of  sfeam  from  the  lower 
end  of  the  tube,  a  liquid  film  of  viscous 
appearance  could  be  seen  descending  in 
it  just  prior  to  each  discharge  of  steam 
at  the  upper  end.  With  the  same  ap- 
paratus a  reducing  diaphragm  was  fitted 
at  the  lower  end  of  the  tube  and  the 
phenomena  of  circulation  became  quite 
different.  Steam  then  escaped  continuous- 
ly from  the  free  end.  The  tube  no  longer 
became  red  hot,  the  water  in  the  vessel 
on  the  diaphragm  side  remained  cold  and 
the  water  in  the  other  vessel  was  heated 
rapidly.  Finally,  the  level  of  the  water 
became  lower  in  the  vessel  on  the  dia- 
phragm side  and  rose  in  the  other  an 
amount  varying  with  the  inclination  of 
the  tube.  This  experiment  was  supple- 
mented by  another  with  the  bent  tube 
shown  in  Fig.  2.  The  same  phenomena 
were  observed  and  the  same  results  ob- 
tained, indicating  that  the  diaphragm  is 
the  proper  regulating  device  to  afford 
a  continuous  flow  of  steam. 

The  sectional  view.  Fig.  3,  reveals  the 
general  design  and  arrangement  of  the 
boiler,  consisting  of  a  horizontal  drum 
with  two  attached  compartments  into 
which  the  tubes  are  expanded.  Water  is 
admitted  into  the  lower  compartment  A 
through  a  valve  B  and  its  flow  into  the 
tubes  is  restricted  by  the  diaphragm  pre- 
viously mentioned.  Steam  escapes  from 
the  tubes  into  the  upper  compartment  or 
steam  chest  C  and  passes  into  the  main 
drum  from  which  the  supply  of  water  is 
drawn.  The  steam,  not  being  compelled 
to  cross  the  water  surface  but  escaping 
above  it,  is  much  drier  than  in  boilers 
where  it  has  to  pass  through  the  water. 
The  proportion  of  moisture  is  very  small. 
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not  exceeding  a  few  thousandths.  The 
arrangement  does  away  with  tumultuous 
ebullition  and  consequent  rushes  of  water, 
particularly  as  the  main  drum  and  steam 
chest   are   not  exposed  to   intense   heat, 


and  repairing  the  brickwork  surrounding 
the  boiler. 

For  marine  service  preheating  of  the 
air  supply  is  possible  by  using  double 
walls.    The  external  facing  plates  of  the 


Numerous  tests  on  this  boiler  have 
shown  the  rate  of  combustion  with  a 
maximum  output  to  average  about  30  lb. 
of  coal  per  square  foot  of  grate,  which 
would  give  an  evaporation  from  feed 
water  at  55  deg.  of  approximately  9  lb. 
of  water.  With  a  very  slight  reduction 
of  efficiency,  the  rate  of  combustion  may 
be  increased  to  40  lb.  per  square  foot  of 
grate.  The  boiler  is  a  quick  steamer, 
occupies  comparatively  small  floor  space, 
has  the  advantage  of  easy  internal  clean- 
ing and,  above  all,  produces  dry  steam, 
which  becomes  especially  valuable  where 
steam  turbines  are  used  aboardship. 


Fio.  3.  Sf-ctional  View  through  Grille  Boiles,  Equipped  with  Superheater 
AND  Economizer. 


as  may  be  seen  from  the  path  of  the 
gases  of  combustion,  indicated  by  the  ar- 
rows in  the  illustration.  The  superheat- 
ing tubes  are  shown  at  D  and  may  be 
made  auxiliary'  to  the  regular  heating  sur- 
face by  flooding  them  through  the  valve  E. 

Next  to  the  diaphragms  the  manner  of 
cleaning  is  most  interesting.  The  valve  B 
is  closed,  shutting  off  the  main  drum 
from  the  lower  compartment.  Then  by 
opening  valve  F  steam  under  boiler  pres- 
sure from  the  upper  compartment  flows 
in  a  reverse  direction  through  the  tubes 
and  blows  out  the  scale.  The  tubes,  now 
containing  no  water,  become  hotter  than 
normally  and  expanding  loosen  the  scale 
which  is  readily  carried  away  through 
the  blowoff  valve.  The  tubes  are  only 
left  30  sec.  without  water,  which  is  long 
enough  to  detach  the  scale  without  in- 
juring the  tubes.  The  cleaning  is  made 
still  easier  by  the  division  of  the  tubes 
into  several  groups,  each  corresponding 
to  an  element  of  the  boiler  shell,  the 
various  elements  having  nothing  in  com- 
mon but  the  steam  and  water  chests. 

A  third  feature,  which  is  altogether 
unusual,  is  a  device  which  allows  the 
whole  boiler  and  the  group  of  tubes  to 
be  swung  around  a  pivot  G  for  inspecting 


Improved   Pratt  Trap 

This  trap  consists  of  a  cast-iron  body 
containing  a  cast-iron  float  which  works 
on  a  trunnion  arm.  The  float  is  bal- 
anced on  the  outside  by  a  weight  and 
lever,  the  lever  operating  the  valve  mech- 
anism, which  is  bolted  to  the  side  of  the 
trap;  its  function  is  to  alternately  admit 
steam  to  the  trap  or  exhaust  it  to  the  at- 
mosphere. 

Steam  enters  the  side  of  the  valve  cast- 
ing between  the  pistons  A,  B,  D  and  E, 
and  the  piston  A,  being  of  larger  area 
than  the  piston  B,  is  forced  to  the  right. 
The  right  side  of  the  piston  A  is  con- 
nected to  the  exhaust  through  the  ports 
F,  G,  H  and  /.  The  small  piston  B  is 
exposed  to  the  exhaust  on  the  left  side. 
In  this  position  the  interior  of  the  trap 
is  connected  to  the  atmosphere  through 
the  ports  /  and  /. 

Condensation   enters  the   trap   through 


I.MPROVED    Pratt   Trap 


boiler- opposite  to  the  furnace  are  com- 
posed of  riveted  sectional  cells  inside  of 
which  refractory  brickwork  is  built  up. 
Through  these  sections  air  is  passed  be- 
fore entering  under  the  grate  so  that  the 
ashpit  doors,  having  but  little  air  to  sup- 
ply, are  very  seldom  used  in  ordinary 
service.  This  arrangement  has  the  ad- 
vantage of  cooling  the  external  facing 
plates  while  preheating  the  air,  and  this 
constitutes  a  means  of  recovering  part 
of  the  heat  wasted  by  radiation.  The  air 
entering  the  cells  can  be  controlled  by 
movable  shutters  according  to  the  in- 
tended  rate  of  combustion. 


the  left  check  valves  and  in  filling  it  the 
float  gradually  rises  and  the  lever  K 
moves  the  valve  rod  L  toward  the  right 
until  the  position  of  the  valve  is  such 
that  the  steam  will  enter  the  port  F  to  the 
right  side  of  the  piston  A  and  force  it  to 
the  left,  thus  connecting  the  port  /  with 
the  steam  chamber. 

Steam  then  enters  the  trap  above  the 
water  and  balances  the  boiler  pressure 
on  the  discharge  side,  with  the  pressure 
in  the  trap,  which  then  discharges  to  the 
boiler  by  gravity. 

This  trap  is  manufactured  by  the  Pratt 
&    Cadv    Co.,    Hartford,    Conn. 
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Transformer  Connections 

By  Cecil  P.  Poole 

Testing  for  Three-phase  Connections 

In  connecting  transformers  either  delta- 
or  star-fashion,  care  must  be  taken  to 
make  the  secondary  connections  corre- 
spond exactly  with  the  primary  connec- 
tions as  regards  relative  polarities  and 
phase  "rotation."  If  this  is  not  done,  a 
short-circuit  may  be  caused  with  delta- 
connected  secondary  windings  and  incor- 
rect voltages  will  be  obtained  with  star- 
connected  secondary  windings. 

When  the  primary  and  secondary  leads 
are  both  connected  in  delta  or  both  star- 
connected,  it  is  an  easy  matter  to  get 
the  connections  right.  It  is  only  neces- 
sary to  get  the  primary  terminals  con- 
nected  up   properly,   as  described   in   the 
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Testing  First  Transformer  for 
Three-phase  Connection 

preceding  article  (May  14  issue),  test 
the  secondary  winding  of  each  trans- 
former to  ascertain  the  instantaneous 
polarity  with  respect  to  its  primary  ter- 
minals, as  described  in  the  first  article, 
on  single-phase  connections  (May  7  is- 
sue), and  then  connect  the  secondary 
leads  from  the  three  transformers  exact- 
ly as  the  primary  leads  have  been  con- 
nected. 

If  the  primary  terminals  of  the  trans- 
formers are  delta-connected  and  it  is  de- 
sired to  connect  the  secondary  terminals 
star- fashion,  or  when  the  primaries  are 
star-connected  and  it  is  desired  to  connect 
the  secondary  windings  in  delta,  the 
method  just  outlined  cannot  be  applied, 
because  of  the  difference  between  star 
and  delta  connections.  In  such  cases, 
the  primary  windings  should  be  connected 
up  permanently,  just  as  they  are  ex- 
pected to  be  operated,  and  the  secondary 
connections  tested  out  as  follows: 

For   delta-connected    secondary    wind- 


ings, twist  one  secondary  lead  from  one 
transformer  to  one  of  the  leads  from  the 
next  transformer,  temporarily,  as  indi- 
cated in  Fig.  I,  and  measure  the  voltage 
between  the  two  free  secondary  leads,  A 
and  B.  If  it  is  the  same  as  the  voltage 
between  the  twisted  joint  /  and  either  of 
the  terminals  A  or  B,  of  the  transformers 
temporarily  connected,  this  connection  is 
correct  and  the  joint  /  should  be  made 
permanent.  If,  hgwever,  the  voltage  be- 
tween the  two  free  terminals  A  and  S 
is  about  1'4  times  the  voltage  between 
the  joint  /  and  either  one  of  the  ter- 
minals, then  the  connection  is  wrong  and 
the  free  terminal  B  of  the  second  trans- 
former should  be  connected  to  the  joint 
lead  W  of  the  first  one  instead  of  the 
lead  X. 

Having  connected  the  first  two  trans- 
formers properly,  attach  one  of  the  leads 
of  the  third  transformer  to  the  free  ter- 
minal of  the  second  one  and  measure  the 
voltage  between  the  free  leads  of  the 
first  and  third  transformers,  as  repre- 
sented in  Fig.  2,  where  these  free  leads 
are  marked  A  and  C.  If  the  connection 
between  the  second  and  third  transform- 
ers is  right,  the  voltage  between  the  free 
leads  A  and  C  will  be  the  same  as  the 
voltage  between  the  two  leads  of  any  one 
transformer,  as  A  and  W,  or  B  and  X,  or 
C  and  Z.  If  it  is  wrong,  the  voltage  be- 
tween A  and  C  will  be  about  twice  as 
great    as    the    voltage    between    the    two 
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Fig.  2.  Testing  Third  Transformer  for 
Delta  Connection 

leads  of  any  one  transformer;  in  that 
case,  the  leads  from  the  third  transformer 
must  be  reversed,  the  lead  C  being  con- 
nected to  the  lead  B  and  the  lead  Z  to 
the  lead  A. 

For  star-connected  secondary  windings, 
twist  one  lead  of  the  first  transformer  to 
one  lead  of  the  second  transformer  as 
before  ind  measure  the  voltage  between 


the  two  free  leads  of  those  two  trans- 
formers. In  this  case,  that  voltage  should 
be  about  1  '4  times  the  voltage  of  any  one 
transformer  (theoretically,  1.732  times 
the  transformer  voltage),  [f  it  measures 
the  same  as  the  voltage  of  one  trans- 
former, the  connection  is  wrong  and  the 
leads  from  the  second  transformer  must 
be  reversed,  connecting  the  lead  B  to  the 
lead  W  and  leaving  the  lead  X  to  be 
connected  to  the  third  transformer. 

The  next  step  is  different  from  that  of 
the  test  for  delta  connections.  After  the 
Primary    Terminals 


Fig.  3.  Testing  Third  Transformer  for 
Star  Connection 

first  two  transformers  have  been  con- 
nected properly,  one  lead  of  the  third 
transformer  must  be  connected  to  the 
joint  y,  as  shown  in  Fig.  3,  and  the  volt- 
age measured  between  the  free  leads  B 
and  C,  or  between  the  leads  A  and  C,  it 
matters  not  which.  If  this  voltage  is 
about  1.7  times  the  voltage  between  the 
joint  /  and  any  one  of  the  free  leads, 
then  the  connection  is  right  and  should 
be  made  permanent.  If  the  voltage  be- 
tween two  of  the  free  leads  is  equal  to 
that  between  the  joint  and  one  of  the  free 
leads,  the  connection  is  wrong  and  the 
leads  from  the  third  transformer  must 
be  reversed,  the  lead  C  being  connected 
to  the  joint  /  and  the  lead  Z  left  free. 

Changing  the  Number  of  Phases 
It  is  sometimes  desirable  to  change 
three-phase  currents  to  two-phase  cur- 
rents, or  vice  versa,  and  this  is  usually 
done  by  the  use  of  the  system  of  con- 
nections shown  in  Fig.  4,  which  is  com- 
monly known  as  the  "Scott  connection" 
because  it  was  originated  by  Charles  F. 
Scott,  at  that  time  chief  electrical  engi- 
neer of*  the  Westinghouse  Co.  Two  trans- 
formers are  used  and  they  are  intercon- 
nected as  indicat-ed  in  the  diagram,  one 
primary  terminal  of  one  being  connected 
to    a    tap    leading    out    from    the    middle 
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of  the  primary  winding  of  the  other,  and 
about  13  per  cent,  of  the  primary  winding 
of  the  first  one  being  omitted  from  the 
primary  circuit.  As  this  diagram  is  drawn, 
the  transformers  receive  their  primary 
currents  from  a  three-phase  circuit  and 
deliver  two-phase  secondary  currents. 
The  arrangement  works  just  as  well  in 
the  reverse  direction,  however;  if  two- 
phase  currents  are  delivered  to  the  two- 
phase  terminals  of  the  transformers, 
three-phase  currents  will  be  delivered 
from  the  three-phase  terminals.  More- 
over, the  transformers  can  be  so  con- 
nected as  to  receive  high-tension  two- 
phase  currents  and  deliver  low-tension 
three-phase  currents.  For  this  purpose, 
the  primary  leads  are  connected  up  ex- 
actly as  the  secondary  leads  are  shown 
in  Fig.  4  and  the  secondary  leads  and 
windings  are  connected  up  in  the  way 
which  this  diagram  shows  for  the  primary 
windings  and  leads. 

There  are  other  methods  of  changing 
three  phases  to  two,  or  vice  versa,  but 
none  of  them  is  as  simple  or  as  ad- 
vantageous as  the  Scott  method,  and  they 
are  seldom  used. 

Six-phase  Connections 
For   supplying   current   to   rotary    con- 
verters, transformers  taking  current  from 
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Fig.  4.  Scott  Connection  for  Ch.a.ncinc 

Three-phase  to  Two-phase^  or  the 

Reverse 

three-phase  primary  circuits  are  some- 
times connected  so  as  to  deliver  six-phase 
currents  to  the  converter.  Two  methods 
of  doing  this  are  in  general  use.  The 
simplest  method  is  to  carry  the  six  sec- 
ondary leads  from  the  transformers  to 
the  converter  without  interconnecting 
them  at  all,  as  represented  in  Fig.  5. 
Tracing  the  connections  will  show  that 
each  pair  of  secondary  leads  is  connected 
to  points  in  the  armature  winding  of  the 
converter  which  are  at  opposite  ends  of 
a  line  drawn  straight  across  from  side 
to  side  of  the  armature,  through  its  cen- 
ter; the  secondary  leads  from  the  A 
transformer,  for  example,  are  connected 
(through  brushes  and  slip  rings)  to  the 
points  a  and  a'  of  the  armature  winding. 


and  these  are  at  opposite  ends  of  an 
imaginary  horizontal  line  from  one  side 
through  the  center  to  the  other  side  of 
the  armature,  at  the  instant  represented 
by  the  diagram. 

The  armature  shown  is  that  of  a  bipolar 
machine,  for  simplicity.  In  a  multipolar 
machine  there  would  be  three  times  as 
many  armature  taps  as  there  were  field 
magnet  poles,  but  as  these  do  not  go  be- 
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Fic.    5.    Connections    for    Delivering 
Currents  with   Standard  Trans- 
formers 

yond  the  slip  rings  they  do  not  affect 
the  transformer  connections,  and  it  is 
these  with  which  this  article  has  to  do. 
There  are  only  six  slip  rings  and  brush 
leads  on  a  six-phase  converter,  no  matter 
how  many  field  magnet  poles  it  may  have. 
Fig.  6  shows  the  other  method  of  con- 
necting three  transformers  for  delivering 
six-phase  currents  to  a  rotary  converter, 
which  is  commonly  used.  It  requires  two 
secondary  windings  on  each  transformer 
and  is  more  complicated  so  far  as  making 
the  connections  is  concerned.  Each  set 
of    secondary    transformer    windings    is 


on  account  of  the  interspacing  of  the  two 
sets  of  leads  at  the  armature  winding  of 
the  converter.  The  same  result  could  be 
obtained  by  changing  the  order  in  which 
the  second  set  of  secondaries  is  con- 
nected and  not  reversing  the  terminals 
of  each  half  secondary,  but  that  would 
be  more  complicated  than  the  connections 
shown  in   Fig.  6. 

The  connections  in   Fig.  5  are  nothing 


Primary   Transformer  Terminals 


Fig.     6.     Six-phase     Connections     for 
Double  Transformer   Secondaries 

more  or  less  than  three  single-phase  con- 
nections displaced  120  electrical  degrees 
from  each  other.  There  are  not  six  phases 
until  the  armature  winding  is  reached, 
where  the  intermingling  of  the  three  cur- 
rents produces  six  phases  within  the 
winding. 

The  connections  shown  in  Fig.  6,  how- 
ever, produce  six  phases  right  at  the 
transformer  terminals,  each  displaced  60 
electrical  degrees  from  the  nearest  other 
one.  Testing  out  the  connections  from 
transformer  to  transformer  with  this  ar- 
rangement  is   rather  tedious,  but  not  as 


Fig.  7.  Illustrating  the  Principle  of 
Secon 

delta-connected  and  the  threeleads  from 
each  set  are  connected  to  three  points 
in  the  armature  which  are  at  equal  dis- 
tances from  each  other;  the  three  leads 
from  one  set  of  secondary  windings  al- 
ternate with  those  from  the  other  set. 

The  two  sets  of  transformer  secondary 
windings  are  connected  oppositely  with 
respect  to  each  other.     This  is  necessary 
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Six-PHASK  Connections  of  Double 

DARIES 

difficult  as  the  complicated  appearance  of 
the  diagram  would  cause  one  to  expect. 
One  set  of  secondaries  is  tested  out  and 
connected  up  exactly  as  explained  for 
the  simple  three-phase  delta  connection; 
then  the  other  set  is  connected  up  in 
exactly  the  same  order  but  with  each 
pair  of  secondary  leads  "crossed"  or 
transposed.     This  is  illustrated  by  Fig.  7. 
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A  Convenient  Source  of  Test 
Voltage 

In  making  repairs  to  armatures,  com- 
mutators, etc.,  it  is  very  convenient  to 
have  a  source  of  low-voltage  current  for 
testing  purposes.  The  accompanying  dia- 
gram indicates  a  method  of  obtaining  a 
suitable  voltage  in  plants  not  having  bat- 
teries or  generators  especially  designed 
for  this  purpose.  The  method  consists 
simply  in  connecting  the  test  leads,  which 
include  an  incandescent  lamp,  in  paral- 
lel with  the  generator  field  rheostat,  as 
shown.  The  test  voltage  is  determined, 
of  course,  by  the  drop  across  the  resist- 
ance of  the  field  rheostat  and  this  can 
be  varied  slightly,  if  necessary,  while 
the  test  is  being  made. 


Connections  for  Test  Voltage 

If  it  should  happen  that  the  normal 
voltage  drop  across  the  rheostat  terminals 
is  so  much  too  high  that  a  suitable  volt- 
age cannot  be  obtained  by  adjusting  the 
rheostat  arm  slightly,  it  can  be  got  by 
shifting  one  of  the  test  leads  from  the 
terminal  post  to  one  of  the  contact  but- 
tons between  the  arm  and  the  last  "live" 
contact  button.  For  example,  the  lead  P 
could  be  attached  to  one  of  the  buttons 
between  the  arm  A  and  the  end  button 
B.  The  voltage  should  be  high  enough 
to  light  the  test  lamp  when  the  testing 
points  C  and  D  are  touched  together, 
and  not  high  enough  to  strain  or  break 
the  filament.  By  Using  this  method  no 
other  resistance  than  the  lamp  is  required, 
and  the  leads  can  be  quickly  connected. 
P.  L.  Werner. 

McKeesport,  Penn. 


Commutator    Lubrication 

Mr.  Barrick's  letter  has  us  all  guess- 
ing. I  think  there  is  a  great  difference 
in  dynamos  in  this  respect,  and  one  will 
work  under  certain  conditions  where  per- 
haps another  of  the  same  make  will  fail. 
I  have  a  compound-wound  exciter  with 
which  I  have  to  use  brushes  having 
a  large  percentage  of  graphite  in  order 
to  make  it  run  at  all.  On  the  other  hand, 
in  another  plant  a  dynamo  working  under 
the  same  conditions  gives  no  trouble  with 
carbon  brushes  and  a  few  drops  of  cyl- 
inder oil  once  a  week  is  all  that  is  re- 
quired. 

One  good  way  to  make  a  carbon  brush 
run  smoothly  that  has  been  run  for  some 
time  and  hardened  is  to  wash  it  in  gaso- 
line, then  soak  it  in  olive  oil  for  24 
hours,   after  which   hang   it   in   a   warm 


place  until  dry.  To  clean  a  commutator 
that  is  not  scored,  moisten  a  cloth  with 
0  little  kerosene  and  wipe  lightly  when 
running. 

V.  C.   Wood. 

Copenhagen,    N.   Y. 

In  answer  to  Mr.  Barrick's  letter  in 
the  Apr.  30  issue,  I  have  found  that  vase- 
line applied  to  the  commutator  with  a 
nonlinting  cloth  is  very  satisfactory.  There 
is  also  a  good  compound  on  the  market 
which,  as  far  as  I  know,  is  composed  of 
graphite  and  paraffine.  It  is  in  stick  form 
and  is  applied  after  the  commutator  has 
been  wiped  clean  with  a  dry  rag.  After 
applying  it  the  commutator  should  he 
wipe.d  clean  again  after  a  short  interval. 
Eugene  M.  Hilbert. 

East  Rutherford.  N.  J. 


put  in  the  day  before,  but  had  not  been 
used  during  the  previous  night.  This 
circuit  was  connected  to  the  terminal 
screws  holding  the  leads  coming  from 
the  generator  to  the  switchboard  so  that 
only  a  part  of  the  real  load  was  show- 
ing on  the  ammeter.  Temporary  connec- 
tions were  made  by  the  engineer,  as 
shown  by  the  dotted  line,  and  the  switch 
B  was  opened;  45  amperes  more  were 
indicated  by  the  ammeter  than  had  been 
shown  before. 

Hugh  L.  Russell. 
Keams  Canon,  Ariz. 


Careless    Switchboard 
Connections 

Some  time  ago  I  visited  a  small  plant 
just  in  time  to  get  a  little  experience 
that  does  not  happen  every  day.  This 
plant  contained  a  20-kw.  direct-current 
generator  used  for  lighting  only  and 
such  appliances  as  are  necessary  for  a 


Motors   Will    Not    Carry   the 
Load 

I  have  a  7'^.  two-phase  induction  motor 
operating  an  elevator.  The  bearing  next 
to  the  pulley  became  so  worn  that  the 
rotor  came  in  contact  with  the  stator, 
causing  the  insulation  to  break  down. 
The  bars  of  the  rotor  are  fastened  to  the 
short-circuiting  rings  by  screws.  After 
removing  each  bar  and  insulating  thor- 
oughly I  replaced  them  and  put  the  motor 
in  operation.  The  motor  runs  all  right 
until    there    is    a    load    applied    and    then 
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machine  of  this  size.  Suddenly  the  lights 
began  to  get  dim,  the  engine  began  to 
show  distress,  with  plenty  of  steam  reg- 
istering on  the  gage,  and  the  engineer 
tried  in  every  way  he  knew  to  raise  the 
voltage,   but   without  success. 

I  suggested  that  a  cross  or  short- 
circuit  had  occurred  somewhere,  but  at 
that  instant  the  proprietor  came  rush- 
ing in  and  he  assured  us  that  it  could 
not  be  a  line  trouble  because  he  had 
done  all  the  wiring  himself. 

I  looked  around  behind  the  switchboard 
and  the  accompanying  drawing  shows 
what  I   found.     A   new   circuit  had   been 


it  drops  much  below  normal  speed  and 
will  hardly  pull  the  load.  I  have  failed  to 
find  any  loose  connections  and  the  motor 
does  not  heat  when   in   operation. 

I  had  another  motor  of  the  same  type 
except  that  the  bars  were  held  in  brass 
disks  at  each  end  and  were  soldered.  This 
motor  persistently  threw  its  solder  on 
one  end  and  caused  a  bad  connection 
between  the  bars  and  the  disks.  The 
other  end  runs  without  heating.  This 
motor  also  refuses  to  pull  a  full  load. 

Will  some  reader  enlighten  me  regard 
ing  the  trouble? 

HopkinsviUe,  Ky.  J.  L.  Shrode 
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Worth-while  gas-engine  and  producer  information  treated  in  a  way  that  can  be  of  practical  use 


Properties  of  Natural  Gas 

Thomas  R.  Weymouth,  in  a  paper  read 
?.t  the  recent  meeting  of  the  American 
Society  of  Mechanical  Engineers  in  Cleve- 
land discussed  to  some  length  the  prop- 
erties of  natural  gas  and  submitted  a 
table  showing  the  analyses  of  gases  from 
the  principal  gas  fields  of  the  United 
States. 

A  striking  feature  of  the  table  was  the 
apparent  lack  of  uniformity  in  the  com- 
position of  the  gases  from  different  fields, 
and  the  great  preponderance  of  hydro- 
carbons, especially  of  the  methane  or 
paraffin  group.  This  has  the  general  chem- 
ical formula  CnH2i,  +  2,  its  chief  mem- 
ber being  methane  or  marsh  gas  (CH,). 
The  percentage  of  methane  was  shown 
to  vary  from  14  to  97,  although  the  lower 
figures  applied  to  only  a  few  special 
cases.  It  possesses  a  high  heat  value, 
but  has  practically  no  illuminating  prop- 
erties. 

Without  attempting  to  print  the  table 
in  full  and  exxluding  those  samples  that 
came  from  shallow  wells  and  were  other- 
wise abnormal,  the  following  is  an  aver- 
age of  the  samples  tabulated: 

TABLE   1,     CO.MPOSITION  OF  .\VER.\GE 
N.^TIRAL  GA.S 


Methane  (CHJ. ... 
Ethane  (C.H„) ,  ,. 
Ethylene  (C,H,)..  ,  , 
Carbon  monoxide  (Ct 

Hydrogen  (H,) 

Nitrogen  (N^)- .  . 
Carbon  dioxide  (CO, 
Hehum  (He).....,. 
Oxygen  (O,) 


87  per  eent. 
6.  5  per  cent. 
0 . 2  per  cent. 
0 . 2  per  cent. 

trace 
.5 .  o  per  cent. 
0.5  per  cent. 
0. 1  per  cent. 

trace 

B.t.u.  per  cublic  foot,  at  a  pressure 
corresponding  to  29.82  in.  of  mercury  and 
at  60  deg.  F.  =  887.3;  specific  gravity 
=   0.6135. 

Heat  Value 
It  was  pointed  out  that  the  heat  value 
of  natural  gas  depends  principally  upon 
the  relative  proportions  of  methane, 
ethane,  and  the  inert  gases  such  as  nitro- 
gen and  carbon  dioxide.  The  only  satis- 
factory method  of  ascertaining  the  heat 
value  is  by  calorimetric  determinations, 
but  as  this  is  not  always  convenient,  the 
next  best  procedure  is  to  compute  it  from 
the  chemical  analysis  of  the  gas,  using 
the  value  shown  in  Table  2  for  the  heat 
values  of  the  constituent  gases.  This  is 
done  by  multiplying  the  percentage  of 
each  gas  by  its  corresponding  heat  value 
per  cubic  foot  and  adding  the  products. 
The  specific  gravity  may  be  obtained  in 
a  similar  manner. 

It  is  sometimes  desirable  to  obtain  an 
approximate    knowledge    of    the    heating 


value  of  the  gas  when  neither  a  cal- 
orimetric determination  nor  a  chemical 
analysis  is  available.  In  such  cases  a 
close  approximation  may  be  made  from 
the  specific  gravity  of  the  gas,  provided 
it  is  known  to  be  a  normally  dry*  gas 
without  freakish  tendencies. 

The  specific  gravity  may  be  determined 
readily  by  the  "effusion"  method,  in 
which  the  time  required  to  pass  a  given 
quantity  of  the  gas  through  a  pin-hole 
orifice  in  a  thin  plate,  under  a  given  pres- 
sure, is  divided  by  the  time  required  to 
pass  the  same  quantity  of  air  through 
the  same  orifice  under  the  same  pres- 
sure; the  square  of  the  quotient  is  the 
specific  gravity  of  the  gas  referred  to 
air.  For  most  reliable  results  the  gas 
and  the  air  should  be  at  the  same  tem- 
perature. 

Mr.  Weymouth  gave  an  approximate 
formula  for  determining  the  heat  value 
from  the  specific  gravity  of  the  gas.  From 
the  average  analysis  given  in  Table  I, 
it  will  be  seen  that  of  the  combustible 
gases,  methane  and  ethane,  comprise 
93.5  per  cent,  of  the  whole  and  ethylene 
and  carbon  monoxide  comprise  0.2  per 
cent.  each.  No  great  error  is  made, 
therefore,  if  the  two  latter  gases  are 
considered  as  being  part  of  the  paraffin 
group,  especially  since  ethylene  and 
ethane  do  not  dilTer  greatly  in  either 
heat  value  or  specific  gravity.  The  inert 
gases  may  likewise  be  combined  in  one 
group,  the  resulting  specific  gravity  of 
which  may  be  considered  equal  to  1. 
Consequently,  for  approximate  results 
the  natural  gas  may  be  regarded  as 
made  up  of  three  distinct  gases,  namely: 
methane,  ethane  and  "inert"  gases.  Their 
respective  heat  values  and  specific  grav- 
ities are  as  follows: 

TABLE  2 

B.t.u. 


where 

H  =  Lower  heat  value  in   B.t.u.  per 
cubic    foot   of  natural   gas   at 
29.2  in.  of  mercury; 
G  =  Specific  gravity. 
Combining    equations    1,    2    and    3,    the 
heat  value  may   be   found  in  terms  of  i 
and   G   as  in  equation    (4). 

H  =    1440  G  —  1541  i  +   100.6     (4) 

The   total    of   the   percentages   of   the 

ineri  gases  as  shown  in  Table   I,  is  6.1 

per  cent,   or  expressed   decimally,  0.061. 

Substituting  this  in  equation   (4), 

H   =    1440  G    +   6.6  (5) 

Applying  equation  (5)  to  the  average 
gas,  as  given  by  Table  1,  in  which  the  . 
specific  gravity  is  0.6135,  it  would  indi- 
cate a  heat  value  of  890  B.t.u.  The  heat 
value  as  computed  from  analysis  was 
887.3,  thus  showing  the  approximation 
to  be  very  close. 


Some  Exhaust  Troubles 


Methane. 
Ethane  . 
Inert  ga.se 


per 

Cu.Ft.  .Sp.Gr. 

897  0  5529 

1594  1.0368 

; 1.0000 

Representing  the  relative  volumetric 
proportions  of  these  gases,  expressed 
decimally,  as  m,  e  and  /  respectively,  the 
following  relation  will  obtain: 

m  -f    c  -f  ;  =   1.0  (1) 

H  -  897  w  +   1594  e  (2) 

G  -  0.5529  m  +   1.0368  e  -|..   1.0 1  (3) 

*By  "dry"  gas  is  meant  that  comins 
V.^T?  1  well  producing-  gas  exclusively  as 
disting-uished  from  tliat  coming-  froni  an 
oil  wen.  which  is  called  "wet"  gas 
These  terms  have  no  reference  to  water 
yapor  in  the  gas  but  implv  the  absence 
or  presence  of  vapors  of  hydrogen  higher 
in  their  respective  series  than  those 
under  consideration. 


By  James  H.  Beattie 

Brooks  is  a  gas-engine  trouble  man  so 
much  engrossed  in  the  subject  that  the 
mere  sound  of  the  exhaust  is  sufficient 
to  start  him  in  its  direction.  He  even 
claims  that  he  can  generally  tell  an  en- 
gine's inake  from  its  exhaust. 

Not  long  ago  we  were  traveling  to- 
gether and  had  stopped  for  the  night  at 
a  small  country  hotel.  After  supper  we 
were  sitting  in  front  of  the  hotel  when 
we  heard  what  appeared  to  be  the  ex- 
haust of  a  good-sized  engine  some  dis- 
tance away. 

"Hello!  that  sounds  like  a  B en- 
gine.    I  can  tell  them  anywhere  by  the 
peculiar  noise   of  the   exhaust.     Let  us 
go  over  and  see  it,"  said  Brooks. 
"You  know,"  he  remarked,  as  we  went 

along,  "the  B people  use  a  peculiar 

type  of  hit-and-miss  governor  on  their 
engines,  and  while  they  are  all  right  for 
some  purposes,  the  speed  is  so  variable 
that  they  are  wholly  unsuited  for  work 
requiring  close  speed  regulation.  Notice 
from  the  sound  of  the  exhaust  that  this 
engine  takes  five  or  six  impulses,  then 
cuts  out  almost  as  many.  I'll  venture 
that  the  speed  of  that  engine  is  fluctuat- 
ing 10  per  cent." 

From  the  sound  we  judged  we  were 
now  close  to  the  object  of  our  search. 
"I  guess  it  is  in  this  yard,"  said  Brooks; 
"just  let  me  take  a  look  over  this  board 
fence  and  I  will  see  how  we  are  to  get 
in  there."    Brooks  jumped  up,  and  after 
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looking  for  a  moment  he  got  down  with 
a  rather  foolish  expression  on  his  face. 

"Well,  how  do  we  get  in  ■there?" 

''I  guess  we  don't  want  to  get  in," 
he  replied. 

1  looked  over  the  fence — and  saw  a 
husky  darky  industriously  beating  a  car- 
pet on  a  line.  Every  five  or  ten  strokes 
he  would  change  the  beater  from  one 
•  hand  to  the  other,  and  incidentally  take 
a   short   rest. 

After  we  had  returned  to  the  hotel 
Brooks  told  me  several  incidents  about 
gas-engine  exhausts  and  exhaust  pipes, 
which  led  me  to  think  that  the  exhaust 
of  the  internal-combustion  engine  is  more 
important  than  most  people  believe. 

"Last  summer,"  began  Brooks,  "I  was 
sent  to  a  large  summer  resort  where  three 
of  our  vertical  engines  had  been  installed, 
to  remedy  some  trouble  with  the  ex- 
haust valves  burning  and  warping.  The 
engines  were  of  the  three-cylinder  type 
and  the  valves  were  not  water-cooled.  I 
found  that  they  had  connected  the  ex- 
haust pipes  of  the  three  engines  to  a 
common  header  running  the  length  of 
the  engine  room,  then  turning  down  the 
wall  and  passing  through  it  into  a  muffling 
chamber  outside  the  building.  The  header 
was  large  enough  to  carry  the  gases  from 
all  the  engines,  but  it  was  only  3  ft. 
from  the  tops  of  the  cylinders.  The  in- 
dividual exhaust  pipes  from  each  cyl- 
inder were  connected  into  the  header 
with  tees."  Brooks  then  made  the  sketch. 
Fig.  1,  to  illustrate  the  arrangement. 

He  went  on  to  explain  that  all  the 
trouble  was  due  to  this  arrangement  of 
the  exhaust  pipes.     The  engines  were  of 


Fig.    1.    Plan   View   Showing   E.xhaust 
Pipe 

100  hp.  each  and  a  large  amount  of  hot 
gas  passed  out  through  the  exhaust  pipes. 
The  flame  was  turned  back  by  the  tee 
on  the  header,  and  the  trouble  with  the 
exhaust  valves  resulted.  By  rearranging 
the  exhaust  piping  so  that  each  engine 
had  a  separate  exhaust  header  and  that 
there  were  no  sharp  bends  in  the  exhaust 
pipe,  the  trouble  disappeared. 

"In  another  case  the  trouble  was  due 
to  another  cause,"  continued  Brooks. 
"The  engine  was  small  and  had  been 
installed  by  the  purchaser  to  run  a  small 
mill.  It  operated  all  right  for  a  time, 
then  suddenly  refused  to  carry  its  load. 
The  engineer  knew  little  about  gas  en- 
gines and  was  puzzled.  I  was  sent  from 
the  factory  to  correct  matters  and   found 


the  engine  apparently  in  good  condition. 
The  batteries  were  new  and  tested  out  all 
right;  the  ignition  was  properly  timed, 
in  fact,  everything  about  the  engine 
seemed  to  be  in  good  condition,  yet  it 
would  not  develop  enough  power  to  run 
at  normal  speed  even  without  a  load. 

"After  close  examination  the  trouble 
proved  to  be  in  the  exhaust  pipe.  The 
engine  was  fitted  with  an  exhaust  cham- 
ber set  on  the  floor  ne.ar  the  engine,  and 
the  pipe  from  the  engine  should  have 
entered  the  top  of  this  chamber  through 
a  stuffing-box  packed  with  asbestos.  In- 
stead,   the    man    who    had    connected    up 


Fig.  2.    Outlet  Pipe  of  Muffler  Rest- 
ing ON  Bottom  of  the  Vessel 

the  pipes  had  reversed  the  connections  so 
that  the  pipe  from  the  engine  was  at- 
tached to  the  exhaust  chamber  by  a  flange 
and  capscrews,  and  the  pipe  running 
through  the  roof  was  placed  in  the  stuff- 
ing-box  (Fig.  2). 

"As  a  result,  the  weight  of  the  long 
pipe  through  the  roof  had  caused  it  to 
slide  down  until  the  end  rested  on  the 
bottom  of  the  vessel,  leaving  practically 
no  exit  for  the  exhaust  gases." 

One  more  incident  related  by  Brooks 
showed  the  importance  of  the  exhaust 
pipe.  A  shingle  factory  in  Florida  in- 
stalled a  70-hp.  single-cylinder  engine 
several  months  ago.  Not  wishing  to  be 
annoyed  by  the  noise  of  the  exhaust,  the 
superintendent  had  a  muffling-box  con- 
structed outside  the  engine  room.  It  was 
built  of  concrete  and  the  4-in.  exhaust 
pipe  was  set  solidly  into  it.  As  a  re- 
sult the  expansion  of  the  pipe  sprung 
the  studs  holding  the  exhaust-valve  cas- 
ing, making  it  impossible  to  keep  the 
packing  from  blowing  out.  They  had 
continual  trouble  until  the  exhaust  pipe 
was  provided  with  a  swing  joint  so  that 
the  pipe  could  expand  and  contract  freely. 


Comparative  Costs    with    Pro- 
ducer Gas  and  Diesel 
Engine  Plants 

In  a  paper  on  power-plant  operation 
delivered  recently  before  the  Dallas 
(Texas)  chapter,  N.  A.  S.  E.,  Prof.  A.  C. 
Scott  gave  some  interesting  figures 
showing     the     comparative     production 


costs  between  a  250-hp.  Diesel  engine 
plant  operating  in  southwestern  Texas 
and  a  500-hp.  producer-gas  plant  operat- 
ing on  Texas  lignite  24  hours  a  day 
under  a  load  factor  of  about  80  per 
cent.  The  comparative  figures  were  as 
follo'vs: 

22.J-HP.  DIESEL  EXGINE  PL.\XT, 
700.000   KW.-HR. 


Engine,     compressor,     piping,     ete.,     in- 
stalled (A) $15,800 

Cienerator.  switchboard  and  wiring  (B) ,  3,300 

Building,  cooling  tower  and  tanks  (C) .  .  3,000 


Total S22,300 

'ixed   charges 

Interest  at  6  per  cent $1,338 

Insurance  and  taxes  at  2  per  cent .  446 

Amortization  (A)  a*  4  per  cent.  -  . ,  632 

Amortization  (B)  at  2  per  cent 70 

Amortization  (C)  at  I  per  cent 

Profit  at  5  per  cent,  on  the  investmer 


1,115 

«3,r>3i 


Operating  costs 

Crude   oil,    1680   bbl.    at   $1.22 

per  barrel $2,050 

Lubricating  oil  and  waste.      .  .  250 

Water 250 

Engineers.  2,000 

Repiiir.s  2.-,() 


Total 


Total  costs  for  700,(K)0  kw.-hr.  .  . 

Cost  per  kilowatt-hour $0,012 

oOO-HP.   PRODUCER  GAS  PLANT, 
2,000.000  KW.-HR. 
Investment 

Producers  (A) $13,600 

Engine        (B) 22,400 

Generator,  switchboard,  wiring, 

cooling  tower  (C) 10,600 


Building  (D). 


3,400 


Fixed  charges 

Interest     at     6     per     cent,     on 

$.50.000 

Insur.ince   and   taxes   at   2   per 

$50,000 

$3,000 

1,000 

1.620 
212 
34 

2,500 

Aniorlization  (A)  and  (B),  4} 

-  Amortization  (C),2per cent.  .  . 
Amortization  (D),  1  percent. 
Profit  at  .J  per  cent,  on  invest- 

Operating  costs 

Lignite,    3.7    lb.    per    kw.-hr., 

$5,5.50 

450 
3,300 
3,000 
350 
160 
250 

$8,366 

Lignite,     standby    losses.     300 

Engineers 

Producer  men 

Oil  and  waste. . .  . 

Water 

Repairs 

Total  costs  for  2,000,000  kw.-hr.  . 
Cost  per  kw.-hr.  ...           

$13,060 

$21,426 
.$0  0102 

It  will  be  noted  that  if  the  load  factor 
of  the  Diesel  plant  were  increased  to 
correspond  with  that  of  the  producer-gas 
plant  the  kilowatt-hours  delivered  would 
be  about  900,000  per  year  and  the  oil 
consumption  approximately  1837  bbl. 
With  the  other  operating  costs  as  stated 
and  the  same  fixed  charges,  this  would 
make  a  total  of  .S8621,  or  S0.0096  per 
kilowatt-hour. 

[It  would  ^eem  that  Prof.  Scott  has 
assumed  the  amortization  charges  entire- 
ly too  low. — Editor.] 


"With  the  crank  of  an  engine  at  half 
stroke,  where  is  the  piston?"  said  the 
examiner. 

"Where  the  h 1  would  it  be  but  in 

the  cylinder?"  the  candidate  retorted. 
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Refrigeration  Department 

Principles  and  operation  of  ice-making  and  refrigerating  plant  and  machinery 


Does  Large  Artificial  Ice 
Storage  Pay? 

By  R.  p.  Kehoe 

This  question  is  often  raised  and  the 
following  basis  of  calculation  may  assist 
those  interested.  The  principal  reason 
for  considering  large  storage  arises  from 
the  fact  that  the  time  of  full  production 
each  year  is  limited;  that  is,  the  yearly 
load  factor  is  low.  This  is  true  every- 
where, except  in  very  warm  climates,  and 
greatly  influences  the  possible  annual 
profit. 

A  large  ice  storage  makes  possible  op- 
erating at  full  capacity  throughout  the 
year,  but  the  storage  building  means  a 
large  additional  investment  and  a  mainte- 
nance expense  that  must  be  taken  into 
account. 

As  an  example,  in  a  plant  of  100  tons 
daily  capacity,  operated  in  the  usual  man- 
ner, an  average  yearly  load  factor  of  50 
per  cent,  is  a  safe  basis;  the  full  yearly 
capacity  figured  for  360  days  being  36,- 
000  tons.  With  a  50  per  cent,  load  fac- 
tor the  actual  yearly  output  would  be 
18,000  tons,  this  amount  being  distributed 
over  the  12  months.  The  demand  during 
the  three  hottest  months  would  be  the 
full  capacity  of  100  tons  a  day,  dwindling 
down  to  a  very  small  amount  in  the  win- 
ter months. 

It  is  assumed  that  such  a  plant  is  lo- 
cated where  there  is  sufficient  market  for 
the  full  capacity  in  the  summer  months, 
which  is  only  about  three  months  or  less, 
and  must  determine  the  size  of  the  plant. 
A  plant  of  60  tons  daily  capacity  in 
conjunction  with  a  large  ice  storage,  may 
be  made  to  take  care  of  the  same  demand 
supplied  by  a  100-ton  plant  conducted  in 
the  usual  manner.  Table  1  indicates  an 
average  monthly  production  throughout 
the  year  in  a  100-ton  plant  and  how  a 
60-ton  plant  can  be  made  to  fill  the  same 
requirements. 

The  demand  in  various  localities  will 
differ  and  the  monthly  requirements  may 
not  correspond  with  the  average  figures 
which  have  been  taken,  but  the  relation 
between  summer  and  winter  production 
will  in  most  cases  be  practically  the 
same.  Full  capacity  can  be  maintained 
during  the  fall  and  early  winter  in  order 
to  shut  down  the  plant  for  a  month  or 
more  for  a  thorough  overhauling  and  to 
install  repair  parts  and  improvements. 
The  small  amount  of  ice  in  storage  will 
probably  not  need  refrigeration,  as  the 
outside  temperature  will  be  comparative- 


ly low  at  this  time.  If  absolutely  es- 
sential, a  small  auxiliary  refrigerating 
machine  can  be  included  in  the  equip- 
ment to  maintain  the  storage  when  the 
main  unit  is  shut  down  for  repairs.  This 
auxiliary  unit  may  be  operated  by  motor 
or  other  available  power,  but  in  all  prob- 
ability it  will  not  be  required. 

The  last  column  indicates  a  proposed 
schedule  of  operation  for  the  60-ton 
plant  to  produce  a  yearly  output  of  18,- 
000  tons  and  meet  the  same  demand  as 
a  100-ton  plant.  The  full  capacity  is 
maintained  for  ten  months,  leaving  two 
months  for  overhauling,  improvements, 
etc.  The  excess  amount  produced  in 
October  and  November  will  supply  the 
demand  in  December  and  January.  Only 
about  1350  tons  are  in  storage  when  the 
plant  is  shut  down,  this  small  amount 
losing  only  a  slight  percentage  from 
melting  during  the  cold  season. 

Since  the  ice-making  machine  must  be 
large  enough  to  care  for  the  entire  stor- 
age and  manufacture  at  full  capacity  in 
the  summer  months,  the  normal  capacity 
will  be  exceeded  in  the  cooler  seasons. 
This  is  especially  true  when  little  or  no 
ice  is  stored.  The  schedule  of  operation 
does  not  take  this  into  consideration  and 
some  leeway  is  therefore  represented. 

To  arrange  a  plant  to  operate  at  full 
load  for  10  moiiths  instead  of  six  is  good 
business  practice  if  the  increase  in  cost 
of  operation,  depreciation  and  investment 
is  not  too  great.  The  additional  cost  is 
not  large,  being  confined  to  the  extra 
fuel  required  for  supplying  the  refrigera- 
tion to  maintain  the  ice  storage.  De- 
preciation will  also  increase  to  some  ex- 
tent, but  the  most  important  item  is  the 
cost  of  the  storage  building.  This  really 
seems  to  decide  the  question,  for  if  the 
first    investment    is    increased    too   much, 


it    would   be   better   to   build    a    100-ton 
plant  with  only  the  usual  daily  storage. 

The  most  favorable  conditions  for 
large  storage  are  obviously  a  low  yearly 
load  factor  and  cheap  building  materials. 
The  cost  of  brie;,  buildings  in  large  cities 
would  be  very  unfavorable  and  the  load 
factor  high.  Under  these  circumstances 
the  machinery  is  idle  only  a  short  time 
each  year  and  there  is  no  crying  need 
to  spread  the  production  over  a  greater 
length  of  time.  The  calculations  are  there- 
fore based  on  a  wood  structure  with  in- 
expensive insulation  and  a  50  per  cent, 
yearly  load  factor.  Tables  2  and  3  show 
how  a  proper  comparison  may  be  made. 

T.\BLE    2.     lOO-TON    ICE-MAKING    PLANT- 
SIMPLE  CAN  SY.STEM 


Investment 
Complete  mechanical  eqxiipment 

$.54,000 

Total  investment 

Daily  Operating  Expense 

16  tons  of  coal  at  $3. .VI                

One  chief  engineer-                              

One  night  engineer  .                             

Two  firemen  at  $2 ,  ,                            

Four  tankmen  at  $2 

Two  laborers  or  storehousemon  at  $2. .  . . 

$84,000 

$56.00 
5.00 
3.50 
4.00 
8.00 
4.0O 
4  00 

Ammonia,  oil,  waste  and  supplies,  etc 

Office  man. 

10  00 
4  00 

$98.50 
Depreciation,  etc. 
5J7-  depreciation  on  machinery  ($54,000) .    $2,700.00 
2%  depreciation  on  building,  etc.  ($30,000)        6(X)  00 
Repairs,    taxes,    water    and    incidentals 

(5%) 4.200.00 


Summar\' 
180  days'  full  operation  at  $98.,50.  .  . 
Labor  for  balance   of  year,   leaving  out 

only  two  laborers  =  180  days  at  $28.50 .      4,845 .  00 
Depreciation,  etc 7,500 .  00 


$30,075  00 
ncome  from  sale  of  18,000  tons  of  ice  at 
$2.50 4,5,000.00 


Profit $45,000  — $30,075  =  $14,925  =17  8% 

A  storage  space  large  enough  for  5000 
tons  of  ice  has  been  figured  to  be  safe 
and   give   ample  room   for  handling   the 


TABLE  1. 

60-TON  PLANT  AND 

STORAGE  DOING  WORK  OF  lOO-TON  PLANT 

Month 

Approx. 

Output  ii 

100-Ton 

Supply  Usi 

Average 
1  Tons  of 
Plant  to 
al  Demand 

With  60-Ton 

Plant  Excess 

Which  Must  be 

Supplied  from  Storage 

Proposed 
Time  of  Pro- 
duction forStor- 
age  Purposes 

Proposed  Schedule 

of  60-Ton  Plant 
to  Meet  U.sual  De- 
mand of  100-Ton  Plant 

Daily 

Monthly 

Monthly 

Monthly 

Monthly 

January 

February 

March 

April 

May 

June 

July 

August 

15 
10 
25 
25 
.50 
100 
100 
100 
75 
.50 
25 
25 

4.50 
300 
750 
750 
1.500 
3000 
3000 
3000 
22.50 
1500 
7.50 
750 

iioo 

1200 
1200 
450 

150 
1500 
1050 
10.50 

300 

ISOO 

rsoo 

1800 
1800 
1800 
1800 
1800 
1800 
1.800 
1800 

November 

December 

Tot.lls 

18.000 

40.50 

40.50. 

18.000 

*Overhauling;  and  repairs. 


June    18,    1912 
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ice;  50  cu.ft.  per  ton  should  be  quite 
sufficient.  This  space  could  be  about  200 
ft.  long  by  100  ft.  wide  and  12'..  ft. 
high,  and  the  total  wall,  floor  and  ceiling 
surfaces  aggregate  47,500  sq.ft.  A  heat 
leakage  of  5  B.t.u.  per  square  foot  per 
degree  difference  in  temperature  every 
24  hours  is  a  conservative  estimate,  and 
the  refrigerating  work  would  be 

47,500X5X50        ,„  ^ 

' =  40  ton  ( 

288,000 

The  average  temperature  difference  be- 
tween the  outside  and  the  interior  of  the 
storage  has  been  estimated  as  50.  Cal- 
culating that  each  square  foot  of  pipe 
surface  will  absorb  50  B.t.u.  per  degree 

T.\BLE     3.     60-TON     ICE-MAKING     PLANT^ 

SIMPLE  CAN  SYSTEM 

(With  5000  tons  ice  storage) 

Investment 


Building  and  foundations. 

Total  investment 

Daily  Operating  Expence 
{For  60  tons  ico  production) 
10  tons  of  coal  at  SS..*.  .  -  . 

One  chief  engineer 

One  night  engineer 

Two  firemen  at  3h2 

Two  tankmen  at  $2 

Two  laborers  or  storehousemen  at  $2 .  .  .  . 
Ammonia,  oil,  waste  and  supplies,  etc.  . 
Office  man 


4  IJO 
4,00 
7. 50 
4.00 

$67 . 00 


Ice   Storage 
Entire    refrigerating    worlc=40    tons,    re- 
quiring 3  tons  of  coal  at  $3.50. $10  .50 

Depreciation,  etc. 
6%  depreciation  on  machinery  (J-IO.OOO) .    $2,400.00 
2%  depreciation  on  b\iilding,  etc.  ($35,000)        700 .  00 
Repairs,    taxes,    water    and    incidentals 

(6%) 4,500 .  00 


$7,600  00 


Summary 
10    months'  full  operation,  300  days   at  ■ 

$67.00 $20,100  00 

Carrying    full    ice    storage    for    about    6 

months,  180  days  at  $10.50 1.890.00 

All  labor  during  two  months'  shutdown, 

60  days  at  $24. .50 1,470  00 

Depreciation,  etc 7. GOO  00 


$3., 060. 00 
ime  from  sale  of  18,000  tons  of  ice  at 
!.50 45,000.00 


Profit $45,000  —  $31 ,060  =  $13,940  =  18 . 6% 

difl'erence  in  temperature  every  24  hours 
and  assuming  a  back  pressure  of  15  lb. 
equivalent  to  an  ammonia  temperature  of 
0  deg.  F.  (equals  a  temperature  differ- 
ence of  about  30  deg.),  the  amount  of 
2-in.  piping  required  for  the  storage 
would  be 


47.500  X  5  X  50  X  1.6 


12,667  jt. 


30  X  50 

or  in  even  numbers  12,600  ft.  The  ap- 
proximate cost  of  this  piping  would  be 
.S5000  erected  in  place. 

The  depreciation,  repairs,  etc..  have 
been  increased  in  the  60-ton  plant  to  6 
per  cent,  as  compared  with  5  per  cent, 
in  the  100-ton  plant.  This  is  quite  fair 
since  the  apparatus  will  have  to  run  Q&Vj 
per   cent,   more    of   the   time   each    year. 

Notwithstanding  that  the  60-ton  plant 
has  been  favored  as  much  as  possible, 
the  yearly  profit  is  SI 000  less  and  the 
percentage  of  earnings  to  investment  is 
very  little  more.  If  the  cost  of  the  stor- 
age building  should  be  somewhat  higher, 


the  100-ton  plant  would  make  a  still  bet- 
ter showing.  The  figures  indicate  how 
important  it  is  to  study  each  situation 
carefully  to  determine  the  best  combina- 
tion. Exact  estimates  should  always  be 
procured  covering  equipment  and  build- 
ings, and  if  the  same  method  is  followed 
no  difficulty  will  be  had  in  obtaining  the 
correct  solution. 

It  is  sometimes  claimed  that  a  plate 
ice  plant  is  best  because  artificial  ice 
produced  by  this  method  can  be  safely 
stored  without  refrigeration.  Plate  ice 
undoubtedly  will  look  better  than  can 
ice  when  stored  for  any  length  of  time 
without  refrigeration,  and  it  is  very  dif- 
ficult to  keep  the  latter  from  freezing 
together  because  the  cakes  are  so  even, 
but  it  is  doubtful  if  it  pays  to  thus  store 
manufactured  ice.  The  writer  has  never 
seen  any  accurate  figures  showing  per- 
centage of  meltage  and  cost  of  refrigerat- 
ing a  storage;  the  latter  can  be  estimated, 
but  it  is  almost  impossible  to  calculate 
the  former. 

It  can  be  asserted  that  a  plate  plant 
and  large  ice  storage  will  show  a  good 
profit,  not  so  much  on  saving  the  ex- 
pense of  refrigerating  the  storage,  but 
by  virtue  of  the  higher  economy  which  is 
taken  advantage  of  throughout  almost  the 
entire  year.  Using  the  same  method  as 
the  former  tabulations,  the  plate  plant  is 
figured  out  in  Table  4. 

TABLE    4.     60-TON    ICE-MAKING     PLANT- 
PLATE  SYSTEM 

(Compound  condensing  steam  engine.     5000  tons  ice 
storage) 

Complete  mechanical  equipment $60,000.00 

Building  and  foundations 40.000  00 

$100,000  00 
Daily  operating  expense 
(For  60  tons  ice  production) 

5  tons  of  coal  at  $3.50 $17.50 

One  chief  engineer 5  00 

One  niglit  ent-inorr          ;.  330 

Two  fin  n,-i,   11  S--         4  00 

Twoh:,,,.M,.,.     ,1    <L>    4,00 

Amnujiu^i,  ..il,  u  I. ir,  supplies,  etc 7.50 

$41.50 
Depreciation,  etc. 

6%  depreciation  on  machinery  ($60,000) .  $3,000  00 

2%  depreciation  on  building  ($40,000) . . .  ,S00  00 
Repairs,    taxes,    water    and    incidentals 

<67i.) 6,000.00 

$10,400.00 
Summary 
10  months'   full   operation,  300  days  at 

.  ,?f ',■•'"■  ■,■    ; $12,450.00 

All  labor  during  two  months'  shutdown, 

60  days  at  $16.50 990  00  ' 

Depreciation 10,400 .  00 

$23,840.00 
Income   from  sale  of   17,000  tons  of  ice 
(assuming   loss   of    1000   tons   through 
meltage)   at  $2,.50 42,500.00 

Profit $42,.500  —  .$23,840  =  $18,660  =  IS ,  66% 


Table  5  gives  a  summary  of  the  three 
tabulations,  which  will  be  of  assistance 
in   making   a   comparison. 

The  only  conclusion  which  can  be 
drawn  from  these  figures  is  that  there  is 
very  little  difference  between  the  three 
propositions  as  an  investment,  and  a 
careful  and  accurate  estimate  must  be 
made  in  every  instance  to  determine 
which  plant  will   prove  the  best. 


Trouble  from  Frost 

A  correspondent  recently  asked  the 
question  printed  below,  and  the  reply  fol- 
lowing may  be  of  interest  to  engineers 
experiencing  similar  trouble. 

Of  two  vertical,  single-acting  inclosed 
crank-case  ammonia  compressors,  one 
gives  trouble  by  frosting  all  over  the 
base  of  the  crank  case  and  the  water 
jacket,  while  the  other  does  not  frost  at 
all.  A  %-'m.  line  with  a  valve  connects 
the  base  of  the  compressor  which  frosts 
to  the  suction  line.  The  valve  is  left 
open  to  prevent  the  accumulation  of 
pressure  in  the  crank  case  from  forcing 
the  oil  out  through  the  shaft  stuffing- 
box.  If  the  box  is  turned  tight  enough 
to  prevent  this  it  heats.  The  frost  melts 
off  when  the  valve  is  closed.  What  causes 
the  trouble;  does  the  high-pressure  gas 
get  by  the  piston   into   the  base? 

It  would  appear  fhat  liquid  ammonia 
is  entering  the  base  of  the  frosting  com- 
pressor through  the  line  connecting  the 
base  to  the  suction  line.  This  would 
rarely  happen  if  the  connection  is  made 
into  the  bottom  of  the  line  and  the  sys- 
tem is  so  operated  that  the  suction  line 
frosts  back  heavily  at  the  point  where 
the  connection  is  made.  A  small  amount 
of  liquid  ammonia  is  sufficient  to  frost 
the  base  of  a  machine  for  a  long  time  as 
the  absorption  of  heat  through  the  heavy 
cast-iron  walls  is  slow  and  the  coating 
of  frost  offers  still   further  resistance. 

The  necessity  of  running  with  the  valve 
in  the  connecting  line  open  is  probably 
due  to  leakage  of  the  high-pressure  gas 
past  the  piston  into  the  base.  A  new  set 
of  piston  rings  carefully  fitted  will  prob- 
ably remedy  the  trouble. 

If  the  other  compressor  cannot  be  made 
to  frost  it  may  be  due  to  the  suction  line 
to  .this  compressor  offering  more  resist- 
ance to  the  passage  of  the  return  gas. 
If  the  stuffing-box  continues  to  heat  after 
the  piston  has  been  made  tight,  insert 
behind  the  last  ring  of  packing  a  thin 
split  ring  made  of  cast  iron  with  a  groove 
turned    on    the    inside    to    form    a    small 


TABLE  5.     SUMMARY  OF  COST  FIGURES 


Investment 

Daily 
Operating 
Expense 

Total 
Yearly 
Expense 

Estimated 
Profit 

Percentage 
■of  Profit  to 
Investment 

100-ton  can  ice- 
60-ton'  can    ice 

5000  tons  ice 
60~ton  plate  ie 

.5000    tons    i 

making  plant 
-making    plant    and 
storage,  refrigerated 
e-making  plant  and 
e    storage,    not    re- 

$84,000 
73.000 

100,000 

$98,50 
67,00 

41,30 

$30,075 
31.060 

23.840 

$14,925 
13.940 

18,600 

17.8 
18.6 

18.66 
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oil  pocke-t  or  miniajture  "lantern."  Make 
the  bore  of  the  ring  just  large  enough 
so  as  not  to  score  the  shaft.  The  ring 
should  make  a  snug  fit  on  the  inside  of 
the   stuffing-box. 


Measurement  of  Frigorihc 
Power* 

Countries  using  the  metric  sys.tem  ex- 
press the  power  of  a  refrigerating  ma- 
chine by  the  number  of  frigories  which 
that  machine  can  produce  in  one  hour, 
under  given  conditions  of  evaporation  and 
of  condensation.  The  power  of  machines 
is  also  often  expressed  by  the  number 
of  kilograms  of  ice  they  are  able  to 
manufacture  in  the  course  of  one  hour's 
work. 

English-speaking  countries  express  the 
power  of  machines  by  frigorific  tons  per 
24  hours;  that  unit  measures  the  quan- 


ME.\SUREMENT  OF  THE  POWER  OF  A 

REFRIGERATING  MACHINE  ACCORDING  TO 

THE  VARIOUS  SYSTEMS 


British 

American 

Frigorific, 

Frigorific, 

Gallons- 

Frigories- 

Ton  per 

Ton  per 

Degrees 

hour 

24  hr. 

24  hr. 

per  minute 

100 

0.030 

V      0.033 

0.907 

200 

0.059 

0.066 

1.814 

300 

■    0  089 

0.099 

2.721 

400 

0.118 

0.132 

3.628 

500 

0.148 

0.165 

4.535 

600 

0.177 

0.198 

5.442 

700 

0.207 

0.231 

6.349 

800 

0  236 

0  264 

7.256 

900 

0.266 

0.298 

8.163 

1,000 

0  295 

0.331 

9.070 

2,000 

0.590 

0  661 

18.014 

3,000 

0.886 

0.992 

28.21 

4,000 

1.181 

1  324 

36.28 

.5,000 

1.476 

1.655 

45.35 

6,000 

1.772 

1.986 

54.42 

7,000 

-    2.067 

2  314 

63.49 

8,000 

2. 362 

2.647 

72.56 

9,000 

2.657 

2.975 

81  63 

10,000 

2.9.59 

3.306 

90.70 

12,000 

3.549 

3.972 

108.84 

15,000 

4.428 

4.961 

136.05 

IS.OOO 

5.314 

5.950 

163.26 

20,000 

5.904 

6.612 

181.4 

25,000 

7.380 

8.275 

226.7 

30,000 

8.8.56 

9.917 

272.1 

35,000 

10.34 

11. .57 

317.5 

40,000 

11.81 

13  24 

362.8 

45,000 

13.29 

14.90 

408.2 

50,000 

14.76 

16.55 

453.0 

55,000 

16.24 

18.19 

499.0 

60,000 

17.72 

19.86 

544.0 

65,000 

19.19 

21.49 

590.0 

70,000 

20.67 

23.13 

635.0 

75,000 

22.14 

24.80 

680 

80,000 

23.62 

26.47 

726 

85,000 

25.09 

27.73 

771 

90,000 

26.57 

29.76 

816 

95,000 

28.05 

31.42 

862 

100,000 

29.52 

.     33.08 

907 

110,000 

32.47 

36.37 

998  . 

120,000 

35.43 

.39.72 

1,088 

130,000 

38. 38 

42  98 

1,179 

140,000 

41.33 

46.26 

1,290 

1.50,000 

44.28 

49.59 

t,.361 

160,000 

47.23 

52  93 

1,452 

170,000 

50.18 

55.46 

1,542 

180,000 

53.13 

59  50 

1,6.32 

190,000 

56  09 

62.84 

1,723 

200,000 

59  04 

66  11 

1,814 

210,000 

61.99 

69  43 

1.905 

220,000 

64.94 

72.74 

1,996 

230,000 

67.89 

76,05 

2,086 

240,000 

70.85 

79.44 

2,176 

250,000 

73.80 

82.64 

2,267 

260,000 

76.75 

85 .  96 

2,357 

270,000 

79.70 

89.27 

2,448 

280,000 

82.66 

92  52 

2,.540 

290,000 

85.61 

95.85 

2,630 

300,000 

88  56 

99.18 

2,722 

400,000 

118.08 

132  22 

3,628 

.500,000 

147.60 

165  28 

4,.534 

1,000,000 

295.20 

3.30 .  56 

9,068 

2,000,000 

.590.40 

661.12 

18,136 

3,000,000 

885  60 

991.68   . 

27,204 

4,000,000 

1,180.80 

1.2.32  24 

36,272 

5,000,000 

1,476.00 

1,652.80 

46,340 

tity  of  refrigeration  necessary  to  freeze 
one  ton  of  water  without  changing  its 
temperature;  that  is,  the  water  being 
taken  and  frozen  at  0  deg.  C.  However, 
the  British  or  long  ton  being  somewhat 
different  from  the  American  or  short  ton, 
the  result  is  that  units  of  power  in  the 
two  countries  are  not  alike. 

The  United  States  also  uses  another 
unit:  the  efficiency  of  machines  is  some- 
times estimated  in  gallons-degrees  per 
minute,  a  unit  measuring  the  quantity  of 
refrigeration  necessary  to  lower  by  1 
deg.  F.  the  temperature  of  1  gal.  of  water 
taken  at  33  deg.  F. 

The  concordance  between  these  vari- 
ous units  is  shown  in  the  accompanying 
table. 


Dra\viag    Ammonia    from 
Compression  System 

In  a  recent  issue  of  Power,  Mr. 
McGerry  illustrates  and  describes  a  meth- 
od of  removing  ammonia  from  the  piping 
system  of  a  compression-refrigerating  or 
ice-making  plant,  and  storing  it  in  an 
empty  drum.  It  is  poor  practice  to  at- 
tempt to  remove  liquid  ammonia  from 
the  system  connecting  the  empty  drum 
to  the  highest  point  of  the  receiver;  the 
proper  place  for  such  a  connection  is  at 


connection  at  the  liquid  receiver,  the  re- 
lief line  may  be  carried  to  the  ammonia 
suction  line  or  left  open  to  the  atmos- 
phere. In  hotels  or  office  buildings,  the 
last  mentioned  plan  could  not  be  used, 
as  ammonia  cannot  be  permitted  to  es- 
cape to  the  open  air. 

It  is  understood,  of  course,  that  the 
outlet  valve  E  on  the  liquid  receiver  is 
closed,  the  gas  released  at  valve  B  pass- 
ing above  the  seat  of  valve  £  and  on 
through  the  line  to  either  the  freezing  or 
direct-expansion  coils,  and  finally  back 
to  the  compressor,  where  it  is  again  dis- 
charged to  the  condensers  and  condensed 
to  liquid  form. 

It    is    important    when    filling    empty 
drums    to    watch    the    scales    closely    so 
that  the  drums  are  not  filled  too  full. 
Thomas  Baker. 

New  York  City. 


Wear  in  Ammonia  Compres- 
sor Cylinder 

I  would  like  to  have  readers  of  Power 
explain  why  a  horizontal  ammonia-com- 
pressor cylinder  wears  more  at  the  top 
than  on  the  bottom  surface  of  the  cylin- 
der. For  several  years  I  have  noticed 
in  overhauling  and  reboring  horizontal 
ammonia-compressor    cylinders    that    the 
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the  drain  valve  on  the  bottom  of  the 
receiver. 

As  a  rule,  the  liquid  receiver  is  set  high 
enough  above  the  floor  level  to  be  over 
the  inlet  connection  on  the  empty  am- 
monia drum  when  it  is  placed  on  a  pair 
of  platform  scales.  In  the  sketch  the 
empty  drum  is  shown  connected  differ- 
ently. 

To  remove  the  charge,  operate  the  com- 
pressor slowly,  allowing  condensing  water 
to  circulate  freely  over  the  ammonia 
condenser.  See  that  the  inlet  valve  A 
on  the  ammonia  receiver  is  open,  allow- 
ing the  liquid  ammonia  to  flow  from  the 
ammonia  condenser  into  the  liquid  re- 
ceiver. Next  open  the  valve  on  the  empty 
ammonia  drum,  then  open  the  drain  valve 
D  and  let  the  liquid  ammonia  flow  into 
the  empty  drum.  The  charging  valve  C 
should  also  be  opened  and  when  the  line 
connecting  the  liquid  receiver  and  empty 
drum  becomes  gas-bound,  valve  B  on  the 
line  to  the  charging  valve  can  be  opened 
for  an  instant,  allowing  the  compressor 
to  relieve  the  gas-bound  line. 

In  cases   where   there  is   no   charging 


most  wear  seems  to  be  on  the  top  surface 
of  the  cylinder  irrespective  of  the  loca- 
tion of  the  suction  or  discharge  valves. 
Some  machines  have  suction  valves  on 
top  and  some  have  the  discharge,  but 
both  develop  the  same  peculiar  wear  in 
the  cylinder. 

C.   E.  Anderson. 
Chicago,  111. 


Compressed  Air  from  Am- 
monia Compressor 

In  our  plant  we  have  no  air  com- 
pressor and  as  we  have  a  number  of 
motors  which 'require  frequent  cleaning 
as  they  are  located  in  dirty  places,  we 
have  been  compressing  the  air  for  this 
purpose  with  the  ammonia  compressor. 
The  ammonia  was  first  worked  out  of  the 
cylinder;  the  discharge  valves  were  then 
closed  and  the  purge  valves  opened.  The 
suction-purge  plugs  were  then  removed 
and  air  under  pressure  turned  on  to  the 
motors. 

M-^RTiN  McGerry. 

HoUey,  N.  Y. 
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A  New  Analy.sis    of  Indicator 
Diagrams 

An  indicator  diagram  gives  the  pres- 
sure of  steam  with  which  the  cylinder 
was  filled  at  any  point  in  the  stroke. 
Knowing  the  volume  of  the  cylinder  up 
to  the  chosen  point  and  the  number  of 
times  it  is  filled  per  hour,  it  is  easy  to 
compute,  if  the  point  chosen  is  after  cut- 
off takes  place,  the  volume  of  steam  of 
the  indicated  pressure  passing  through 
the  engine  per  hour. 

If  the  contents  of  the  cylinder  were  all 
dry-saturated  steam,  the  weight  per  cubic 
foot  could  be  taken  from  the  steam  tables 
and  the  weight  of  steam  used  per  hour 
determined,  but  a  considerable  quantity 
of  water  is  present,  caused  by  condensa- 
tion upon  the  containing  surfaces,  and 
any  determination  based  upon  the  as- 
sumption that  the  steam  is  dry  saturated 
will  be  from  fifteen  to  fifty  per  cent,  in 
error. 

As  the  pressure  is  lowered  by  expan- 
sion a  portion  of  the  water  is  evaporated 
so  that  the  expansion  line,  Instead  of 
falling  off  as  rapidly  as  it  would  if  only  a 
constant  weight  of  steam  were  acting, 
is  kept  up  until  the  curve  resembles  the 
isothermal  or  constant  temperature  curve 
of  a  perfect  gas. 

It  is  natural  to  suppose  that  the  form 
of  the  curve  would  be  influenced  by  the 
amount  of  heated  water  present  at  the 
commencement  of  expansion,  and  Paul 
J.  Clayton,  of  the  engineering-experi- 
mental station  of  the  University  of  Il- 
linois, in  a  remarkable  paper  presented 
to  the  American  Society  of  Mechanical 
Engineers  and  abstracted  on  page  858, 
shows  that  this  is  so.  A  large  number 
of  indicator  diagrams  were  replotted  up- 
on logarithmically  ruled  paper,  and  un- 
less the  conditions  under  which  they 
were  taken  were  abnormal,  the  expansion 
and  compression  curves  became  straight 
lines,  but  with  different  inclinations  for 
different  diagrams. 

The  most  significant  fact  brought  out 
by  Mr.  Clayton  is  that  there  is  a  definite 
relation  between  the  inclination  of  the  ex- 
pansion curve  so  plotted  and  the  quality 


of  the  steam;  that  is,  the  amount  of 
moisture  present  at  the  commencement 
of  expansion. 

If  this  relation  can  be  determined  with 
precision,  the  engineer  will  have  at  his 
command  an  easy  way  to  determine,  with 
just  the  same  degree  of  precision,  the 
water  rate  of  his  engine  simply  by  tak- 
ing a  diagram  from  it.  An  engine,  in- 
stead of  having  its  performance  deter- 
mined once  in  its  lifetime  by  a  laborious 
and  expensive  test,  can  be  kept  under 
constant  surveillance,  any  increase  in  its 
steam  consumption  detected  and  the  cause 
removed.  The  size  of  the  engine  appears 
to  have  little  effect  upon  this  relation; 
speed  has  some  effect  and  pressure  more. 
Mr.  Clayton  has  evolved  such  a  state- 
ment of  the  relation  as  to  enable  one  to 
calculate  the  water  rate  for  the  ordinary 
case  with  an  average  difference  of  some 
four  per  cent,  between  the  calculated  re- 
sults and  those  obtained  by  weighing  the 
exhaust.  It  is  likely  that  the  analysis  of 
a  larger  number  of  diagrams  and  a  study 
of  the  conditions  under  which  they  were 
taken  will  result  in  a  formula  or  set  of 
diagrams  which  will  give  still  more  ac- 
curate results  for  a  case  of  which  all 
the  conditions  are  known,  and  the  great- 
est service  which  an  engineer  who  has 
access  to  diagrams  taken  while  the  water 
rate  was  being  measured  can  perform  for 
steam  engineering  is  to  either  plot  these 
diagrams  himself  or  send  them  to  Mr. 
Clayton  or  to  Power  with  a  complete 
statement  of  the  significant  conditions. 

Besides  determining  the  water  rate, 
the  new  method  of  analysis  indicates 
much  more  positively  than  does  the  origi- 
nal diagram,  leakage  into  or  out  of  the 
cylinder  and  affords  means  of  definitely 
determining  the  clearance.  It  is  applicable 
to  diagrams  from  internal-combustion  en- 
gines, air  and  ammonia  compressors, 
etc.,  as  well  as  to  those  from  the  steam 
engine. 

We  heartily  recommend  the  reading  of 
the  abstract  on  page  858  and  urge  the 
reader  to  try  the  analysis  in  his  own 
practice  and  report  results.  Logarithmical- 
ly ruled  paper  may  be  obtained  from 
any  dealer  in  draftsman's  supplies  and 
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copies  of  the  complete  paper  may  be  had 
upon  application  to  the  secretary  of  the 
American  Society  of  Mechanical  Engi- 
neers, 29  West  Thirty-ninth  St.,  New 
York. 


Prof.  Clayton  has  shown  that  by  re- 
plotting  an  indicator  diagram  upon  log- 
arithmically ruled  paper  a  number  of 
po'nts  are  brought  out  that  the  original 
diagram  fails  to  show.  It  remains  now 
for  somebody  to  invent  a  logarithmic 
reducing  motion  and  pencil  movement  so 
that  one  can  take  the  logarithmic  dia- 
grams right  from  the  cylinder  and  pro- 
ceed to  analyze  without  all  the  trouble 
of  replotting. 

Depreciation  and  Obsolescence 
A  steam  plant  uses  up  something  be- 
sides coal  and  oil  and  waste  and  water. 
It  uses  up  boilers  and  engines  and  pumps 
and  apparatus.  When,  therefore,  one 
computes  the  cost  of  making  power  he 
must  take  into  account  not  only  the  fuel 
and  water  and  wages  and  small  sup- 
plies but  the  plant  which  is  being  used 
up  and  is  depreciating  in  value  from  year 
to  year. 

From  the  point  of  view  of  reconvert- 
ibility  into  hard  cash  a  large  depreciation 
takes  place  at  the  start.  An  engine  which 
has  been  run  ever  so  little  cannot  be 
sold  for  anything  like  what  it  cost  set 
up  and  ready  to  run.  But  it  is  usual  to 
assume  that  the  business  will  continue 
throughout  the  life  of  the  engine  and  to 
charge  each  year's  e.xpenses  with  an 
equal  proportion  of  its  cost.  Supposing 
a  plant  will  last  twenty  years  there  would 
be  added  to  the  actual  current  expendi- 
tures of  each  year  one-twentieth,  or  five 
per  cent. -of  the  cost  of  the  plant  in  mak- 
ing up  the  cost  of  power  production.  This 
is  depreciation.  The  amount  thus  re- 
served from  the  profits  is,  theoretically 
at  least,  set  aside  for  the  purchase  of 
new  apparatus  as  the  old  is  used  up. 
The  amount  thus  set  aside  from  year  to 
year  is  capable  of  earning  interest,  and 
if  credited  with  compound  interest,  a  con- 
siderably less  percentage  need  be  charged 
off  each  year. 

The  purpose  of  the  account  is  likely 
to  make  a  difference  in  the  method  of 
handling  this  item.  A  public-service  cor- 
poration should  not  be  allowed  to  use  it 
as  a  means  of  swelling  the  cost  for  pur- 
poses of  rate  fixing,  and  then  not  apply 
it  to  its  avowed  purpose.     If  at  the  end 


of  the  usefulness  of  the  plant  the  capital 
or  investment  fund  upon  which  interest 
and  profits  are  to  be  earned  is  credited 
with  the  investment  for  the  new  it  should 
be  charged  with  what  has  been  collected 
for  depreciation  upon  the  old. 

But  it  may  happen  that  long  before 
the  machinery  is  worn  out  it  may  be 
rendered  obsolete  by  the  invention  or  de- 
velopment of  something  which  is  so  much 
better  that  its  owner  cannot  alford  to 
continue  to  use  it.  This  obsolescence  or 
the  likelihood  of  it  should  not  be  allowed 
to  be  mixed  up  with  depreciation.  The 
old  plant  will  make  good  on  the  basis 
of  the  original  estimate.  It  will  cost  no 
more  to  run  it  than  it  was  expected  that 
it  would  because  there  has  been  some- 
thing found  later  which  will  run  more 
economically.  The  new  thing  must  be  so 
much  better  that  it  will  pay  for  the  sacri- 
fice, the  obsolescence,  of  the  old.  In  case 
it  will  do  this  the  investment  account 
should  be  credited  with  the  amount  in- 
vested in  the  new  machinery  and  charged 
with  the  depreciation  already  collected 
upon  that  which  it  displaces  together  with 
whatever  the  old  may  bring  if  disposed 
of.  This  will  leave  the  uncollected  por- 
tion of  the  original  cost  of  the  old  ap- 
paratus in  the  capital  or  investment  ac- 
count to  go  on  collecting  depreciation 
until  the  original  cost  of  the  old  ap- 
paratus has  been  wiped  out,  when  it 
should  cease  so  far  as  that  investment  is 
concerned. 


Action  between  Ash    and 
Firebrick 

E.  G.  Bailey,  combustion  engineer,  of 
Boston,  brought  out  a  point  in  a  recent 
lecture  to  the  Institute  of  Operating  En- 
gineers in  New  York.  The  trend  of  boiler 
practice  has  been  in  the  direction  of  get- 
ting greater  evaporation  from  a  given 
amount  of  heating  surface.  The  old  idea 
that  economy  lay  in  large  ratios  of  heat- 
ing to  grate  surface,  in  having  a  lot 
of  water-cooled  surface  to  absorb  the 
heat  from  the  gases,  in  burning  coal  at 
moderate  rates  of  combustion  has  been 
discounted  by  engineers  who  had  to 
run  their  boilers  for  all  that  there  was 
in  them  to  get  over  a  peak,  and  who 
found  that  the  loss  of  efficiency  when 
running  under  these  forced  conditions 
was  surprisingly  small. 

It  develops  that,  whether  or  not  it  pays 
to    run    boilers    at    considerably    over    3 


pounds  of  evaporation  per  square  foot 
of  grate  surface  with  deliberate  intent 
and  as  a  regular  practice,  it  is  cheaper 
to  double  this  rate  during  the  few  hours 
of  excessive  demand  than  to  keep  a 
large  reserve  of  extra  boilers  with  banked 
fires  standing  the  greater  part  of  the  time 
for  use  only  under  peak-load  conditions. 
Furthermore,  it  has  been  found  that  a 
better  control  of  furnace  conditions  is 
possible  with  a  lively  rate  of  combus- 
tion than  when  the  fire  is  simply  allowed 
to  mull  and  the  boiler  to  stew. 

The  limit  to  progress  in  this  direction 
has  been  set  not  by  the  capacity  of  the 
boiler  to  absorb  the  heat,  but  by  the 
ability  of  the  furnace  to  stand  it.  It  is 
a  question  of  how  much  firebrick  one  can 
afford  to  burn;  how  often  he  can  afford 
to  replace  furnace  walls  and  arches.  The 
country  has  been  scoured  for  furnace  ma- 
terial which  will  stay  put  with  these  high 
rates  of  combustion. 

Mr.  Bailey  has  previously  called  atten- 
tion forcibly  to  the  important  relation 
of  the  fusing  point  of  the  ash  to  the 
clinkering  properties  of  the  coal.  Clinker 
is  simply  melted  ash.  An  ash  which 
melts  at  a  low  temperature  will  clinker 
easily  and  have  a  more  prejudicial  ef- 
fect upon  the  actual  practical  value  of 
the  coal  than  a  much  larger  percentage 
of  ash  which  will  not  fuse  but  will  work 
itself  out  of  the  fire  in  the  powdery  form 
and  allow  the  firing  to  go  on  uninter- 
ruptedly and  with  infrequent  cleaning. 

He  now  shows  that  the  chemical  con- 
stitution of  the  ash  has  an  important  in- 
fluence upon  the  fusibility  of  the  fire- 
brick. Certain  constituents  of  ash  act 
upon  certain  clays  in  the  same  way  that 
the  flux  put  into  a  cupola  for  the  pur- 
pose reduces  the  fusibility  of  its  con- 
tents. In  one  case,  for  instance,  where 
they  were  having  trouble  with  the  fur- 
nace linings,  the  fusing  temperature  of 
the  firebrick  was  found  to  be  3100  de- 
grees and  that  of  the  ash  2600  degrees, 
but  combined  they  fused  at  2400  degrees. 
The  ash  from  other  coals  would  not  have 
produced  this  effect  upon  this  particular 
brick,  and  other  brick  might  have  been 
used  with  this  same  ash  without  hav- 
ing its  melting  point  so  materially  af- 
fected. It  would  seem  as  though  there 
were  an  interesting  line  of  investigation 
here,  which  promises  to  have  an  im- 
portant bearing  upon  a  power-plant  prob- 
lem  of  very  pressing  interest. 
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Internal  Steam    Pipe   Design 

The  usual  design  of  internal  steam 
pipes  on  locomotive  boilers  is  shown  at  B 
in  the  illustration.  The  removal  or  re- 
pair of  such  pipes  when  broken  as  shown 
is  very  difficult,  especially  when  the  tubes 
are  in  the  boiler.     The  nuts  A  are  gen- 


to  40  lb.  and  carefully  opened  the  blow- 
off  valve.  After  a  little  spitting  the 
water  appeared,  carrying  before  it  a 
powdery  substance.  As  soon  as  the  water 
began  to  flow,  the  pipe  cooled  off.  The 
chief  then  partially  closed  the  valve  to 
permit  a  small  amount  of  water  to  run 
through    all   the   time,   thus    keeping    the 


Internal   Steam    Pipe   of    Locomotive  Boiler 


erally   rusted   fast  to   the   ring   and   have 
to  be  split  before  they  can  be  removed. 

To  avoid  such  trouble  I  designed  the 
arrangement  shown  at  E.  A  cast-iron 
oval  flange  with  a  cop"per  screw  connector 
is  used  to  avoid  the  action  of  rust.  The 
clip  bolts  are  done  away  with  and  long 
holts  used  instead.  The  nuts  are  brass 
and   easy   to   remove. 

A.  L.  Haas. 

London,  England. 


pipe  cool.  The  pressure  was  again  raised 
and  everything  going  in  less  than  20 
minutes. 

How  did  the  pipe  get  red  hot,  if  it 
was  full  of  water?  Will  some  reader 
inform  me  the  best  way  to  draw  a  saw- 
dust fire  ? 

Paul  Hannemann. 

Passadumkeag,    Maine. 


Why  Did  the   Blowoff  Pipe 
Get  Red   Hot? 

In  a  lumber  mill  steam  is  furnished  by 
a  new  horizontal  return-tubular  boiler 
6',jxl8  ft.;  the  fuel  is  sawdust.  The 
boiler  was  ordered  in  commission  but  the 
cast-iron  protection  sleeve  for  the  blowoff 
pipe  had  not  arrived.  As  there  were  no 
firebricks  to  protect  the  blowoff  pipe, 
the  chief  placed  a  piece  of  old  steel 
rail  in  front  of  it  so  as  to  break  at  least 
part  of  the  flames. 

Everything  went  well  for  about  two 
hours,  when  the  chief  suddenly  startled 
me,  saying:  "The  blowoff  is  red  hot!" 
We  at  once  reduced  the  steam  pressure 


Corliss  Engine  Diagrams 

The  diagrams  in  Figs.  1  and  2  were 
taken  from  an  old  crab-claw  single-ec- 
centric Corliss  engine;  Fig.  1  was  taken 
under  normal  running  conditions,  and  Fig. 
2  with  a  back  pressure  of  12  lb.  added 
to   the   normal   conditions. 

Fig.  2  is  peculiar  in  that  it  was  taken 
from  a  single-eccentric  engine  with  lap 
on  the  steam  valves,  and  the  eccentric 
set  at  90  deg.  ahead  of  the  crank.  It 
seems  to  me  that  cutoff  should  have  oc- 
curred at  one-half  stroke.  I  believe  that, 
due  to  the  additional  load,  the  engine  at- 
tempted to  hold  the  cutoff  until  the  end 
of  the  stroke,  but  because  of  dull  toes 
on  the  crab-claw  it  fell  off  at  this  point, 
but  why  it  should  cut  off  just  when  the 


mean   effective  pressure  equaled   that  of 
Fig.   1,  I  should  like  explained. 

Fig.  3  was  taken  from  a  modern  Cor- 
liss  engine.      I    tied    up    the   catch   block 


Fig.  2 

on  one  end  so  thai  the  other  would  have 
to  do  all  the  work.  The  result  shown  by 
the  dotted  line  is  a  mean  effective  pres- 
sure of  42  lb.,  the  total  of  that  of  both 
the  head  and  crank  ends. 


Fig.  4 

Fig.   4   shows   a   card   taken    from    the 
above    engine    while    starting    and    until 
normal  speed  and  cutoff  were  reached. 
A.   C.   Waldron. 

Revere,  Mass. 


Silencing  a  Noisy  Valve  Gear 
Recently  a  friend  requested  that  I  sug- 
gest a  cure  for  a  noisy  valve-gear  on 
his  Corliss  engine.  I  found  that  the 
links  were  nicely  adjusted,  the  leather 
cushions  on  the  latches  were  of  sufficient 
thickness,  and  I  was  about  to  pronounce 
the  gear  in  excellent  condition  when  he 
informed  me  that  when  running  the  valve 
stems  moved  vertically  for  quite  a  per- 
ceptible distance. 

Further  examination  showed  that  fhe 
hubs  of  the  brackets  were  considerably 
worn,  and  that  the  vaTve  stems  were 
worn  flat  on  the  top  and  bottom;  the  oil 
holes  leading  to  the  stem  were  also 
plugged  solid. 
We  turned  down  the  stems  to   round 
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them  properly.  As  there  was  plenty  of 
stock  in  the  bracket  we  bored  it  larger 
hy  -Js  in.,  after  which  we  cut  a  slot  for 
its  entire  length.  A  piece  of  shafting  a 
trifle  smaller  than  the  valve  stem  was 
then  centered  in  it,  after  which  babbitt 
metal  was  poured  into  the  circular  space. 
The  hole  was  then  bored  to  the  required 
size  and  the  oil  holes  drilled  out.  A 
groove  connecting  the  holes  was  then 
made  and  the  parts  reassembled.  The 
engine  now  runs  smoothly  and  without 
noise. 

Leighton    Johnson. 
Exeter,  N.  H. 


Comment  on  These  Diagrams 

The  indicator  diagram,  Fig.  1,  was 
taken  from  the  high-pressure  cylinder  of 
a  24  and  34  by  48-in.  cross-compound 
condensing  Corliss  engine  running  un- 
der at  60  r.p.m.,  and  belted  to  a  500- 
ton  refrigerating  machine.  Fig.  2  was 
taken    from    the    low-pressure    cylinder. 


The  boiler  pressure  was  145  lb.,  receiver 
pressure  20  lb.  and  24  in.  of  vacuum 
obtained  while  taking  the  diagrams. 

Figs.  3  and  4  were  taken  from  the 
low-pressure  cylinder  of  a  tandem-com- 
pound noncondensing  engine,  running  un- 
der at  90  r.p.m.  Fig.  5  was  taken  from 
the  24x48-in.  steam  cylinder  of  an  air 
compressor,  with  the  air  cylinder  tandem- 
coupled  to  the  steam  cylinder.  The  en- 
gine is  noncondensing,  using  steam  at 
150  lb.  and  running  at  50  r.p.m.  Fig.  6 
was  taken  from  the  air  cylinder  of  the 
above  engine,  the  air  pressure  being  75 
lb.  Will  interested  readers  comment  on 
these  diagrams? 

C.  E.  Anderson. 

Chicago,   111. 


FlG.   1 


Taking  Steam  from  Water 
Column  Connections 

Fig.  1  illustrates  the  water  column  and 
connections  as  found  in  a  certain  plant. 
They  are  made  with  1'4-in.  pipe  and 
valves,  but  a  reducing  tee  was  used  in 
the  upper  connection.  A  J^-in.  outlet  is 
thus  provided,  which  branches  in  two 
directions.  One  of  them  is  connected  to 
the  damper  regulator,  and  as  steam  is  not 
drawn  through  it  no  harm  is  done,  but 
the  principle  is  wrong.  The  other  sup- 
plies a  machine  that  takes  enough  to 
reduce  pressure   in   the    1'4-in.   connec- 


FiG.  4 
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from  the  column  and  pipes,  dry  steam 
was  secured  for  cleaning  the  tubes.  If 
this  is  done  when  the  fire  is  banked,  no 
special  harm  results,  but  where  a  boiler 
is  not  heavily  loaded,  it  is  practicable 
to  clean  the  tubes  while  the  engine  is  run- 
ning rather  than  either  before  or  after 
the  regular  working  day.  During  this 
time  it  is  impossible  to  know  how  much 
water  is  in  the  boiler,  which  is  bad  prac- 
tice. 

A  safe  rule  is,  never  connect  anything 
into  water-column  connections  except  the 
water   column. 

W.   H.   Wakeman. 

New   Haven,  Conn. 


Mismanaging  Fires 

The  head  fireman  of  a  certain  plant  had 
an  assistant  who  wanted  to  do  things 
right,  but  the  former  would  not  let  him; 
the  assistant  seemed  the  better  man  of 
the  two.  On  a  visit  to  the  plant  I  found 
an  opportunity  to  give  him  the  advice  an 
older  man  could  give  to  a  younger  one. 
In  a  short  while  the  assistant  fireman 
was  in  full  charge  and  the  other  fellow 
had  gone. 

The  new  man  had  the  defective  grates 
removed  and  a  new  set  put  in.  The 
other  fireman  had  piled  coal  into  the 
furnace  any  way  that  was  most  con- 
venient, but  the  new  man  put  the  coal 
in  evenly  and  maintained  a  bed  about  8 


Fig.  2. 


Water  Column  Connections 


FlG.  6 
Air  Cylinder  Diagram 


tion;  hence  when  only  a  partial  load  is 
carried,  the  water  in  the  gage-glass  rises 
and  falls,  proving  that  the  indication  is 
not  reliable.  On  full  load  the  water  goes 
out  of  sight  in  the  glass,  and  some  of 
it  mingles  with  the  outgoing  steam.  This 
is  not  only  dangerous,  because  it  shows 
a  false  water-level,  but  very  wet  steam 
is  supplied   to  operate  the  machine. 

Fig.  2  shows  another  water  column 
with  suitable  connections.  The  engi- 
neer used  the  drip  pipe  to  supply  steam 
for  the  tube  blower.  Having  connected 
it  as  shown,  he  opened  A,  closed  B  and 
opened  C.     After  all  water  was  drained 


in.  thick.  By  attending  to  his  work  he 
soon  had  the  confidence  of  his  chief  en- 
gineer. 

In  another  case  I  found  a  fireman  op- 
erating with  grate  bars  that  had  been 
heated  excessively  in  the  past  and  the 
weight  of  the  coal  had  caused  them  to 
settle.  The  engineer  and  the  fireman  re- 
peatedly asked  the  management  for  a 
new  grate  which  was  promised  many 
times  but  never  arrived.  One  day  a 
new  fireman  came  on  the  Job,  and  as  he 
was  a  good  talker  and  had  the  backing 
of  the  engineer,  he  got  the  manager  to 
order  a  new  grate.  It  often  happens  (hat 
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managers  will  not  take  the  advice  of  the 
old  employees,  but  will  take  the  word  of 
a   new  man   without   question. 

In  another  place  the  grate  bars  were  in 
order,  but  the  fireman  had  14  in.  of  fuel 
heaped  like  a  camel's  back  in  the  center. 
He  soon  lost  his  job.  On  the  arrival 
of  an  expert  the  plant  was  shut  down 
for  20  hours  to  put  ever>'thing  in  order. 
Then  a  likely  young  fireman  who  had 
worked  about  the  boiler  room  was  given 
instructions  in  firing;  the  new  man  pulled 
through   all   right. 

George  Rice. 

Melrose   Highlands,  Mass. 


Novel  Oil    Baffler 

A  mule  pulley  in  the  finishing  room  of 
our  plant  threw  an  oil  spray  which  dam- 
aged the  stock  and  machines  and  made 
it  unpleasant  for  the  operatives. 


Barrel  Oil  Baffler 

To  correct  the  evil  1  placed  a  flour 
barrel.  A,  around  the  pulley  as  shown 
in  the  illustration.  The  barrel  was  thor- 
oughly reinforced  throughout  and  a  hole 
bored  in  the  bottom  to  the  size  of 
the  shaft.  The  braces  were  removed 
from  the  bottom  of  the  shaft  and  the 
barrel  slipped  over  the  pulley  into  posi- 
tion. A  collar  B  was  fastened  on  the 
shaft  to  support  the  barrel,  and  braces  C 
to  the  top  of  the  barrel  and  I-beam  for 
the  same  purpose.  Slits  D  were  cut  in 
the  barrel  for  the  belt. 

The  device  was  a  success  as  it  has  been 
in  service  for  two  months  and  prevents 
the  oil   from  doing   further  damage. 

Peter  Vandenberg. 

Paterson,   N.   J. 


Doing  without  a  Planimeter 

For  those  engineers  who  do  not  use  a 
planimeter,  the  following  is  a  quick  though 
an  old  way  to  divide  a  card  into  ordi- 
nates: 

The  cards  should  be  about  4  in.  long; 
if  shorter,  the  end  lines  must  be  con- 
tinued on  a  sheet  of  paper  beneath  the 
card.  Along  the  atmospheric  line  place 
a  square  and  draw  a  line  perpendicular 
to  the  atmospheric  line  at  each  end  of 
the  card.     Next  place   a   rule   diagonally 


across  the  card,  as  shown  in  the  illustra- 
tion, putting  one  end  on  one  of  the  ver- 
tical lines  and  having  the  5-in.  mark 
touching  the  other. 


Position  of  Scale  for  Obtaining 
Ordinates 

Starting  from  either  end,  first  mark  off 
li  in.  and  then  every  '/j  in.;  this  leaves 
a  y^-in.  space  at  the  other  end.  By 
placing  the  square  on  the  atmospheric 
line  again  and  drawing  vertical  lines 
through  these  points,  the  card  will  be 
divided  into  10  equal  parts.  Adding  the 
lengths  of  the  ordinates  and  dividing  by 
10,  and  rhultiplying  the  quotient  by  the 
scale  of  the  spring  will  give  the  mean 
effective  pressure.  The  sum  of  the  mean 
effective  pressure  of  both  cards  divided 
by  2  gives  the  mean  effective  pressure 
to  use  in  working  out  the  horsepower 
of  the  engine. 

James  A.  Campbell. 

Providence,  R.  I. 


Replacing  a  Tube  Header 

A  tube  header  of  the  Babcock  &  Wil- 
cox type  cracked,  as  shown  at  A,  in  the 
illustration.  As  all  the  tubes  were  prac- 
tically new  it  was  decided  to  remove  the 
header  without  disturbing  the  tubes  in 
the  header  at  the  opposite  end.  Each, 
was  temporarily  blocked  to  retain  its 
original   position   and   small    holes   were 


which  they  were  drawn  by  placing  the 
tool  C  over  their  ends  and  hammering  it. 
This  tool  tapers  very  slightly  and  by 
using  a  coarse  taper  in  starting  and  a 
slight  one  in  finishing,  the  work  can  be 
more   quickly   done. 

Each  tube  was  drawn  to  a  ring  gage 
of  the  original  diameter  of  the  tube,  then 
the  new  header  was  placed  over  the  tubes 
which  were  expanded  in  the  usual  man- 
ner. The  opposite  ends  did  not  need  re- 
rolling.  This  process  took  less  time  than 
cutting  out  the  tubes  and  replacing  them 
and    both    headers. 

A.  M.  QuiNN. 

Canton,   Ohio. 


Repair  to  an  Engine  Cylinder 

While  in  charge  of  the  machinery  of 
a  steamboat  on  the  Great  Lakes,  where 
the  continuous  operation  of  the  dynamo 
engine  is  important  because  the  signal 
light  must  be  bright,  the  dynamo  engine 
blew  out  the  shoulder  in  the  stuffing-box 
as  shown  at  A,  permitting  the  piston-rod 
packing    to    pass    up    into    the    cylinder. 


Cylinder  and  Repair  Parts 


causing  a  shutdown.  The  accident  oc- 
curred on  Lake  Huron  in  a  heavy  sea  at 
2  a.m.,  the  time  incidents  of  that  nature 
usually  happen. 

A  piece  of  sheet  iron  ]/»  in.  thick,  cut 
as  shown  at  C,  was  forced  into  the  bot- 
tom of  the  cylinder  so  that  the  clips  ex- 
tended out  into  the  counterbore.  Two 
holes  were  then  drilled  through  the  bot- 
tom head  where  it  was  secured  by  two 
bolts  as  shown.  The  engine  was  re- 
packed  and   in   operation  again   in   about 
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Section  of  Cracked  Header,  Improvised  Forge  and  Reducing  Tool 


drilled  in  the  header  between  the  tubes. 
By  driving  drifts  and  chisels  into  these 
holes,  the  header  was  easily  broken  and 
removed. 

The  expanded  ends  of  the  tubes  were 
then  reduced  by  heating  in  a  home-made 
forge,  shown  at  B.  This  forge  was  made 
of  old  pipe  and  fittings,  and  a  charcoal 
fire  supplied  with  compressed  air  through 
the  hose  E  gave  good  results.  The  forge 
was  placed  over  the  tube  ends  until 
they  were  heated   to   a  cherry  red,  after 


an  hour.  It  was  kept  in  operation  in  that 
condition  for  four  days,  and  except  for 
slight  leakage  around  the  piston  rod  the 
operation  was  perfect. 

On  reaching  an  Ohio  port  a  false  or 
counter  stuffing-box  was  made,  as  shown 
at  R,  and  a  smaller-size  packing  used. 
Two  seasons  after  that  the  engine  was 
still  in  good  condition  and  using  the 
false  stuffinf-box. 

J.  H.  Cunningha.m. 

Toledo,  Ohio. 
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Questions  Before  the  House 

Comment,  criticism,  suggestions  and  debate  upon  various  articles, 
letters   and   editorials    which  have  anpeared  in  previous  issues 


Results  of  Burning  Screenings 

Mr.  Mowat  states  in  his  article  under 
this  title  in  the  May  7  issue  that  coke 
screenings  can  now  be  burned  with  suc- 
cess where  previously  it  was  futile  to 
attempt  it.  I  have  successfully  burned 
screenings  for  the  past  six  years  in  New 
York  City  and  vicinity.  Mr.  Mowat  does 
not  tell  the  type  of  grates  used,  the  per- 
centage of  air  space  or  the  type  of  steam- 
jet  blowers.  I  think  the  first  of  these 
items  is  important  in  successfully  burn- 
ing coke  screenings. 

His  statement  that  "the  pressure  in 
the  ashpit  corresponding  to  a  given  steam 
pressure  at  the  blowers  was  determined 
by  the  rate  of  firing"  leads  one  to  be- 
lieve that  the  ashpit  pressure  was  not 
taken  during  the  test,  but  was  computed 
from  the  rate  of  combustion  and  the 
steam  pressure  on  the  blowers.  If  this 
is  so,  the  inadequate  method  would  lead 
to  inaccurate  test  results. 

It  is  also  said  that  every  two  or  three 
minutes  the  fire  was  stirred  on  top  and 
leveled  off.  This  may  be  good  in  testing 
for  maximum  efficiency,  but  is  extremely 
poor  boiler-room  practice  because  the 
economy  effected  by  burning  the  coke 
breeze  would  be  counteracted  by  the 
heavy  expense  incurred  by  having  extra 
firemen. 

I  agree  with  him,  however,  as  to  the 
benefits  of  balanced  draft,  but  how  was 
the  steam  consumption  of  the  blower  com- 
puted ?  Was  it  during  the  actual  test  or  on 
a  previous  test?  I  ask  this  because  the 
percentage  of  steam  used  by  steam  blow- 
ers is  sometimes  exceptionally  low.  On 
a  Stirling  boiler  rated  at  287  hp.,  with 
coke  breeze  almost  identical  with  that 
Mr.  Mowat  used,  I  obtained  a  rate  of 
combustion  of  25  lb.  per  square  foot  of 
grate  area,  with  an  ashpit  pressure  of 
0.76  in.  of  water  and  a  net  equivalent 
evaporation  from  and  at  212  deg.  per 
pound  of  moist  coke,  of  6.6  compared 
to  his  5.4,  which  is  his  best  figure.  He 
obtained  an  efficiency  of  52  per  cent. 
whereas  mine  is  62  per  cent. 

With  this  boiler  the  percentage  of 
builders'  ratins  developed  was  141  per 
cent.,  which  is  almost  identical  with  Mr. 
Mowat's  result.  The  water  was  measured 
by  using  calibrated  scales  and  weighing 
the  water  and  fuel  accurately. 

Ernest  D.  Fieux. 

New  York  City. 


Erecting  a  Large  Engine 
Flywheel 

F.  C.  Holly's  article  under  this  head- 
ing in  the  Dec.  12  issue  should  prove 
of  great  value  to  most  engineers.  Power 
should  have  more  such  articles.  Articles 
on  placing  and  aligning  cylinders  and 
bedplates  of  both  horizontal  and  vertical 
engines  would  be  welcome. 

What  size  rope  blocks  would  Mr.  Holly 
use  in  turning  half  of  a  flywheel  around 
the  shaft,  as  mentioned  in  his  article, 
the  weight  being  about  5 ■/  tons? 

O.  G.  A.   Petterson. 

Manitoba,  Canada. 


Engineers  All  Dead 

The  foreword  under  this  heading  in 
the  May  7  issue  deserves  the  highest 
commendation.  It  makes  an  engineer  feel 
proud  after  reading  it.  To  know  that  the 
engineers  of  the  "Carpathia"  so  willing- 
ly responded  to  their  captain's  call  for 
"full  speed  ahead"  when  rushing  to  aid 
the  "Titanic"  is  also  gratifying. 

J.  H.  Powell. 

Brooklyn,   N.  Y. 


The    Rateau  Regenerator 

An  article  in  Power,  Apr.  23,  reviewed 
the  subject  of  steam  regenerators.  While 
it  gives  an  interesting  description  of  one 
of  the  types  of  my  apparatus,  it  classi- 
fies the  latter  among  the  variations  of  this 
type  which  have  been  proposed  since  my 
invention.  1  feel  obliged,  therefore,  to 
recall  to  you  that  my  patents  deal  in 
general  with  the  recuperation  of  exhaust 
steam  by  means  of  a  receptacle  inclosing 
masses  capable  of  absorbing  heat  and 
interposed  between  the  exhaust  of  en- 
gines running  intermittently  at  high  pres- 
sure and  the  admission  of  a  machine  run- 
ning continuously  at  low  pressure. 

Let  me  add  that  my  patents  protect 
not  only  a  definite  type  of  apparatus, 
such  as  is  represented  by  Fig.  1  of  the 
article  in  question,  but  any  accumulator 
of  steam  in  which  the  water,  whether  by 
itself  or  conjointly  with  a  metal,  serves 
as  the  agent  of  accumulating  the  heat. 
What  is  more,  I  possess  a  patent,  issued 
in  1901  which  deals  with  an  apparatus 
comprising  superposed  plates  or  equiva- 
lent bodies  retaining  the  heat,  between 
which  the  water  falls  from  one  plate  or 
receptacle  to  the  other. 

The  applications  which  I  have  made  of 


the  process  invented  by  myself  are  ex- 
tremely various  and  I  therefore  feel  that 
the  article  you  have  published  appears  to 
unwarrantedly  restrict  the  range  of  my 
invention. 

A.    Rateau. 
Paris,    France. 


Mr.  Dickson's  Pump  Troubles 

Mr.  Dickson's  letter  in  the  Apr.  23  is- 
sue reminded  me  of  a  similar  experience 
with  a  pulsometer  pump.  It  defied  the 
efforts  of  several  to  make  it  pump  water 
and  eventually  I  was  asked  to  find  the 
trouble.  The  piping  was  arranged  as 
shown  in  Mr.  Dickson's  sketch.  Examina- 
tion showed  the  pulsometer  to  be  all 
right,  so  the  suction  pipe  was  raised  6  in. 
As  no  further  trouble  occurred  it  is  sup- 
posed that  the  end  of  the  pipe  was  sub- 
merged in  mud  until  lifted.  This  must 
have  caused  Mr.  Dickson's  trouble. 

James  W.  Wilde. 

Pawtucket,  R.  I. 


Where  the  Coil  Should  Be 
Placed 

The  illustration  shows  a  simple  and 
effective  water-heating  arrangement  that 
may  answer  the  requirements  of  Angelo 
Belmonte  as  stated  in  the  Apr.  30  issue. 

Provide  a  30-gal.  tank  A,  such  as  is 
used  in  connection  with  kitchen  ranges, 
and  support  it  at  an  elevation  higher 
than  the  boiler.  If  the  boiler  is  in  a 
basement  the  tank  may  be  hung  from  the 
beams  of  the  floor  above.  Connect  the 
city  water  or  tank-supply  pipe  B  almost 
to  the  bottom  of  the  tank,  as  shown. 
Near  this  connect  the  pipe  C  to  the  bot- 
tom of  the  tank,  running  it  down  one 
side  of  the  boiler  setting. 

At  a  point  where  it  will  be  exposed  to 
the  hot  gases  as  at  D  introduce  another 
pipe  into  the  setting.  This  should  run 
across  the  boiler  and  emerge  at  a  point 
about  an  inch  higher  than  where  it  en- 
ters. Tees  connected  to  each  end  of  this 
pipe  and  plugged  afford  a  convenient 
means  of  cleaning  out  the  mud  and  scale 
that  accumulates. 

The  size  of  this  pipe  depends  entirely 
upon  the  amount  of  water  to  be  heated. 
If  it  is  for  a  moderate-sized  flat  build- 
ing, say  four  apartments,  a  2-in.  pipe 
will  probably  be  satisfactory. 

Where  the  pipe  emerges  from  the 
boiler  setting  run  another  pipe  E  to  the 
tank,  connecting  it  so  that  the  hot  water 
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will  enter  at  the  top  of  the  tank.  Near 
this,  also  at  the  top,  connect  the  service 
pipe  F.  A  union  on  each  side  of  the 
boiler  where  the  pipes  from  the  tank 
connect  with  the  heating  pipe  provides  an 
easy  means  of  renewing  the  heater  pipe 
should   it   become   plugged   with   scale. 

Avoid  drops  in  the  circulating  pipe,  as 
otherwise   a   pocket  of  steam   will    form, 


Piping  of  Hot  Water  Tank 

causing  water-hammer;  that  is,  there 
should  be  a  continuous  upward  slope 
from  the  point  where  the  pipe  enters  the 
boiler  to  where  it  enters  the  tank. 

If  it  is  more  convenient,  the  heater  pipe 
may  have  a  return  bend,  emerging  along- 
side of  the  point  where  it  enters.  In 
this  case  also  the  outlet  should  be  higher 
than  the  inlet.  This  method  is  not  as 
desirable  as  the  heater  pipe  is  harder  to 
keep  clean. 

Ordinary  steel  or  wrought-iron  pipe 
should  be  used  for  the  heating  pipe  as  it 
transmits  the  heat  more  readily  than  the 
heavier  weights.  There  is  no  danger  of 
explosion;  should  steam  form  it  will 
merely  force  the  water  back  in  the  city 
main. 

J.  F.  MOWAT. 

Joliet,  111. 


Mr.  Belmonte's  arrangement  would  be 
similar  to  an  economizer  for  heating  the 
feed  water  for  boilers  except  that,  in 
his  case,  the  water  would  not  need  to  be 
raised  to  so  high  a  temperature.  By 
locating  a  number  of  tubes  connected  at 
each  end  to  headers  or  manifolds,  in  the 
flue  leading  from  the  boiler  to  the  stack, 
the  heat  in  the  waste  gases  can  be  used. 
Mr.  Belmonte  does  not  give  the  tempera- 
ture of  these  gases  nor  the  amount  of 
water  to  be  heated,  but,  by  proportioning 


the  number  of  square  feet  of  heating 
surface  of  the  tubes  to  the  temperature 
of  the  gases  and  the  quantity  of  water 
to  be  heated  he  can  readily  get  the  re- 
sults desired. 

The  best  location  for  the  arrangement 
must  be  determined  by  the  space  avail- 
able as  well  as  by  the  temperature  of  the 
gases.  If  the  gases  are  extremely  hot, 
the  tubes  should  be  placed  near  the 
stack;  where  the  gases  are  cooler,  there 
would  be  no  advantage  in  subjecting  them 
to  very  high  temperatures. 

The  best  material  for  both  the  tubes 
and  the  headers  is  undoubtedly  cast  iron. 
This  is  conclusively  borne  out  in  econo- 
mizer construction.  Gases  of  compara- 
tively low  temperatures  have  a  much  more 
deleterious  effect  on  such  tubes  than 
those  in  the  boiler  itself,  particularly  if 
there  is  much  sulphur  in  the  coal. 

Where  cold  water  is  used  in  an  econo- 
mizer or  device  of  this  kind,  the  tubes 
have  a  tendency  to  sweat,  which  also 
helps  to  form  sulphuric  acid.  To  pre- 
vent this,  it  is  advisable  to  mix  some  of 
the  hot  water  discharged  with  the  cold 
entering  water.  This  can  be  done  by 
means  of  simple  piping  and  is  quite  com- 
mon in  connection  with  economizers 
where   feed-water  heaters   are   not  used. 

The  piping  should  be  so  arranged  that 
the  water  will  flow  in  the  opposite  direc- 
tion to  that  of  the  gases.  In  this  way 
the  coldest  gases  will  impinge  on  the 
tubes  where  the  water  is  the  coldest. 

A  relief  valve  should  be  attached  to 
eliminate  danger  from  explosion.  There 
is  always  a  danger  that  one  of  the  tubes 
will  clog,  thus  stopping  the  circulation 
and  permitting  the  stationary  water  to 
get  hot  enough  to  burst  the  pipe. 

In  making  an  installation  of  this  kind, 
however,  the  first  thing  to  ascertain  is  that 
there  is  sufficient  draft  to  take  care  of 
the  gases  with  this  added  impediment  to 
their  flow. 

EvERARD  Brown. 

Pittsburgh,  Penn. 


A  pipe  or  coil  should  not  be  placed 
in  any  part  of  the  combustion  chamber 
of  a  return-tubular  boiler  for  the  purpose 
stated  by  Mr.  Belmonte.  Placing  a  pipe 
there  makes  absolutely  necessary  a  con- 
stant circulation  through  the  pipe  and  a 
constant  stream  of  cold  water  leading  to 
the  coil:  if  it  is  connected,  for  instance, 
to  a  kitchen-range  boiler,  the  water  will 
probably  get  hot  throughout,  and,  due  to 
the  intense  heat  in  the  combustion  cham- 
ber, will  heat  the  water  quicker  than  it 
can  travel  through  the  pipe.  The  water 
in  the  coil  or  pipe  will  then  separate,  a 
steam  pocket  will  be  formed,  the  pipe 
overheat,  and  when  the  water  rushes 
back  it  is  almost  certain  to  cause  a 
break.  Even  if  this  did  not  happen,  a 
burned-out  pipe  would  probably  result  in 
a  short  time. 

John  Thorn. 

London  Junction,   Ont. 


Troublesome   Condenser 

The  condenser  layout  described  by  Mr. 
Jacobs  in  the  Mar.  12  issue  is  poor 
throughout  and  will  not  work  without  a 
few  changes  being  made.  As  he  obtains 
only  a  22-in.  vacuum  and  it  is  a  24-ft. 
drop  to  the  lake,  he  cannot  raise  the 
water.  As  mercury  is  13.6  times  the 
weight  of  water, 

^X_^li:_^=  24.93/.. 

leaving  only  0.93  ft.  head  to  overcome 
the  resistance  of  the  four  4-in.  ells  and 
the  325   ft.  of  4-in.  pipe. 

The  best  way  to  correct  the  evil  is  to 
put  a  motor-driven  centrifugal  pump  on 
the  suction  line  running  to  the  lake.  This 
will  boost  the  water  up  to  the  condenser. 
If  the  discharge  from  the  air  pump  has 
a  drop  of  a  few  feet  directly  from  the 
pump  to  the  lake,  no  harm  will  be  done 
if  the  vacuum  breaks. 

C.  V.  Bennett. 

Chicago.   III. 


Noisy  Heater 

As  is  suggested  in  recent  letters  an- 
swering my  inquiry  under  this  heading  in 
the  Feb.  6  issue,  I  submit  illustrations 
to   give   a   clearer   idea   of  the   heater. 

Mr.  Hoppe's  suggestion  in  the  Mar. 
26  issue  is  not  feasible,  as  a  study  of 
the  sketch  will  confirm.  Mr.  Meinzers' 
suggestion,   in   the   same   issue,   was  car- 


Showinc  Supply  Piping  to  Water 
Heater 

tied  out  by  heating  the  water  before  it 
entered  the  steam  space  and  by  partially 
sealing  the  cold-water  supply  pipe,  but 
the  heater  made  more  noise  than  before. 
The  dotted  lines  A  show  the  first  change 
made  in  the  cold-water  supply  pipe,  thus 
eliminating  the  overflow  box  B.  The  dotted 
lines  C  show  a  further  change  made  in 
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ihis  pipe  in  an  attempt  to  temper  the 
water  before  it  mingled  with  the  exhaust 
steam.  I  put  in  the  round  plate  D  through 
which  the  water  percolates  in  fine 
streams,  enabling  it  to  be  heated  more 
quickly.  The  exhaust-steam  inlet  is 
shown  at  £  and  the  outlet  at  F.  I  ad- 
mitted hot  water  to  the  cold-water  sup- 
ply before  it  entered  the  heater.  This 
reduced  the  noise  on  light  loads,  but  on 
the  heavy  night  loads,  when  more  water 
was  evaporated,  the  noise  increased. 

I  now  feel  sure  that  the  steam  in  the 
heater  condenses,  creating  a  vacuum 
which  breaks  and  causes  the  noise;  it  is 
not  due  to  water-hammer.  However,  while 
I  am  experimenting,  will  others  interested 
offer  suggestions? 

L.  C.  Greene. 

Gallipolis,  Ohio. 


overloaded  when  the  vacuum  is  lost  the 
engine  will  slow  down  and  probably  stop 
before  enough  back  pressure  is  accumu- 
lated to  wreck  the  condenser. 

If  the  engine  is  working  light  and  the 
vacuum  is  lost,  the  governor  will  lengthen 
the  cutoff  and  admit  more  steam  to  the 
condenser  until  the  back  pressure  ruptures 
it  or  stops  the  engine. 

C.  E.  Aldrich. 

Tranquility,  Calif. 


Mr.  Jacobs'   Condenser 

B.  A.  Jacobs'  condenser,  mentioned  in 
the  Apr.  30  issue,  will  never  work  sat- 
isfactorily until  the  lift  is  shortened  on 
the  water-suction  line.  The  pump  is 
working  against  a  static  head  of  24  ft. 
plus  the  friction  of  four  ells  and  300 
ft.  of  pipe.  Manufacturers  do  not 
guarantee  jet  condensers  and  air  pumps 


Balanced.  Draft  Systems 

The  balanced-draft  systems  described 
m  Po-oiER  recently  were  of  much  interest 
to  me  and  perhaps  others  may  be  inter- 
ested in  the  arrangement  in  our  plant. 

We  operate  water-tube  boilers  of  350 
hp.  each,  which  furnish  steam  to  three 
1000-kw.  units.  The  forced  draft  is  ob- 
tained from  a  fan  and  is  automatically 
regulated;  natural  draft  is  regulated  with 
individual  dampers  for  each  boiler  by  a 
rod  extending  from  the  front  to  the  rear, 
where  the  damper-chain  is  wound  around 
it  to  suit  the  position  of  the  damper, 
thus  making  it  possible  for  the  firemen 
to  adjust  the  dampers  to  any  desired 
position. 

For    16   of  the   24   hours  of  daily   op- 
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Proposed  Change  in  Mr.  Dickson's     Condenser  Layout 


to  work  satisfactorily  with  more  than 
20-ft.  lift  and  5-ft.  discharge  head. 

If  the  condenser  was  arranged  as  il- 
lustrated, the  lift  would  be  shortened  at 
least  6  ft.  and  the  friction  of  two  ells 
saved;  all  the  pipe  line  must  be  abso- 
lutely tight. 

I  suggest  changing  the  exhaust  line  as 
shown,  thus  saving  two  ells;  also  put  in 
a  1-in.  drain,  A,  to  avoid  water-hammer 
when  the  engine  is  started  after  sev- 
eral hours'  shutdown.  If  the  condenser 
loses  its  vacuum  while  the  engine  is 
running,  there  being  no  automatic  at- 
mospheric valve,  the  results  will  depend 
upon  the  load  on  the  engine.  If  it  is 
doing  its  rated  horsepower  or  is  slightly 


eration  the  load  is  nearly  uniform  and  the 
fan  runs  at  uniform  speed  which  enables 
the  firemen  to  obtain  a  balanced  draft. 

During  these  hours  the  gas  samples 
taken  average  from  9  to  14  per  cent,  of 
CO;.  The  other  eight  hours  the  load  is 
variable;  therefore  we  cannot  obtain  bal- 
anced draft  at  all  times,  which  lowers  the 
percentage  of  COl-  considerably. 

Another  advantage  of  balanced  draft 
is  that  it  keeps  the  fires  more  level.  I 
have  found  that  with  an  excess  of  draft 
above  the  grates  the  air  will  flow  through 
the  fuel  bed  ver>'  rapidly,  and  will  not 
come  in  contact  with  the  fuel,  but  when 
it  goes  through,  the  oxygen  in  excess  of 
that  which   unites   with   the  carbon   and 


hydrogen  escapes  up  the  chimney.  ^X'ith 
balanced  draft  the  air  does  not  go 
through  so  rapidly  and  more  oxygen  will 
unite  with  the  carbon  after  it  has  en- 
tered above  the  fuel  bed.  We  also  fire 
alternately  and  only  one  furnace  door 
is  opened  at  a  time,  which  greatly  aids 
in  reducing  the  CO. 

A.    NORRMAN. 

Pottsville.   Penn. 


The  Arithmetical  Mean 

Mr.  Richardson  makes  a  good  point 
in  the  May  7  issue  relative  to  my  arti- 
cle on  the  arithmetical  mean  when  he 
calls  attention  to  the  fact  that  the  first 
and  last  of  a  series  of  observations  upon 
a  variable  quantity  should  be  averaged 
with  only  half  the  weight  of  the  others. 
When  the  measuring  apparatus  is  ao 
elaborate  as  to  be  recording,  however,  i' 
is  likely  that  an  averaging  instrument 
will  be  applicable  and  available.  When 
such  is  the  case,  the  rule  given  is  not 
needed  for  the  mean  height  of  either  rect- 
angular or  polar  charts. 

Mr.  Richardson  implies  that  the  ques- 
tion, in  the  case  of  the  venturi  meter, 
whether  to  take  the  average  of  the  square 
roots  of  the  readings  or  the  square  root 
of  their  average  is  purely  an  academic 
one.  There  is  a  large  class  of  engineer- 
ing measurements,  depending  upon  the 
relation  that  the  desired  quantity  equals 
a  constant  multiplied  by  the  square  root 
of  a  measured  head.  The  instrument  is 
not  always  graduated  in  terms  of  the 
desired  quantity,  but  in  inches  or  feet 
of  head,  as,  for  instance,  hook  gages  for 
weir  measurements,  pilot  tubes  for  air 
or  gas  lines,  manometers  used  on  stand- 
ard orifices,  etc.  When  this  is  the  case, 
a  calibrating  curve  is  used  by  which  the 
desired  quantity  can  be  obtained  at  once 
from  the  instrument  reading  without  cal- 
culation. It  is  to  such  cases  that  my 
illustration  of  the  venturi  meter  applies. 
Julian  C.  Smallvcood. 

Svracuse,   N.  Y. 


Testing  Engines  with  a  Prony 
Brake 

My  experience  with  water-cooled  prony 
brakes  is  similar  to  that  of  Allen  Slade, 
as  told  in  the  Apr.  16  issue.  To  over- 
come my  trouble  I  put  two  pieces  of  ordi- 
nary white  soap  between  the  brake  bands 
so  that  they  would  rub  on  the  wheel; 
then  the  supply  of  water  was  cut  down, 
until  a  little  steam  was  formed,  and  the 
brake  worked  perfectly.  This  method  was 
used  on  a  pulley  12  in.  in  diameter  with 
a  12-in.  face  and  took  care  of  10  hp.  at 
750  r.p.m.. 

Oil  is  all  right  up  to  the  point  where 
excessive  heating  occurs,  but  water  and 
soap  will  work  more  satisfactorily  under 
such  conditions. 

A.   T.   Kasley. 

Swissvale,  Penn. 
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Inquiries  of  General  Interest 

All  Questions  Must  be  Accompanied  by  Name  and  Address — Not  for  Publication 


Diaphragm  Pmiip   . 

What  is  a  diaphragm  pump,  and  how 
does  it  operate? 

J.  J.  F. 

A  diaphragm  pump  is  one  in  which  the 
displacing  action  is  obtained  by  recipro- 
cating a  circular  or  other  shaped  dia- 
phragm of  rubber,  leather  or  other  flex- 
ible material,  fastened  and  sealed  at  its 
edges  to  the  pump  body.  The  space  un- 
derneath the  diaphragm  forms  the  suc- 
tion chamber.  When  designed  for  rais- 
ing liquids,  this  pump  is  usually  so  ar- 
ranged that  the  diaphragm  will  be  hori- 
zontal, with  a  delivery  check  valve  in 
the  center  of  the  diaphragm.  In  opera- 
tion, the  diaphragm  is  reciprocated  by 
short  strokes  in  and  out  of  the  suction 
chamber  by  a  pump  rod  attached  to  the 
:entral  portion  of  the  diaphragm.  The 
principle  of  the  pump  is  similar  to  that 
jf  a  bellows. 


Indicating  a  Pump 

How  is  a  pump  indicated  which  has 
ao  outside  parts  suitable  for  the  attach- 
ment of  a  reducing  motion? 

S.  C. 

The  indicator  cock  connections  to  the 
:ylinders  are  made  in  the  same  manner 
IS  in  indicating  an  engine.  Attachment 
for  the  indicator  motion  is  obtained  by 
extending  the  piston  rod,  like  a  tail-rod. 
through  a  stufRng-box  set  in  the  head 
if  the  steam  or  water  cylinder.  Such  a 
tail-rod  need  not  be  over  about  one- 
quarter  the  diameter  of  the  main  piston 
rod  and  is  readily  attached  by  drilling 
and  tapping  a  hole  in  the  end  of  the  pis- 
:on  rod  for  receiving  the  screwed  end 
3f  the  tail-rod. 


Sweating   of  Iro/i    Water  Tank 

What  preparation  can  be  applied  to  a 
?teel  water  tank  to  prevent  sweating? 
J.  O.  W. 

So  called  "sweating"  is  not  water  which 
Dozes  through  from  the  inside  of  the 
ank,  but  is  moisture  deposited  by  con- 
lensation  from  the  air  due  to  reducing  its 
emperature  by  contact  with  the  tank  to 
\  point  where  it  contains  more  moisture 
[han  it  can  hold  in  suspension.  The 
remedy  is  to  cover  the  sides  and  bottom 
jf  the  tank  with  a  nonconducting  cover- 
ng  which  will  present  a  surface  to  the 
air  that  is  nearly  the  latter's  temperature, 
rhe  covering  should  be  applied  when  the 


tank  has  been  empty  long  enough  to  have 
attained  the  same  temperature  as  the 
air;  otherwise  some  moisture  will  be  in- 
closed and  soon  saturate  the  covering, 
nullifying  its  noncondensing  properties. 
For  the  same  reason  the  covering  should 
be  protected  from  rain. 


Sticking  of  Indicator  Piston 

These  diagrams  were  taken  with  a  new 
indicator  from  a  22x22-in.  ice-plant  Cor- 
liss engine  making  56  r.p.m.  What  causes 


Sticking   of   Indicator   Piston 

the  notches  in  the  expansion  lines  of  the 
diagrams? 

V.  K.  S. 
The  very  sharp  cutoff  and  the  square 
corners  of  the  notches  in  the  expansion 
lines  are  undoubtedly  due  to  the  stick- 
ing of  the  indicator  piston  in  its  cylinder. 
This  imperfect  action  is  likely  to  occur 
from  lack  of  lubrication,  or  from  neg- 
lecting to  thoroughly  blow  out  all  pipe 
scale  and  loose  dirt  from  pipe  connec- 
tions before  applying  an  indicator. 


Unegjial  Pipe  Expansion 

In  a  steam-heating  system,  will  the  ex- 
pansion of  two  parallel  straight  lines  of 
iron  or  steel  piping,  run  as  a  main  and 
its  drip  main,  each  150  ft.  long,  be  the 
same  for  corresponding  points  along 
their  length;  that  is,  will  the  difference 
of  expansion  be  so  little,  that  th.e  two 
pipes  may  be  connected  together  at  in- 
tervals by  tees  and  close  nipples?  What 
would  be  the  cause  of  difference  of  expan- 
sion? What  should  be  the  controlling 
considerations  in  proportioning  the  larg- 
est size  of  low-pressure  steam-heating 
main  that  can  be  supplied  through  a  pres- 
sure-reducing and  regulating  valve  con- 
rected  to  a  stated  size  of  high-pressure 
supply   pipe? 

G.  W.   R. 

For  a  variety  of  reasons  the  two  pipes 
will  not  expand  alike,  nor  will  they  don- 


tract  to  their  original  fitted-up  lengths 
after  being  once  heated.  The  evidence 
of  unequal  expansion  and  contraction  of 
pipes  is  to  be  observed  in  the  distortion 
which  takes  place  in  the  pipes  of  a  wall 
coil  made  up  only  of  straight  runs  of 
pipe  connected  together  by  headers,  with- 
out any  mitre  or  spring  ends.  The  con- 
necting together  of  two  such  pipes  re- 
sults in  warping  and  buckling  the  first 
time  steam  is  turned  on,  and  if  connected 
together  by  close  fittings  would  probably 
result  in  rupture  of  the  latter. 

The  leading  causes  for  difference  in 
expansion  are  actual  difference  in  texture 
of  the  material  of  the  two  pipes  and 
actual  difference  of  temperature. 

Difference  in  texture  of  material  may 
result  from  variations  in  raw  material, 
method  of  manufacture  and  chance  dif- 
ferences in  mechanical  treatment  which 
a  pipe  may  receive  from  the  time  it  is 
first  formed  down  to  the  last  finishing 
touches  of  the  steam  fitter,  and  it  is  prac- 
tically impossible  to  warm  up  two  such 
pipes  to  absolutely  the  same  temperature 
or  to  expose  them  to  absolutely  the  same 
cooling  effect  from  the  surrounding  at- 
mosphere. 

Reducing  regulating  valves  are  sup- 
posed to  be  ample  for  delivering  all 
steam  that  can  flow  through  high-pres- 
sure pipes,  corresponding  to  the  sizes  of 
their  inlets  within  the  ranges  of  pressures 
for  which  they  are  supposed  to  be  used. 
To  deliver  any  given  amount  of  steam 
from  ordinary  high  pressures,  reduced  to 
the  ordinary  low  pressures  used  in  steam 
heating,  it  is  a  good  rule  to  have  the 
low-pressure  pipe  eight  times  the  diame- 
ter of  the  high-pressure  connection. 

This  ratio  assumes  that  the  pressure 
regulator  is  capable  of  delivering  the  full 
capacity  of  the  pipe  size  of  the  high- 
pressure  connection 


Lap  of  Belts 

What  is  the  proper  length  of  lap  for 
single  and  double  belts,  4  to  18  in.  wide? 
P.   E.   M. 

Most  manufacturers  make  the  scarf 
length  equal  the  belt  width  for  all  single 
and  double  belts,  down  to  5  in.  wide;  and 
for  belts  of  less  than  that  width  make  the 
scarf  about  1  in.  longer  than  the  belt 
width.  Double  belts  over  10  in.  wide 
should  have  the  scarf  ends  each  covered 
with  a  tuck  or  dovetail,  formed  by  a 
narrow  overlap  of  the  corresponding 
thickness  of  the  opposite  end  of  the  bell 
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Study    Questions 

This  Week's  Questions 
Last  Week's  Answers 


26.  A  locomotive  is  stopped  with  the 
piston  on  one  side  at  the  head  end  of  its 
stroke.  It  is  found  that  the  distance 
from  the  center  of  the  crosshead  to  the 
center  of  the  driven  axle  on  this  side 
is  IVi  ft.,  while  on  the  other  side  it  is 
6  ft.  Wi  in.  What  are  the  crank  and 
connecting-rod  lengths,  center  to  center? 

27.  Given  the  same  conditions  as  in 
quest'on  No.  22  (answer  to  which  is 
printed  below)  except  that  the  tank  is  to 
be  open,  i.e.,  without  a  top,  what  then 
should  be  its  dimensions? 

28.  Convert  5,  14,  41,  68,  158  and 
266  deg.  Fahrenheit  to  Centigrade;  and 
1,-30,  --25,  90  and  120  deg.  Centigrade 
to  Fahrenheit. 

20.  If  a  cubic  foot  of  wrought  iron 
weighs  480  lb.,  what  is  the  weight  of  a 
flat  bar  2  in.  wide,  '/<  in.  thick  and  1  yd. 
long? 

30.  What  horsepower  will  be  required 
to  pump  108,000  gal.  of  water  per  hour 
from  a  coal  mine  250  ft.  deep,  neglecting 
friction  in  the  pipes,  etc.? 


Answers  to  the  above  will  appear  i.i 
the  next  issue.  Answers  to  last  week's 
questions  follow. 

21.  It  would  take  2  hr.  to  go  up  a 
hill  30  miles  long  and  1  hr.  to  return, 
or  3  hr.  in  all  for  the  60  miles.  On  the 
level  the  same  distance  is  covered  in 
the  same  time,  60  m'les  in  3  hr.  There- 
fore, whatever  the  contour  of  the  course, 
the  round  trip  will  be  made  in  the  same 
time  as  though  the  course  were  entirely 
flat.  It  will  therefore  take  5  hr.  to  go 
50  miles   and   return. 

22.  Taking  the  weight  of  a  cubic  foot 
of  water  as  62.5  lb.,  the  volume  of  500 
lb.  is  8  cu.ft.  A  sphere  has  the  least 
surface  for  a  given  volume  (shown  by 
soap  bubbles  and  toy  balloons);  and 
among  rectangular  objects,  a  cube  is  the 
nearest  like  a  sphere;  therefore  the  tank 
should  be  cubical.  A  cube  containing  8 
cu.ft.  wJill  measure  on  each  edge 

fl.  =  2jt. 
The  inside  of  the  tank  then  will  measure 
2  X  2  X  2  ft.  and  its  surface  6(2x2) 
=  24  sq.ft. 

23.  As  the  strength  and  weight  will 
both  increase  with  increase  of  area  of 
cross-section  and  in  the  same  proportion, 
the  size  of  the  wire  is  not  necessary  to 
the  calculation.  For  convenience  take 
the  cross-sectional  area  as  1  sq.in.;  then 
the  tensile  strength  is  40,000  lb.  and 
the  weight  of  a  length  of  1728  in.  is  555 
lb.  The  length  of  the  wire  in  feet  that 
will  break  with  its  own  weight  is 


,,  .-        10,378.38//. 
1728 

24.  Between   freezing  and  boiling  on 
the  Fahrenheit  scale  is 

212  —  32   =    180  deg. 
and  on  the  Centigrade  scale 

100  —  0  =  100  deg. 

A  Fahrenheit  degree  therefore  is  '/»  of 
a  Centigrade  degree  and  a  rise  of  45  deg. 
on  a  Fahrenheit  thermometer  corresponds 
to   a    rise   of 

45  X  '■/»  =  25  deg. 

on  a  Centigrade  thermometer. 

25.  A   displacement  of   1.25  gal.   per 
revolution  equals 

1.25  X  8.3356  =  \Q.^\Qb  lb.  per  revolution 
Corrected   for  slip, 

10.4195  X  0.80  =  8.3356  lb. 

A  boiler  horsepower  of  30  lb.   an  hour 
is  0.5  lb.  a  minute 
8  3356 


0.5 


■  =  16.6712  =  hoilcr  horsepower  per 
revolution  per  minute 


DuBois  N.  A.  S.  E.  Con- 
vention 

On  June  7  and  8  the  Pennsylvania 
State  Association,  N.  A.  S.  E.,  held  its 
thirteenth  annual  convention  at  DuBois, 
Penn.  It  was  well  attended  by  both 
delegates  and  members  of  the  American 
Supply  Men's  Association. 

The  convention  opened  on  Friday  morn- 
ing W'th  the  usual  formalities  at  Eagles' 
Hall.  Addresses  of  welcome  were  made 
by  A.  L.  Cole  and  F.  S.  Weber,  for  the 
city  of  DuBois,  National  President  E.  H. 
Kearney  and  State  Deputy  John  M. 
Lynch  responding.  During  the  business 
session.  State  President  Bumiller  de- 
livered an  address  on  education  and  leg- 
islative  uplift. 

In  the  afternoon  the  members,  escorted 
by  Superintendent  of  Motive  Power  Har- 
rison, visited  the  B.,  R.  &  P.  locomotive 
shops. 

Later  the  party  was  taken  to  the  DuBois 
Brewing  Co.'s  big  plant,  where  a  luncheon 
was  served  to  its  visitors. 

At  the  Saturday  morning  session  the 
following  officers  were  elected  and  in- 
stalled by  President  Kearney:  State  presi- 
dent, N.  D.  Orms,  of  Johnstown;  vice- 
president,  A.  C.  Cotton,  Pittsburgh;  secre- 
tary, Albert  Munsinger,  Williamsport; 
treasurer,  D  E.  Seeley,  DuBois;  con- 
ductor, W.  C.  Smyor,  Sharon;  doorkeeper, 
J.   D.  Rostum,  Chester. 

Sixty  delegates  and  supplymen  attended 
the  banquet  at  the  Forte  Worth  Hotel 
in  the  evening,  at  which  Samuel  B.  Force 
acted  as  toastmaster.  Among  the  speak- 
ers were  National  President  Kearney, 
President  Bumiller,  State  Treasurer 
Seeley,  and  Messrs.  Green,  Johnston, 
Walbieser,  Lynch,  Cole  and  Weber. 


The  Exhibits 

The  supplymen's  exhibits  were  at- 
tractively displayed  at  Eagles'  Hall  and 
were  inspected  by  a  large  number.  The 
following  firms  exhibited:  Clement  Re- 
stein  Co.,  Philadelphia;  the  Fairbanks 
Co.,  Pittsburgh;  the  Atlantic  Refining  Co., 
DuBois;  Alberger  Pump  Co.,  Alberger 
Condenser  Co.,  Pittsburgh;  Jenkins  Bros., 
Philadelphia;  H.  W.  Johns-Manville  Co., 
New  York;  V.  D.  Anderson  Co.,  Cleve- 
land; Quaker  City  Rubber  Co.,  Phila- 
delphia; Home  Rubber  Co.,  Trenton,  N. 
J.;  Dearborn  Drug  &  Chemical  Works, 
Pittsburgh;  the  Lagonda  Manufacturing 
Co.,  Pittsburgh;  Power,  New  York;  Bird- 
Archer  Co.,  New  York;  Garlock  Packing 
Co.,  Palmyra,  N.  Y.;  the  Lunkenheimer 
Co.,  Cincinnati;  Greene,  Tweed  &  Co., 
New  York;  International  Correspondence 
Schools,  Scranton,  Penn.;  the  Vulcan  Soo-; 
Cleaner  Co.,  DuBois;  National  Engineer, 
Chicago;  Osborne  Machine  Co.,  DuBois; 
Anchor  Packing  Co.,  Pittsburgh;  Crandall 
Packing  Co.,  Palmyra,  N.  Y.;  Eagle  Lubri- 
cator Co.,  Pittsburgh;  Epping-Carpenter 
Co.,  Pittsburgh;  Homestead  Valve  Co., 
Homestead;  Ridgway  Dynamo  &  Engine 
Co.,  Ridgway;  the  Peerless  Rubber  Co., 
New  York;  the  Westinghouse  Manufac- 
turing Co..  Pittsburgh;  the  Liberty  Man- 
ufacturing  Co.,   Pittsburgh. 


Indiana  State  N.  A.  S.  E. 
Convention 

The  eighth  annual,  and  probably  the 
most  successful,  convention  of  the  Indiana 
state  organization  of  the  National  As- 
sociation of  Stationary  Engineers  passed 
into  history  Saturday  evening,  June  8, 
after   three   days'   session   at   EvansviHe. 

The  meeting  opened  at  10  a.m.,  June 
6.  Emil  Heeger,  chairman  of  the  state 
association,  after  a  brief  address,  intro- 
duced City  Attorney  George  A.  Cunning- 
ham, who  represented  Mayor  Charles 
Heilman.  Mr.  Cunningham  emphasized 
the  important  work  of  the  engineer  and 
the  debt  which  humanity  owes  him,  laud- 
ing the  purpose  of  the  association  and 
expressing  the  hope  that  it  would  attain 
the   success  it  so  richly  deserves. 

National  Vice-president  John  McGrath 
in  his  response  briefly  outlined  the  pur- 
poses and  principles  of  the  association, 
thorough  education,  sane  license  laws  and 
civil-service  examinations  or  their  equiva- 
lent in  the  selection  of  engineers  for 
the  public  employment. 

F.  E.  Ramsley,  president  of  the  Central 
State  Exhibitors  Association,  explained 
the  object  of  conducting  an  exhibit  at  a 
convention.  The  displays  are  made  to 
familiarize  engineers  with  the  various  ma- 
terials and  devices  on  the  market;  a:id 
immediate  returns  are  not  expected.  An 
adjournment  was  then  taken  until  1 :30 
p.m.,  when  a  short  closed  meeting  was 
held  at  which  the  officers'  reports  were 
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read  and  acted  upon.  A  discussion  upon 
ways  and  means  of  propagating  the  as- 
sociation brouglnt  out  many  valuable  sug- 
gestions. 

At  the  evening  session,  National  Secre- 
tary Fred  Raven  spoke  of  the  splendid 
work  and  cooperation  of  the  supplymen 
in  making  the  convention  a  success.  He 
urged  all  interested  in  the  association 
to  do  their  best  missionary  work  and 
bring  in  as  many  new  members  as  pos- 
sible that  the  organization  might  con- 
tinue to  prosper  and  be  an  institution  of 
benefit  to  all. 

R.  V.  Stuerve,  of  the  All's-Chalmers 
Co.,  gave  a  lecture  on  "Steam  Turbines," 
illustrated  with  many  stereopticon  slides 
shewing  the  principles  of  design,  the 
construction  of  the  various  parts  and 
numerous  typical  installations.  He  first 
briefly  enumerated  the  several  character- 
istics of  the  two  pure  types  of  turbine, 
impulse  and  reaction,  and  then  took  up 
their  construction  step  by  step  and  pointed 
out  the  interesting  features  of  opera- 
tion. 

At  the  Friday  morning  session,  Vice- 
president  John  McGrath  gave  a  long 
welfare  talk.  Fred  Raven,  speaking  en 
organization,  gave  as  one  sure  way  to 
make  any  organization  robust  and  healthy 
to  elect  competent  officials.  He  reminded' 
Jl's  hearers  that  the  state  and  subordinate 
associations  may  obtain  advice  and  per- 
sonal and  financial  aid  from  the  national 
body  if  they  will  plainly  state  their  wants. 

In  the  afternoon  the  delegates  and 
guests  visited  the  Evansville  Manuil 
Training  School  and  the  plants  of  the 
Cook  Brewing  Co.  and  the  Evansville 
Brewing  Association.  Later  many  visi^cd 
the  Fair  Grounds  where  an  aviation  cir- 
cus was  in  progress. 

At  the  evening  meeting,  Theodore 
Wineshank,  a  heating  engineer  and  con- 
tractor of  Indianapolis,  gave  a  lecture  on 
"Vacuum  Heating,"  illustrated  with  slides. 
Having  shown  that  the  latent  heat  of 
steam  produces  the  main  part  of  the  hePt- 
ing  effect,  and  hence  low-pressure  steam 
is  practically  as  effective  as  high-pres- 
sure, he  described  the  essential  features 
of  various  types  of  installation.  The 
various  devices  employed  were  also  ex- 
plained, such  as  thermostatic  valves, 
"modulation"  valves,  which  in  one  turn 
of  the  handle  swing  from  the  closed  po- 
sition to  the  wide-open;  vacuum-control- 
ling valves,  etc.  He  also  displayed  views 
of  various  types  of  radiators,  ventilating 
fans  and  air  washers. 

A  smoker  and  buffet  luncheon,  given 
by  the  entertainment  committee,  followed. 
The  program  was  largely  impromptu, 
Toastmaster  Raven  unexpectedly  calling 
on  each  to  contribute  his  share. 

At  the  closed  session  Saturday  morn- 
ing, Terre  Haute  was  chosen  as  the  next 
meeting  place  and  the  following  officers 
were  elected:  Charles  Streithof,  Evans- 
ville, president;  George  R.  Fields,  Terre 
Haute,      vice-president;      Louis      Minl.e, 
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Evansville,  secretary;  Albert  Franke, 
Terre  Haute,  treasurer,  and  Emil  Heeger, 
Evansville,  state  deputy. 

In  the  afternoon  an  automobile  ride 
was  taken  through  the  city  and  dinner 
was  served  at  Cook's  Park.  Following 
the  dinner.  Secretary  Raven  installed  the 
new  officers  and  presented  the  past  [Resi- 
dent's jewel  to  H.  E.  Smith. 

The  exhibit  hall  was  well  arranged  and 
the  following  members  and  associates  of 
the  Central  States  Exhibitors  Associa- 
tion had  effective  exhibits:  American 
Steam  Gauge  &  Valve  Manufacturing  Co., 
V.  D.  Anderson  Co.,  Crandall  Packing 
Co.,  Dearborn  Drug  &  Chemical  Works, 
Garlock  Packing  Co.,  Greene,  Tweed  & 
Co.,  Hawk-Eye  Compound  Co.,  Hills, 
McCanna  Co.,  Home  Rubber  Co.,  Jenkins 
Bros.,  H.  W.  Johns-Manville  Co.,  Key- 
stone Lubricating  Co.,  Lunkenheimer  Co., 
Osborne  Valve  &  Joint  Co.,  William 
Powell  Co.,  Power,  Schaefer  &  Buden- 
berg  Co.,  C.  E.  Squires  Co.,  United  States 
Graphite  Co.,  Cling-Surface  Co.,  Dia- 
mond Power  Specialty  Co.,  Kollker  Elec- 
tric Co.,  H.  Mueller  Manufacturing  Co., 
National  Engineer,  A.  L.  Swanson  &  Co. 


A.  O.  S.  E.  Convention 

The  twenty-sixth  annual  convention  of 
the  Supreme  Council  of  the  American 
Order  of  Steam  Engineers  was  held  at 
Allentown,  Penn.,  during  the  week  com- 
mencing June  3.  The  Allen  House  was 
the  headquarters.  Twenty-three  councils 
of  the  order  were  represented  by  105 
delegates,  and  there  were  also  present 
many  past  presidents  and  prominent  mem- 
bers of  the  organization. 

The  Supply  Men's  Association,  con- 
nected with  the  order,  held  its  mechanical 
exhibition  in  the  main  hall  under  the 
grandstand  at  the  fair  grounds  of  the 
Lehigh  Agricultural  Society.  The  display 
was  tastefully  arranged  and  interesting 
to  the  delegates  and  visitors.  The  sev- 
eral business  sessions  of  the  convention 
were  held  in  an  adjoining  hall. 

The  exhibit  was  formally  opened  on 
Monday  evening  with  a  short  address  by 
Past  President  Richard  Foley.  He  then 
introduced  Attorney  Fred  B.  Gernerd, 
who  spoke  interestingly  of  Allentown. 

On  Monday  morning.  Mayor  Charles 
W.  Rinn  welcomed  the  convention  to  the 
city.  Supreme  President  Louis  G. 
Schlehner's  report  shows  progress  in 
every  department,  and  the  secretary's  re- 
port shows  the  association  to  be  in  a 
prosperous  financial  condition. 

li  is  expected  that  the  coming  year 
will  be  a  healthy  one  in  the  increase 
of  members.  Heretofore  operating  engi- 
neers only  were  admitted,  but  now  that 
the  supreme  body  has  let  down  the  bars 
other  than  operating  and  licensed  engi- 
neers are  eligible  to  membership. 

The  entertainment  features  included 
automobile  rides  for  the  ladies,  a  trip  by 


POWER 


Vol.  35,  No.  25 


trolley  to  Central  Park,  an  enjoyable 
vaudeville  entertainment  in  the  exhibit 
hall,  and  a  concert  by  the  Bethlehem 
Steel  Co.  Band,  also  in  the  exhibit  hall. 
The  delegates  elected  the  following 
supreme  officers:  D.  B.  Heilman,  chief 
engineer;  George  W.  Goodwin,  first  as- 
sistant engineer;  E.  Harding,  recording 
engineer;  F.  J.  Armbuster.  corresponding 
engineer;  Michael  Helmstridt,  treasurer; 
Thomas  Montgomery,  senior  master  me- 
chanic; Thomas  Marshall,  Jr..  master  me- 
chanic; W.  H.  Baer,  chaplain;  W.  J. 
Courtney,  inside  sentinel;  Philip  Kirk- 
wood,  outside  sentinel;  Louis  G.  Schleh- 
ner,  William  Parient  and  W.  S.  Smith, 
trustees. 

At  the  final  meeting  of  the  Supply 
Men's  Association  the  officers  elected  for 
the  ensuing  year  were:  Frank  Martin, 
president;  Frederick  L.  Jahn,  vice-presi- 
dent; Charles  Wilhoft,  secretary;  John 
W.  Armour,  treasurer;  Hart  Hill,  director 
of  exhibits.  Handsome  tokens  of  ap- 
preciation were  presented  to  the  retiring 
president  and  director  of  exhibits,  and 
also   to   the   treasurer. 

The  following  firms  occupied  booths  at 
the  convention:  John  R.  Livezey;  Lyons, 
Borgner  Co.;  Bird-Archer  Co.;  Frill  In- 
dicator Co.;  Greene,  Tweed  &  Co.;  Key- 
stone Lubricating  Co.;  Rooksby  &  Co.; 
New  York  Belt'ng  Co.,  Ltd.;  Engineer- 
ing Supply  Co.;  George  W.  Lord  Co.; 
William  C.  Robinson  Son  &  Co.;  H.  B. 
Underwood  Co.;  Philadelphia  Bourse 
Co.;  Hawk-Eye  Compound  Co.;  Crandall 
Packing  Co.;  the  Roto  Co.;  R.  &  J. 
Dick,  Ltd.;  France  Packing  Co.;  Lagonda 
Manufacturing  Co.;  Popular  Engineer; 
.■\nchor  Packing  Co.;  Strong.  Carl'sle  & 
Hammond  Co.;  Liberty  Manufacturing 
Co.;  Practical  Engineer;  Warren  Webster 
Co.;  Home  Rubber  Co.;  Jenkins  Bros.; 
Dearborn  Drug  &  Chemical  Works; 
Power;  Albright  Son  &  Co.;  New  York 
&  New  Jersey  Lubricating  Co.;  the  Fair- 
banks Co.;  Westinghouse  Air  Brake  Co.; 
National  Tube  Co.;  McLeod  &  Henry  Co.; 
Diamond  Power  Specialty  Co.;  McArdle 
&  Cooney;  Watson  &  McDaniel  Co.; 
Lewis-Rott  Co.;  the  Lunkenheimer  Co.; 
Garlock  Packing  Co.;  Southern  Engineer; 
Macon,  Jr.  Co.;  Buhne  Metal  Co.;  Ash- 
ton  Valve  Co. 

It  was  decided  to  hold  the  1913  con- 
vention at  Philadelphia,  Penn. 


The  matter  of  changing  the  club  name 
to  the  Engineers'  Society  of  Baltimore, 
or  the  Engineers'  Society  of  Maryland, 
will  be  decided  definitely  at  the  first  fall 
meeting. 

In  the  discussion  relative  to  securing 
the  1913  convention  of  the  American  So- 
ciety of  Civil  Engineers  for  Baltimore, 
Mr.  Earle  asked  the  members  to  exert 
all  possible  efforts  to  get  it  and  William 
D.  Janney  was  designated  to  go  to  New 
York  and  have  a  conference  with  Charles 
Warren  Hunt,  secretary  of  the  American 
Society,    to    that    end. 


them  existed  a  very  deep  affection  and 
their  life  together  was  a  beautiful  ex- 
ample of  mother  and  son  comradeship. 


Baltimore  Ensjineers  Club 

The  Engineers'  Club,  of  Baltimore,  held 
an  important  meeting  Thursday  evening, 
June  6,  the  last  before  the  fall.  The 
officers  elected  for  the  ensuing  year  are 
R.  Keith  Compton,  president;  George  W. 
Wright,  vice-president;  W.  W.  Pagon, 
secretary,  and  J.  Fletcher  Apsey,  treas- 
urer. The  new  directors  are  W.  W. 
Crosby,  Emory  Sudler  and  B.  C.  Howard. 
Holdover  directors  until  1913.  Oscar  F. 
Lackey,  John  K.  Flick  and  gwepson 
Earle. 


OBITUARY 

Theodore  Albert 
On  May  27,  Theodore  Albert,  president 
of   the    William    Powell    Co..    Cincinnati, 
Ohio,  died  at  his  home  in  that  city. 


Theodore  Albert 

Mr.  .Albert's  career  is  a  notable  ex- 
ample of  the  boy  who  from  a  humble 
beginning  makes  the  best  of  his  op- 
portunities and  by  perseverance  and  hard 
work  wins  his  way  to  the  top.  Nearly  40 
years  ago,  at  the  age  of  18,  he  com- 
menced his  bus"ness  life  in  the  employ 
of  the  Powell  company  as  an  office  boy. 
The  company  at  that  time  was  modest 
in  size  and  capacity.  Step  by  step,  Mr. 
Albert  was  given  added  responsibility, 
first  as  bookkeeper,  then  assistant  man- 
ager, manager,  and  finally  upon  the  death 
of  James  Powell,  in  February,  1908,  he 
succeeded   him   as  president. 

Among  his  fellow  officers,  some  of 
whom  knew  him  intimately  for  over  20 
years,  he  was  known  as  a  man  of 
modesty,  indefatigable  energy  and  in- 
dustry and  his  friends  held  him  in  the 
highest  honor  and  trust. 

Mr.  Albert  never  martied  but  devoted 
his  home  life  to  his  mother,  whom  he 
survived  bv  onlv  about  a  year.     Between 


Miluaukee  Smoke  Inspector's 
Report 

By  a  state  smoke-abatement  law  re- 
cently passed,  the  Wisconsin  legislature 
gives  a  city  smoke  inspector  jurisdiction 
over  all  territory  one  mile  from  the  city 
limits.  This  law,  says  Charles  Poethke, 
smoke  inspector  of  Milwaukee,  in  his 
yearly  report  now  does  justice  to  manu- 
facturers just  within  the  city  limits  where 
formerly  a  far  worse  offender  outside 
the  line  could  not  be  reached. 

While  the  law  was  strongly  opposed 
by  the  railroads,  the  protests  of  a  large 
committee  of  citizens  convinced  the  leg- 
islature of  its  necessity.  One  of  the  of- 
fending railroads  has  already  equipped 
its  power  plant  with  automatic  smoke- 
less furnaces. 

Two  deputy  inspectors  have  been  ap- 
pointed to  Milwaukee's  department  and 
greatly  increase  its  efficiency.  Where  it 
formerly  required  two  men  to  prove  a 
violation  of  the  ordinance,  one  as  a.  com- 
plainant and  the  other  as  a  witness,  a 
deputy  can  now  get  a  conviction  with 
the  assistance  of  a  camera.  Every  viola-  , 
tion  is  photographed  by  the  inspectors 
and  the  time  the  photograph  was  taken 
is  marked  on  the  smoke  chart  together 
with  the  length  of  time  the  violation 
continued.  The  court  has  in  all  cases 
sustained  the  work  of  the  department, 
imposing  fines  on  all  offenders  where  the 
evidence  warranted  a  prosecution. 

Many  firms,  states  Mr.  Poethke,  seem 
to  think  that  the  installation  of  a  certain 
smokeless  furnace  or  stoker  is  all  that  is 
necessary  and  are  surprised  when  a  viola- 
tion is  charged  against  their  plant.  This 
is  due  to  men  operating  these  furnaces 
contrary  to  instructions  or  being  incom- 
petent, or  negligent  in  their  duties.  No 
fireman  should  be  permitted  to  run  any 
mechanical  stoker  without  being  fully 
acquainted  with  its  operation.  Many  good 
stokers  and  smokeless  furnaces  have 
been  condemned  just  for  this  reason. 
Every  stoker  manufacturer  will  guarantee 
his  device  to  do  the  work  and  no  payment 
to  be  made  until  satisfactory  and  ap- 
proved by  the  smoke  department.  Smaller 
plants  as  a  rule  resort  to  Pocahontas  coal 
where  the  boiler  setting  or  other  circum- 
stances will  not  permit  installing  me- 
chanical or  other  furnaces.  Hard-coal 
dust  is  also  used  to  some  extent,  but  as 
the  market  is  limited  and  it  cannot  be 
had  at  all  times  it  is  not  in  great  favor, 
especially  when  draft  conditions  are  poor. 
An  ordinance,  at  present  pending  be- 
fore the  Milwaukee  Common  Council, 
prohibits  using  soft  coal  on  railroads, 
tugs  and  steamboats  within  the  limits  of 
the  citv  and  one  mile  therefrom. 
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Looks  like  this  turbine  is  running  itself 
while  Billy  Sleeper  is  in  the  Dreamland  Pool 
Parlor.  A  cigar  sign  could  just  as  well  take 
his  place. 

Because  a  turbine  calls  for  less  physical 
eftort  to  keep  it  going  than  a  reciprocating  en- 
gine is  no  reason  why  the  engineer  should 
sleep  on  the  job. 


About  the  only  rosy  dreams  that  come 
true  in  a  power  plant  are  hoped-for  reward  and 
advancement  in  consequence  of  strict  and  con- 
stant attention  to  duty. 

The  wooden  Indian  is  fast  disappearing 
from  in  front  of  the  tobacco  tepees  and  the 
somnolent  engineer  disappears  even  faster 
when  the  plant  owner  gets  wise  to  his  habits. 
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Power  Plant  of  Sears,  Roebuck  &  Co. 


Sears,  Roebuck  &  Co.,  the  mail-order 
house,  occupying  a  large  group  of  build- 
ings on  the  outskirts  of  Chicago,  have 
one  of  the  most  modern  and  complete 
power  plants  in  that  city,  under  the  di- 
rection of  A.  F.  Wright,  chief  engineer. 
The  electric  generating  plant,  centrally 
located,  covers  30,000  sq.ft.  It  is  en- 
tirely fireproof,  being  constructed  of  steel, 
concrete  and  brick,  and  was  specially  de- 
signed to  accommodate  the  machinery  in- 
stalled. The  engines,  boilers,  generators, 
etc.,  are  on  the  ground  floor,  while  the 
auxiliar>'  apparatus,  piping,  etc.,  are  in 
the  basement.  Longitudinally  the  build- 
ing is  divided  into  boiler  and  engine 
rooms  by  a  wall  extending  its  full  height. 
A  15-ton  crane  travels  the  length  of  the 
engine  room. 

Coal  is  received  on  a  spur  along  the 
south  side  of  the  power  house,  equipped 
with  a  100-ton  standard  Fairbanks-Morse 


By  C.  A.  Tupper 


A  showy  Corliss-engine  non- 
condensing  plant  in  which  the 
exhaust  steam  is  used  for  heat- 
ing. 

Coal  handling  facilities  and 
equipment  for  fire  protection  are 
unusually  complete. 


is  to  be  removed.  The  coal  is  handled 
to  and  from  these  bins  by  an  electric 
crane   with   a  3-yd.   clamshell   bucket. 

At  the  bunker  loft  the  coal  from  the 
bucket  elevator  is  taken  by  a  portable 
dumper  and  distributed  to  bins,  each 
holding  100  long  tons.  From  these,  spouts 
lead  to   the   stokers,  which   have  moving 


ton  bunker,  from  the  bottom  of  which 
they  are  drawn  off  to  a  steel  belt  con- 
veyor discharging  to  railroad  cars  outside. 

Eight  Aultman  &  Taylor  water-tube 
boilers,  with  superheaters,  are  ar- 
ranged in  batteries  of  two  each 
in  a  single  row.  The  aggregate  nor- 
mal rating  is  4000  hp.  One  man  op- 
erates this  part  of  the  plant.  Draft  is 
furnished  by  a  225x1 4- ft.  brick  stack,  on 
a  concrete  foundation  60  ft.  deep.  Feed 
water  from  the  city  mains  and  returns 
from  the  heating  system  discharge  into 
an  open  heater,  from  which  it  is  de- 
livered to  the  boilers  by  two  Fairbanks- 
Morse  I0xl6x8.5xl8-in.  compound  duplex 
pumps   equipped    with    Fisher  governors. 

Steam  at  ISO  lb.  pressure  and  70  deg. 
F.  superheat  passes  through  6-in.  bends 
to  a  16-in.  loop  header  to  supply  any 
engine  from  either  side  of  the  boiler 
plant. 


Fig.  1.    Engine  Room  of  Sears-Roebuck  Power  Plant 


track  scale.  That  for  immediate  use  in 
the  power  plant  is  dumped  into  a  rein- 
forced-concrete  hopper  over  the  crush- 
ing rolls,  and  after  leaving  these  is 
transported  by  a  steel  belt  conveyor  to  a 
bucket  conveyor  serving  the  bunkers.  At 
the  south  side  of  the  power  house  are 
concrete  storage  bins  of  2200  tons  capa- 
city. In  these  the  coal  can  be  submerged 
in  water  and  kept  indefinitely.  Each  bin 
can  be  drained  to  the  sewer  when  coal 


chain  grates  driven  by  an  8x8-in.  Wachs 
engine.  Two  furnaces  burn  refuse  from 
the  company's  various  departments.  This 
refuse  is  chuted  to  the  basement  of  each 
building  and  taken  by  trucks,  through 
tunnels,  to  two  Williams  pulverizers. 
After  being  ground  it  is  blown  through 
ducts  by  a  fan  to  a  cyclone  on  the  boiler- 
house  roof  and  falls  by  gravity  to  the 
furnaces.  The  same  bucket  conveyor  that 
handles  the  coal  takes  the  ashes  to  a  50- 


In  the  engine  room  are  four  generating 
sets.  Three  are  24  and  50  by  48-in.  hori- 
zontal cross-compound  Corliss  engines 
making  85  r.p.m.,  directly  connected  to 
750-kw.  continuous-current  generators. 
The  fourth  is  a  20  and  40  by  42-in.  en- 
gine driving  a  500-kw.  generator  at  90 
r.p.m.  These  units  were  built  by  the  Allis- 
Chalmers  Co.  Each  engine  has  a  Richard- 
son-Phoenix sight-feed  oil  pump.  All  of 
the   lubricating   oil    is   supplied    from   an 
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elevated  tank,  to  which  it  is  numped 
back  after  filtering. 

Light  loads  at  night  and  on  Sundays 
are  carried  by  two  Allis-Chalmers  220- 
volt  generators  driven  by  Ames  engines, 
one  of  50  kw.  by  a  12xl2-in.  engine  and 
one  of  100  kw.  by  a  I4xl4-in.  engine. 
All  six  generators  are  compound  wound. 

The  engines  run  noncondensing.  Their 
exhaust  passes  to  a  36-in.  collector,  with 
two  Austin  oil  separators  and  thence  to 
an  expansion  chamber  where  live  steam 
.can  be  added.  It  then  goes  into  the  heat- 
ing system,  or  to  the  atmosphere. 


also  very  extensive,  including  44  in- 
closed-arc,  19,700  incandescnt,  4200 
Nernst,  12  Cooper  Hewitt  and  1913 
tungsten  lamps.  The  latter  are  used 
mostly  with  the  indirect  system  of  light- 
ing in  the  administration  building. 

While  radiators  are  installed,  par- 
ticularly in  the  more  exposed  parts,  most 
of  the  heating  is  by  a  hot-blast  system, 
which  also  ventilates  and  in  summer  cir- 
culates cold  air.  There  are  33  motor- 
driven  fans.  The  air  supply  is  taken 
through  filter  chambers.  Two  16  and  22 
by   20-in.   Marsh   vacuum   pumps   in   the 


Fig.  2.    Boiler  Plant  Having  Normal  Rating  of  4000  hp. 


The  current  mains  lead  through  con- 
duits under  the  floor  to  a  20-panel  switch- 
board at  one  side  of  the  room,  which  is  of 
standard  angle-iron  frame  construction, 
with  white  Tennessee  marble  front.  Each 
panel  has  the  usual  controlling,  regu- 
lating and  current-indicating  apparatus, 
including  integrating  and  recording  in- 
struments. The  busbar  system  is  in  dupli- 
cate, each  part  interchangeable  with  the 
other. 

Current  is  distributed  through  cables 
laid  in  tunnels  (which  also  contain  the 
pipes  carrying  water,  steam  for  heating, 
etc.)  to  the  different  buildings.  In  these, 
including  the  power  plant  itself,  and  on 
conveyors,  elevators,  etc.,  outside,  are 
nearly  500  motors  in  sizes  from  'j  to  150 
hp.  They  are  used  for  a  great  variety 
of  purposes,  including  the  operation  of  a 
printing    plant.      The   lighting    system    i? 


sub-basement  are  on  the  heating  system, 
discharging  into  an  open  tank  on  the 
basement  floor;  from  here  the  return 
water  is  delivered  to  the  heater  in  the 
boiler  room  by  two  8  and  12  by  I2-in. 
Marsh  steam  pumps. 

In  the  engine-room  basement  is  a  30- 
ton  Carbondale  live-steam  refrigerating 
machine,  used  to  make  ice  for  the 
restaurants,  water  coolers,  etc.,  and  also 
a  motor-driven  triplex  house  pump.  The 
filtered  drinking  water  is  handled  by  two 
10  and  7' J  by  12-in.  duplex  steam  pumps. 

Three  two-stage  Laidlaw-Dunn-Gordon 
air  compressors  in  the  engine  room,  one 
of  300,  one  of  400  and  one  of  1000  cu.ft. 
per  minute  capacity  at  100  lb.  pressure, 
the  latter  a  cross-compound  Corliss,  sup- 
ply air  for  cleaning,  pneumatic  hoists  and 
pumping  water   from  two  deep  wells. 

The  pneumatic-tube  system  is  operated 


by  three  Connersville  blowers,  each  of 
1 18  cu.ft.  per  revolution  capacity,  inde- 
pendently belted  to  100-hp.  motors.  There 
are  nine  miles  of  4-in.  tubing  in  this 
system. 

In  the  engine  room  are  two  8x12x8x18- 
in.  compound  duplex  steam  house  pumps, 
one  18x22j'jx22j^x5Vsx24-in.  compound 
Corliss,  one  20x31x9x24-in.  and  one  14x 
20x5'4xl8-in.  compound  duplex  elevator 
pumps,  and  three  18xI0xl2-in.  duplex 
fire  pumps,  each  having  a  capacity  of 
1000  gal.  per  minute.  The  fire  pumps 
are  controlled  by  Foster  piston-actuated 
governors,  and  are  in  constant  operation, 
maintaining   125  lb.  pressure. 

The  fire-protection  equipment  is  very 
complete  and  under  the  control  of  a 
supervisory  signal  system  which  auto- 
matically indicates  the  condition  of  the 
apparatus  at  each  point.  Any  alarms 
turned  in  are  registered  in  the  fire  mar- 
shal's office,  in  which  is  installed  a  very 
elaborate  switchboard  for  this  purpose. 
This  system  and  the  automatic  telephone 
system  and  signal  bells  are  operated  with 
20-volt  current  furnished  by  two  motor- 
generators  in  the  engine   room. 


Gate  Valve   Repair 

A  large  gate  valve  in  the  suction  pipe 
of  a  3,000,000-gallon  pumping  engine 
cracked,  as  shown  by  the  line  A  in  the 
accompanying  illustration. 


_^jri. 


Gate  Valve  as  Repaired 

Removing  such  a  valve  was  not  only 
a  laborious  job,  but  an  expensive  one  as 
well.  There  were  sixteen  'i-inch  bolts 
holding  the  flanges  of  the  valve  and  pipe 
together.  Seven  of  these  bolts  were  re- 
moved and  through  bolts  substituted, 
passing  through  both  flanges  of  the  valve 
and  the  two  pipe  flanges,  as  indicated. 
When  the  bolt  nuts  were  tightened  the 
metal  on  both  sides  of  the  crack  was 
drawn  together  and  the  leak  gave  no  fur- 
ther trouble. 

This  fracture  was  caused  by  shutting 
down  the  pump  too  quickly  which  created 
an  excessive  pressure  in  the  suction  pipe. 
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Tom  Hunter,  Hoisting  Engineer 


The  next  day,  after  viewing  tlie  opera- 
tion of  the  safety  stop  for  hoisting  en- 
gines, I  passed  one  of  the  manufactur- 
ing plants  of  the  town  and  the  "click, 
click"  of  the  engine  attracted  my  atten- 
tion as  the  sound  escaped  through  a 
partly  open  window  of  the  engine  room. 

Being  curious  to  see  what  type  of  en- 
gine this  might  be,  I  entered  the  engine 
room  and  found  a  Corliss  making  about 
95  r.p.m.;  the  rim  speed  on  the  flywheel 
was  close  to  a  mile  a  minute.  After  a 
pleasant  visit  with  the  engineer  I  went 
on  my  way,  but  I  could  not  help  wonder- 
ing why  I  had  not  seen  a  Corliss  hoist- 
ing engine  at  the  numerous  mines  I  had 
visited. 

Corliss  Hoisting  Engine 

If  a  Corliss  engine  is  economical  in 
one  plant,  I  reasoned,  it  should  be  a 
money  saver  in  another.  The  next  morn- 
ing after  breakfast  1  met  Hunter  and 
asked  him  how  it  was  that  we  had  seen 


By  Warren  O.  Rogers 


Hunter  explains  the  use  and 
operation  of  the  Vulcan  Corliss 
hoisting  engine  for  mine  work, 
and  tells  how  the  governor  is  cut 
out  of  control. 

He  also  tells  why  hoisting  en- 
gines are  not  operated  condens- 
ing and  then  suggests  how  a  con- 
denser could  be  used. 


that  instead  of  a  rocker-arm  for  operating 
the  steam  valves,  as  in  ordinary  practice, 
a  link  is  attached  to  a  rocker-arm  so  that 
the  engine's  rotation  can  be  reversed.  It 
is  equipped  with  the  regular  Corliss 
valve-gear  in  other  respects.  The  steam 
and  exhaust  valves  are  operated  by  the 
same  rocker-arm  and  link.  Corliss  en- 
gines are  becoming  more  numerous  about 
the  mines,  especially  at  the  breakers,  and 


Fig.   1.    Corliss  Engines  Operating    Colliery  Breaker 


no  Corliss  hoisting  engine,  and  if  there 
were  none  in  use. 

"Why,  there  are  Corliss  hoisting  en- 
gines— quite  a  few  of  them.  There  are 
several  of  them  in  nearby  towns.  Sup- 
pose we  take  a  run  over  and  see  one"; 
and  we  did. 

This  engine  proved  to  be  a  30x40-in. 
first-motion,  Corliss  equipped  with  a  10 
to  13-ft.  double  conical  drum,  a  steam 
reverse,  a  steam  brake  and  a  dial  indi- 
cator. 

"This."  said  Hunter,  "is  a  Vulcan  Cor- 
liss hoisting  engine.  The  real  distinction 
between  it  and  other  Corliss  engines  is 


some  of  them  are  of  the  reversible  type." 
"1  don't  see  why  a  reversible  engine  is 
wanted  to  run  a  coal-breaker.  Of  course, 
there  is  no  reason  why  an  economical  en- 
gine should  not  be  of  as  much  value  to 
a  coal  company,  for  what  coal  it  does  not 
burn  it  can  sell." 

"You  remember  this  engine  room, 
don't  you?"  replied  Hunter,  as  he  picked 
up  the  photograph  shown  in  Fig.  1.  "We 
found  a  tandem  Corliss  engine  driving 
the  breaker  shakers,  a  geared  hoisting 
engine  for  drawing  the  loaded  mine  cars 
up  into  the  breaker.  The  third  engine, 
which   was   a   link   Corliss   and   could   he 


reversed,   was   used   to    run    the   breaker 
rolls    and    conveyors." 

"Why  should  there  be  any  call  for  re- 
versing this  engine?"  I  asked,  for,  to  my 
in-experienced  mind,  this  was  all  straight 
work  and  called  for  no  reversing  of  the 
machinery. 

"Frequently  the  men  find  it  convenient 
to  reverse  the  rotation  of  the  rolls  oi 
conveyor  when  they  become  clogged,  as 
they  do  sometimes.  Then  the  reversing 
engine  comes  in  handy." 

"I  see.  Well,  go  on  with  your  sermon.' 

Hunter  grinned  and  took  up  the  thread 
of  his  talk. 

"The  governor  of  the  Corliss  hoisting 
engine  is  so  arranged  that  it  can  b« 
thrown  out  of  adjustment  and  a  partia 
movement  of  the  throttle  valve  throws 
the  cutoff  motion  into  gear.  This  allow; 
the  engineer  to  start  the  loaded  cage  a 
the  bottom  of  the  shaft  with  steam  ad' 
mitted  at  nearly  full  stroke  of  the  en 
gine.  Then,  after  the  engine  has  mad( 
two  or  three  revolutions,  the  throttle  leve 
is  thrown  over  to  its  full  travel  and  thi 
cutoff  becomes  operative;  that  is,  th( 
steam  valve  closes  when  the  latch  block; 
are  disengaged,  the  same  as  in  the  casi 
of  an  ordinary  .Corliss  engine." 

"This  engine  seems  to  run  easily  am 
at  a  good  speed,"  I  remarked,  as  the  en 
gineer  started  to  hoist. 

"There  is  no  reason  why  it  shouldn't, 
replied  Hunter,  as  he  wiped  his  hand 
with  a  piece  of  colored  waste.  "Th 
regular  rate  of  hoisting  with  this  en 
gine  is  105  mine  cars  per  hour  and 
record  of  925  cars  has  been  made  i 
eight  hours,  I  am  told." 

Hunter   Explains  the   Corliss  Link 
Motion 

As  the  engine  was  in  operation  mos 
of  the  time.  Hunter  suggested  that  I  vis 
^.he  Vulcan  works,  where  I  could  get 
better  idea  of  the  construction  of  the  er 
gine  and  also  obtain  photographs  c 
the  link  and  valve-gear,  which  I  di( 
When  we  returned  to  the  hotel,  I  invite 
Hunter  to  my  room,  as  I  wanted  furthe 
information  regarding  the  operation  c 
the  valve-gear  of  which  I  had  also  ol 
tained  photographs,  and  Hunter  readil 
consented  to  enter  into  an  explanatio: 
I  often  wonder  how  he  had  the  patienc 
to  answer  all  of  my  questions. 


Governor  and  Link 

The  first  photograph  he  took  up 
shown  in  Fig.  2.  "This,"  said  he,  as  f 
dropped  comfortably  into  a  rocking-chai 
"shows  the  valve-gear,  governor  and  lir 
arrangement.  The  rods  connected  wii 
the  steam  and  exhaust  valves  are  coi 
nected  to  a  rocker-arm  which  receive 
its  motion  from  the  link  block  as  it 
actuated  back  and   forth  by  the  link  ar 
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eccentric  rods.  By  changing  the  posi- 
tion of  the  link,  the  travel  of  the  link 
block  is  made  either  longer  or  shorter, 
which  reacts  back  to  the  valve-gear  and 
controls  the  opening  of  the  valves  when 
the  governor  is  not  controlling  the  point 
of    cutoff.      The    one    governor    controls 


shown  for  the  two  directions  of  rota- 
tion. 

"Now,  take  Fig.  3;  what  will  the  en- 
gine do  with  the  governor  and  link  set 
as  shown?" 

I  studied  the  picture  a  moment  and 
then   said   that   the  engine   would   either 


Fig.  2.    View  of  Valve  Gear,  Governor  and  Link 


the  valve-gear  of  both  cylinders  by  means 
of  a  governing  rod  running  from  one  en- 
gine to  the  other. 

"The  governor  is  thrown  out  of  action 
by  means  of  a  lever  which  is  connected 
by  a  link  to  a  camshaft,  as  you  will  notice 
in  the  other  illustrations." 

I  looked  at  the  photographs  represented 
in  Figs.  3  to  7  and  nodded  assent,  for 
the  cam  arrangement  was  plainly  shown. 

"Since    the    governor    is    controlling," 


he  at  rest  after  running  forward  or  was 
running  slowly  forward  throttled,  with  no 
cutoff,  but  with  the  governor  in  control. 

"Pretty  good  for  a  beginner,"  laughed 
Hunter;  "in  fact,  that  is  just  the  con- 
dition. Now  Take  Fig.  4;  conditions  are 
the  same,  aren't  they?" 

I  studied  Fig.  4  and  decided  that  Hun- 
ter would  make  an  excellent  examiner 
up  in  Masachusetts.  Apparently,  the  il- 
lustrations were  the  same,  but  a  closer 


"To  all  appearances,"  said  I,  "this  il- 
lustration shows  that  the  engine  was  run- 
ning reverse,  but  a  second  look  shows 
that  the  engine  is  running  forward,  al- 
though the  link  is  shown  in  the  reversed 
position.  This  being  the  case,  the  en- 
gine is  running  full  speed  forward,  the 
direction  of  rotation  being  shown  by  the 
arrow  at  the  governor  pulleys.  The  gov- 
ernor is  out  because  the  cam  has  lifted 
the  rods  connecting  with  the  governor 
and  the  latest  cutoff  is  taking  place. 

"I  see  what  is  occurring!"  I  exclaimed, 
as  a  light  began  to  dawn.  "The  engine 
is  in  a  plugged  condition;  that  is,  it  is 
running  forward,  but  steam  is  being  ad- 
mitted so  that  the  piston  meets  live-steam 
pressure  as  it  nears  the  end  of  its  stroke." 

"That  is  what  takes  place,"  replied 
Hunter.  "In  Fig.  6  the  engine  is  shown 
running  full  speed  in  a  reversed  position, 
with  the  latest  cutoff  taking  place,  the 
governor  controlling.  In  Fig.  7  the  en- 
gine is  shown  running  full  speed  reverse, 
but  no  cutoff  occurs,  as  the  governor  is 
cut  of  action." 

"Do  these  engines  run  condensing?" 
I  asked,  as  no  mention  had  been  made 
regarding  the  matter. 

"No;  in  fact,  none  of  the  hoisting  en- 
gines I  have  seen  run  condensing  and, 
so  far  as  I  am  aware,  no  attempt  has 
been  made  to  run  them  so  in  this  coun- 
try You  see  a  winding  engine  is  op- 
erated intermittently  and  often  under  ex- 
treme variation  of  power.  Therefore,  the 
problem  of  condensing  is  rather  com- 
plicated. 

"I  did  read  about  ten  years  ago  where 


Fig.  3.    At  Rest   After   Running   For 
ward  or  Running  Forward  Slowly, 
No  Cutoff  Governor  Controlling 

continued  Hunter,  "the  cam  is  in  a 
neutral  position,  and  the  cam  arm  to 
which  the  rod  connecting  to  the  governor 
is  attached  is  out  of  contact  with  the 
cam.  This  position  is  shown  in  Figs.  3, 
4  and  6.  The  position  of  the  cam  is 
also  shown  when  the  engine  is  running 
forward  and  running  reverse  in  Figs.  4 
and  6.     This  position  of  the  link  is  also 


Fig.  4.    Ru^'NING  Forward  at  Full 
Speed,  Earliest  Cutoff 
Governor  Controlling 

examination  showed  that  the  cam  arm 
was  now  in  a  lower  position  and  the 
governor  in  a  higher  plane,  which  would 
indicate  an  earlier  cutoff  than  shown  by 
Fig.  3.  The  direction  of  rotation  would 
be  the  same  and  the  governor  would 
control  the  cutoff.  This  is  what  I  told 
Hunter,  who  replied:  "Right  again.  Now 
let's  try  our  luck  on  Fig.  5." 


Fig.  5.    Plugged,  Running  Forward  at 

Full  Speed,  Latest  Cutoff, 

Governor  Out 

a  condensing  hoisting  plant  was  outlined, 
but  the  idea  has  never  been  given  a 
practical  test,  so  far  as  I  know.'  As  I 
remember,  the  general  arrangement  was 
to  have  a  central  condensing  chamber 
with  an  air  pump  operated  from  the  en- 
gine. There  was  also  ai second  air  pump 
vhich  ran  continuously,  regardless  of 
whether    the    engine    was    in    operation, 
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This  air  pump  was  used  to  maintain  a  va- 
cuum while  the  main  vacuum  pump,  which 
was  attached  to  the  engine,  was  at  rest. 

"A  continuous  injector  and  steam  sup- 
ply were  ■  to  be  maintained  at  the  con- 
tinuously operated  air  pump,  but  the  in- 
jection water  supplied  to  the  intermittent- 
ly operated  air  pump  was  controlled  by 
the  throttle-valve  lever;  that  is,  it  was 
to  be  shut  off  and  turned  on  to  the  engine 
condenser  simultaneously  with  the  steam. 

"The  pump  that  was  to  be  in  constant 
use  was  to  give  a  regular  supply  to  an 
accumulator  injector  tank,  and  while  the 
winding  engine  was  operating  this  water 
supply  was  to  pass  directly  to  the  engine 
condenser,  but  its  flow  would  be  stopped 
by  a  connection  in  the  main  steam  valve 
at  the  same  time  it  was  closed. 

"When  this  was  done,  the  water  sup- 
ply was  to  be  forced  into  the  accumulator 
against  the  pressure  built  up  by  its  own 
volume,  there  being  no  means  for  the 
air   to   escape   until    an    excessive   pres- 


Rapid   Engine  Alignment 
Bv  F.  C.  Holly 

In  no  part  of  the  erection  of  an  en- 
gine is  there  more  necessity  for  the 
exercise  of  skill  than   in   its  alignment. 

The  methods  I  use  may  not  be  original 
and  may  not  be  the  best,  but  are  an  im- 
provement over  some  that  I  have  often 
seen  employed. 

A  moderate-sized  horizontal,  girder- 
frame  Corliss  engine  is  to  be  erected. 
This  type  is  selected  because  it  is  per- 
haps the  most  nearly  representative  of 
engine-aligning  work  in  general  and  em- 
bodies all  the  principles  of  lining  and 
leveling  encountered  in  erecting  hori- 
zontal engines  of  any  type  or  size. 

The  first  step  after  the  engine  is  as- 
sembled is  to  provide  suitable  devices 
to  hold  a  line  in  the  exact  center  of 
the  cylinder.  For  the  head  end  a  very 
familiar   device    for   the   purpose   is   the 


hole.  The  center  is  then  scribed  on  the 
tin,  a  sharp-pointed  hermaphrodite  com- 
pass being  used  for  the  purpose,  and  a 
hole  the  size  of  the  line  pricked,  through 
which  the  line  is  passed.  Usually  when 
the  line  is  stretched  and  centered  in  the 
gland  it  will  be  found  accurately  cen- 
tered in  the  counterbore,  but,  if  not,  a 
ver\'  light  tap  with  the  hammer  up  or 
down  on  the  stick  or  of  a  flat  tool  side- 


FiG.  6.    Running  Reversed  at  Full 

Speed,  Latest  Cutoff  Governor 

Controlling 

sure  was  reached.  As  soon  as  the  steam 
throttle  valve  was  open  the  injection 
valve  was  also  open  and  the  water  in  the 
accumulator,  being  under  pressure,  would 
flow  and  act  immediately  on  the  con- 
denser and  so  eliminate  any  chance  of 
losing  the  vacuum  before  the  main  in- 
jector supply  could  get  into  action." 

"It  might  work  out,"  I  remarked,  as 
Hunter  flicked  the  ashes  from  his  cigar, 
"but  it  looks  somewhat  complicated." 

"Well,  I  don't  think  the  idea  ever  was 
put  into  practice,  at  least  in  a  com- 
mercial way.  There  have  been  and  are 
condensing  engines  at  collieries,  but  the 
character  of  the  winding  work  makes  it 
difficult  to  apply  the  practice  of  con- 
densing in  such  a  manner  as  to  attain 
the  highest  efficiency  or  economy." 

With  these  remarks.  Hunter  threw  his 
partly  consumed  cigar  away  and  bade 
me  good  night,  leaving  me  to  wonder. if 
there  were  many  engineering  subjects 
which  he  did  not  understand. 
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Fig.   7.    Plugged  Reversed  at  Full 

Speed,   No   Cutoff,   Governor 

Out 

iron  bracket  shown  in  Fig.  1.  By  having 
the  nut  only  partly  tight,  the  bracket 
may  be  tapped  with  a  hammer  in  the  di- 
rection necessarj'  to  bring  the  line  to  the 
center.  Another  device  is  shown  in  Fig. 
2,    no    forge    or    blacksinith    being    re- 
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Fig.   1.    Bracket  for  Holding  Center- 
ing Line 

quired  to  make  it.  A  strip  of  soft  wood 
■MxHi  in.  is  cut  the  right  length  to 
drive  firmly  into  the  counterbore.  A  '4- 
in.  hole  is  bored  through  the  stick  at  the 
middle  and  a  piece  of  tin  about  1'4  in- 
square  with  two  opposite  comers  bent 
as  shown  is  driven  into  the  stick  over  the 
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Fig.  2.  Another  Centering  Line 
Support 

ways  on  the  tin  will  suffice  to  make  it  so. 

For  holding  the  line  in  place  at  the 
crank  end  an  efficient  device  is  shown 
in  Fig.  4.  This,  being  attached  to  the 
frame  and  extended  to  clear  the  crank, 
will  serve  both  in  the  testing  of  the 
cylinder  for  alignment  to  the  frame  and 
the  squaring  of  the  crankshaft  to  the 
center  line. 

A  method  I  have  often  seen  used  is 
shown  in  Fig.  3.  As  this  is  attached  to 
the  floor  and  any  movement  or  adjust- 
ment of  the  engine  frame  makes  neces- 
sary the  re-centering  of  the  line  in  the 
cylinder,  it  is  evident  that  much  time  is 
lost   in   this   manner   unless   the    engine 


Fig.  3.    Holding  the  Line  at  the 

Crank  End 

must  be  set  to  this  particular  line.  Foi 
centering  the  line  a  soft  pine  stict 
about  y^  in.  in  diameter,  with  commor 
pins  driven  into  each  end,  makes'  a  very 
satisfactory  tram.  The  pins  can  be  drivet 
in  to  suit  the  most  refined  adjustmen' 
and  when  lightly  held  between  the  firs 
finger  and  thumb  the  slightest  touch  0 
the  line  can  be  plainly  felt. 

In  squaring  the  crank  to  the  line  at 
ordinary  rule,  its  end  held  against  the 
crank  face,  will  be  found  superior  t( 
either  tram   or  calipers. 

In  leveling  the  frame  and  cylinder  onb 
six  wedges  are  needed.  These,  whei 
placed  as  shown  in  Fig.  4.  illustrate  ; 
principle  in  wedging  that  can  often  bi 
used   to  advantage.     By  driving  wedge 
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A,B,C  and  D,  the  engine  can  be  leveled 
lengthwise,  while  by  lateral  wedges 
both  the  cylinder  and  frame  may  be 
leveled  crosswise.  A,  B,  C  and  D  acting  as 
rests  upon  which  the  weight  is  practical- 
ly balanced.  Excepting  in  very  heavy 
work,  a  multiplicity  of  wedges  should 
be    avoided. 

After  the   lining   up   and   leveling    are 
completed,  a  wedge  or  tight-fitting  shim 


Saving  by  Heating  Boiler 

Feed  Water 

By  W.  M.  Wright 

Every  heat  unit  added  to  the  feed 
water  before  entering  the  boiler  which 
does  not  come  directly  from  the  coal 
means  a  saving. 

To  readily  determine   what  percentage 


■4x4- 


200   deg.    a   saving   of   4i",i    per   cent,    is 
made. 

To  use  the  chart,  read  horizontally 
from  the  final  temperature  of  the  water  to 
the  diagonal  line  leading  from  the  initial 
temperature  and  then  vertically  down- 
ward to  percentage  scale.  This  chart  is 
calculated  for  100  lb.  boiler  pressure. 
For  50  lb.  pressure,  percentages  are  less 
than  0.15  higher.  For  200  lb.  pressure, 
percentages  are  less  than  0.2  lower. 


Fig.  4.    Arrangement  of  Leveling  Wedges 


should  be  placed  under  the  frame  near 
each  anchor  bolt  and  the  nuts  drawn 
tight  enough  to  prevent  the  possibility 
of  the  alignment  being  disturbed  while 
the  engine  is  being  bedded.  This  is 
especially  important  if  a  rust  joint  is 
used,  as  this  style  of  joint  is  tightly 
rammed  under  the  frame  and  cylinder 
feet  and  the  ramming  is  certain  to  throw 
the  frame  out  of  line  vertically  if  it  is 
not   snugly   bolted   down. 
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of  saving  may  be  effected  by  the  in- 
stallation of  apparatus  to  heat  the  water, 
the  accompanying  chart  may  be  used. 

It  is  noticeable  that  the  higher  the 
initial  temperature  of  the  water,  the 
greater  will  be  the  percentage  of  sav- 
ing for  a  given  increase  in  temperature. 
For  instance,  the  chart  shows  that  in 
heating  the  water  from  50  to  100  deg. 
temperature  there  is  a  saving  of  4A,  per 
cent,  and  that  in  heating  it  from   150  to 


Repairing  Boiler  Tubes 

By  John  Burns 

Nothing  is  more  discouraging  to  the 
engineer  than  to  discover  a  bagged  plate 
when  the  boiler  is  taken  out  of  service, 
or  in  the  case  of  a  water-tube  boiler,  a 
number  of  bulged  boiler  tubes.  In  most 
cases,  the  primary  cause  is  oil  or  grease 
in  the  feed  water,  or  the  use  of  a  feed 
water  that  leaves  a  gummy  deposit  of 
the  nature  of  soapstone  or  mica. 

The  writer's  experience  with  defects  of 
this  kind  has  until  recent  years  been  con- 
fined to  the  horizontal  return-tubular 
boiler,  but  the  purpose  of  this  article  is 
to  extend  the  practice  to  the  driving  or 
rolling  hack  of  bulges  on  boiler  tubes, 
thereby  saving  the  tube  and  the  cost  of 
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removal.  It  has  been  the  custom  with 
water-tube  boilers  to  allow  bulged  tubes 
fo  remain  in  this  condition  until  the  bag 
bursts  and  a  stream  of  water  is  dis- 
charged which  threatens  to  put  out  the 
fire. 

I  have  in  mind  an  instance  where  a 
large  town  in  West  Virginia  was  with- 
out electric  service  an  entire  week  on  ac- 
count of  bulged  boiler  tubes.  Some  time 
ago  the  writer  had  an  experience  that 
came  very  near  being  as  disastrous;  in 
this  case  the  trouble  was  caused  by  oii 
in  the  feed  water.  When  two  boilers 
were  taken  out  of  service  for  their  usual 
cleaning  the  attendant  discovered  that 
nearly  every  tube  in  the  bottom  rows  of 
the  boilers  were  bulged  and  some  of  the 
tubes  in  three  or  four  places;  in  fact,  it 
looked  as  though  another  day's  firing 
would  have  completed  the  destruction  of 
the  entire  bottom  rows  .of  tubes.  The 
boilers  had  been  in  service  but  six 
months.  The  loss  of  so  many  practical- 
ly new  tubes  was  disheartening,  but 
something  had  to  be  done,  and  done 
quickly,  as  the  other  boilers  were  doubt- 
less in  the  same  condition. 

We  secured  a  large  gasoline  blow-torch 
of  the   furnace   type  and   the  blacksmith 


was  instructed  to  make  a  swage  that 
would  exactly  fit  the  circumference  of 
the  tube.  The  boilers  were  drained  out, 
and  with  a  sledge,  after  heating,  we  started 
driving  back  the  bulges.  1  wish  to  say 
right  here  that  this  was  no  pink  tea,  for 
at  every  blow  of  the  sledge  we  were 
treated  to  a  shower-bath  of  soot  and 
ashes.      However,   we   made    fairly   good 


Powei^ 

Rolling  Back  the  Bulges 

progress  until  it  was  discovered  that  the 
blows  from  the  sledge  hammer  were  hav- 
ing a  bad  effect  on  the  tube  ends  where 
they  were  expanded  into  the  headers. 
The  clamps  and  roller  shown  in  the  ac- 


companying illustration  were  then  de- 
vised, and  with  an  extension  blow  pipe 
about  4  ft.  long  so  that  the  torch  could 
rest  on  the  grate  bars  while  heating 
was  taking  place,  we  again  started  op- 
erations, and  this  time  with  better  re- 
sults. We  heated  and  rolled  back  all  of 
the  bulges;  the  tubes  were  made  as 
good  as  new.  In  fact,  the  operation  was 
performed  on  one  tube  that  was  bulged 
so  badly  that  it  had  started  leaking;  this 
same  tube  was  removed  a  year  later. 

It  should  be  understood  that  the  plant 
is  in  operation  24  hr.  a  day,  and  by  a 
little  careful  watching  and  making  re- 
pairs as  described,  we  have  lost  but 
nine  tubes  since  the  plant  was  started  in 
1908,  an  average  of  less  than  three  tubes 
a  year.  It  might  be  added,  however,  that 
an  asbestos-lined  hood  of  sheet  iron, 
made  to  fit  around  the  tube  with  a  hole 
in  the  bottom  to  admit  the  flame  of  the 
blow-torch,  greatly  facilitated  the  heat- 
ing. Later  I  thought  so  much  of  the 
device  that  I  had  it  patented,  not  for  the 
purpose  of  preventing  the  use  of  the 
roller  method  of  repairing  tubes  by  en- 
gineers, but  to  derive  some  revenue  from 
parties  who  should  undertake  to  manu- 
facture and  market  it. 


Deterioration  of  Coal 


In  Power,  Jan.  2,  an  article  under  the 
above  title  by  H.  C.  Porter  and  F.  K. 
Ovitz  discussed  investigations  of  coal  de- 
terioration, and  referred  to  experiments 
made  by  the  present  writer.  As  a  matter 
of  further  information,  the  results  of 
these  tests  are  here  given  in  some  detail. 

The  tests  included  determining  the 
change  in  heating  power,  the  change  in 
weight  and  the  tendency  to  disintegrate 
by  slaking. 

The  character  and  quality  of  the  four 
kinds  of  coal  tested  are  shown  by  Tables 
1  and  2.  How  one  year's  storage  out 
of  doors  afi'ected  heating  power  and 
weight  is  shown  in  Table  3,  and  the  re- 
sults of  tests  of  the  second  best  and 
poorest  coal  under  water,  in  Table  4. 
Table  5  shows  the  disposition  to  disin- 
tegrate into  smaller  pieces. 

During  the  last  few  years  the  writer 
has  made  several  investigations.  The 
first  consisted  in  experiments  to  ascertain 
the  loss  in  heating  power  only.  While 
that  work  was  largely  preliminary,  it  in- 
dicated that  the  loss  in  heat  value  is  much 
smaller  than  generally  supposed.  At  the 
end  of  the  first  year's  work,  it  was  de- 
cided that  change  in  weight  of  fuel  is 
also  important,  so  the  second  year  tests 
of  this  were  included.  While  the  work 
gave  useful  results  and  developed  an  ac- 
curate method  of  testing,  it  was  really 
preliminary.  Then  with  the  benefit  of 
two  years'  experience,  another  series  of 
tests  was  planned  and  carried  out  very 
successfully. 


By  A.  Bement* 


Results  of  tests  of  coal  ex- 
posed to  the  weather  for  one  year 
to  determine  the  deterioration 
due  to  change  in  weight  and  in 
its  heating  power. 


The  greatest  difficulty  was  accurately 
determining  the  change  in  weight.  Under 
common  conditions  of  weather  exposure 
a  sample  may  increase  in  quantity  by 
collecting  dust  and  dirt  blown  into  it  by 
the  wind  and  decrease  by  losing  small 
particles  carried  away  by  rain  and  wind. 

To  isolate  these  effects,  coal  containing 
no  dust  was  selected,  placed  in  a  box 
large  enough  to  hold  400  lb.  and  covered 
with  cheesecloth  to  catch  dirt.  Drainage 
from  the  box  was  caused  to  flow  at  low 
velocity  through  a  trough  containing 
dams  or  riffles  to  catch  any  du^  carried 
out  with  the  water.  All  of  the  coal  in 
the  sample  passed  over  a  screen  having 
J4-in.  round  perforations  and  through 
another  with  s-^-in.  perforations.  This 
sample  in  an  air-dry  state  was  carefully 
rescreened  over  3's-in.  perforations,  elimi- 
nating all  small  stuff  and  leaving  clean 
coal    of   uniform    size,   which   was   then 


in  Storage 

sampled  and  analyzed.  The  remainder 
was  weighed  and  placed  in  storage  in 
the  box. 

When  the  coal  was  removed  from  stor- 
age its  weight  was  taken,  after  which 
it  was  sampled  and  again  analyzed.  The 
heating-power  determinations  were  made 
with  a  Mahler  calorimeter  at  the  same 
time  the  analyses  were  made.     In  deter- 

T.\BLE  1.     PROXIMATE  COMPOSITION 
OF  COALS 

Coal  Coal  Coal  Coal 

Moist  coal  A  B  C  D 

Moisture,  per  cent  6.73  9.65  12.66  14.38 

.\sh, percent  7  23  10  99  10.75  10.01 
Volatile  matter, 

percent 35.36  31.55  37.23  36.23 

Fixed  carbon,   per 

cent .50.66  47.81  39.36  39.38 

Heating    power    in 

B.t.u 12.944  11,178  10,990  10,774 

Dr>^  coal 

■Ash.perccnt 7  75"   12.16      12  31      11.69 

Volatile  matter, 

percent 37  92     34.92     42.63     42  32 

Fixed  carbon,  per 

cent 54  33     52  92     45.06     45  99 

Heating   power   in 

B.t.u 13,SS2    12.803    12,583    12.584 

Pure  coal 

\'olatile       matter, 

percent 4111     39  75     48.61     47  92 

Fixed  carbon,   per 

cent..  .58  89     60.25     51.39     .52  08 

Heatinjr    power    in 

B.t.u 15.048    14, .575    14.350    14,2.50 

mining  the  change  of  weight,  calculations 
were  based  on  the  same  moisture  con- 
tent initially  present  in  the  coal.  This 
was  because  coal  increases  and  decreases 
in  moisture  content  independently  of  any 
change  that  may  affect  the  ash  content 
or  that  of  the  coal  proper.  Thus  the 
final  weight  of  the  dry  coal  referred  to 
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its  initial  weight  gave  the  change  due 
to  weathering. 

The  tendency  of  coal  to  disintegrate  by 
slaking  down  to  smaller  sizes  was  con- 

TABLE  2.     ULTIMATE  COMPOSITION 
OF  COALS 

Coal  Coal  Coal  Coal 

A  B              C  D 

Carbon,  per  cent....  SI, SI  81. (i3  77,23  7.5.74 
Hydrogen,  available, 

percent 4.24  4.02       4,02  3.63 

Sulphur,  per  cent, ..  .        2,04  2  14       4,4.')  .5.24 
Nitrogen,  per  cent...        1,79  1.73       l.t',0  1.51 
Water    of    combina- 
tion, per  cent 10.12  10.48  12.70  13. SS 

Total 100.00   100.00   100.00   100,00 

Heating    power    per 

pound  in  B.t.u 15,048    14,575    14,350    14,230 

sidered  sufficiently  important  to  test  care- 
fully. A  goodly  number  of  average  lumps 
of  coal  from  each  of  the  kinds  were 
placed  in  outdoor  storage  for  one  year 
after  being  weighed.  These  lumps  were 
so  placed  that  the  portion  scaling  off  re- 


to  sizes  each  of  which  was  also  weighed, 
so  that  in  addition  to  knowing  to  what 
extent  the  sample  remained  as  lump,  it 
was  found  into  what  sized  pieces  the 
disintegrated  portion  was  disposed  to 
separate. 


Chart  for  Determining  Blow- 
ing Engine  Speed 
By  J.  C.  Watson 

It  often  happens  in  blast-furnace  work 
that  the  air  for  the  furnaces  is  supplied 
by  two  blowing  engines  of  different  sizes. 
As  it  is  necessary  for  satisfactory  op- 
eration to  supply  a  definite  amount  of  air 
to  each  furnace,  this  involves  a  calcula- 
tion of  the  speed  at  which  the  engines 
should  run  to  deliver  the  required  amount. 


in    making   the   divisions    will   determine. 

All  that  remains  to  be  done  to  com- 
plete the  chart  is  to  determine  the  lo- 
cation of  the  line  representing  the  350- 
cu.ft.  engine  and  the  size  of  its  divi- 
sions. In  the  present  case  the  400-cu.ft. 
engine,  making  75  r.p.m.,  will  pump  30,000 
cu.ft.  of  air  per  minute,  so  the  zero 
speed  of  the  350-cu.ft.  engine  lies  some- 
where on  the  line  connecting  these  two 
points. 

Now,  if  the  350-cu.ft.  engine  runs  at 
100  r.p.m.,  it  pumps  35,000  cu.ft.  of  air 
per  minute.  So,  if  the  zero  point  on 
the  400-cu.ft.  engine  line  is  connected 
with  the  35,000  point  on  the  volume 
line,  it  will  be  known  that  the  point  rep- 
resenting 100  r.p.m.  of  the  350-cu.ft.  en- 
gine line  lies  somewhere  on  this  con- 
necting line.  Likewise,  if  the  400-cu.ff. 
engine  is  running  at  20  r.p.m.,  it  blows 


Fig.   1.  Method  of  Locating  Points  on     Chart 


2E,ooa 

3I,0C0 
30,000 

Fic.  2.  Finished  Chart,  Showing  Volume  of  Air  Pumped 


T.\BLE  3.     CHANGE  DUE  TO  EXPOSURE  IN 
AIR  FOR  ONE  YEAR 

Change  in  Per  Cent. 
Heating 
Coal  Power        Weight       Total 

A     —0,25  0,00      —0,25 

B     —0  38      -1-0  11      —0,27 

C     —0,93      -1,15      —2,08 

D     —1,85      —2,29—4   14 

TABLE     4.     CHANGE     OCCURRING     UNDER 
W.\TER,  ONE  YEAR'S  STORAGE 

Change  in  Per  Cent, 
,  Heating 
Coal  Power         Weight        Total 

B        -1-0  02      —  OSl       —0  73 

D      —0.44      —0,35      —0,79 

TABLE  5.     DISPOSITION  TO  SLAKE 

Disposition  of  lump  coal  to  slake  down  to  smaller 
size.  Exposure  of  one  year.  Original  samples  100 
per  cent,  lump,  which  in  one  year's  outdoor  storage 
broke  down  to  sizes  as  shown. 

Percentage  of  Each  Size 
AHei  One  Year 

Sizes 
1-and  1-in. 
and 
Coal  Lump  Egg        under 

A      100,00  00,0  00  no 

B      87,84  00,0  12    l(i 

C     35  49         23,0         41   nl 

D     18.36  16,5  05    14 

mained  associated  with  the  original  lump. 
At  the  end  of  the  year  what  remained 
intact  of  the  original  lumps  was  weighed, 
and  the  total  weight  referred  to  the  origi- 
nal weight  gave  the  percentage  of  the 
original  lump  that  was  not  disintegrated. 
The  slaked-off  portion  was  separated  in- 


A  convenient  way  of  determining  these 
speeds  without  any  calculations  is  by 
the  use  of  a  chart  similar  to  the  one 
shown  herewith  in  Fig.  2.  This  chart 
is  constructed  as  follows:  Suppose  that 
the  blast  furnace  to  be  supplied  uses  not 
less  than  30,000  nor  more  than  45,000 
cu.ft.  of  free  air  per  minute,  and  that 
the  air  is  supplied  by  two  blowing  en- 
gines, one  having  a  maximum  speed  of 
75  r.p.m.  and  delivering  400  cu.ft.  of 
free  air  per  revolution,  the  other  hav- 
ing a  maximum  speed  of  100  r.p.m.  and 
delivering  350  cu.ft.  of  free  air  per 
revolution. 

Take  a  sheet  of  cross-section  paper, 
as  shown  in  Fig.  1 ;  divide  the  left  side 
into  75  equal  parts,  with  the  zero  at  the 
top  to  represent  the  maximum  75  r.p.m. 
of  the  400-cu.ft.  blowing  engine.  At  the 
right  side  of  the  sheet  choose  another 
vertical  line,  and  starting  with  the  mini- 
mum number  of  cubic  feet  of  air  re- 
quired per  minute  at  the  bottom  of  the 
sheet,  divide  this  line  into  such  a  num- 
ber of  equal  parts  that  the  maximum 
number  of  cubic  feet  of  air  per  minute 
will  be  shown  on  the  sheet.  It  is  imma- 
terial whether  this  comes  at  the  top 
line    of    the    sheet    or    not;    convenience 


8000  cu.ft.  of  air  per  minute,  and  if  this 
is  added  to  the  35,000  cu.ft.  blown  by  the 
350-cu.ft.  engine  at  100  r.p.m.,  there  is 
a  total  of  43,000  cu.ft.  of  air  per  min- 
ute blown  by   the  two   engines. 

If,  now,  20  is  connected  on  the  400- 
cu.ft.  engine  line  with  43,000  on  the 
volume  line,  another  line  is  located  on 
which  the  point  representing  100  r.p.m. 
of  the  350-cu.ft.  engine  must  lie.  The 
intersection  at  A,  Fig.  !,  of  the  two  lines 
determines  the  exact  location  of  this 
point.  The  point  of  zero  revolutions  lies 
directly  under  this  lOO-revolutions  point, 
so  all  that  remains  is  to  draw  this  line 
and   divide    it   into    100  equal   parts. 

It  is  .better,  however,  to  locate  a  few 
more  points,  as  B  and  C,  in  order  to 
check  the  accuracy  of  the  work.  The 
completed    chart    is   shown   on    Fig.   2. 

Suppose  that  42,250  cu.ft.  of  air  per 
minute  is  required  by  the  furnace,  and 
that  it  is  desired  to  run  the  400-cu.ft. 
engine  at  40  r.p.m.;  then  connect  these 
two  points  with  a  straight-edge,  as  in 
Fig.  2,  and  it  will  be  found  that  it 
crosses  the  350-cu.ft.  engine  line  at  75. 
This  means  that  in  order  to  attain  the 
required  result,  this  engine  must  be  run 
at  75  r.p.m. 


898 


POWER 


Vol.  35,  No.  26 


Water  in  the  Low-Pressure  Cylinder 


It  not  infrequently  happens  that  a  com- 
pound condensing  engine  which  has 
hitherto  been  well  behaved  and  given  no 
trouble  to  speak  of  will  suddenly  take 
a  dose  of  water  into  the  low-pressure 
cylinder,  resulting  in  a  wreck  of  greater 
or  less  magnitude  with  all  its  attendant 
disagreeable  features:  loss  of  the  unit  :n 
service,  a  repair  bill,  a  disgruntled  owner 
and  superintendent  and  a  sore  engineer 
to  whom  everj-body  is  looking  for  an  ex- 
planation. Almost  the  first  question  asked 
upon  such  an  occasion  is,  "Where  did  the 
water  come  from  ?" 

There  are  many  who  fail  to  understand 
how  it  is  that  the  low-pressure  piston 
can  and  does  act  as  a  pump  and  pull 
the  water  over  into  the  low-pressure  cyl- 
inder; not  from  the  condenser,  but  from 
the  boilers.  In  the  opinion  of  many,  the 
condenser  is  a  sort  of  suspicious  char- 
acter and  the  first  to  be  blamed  as  the 
only  source  that  they  can  see  from  which 
the  water  can  come.  But  "How,"  they 
ask,  "does  the  water  get  through  the 
high-pressure  side  without  wrecking  it?" 

Perhaps  a  few  minutes  spent  in  the 
consideration  of  this  subject  may  prove 
instructive  and  profitable,  for  having  once 
found  and  understood  the  cause  we  may 
be  better  able  to  use  means  of  preven- 
tion against  further  similar  mishaps. 

As  most  of  the  wrecks  that  have  come 
to  the  notice  of  the  writer  have  hap- 
pened to  engines  of  the  cross-compound 
condensing  type,  assume  an  engine  of 
this  sort  with  the  low-pressure  cylinder 
twice  the  diameter  of  the  high,  in  which 
case  it  will  have  four  times  the  area  and 
volume,  since  the  stroke  is  the  same.  Let 
the  initial  pressure  be  150  lb.  absolute 
and  the  cutoff  on  the  low-pressure  fixed 
for  one-third  stroke. 

Supposing  the  engine  to  be  running 
with  a  fair  load — say,  cutting  off  at 
■quarter  stroke  on  the  h'gh-pressure  cyl- 
inder— and  that  the  pressure  varies  in- 
versely as  the  volume,  the  pressure  at 
the  end  of  the  stroke  of  the  high-pressure 
cylinder   will   be 

150  ^  4  =  37.5  lb. 
as  at  A  in  Fig.  1.  The  volume  of  the 
high-pressure  cylinder  is  one-quarter  that 
of  the  low.  If  the  low-pressure  cut  off 
at  one-quarter  stroke  it  would  take  the 
same  volume  out  of  the  receiver  at  each 
stroke  that  the  high-pressure  cylinder  de- 
livered to  it.  The  receiver  pressure  would 
be  the  same  as  the  high-pressure  terminal 
and  the  high-pressure  diagram  would  end 
in  a  point. 

But  the  low-pressure  cylinder  cutting 
off  at  one-third  stroke  takes  a  larger  vol- 
ume out  of  the  receiver  at  each  stroke 
than  the  high-pressure  cylinder  delivers 
to  it.  The  steam  at  this  greater  volume 
has  a  correspondingly  less  pressure. 
Whatever  happens  to  it  in  the  meantime. 


By  H.  R.  Low 


Low-pressure  cylinders  of  com- 
pound engines  are  not  infre- 
quently wrecked  by  water  which 
is  usually  supposed  to  come  from 
the  condenser.  The  article 
shows  how  it  may  be  brought 
over  from  the  boiler  in  quantities 
too  small  to  fill  the  high-pres- 
sure clearance  and  accumulate 
in  the  receiver  until  swept  into 
the  low-pressure  cylinder. 


\\  hen  the  steam  has  been  expanded  to 
the  end  of  the  stroke  in  the  low-pressure 
cylinder  it  will  have  four  times  the  vol- 


.  Volume  of  High      ^ 
Pressure  Cylinder  ^ 
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ultimately    expanded,    is    four    times    as 
large  as  the  high. 

If  it  had  already  been  expanded  four 
times  in  the  high   it  would  be  expanded 

4  X  4  =   16 
times   in   all    and    the   terminal    pressure 
in  the  low  would  be 

150  H-    16  =  9.375  Ih. 
With  the   cutoff  at  one-third,  the  initial 
pressure  in  the  low    (the  receiver  pres- 
sure) will  be 

9.375  X  3  =  28.125  Ih. 
An  ideal  diagram  for  the  high-pressure 
cylinder  drawn  to  the  same  pressure 
scale  as  the  low,  but  shortened  to  one- 
quarter,  the  length  of  the  low-pressure 
diagram  would  look  like  the  upper  part 
of  Fig.  1  while  the  lower  portion  would 
represent  the  ideal  low-pressure  diagram. 

In  this  case  the  receiver  pressure  is 
28.125  —  14.7  =  13.4  Ih. 
above  that  of  the  atmosphere,  and  the 
trap  on  the  receiver.  Fig.  2,  will  discharge 
into  the  atmosphere  all  right.  But  sup- 
posing that  the  load  becomes  light,  or 
one  is  just  starting  up  or  shutting  down 
and  the  cutoff  in  the  high-pressure  cyl- 
inder goes  back  to  ^'l,.  stroke,  then  the 
terminal  pressure  in  this  cylinder  will  be 

150  ^  10  =  15  Ih. 
absolute,  or  just  about  atmospheric,  as 
at  S,  Fig.   1.     The  total  number  of  ex- 
pansions will  be 

10   X   4  =  40 
the  terminal  pressure  in  the  low 

150  -h  40  =  3.75  Z6. 
and  the  receiver  pressure 

3  X  3.75  =  11.25 
absolute;  which  is 

14.7  —  11.25  =  3.45  Zfc. 
below  that  of  the  atmosphere.  The  trap 
could  not  discharge;  if  it  were  open,  the 
atmosphere  would  tend  to  force  the  water 
back  into  the  receiver  because  the  pres- 
sure outside  is  greater  than  it  is  in  the 
receiver. 

Suppose  now  that  the  boilers  are  prim- 
ing   or   that   there   is    considerable    con- 


9.575 
3.75 


Volume  of  Low  Pressure  Cylinder 

Fig.  1 


A 


ume  that  it  had  at  the  end  of  the  high- 
pressure  stroke  because  the  low-pressure 
cylinder,   into   which   it   is  delivered   and 


densation — as  there  is  apt  to  be  on  start- 
ing up — and  water  accumulates  in  the 
receiver  as  shown  in  Fig.  2.     When  the 
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low-pressure  piston  moves  away  from 
the  head  the  steam  from  the  re- 
ceiver flows  into  the  space  which 
it  leaves.  If  the  water  ever  gets  so  high 
as  to  cover  up  the  opening  at  A,  Fig.  2, 
the  water  would  be  forced  up  the  pipe  C 
with  a  force  equal  to  the  difference  be- 
tween the  pressure  in  the  receiver  and 
that  in  the  vacuous  space  which  the  pis- 
ton left  behind  it. 

It  would  not  be  necessary  for  the  water 
to  become  high  enough  to  completely  shut 
off  the  space  at  A,  for  when  this  open- 
ing became  restricted  the  inrushing  steam 
would  cause  the  water  to  surge  until  it 
filled  the  section  at  the  elbow  and  up 
would  go  a  slug  of  water  to  the  cylinder. 
It  takes  only  a  trifle  more  than  enough 
to  fill  the  clearance  to  do  the  damage. 

The  same  thing  may  happen  all  the 
more  readily  at  full  load  if  for  any  rea- 
son the  traps  fail  to  work,  because  there 
will  be  a  greater  pressure  difference  be- 


Centrifugal  Pump  Troubles 
By  F.  Webster 

Centrifugal  pumps  do  not  produce  an 
over-rise  of  pressure;  hence  there  are 
no  shocks  or  disruptive  stresses.  On 
the  other  hand,  each  type  of  pumps  has 
its  peculiarities,  and  the  operator  must 
study  them  in  ordfer  to  be  master  of  the 
situation. 

The  ordinary  size  of  centrifugal  boiler 
feeder  runs  at  about  3600  r.p.m.,  and 
when  in  order  it  is  perfectly  silent  and 
free  from  vibration.  Sometimes  it  will 
run  for  months  with  practically  no  at- 
tention save  the  inspection  of  the  oiling 
and  cooling  systems,  but  when  it  does 
get  out  of  order  a  diagnosis  must  be 
made  and  a  cure  attained. 

AlL/V.ENTS 

Different  ailments  are  contracted  by 
this  type  of  boiler  feeders.     One  power- 


To  Dr/p  Trap 
Fig.  2.    How  Water  Gets  into  the  Low-pressure  Cylinder 


tween  the  receiver  and  the  low-pressure 
cylinder  when  the  piston  starts  off  and  a 
more  lusty  flow  to  carry  the  water  over. 

Fig.  2  is  drawn  to  scale  from  an  en- 
gine with  which  I  am  well  acquainted 
and  there  are  many  more  similarly  ar- 
ranged. 

When  I  start  up  a  compound  engine 
I  always  shorten  the  cutoff  on  the  low- 
pressure  cylinder  to  build  up  the  pressure 
in  the  receiver  and  keep  the  trap  work- 
ing until  the  engine  gets  its  load;  then 
I  set  the  low-pressure  cutoff  ahead  and 
let  the  receiver  pressure  down  to  what 
I  want  to  carry. 


A  Swedish  inventor  claims  to  have  de- 
vised means  for  burning  pulverized  peat 
in  a  locomotive  as  practically  and  eco- 
nomically as  coal. 


The  total  number  of  central  stations  in 
Germany  is  reported  to  be  about  2700. 


plant  engineer  has  found  that  getting 
out  of  balance  is  the  most  serious,  the 
affection  generally  coming  on  instantly 
and  changing  the  conditions  suddenly 
from  perfect  running  to  a  noisy  vibra- 
tion; then  there  is  nothing  to  do  but 
shut  down  and  dismantle  the  machine. 
In  two  cases  a  sprung  shaft  seemed 
to  be  the  trouble,  and  it  seemed  idle  to 
try  any  scheme  for  getting  the  rotor  in 
balance  except  by  putting  in  a  new  shaft 
and  a  set  of  new  bearing  sleeves.  This 
method  produced  a  cure,  and  gave  the 
diagnosis  after  the  prescription  had  been 
tried.  Hence,  the  rule  in  case  of  trouble 
is  to  get  new  parts. 

Out  of  Balance 

That  a  rotor  getting  out  of  balance 
will  cause  a  breakdown  is  accepted,  but 
the  cause  of  its  getting  unbalanced  is 
not  always  clear.  In  the  investigation 
of  a  recent  case  of  sprung  shaft  a  clue 


appeared  in  a  little  sliver  of  babbitt 
weighing  probably  less  than  '  j  oz., 
which  was  found  lodged  in  the  groove 
between  the  outer  edge  of  the  driving 
disk  and  the  ring  carrying  the  steam 
vanes  of  the  turbine,  as  shown  in  the 
illustration.  This  babbitt  came  from  the 
shaft  bushing,  having  broken  from  a 
spongy  place  in  the  casting.  The  un- 
balancing effect  of  this  small  piece — or 
by  whatever  else  it  may  have  been 
caused — was  instantaneous.  There  were 
no  immediate  steps  in  the  breakdown; 
the  machine  went  at  one  leap  from  per- 
fection to  destruction. 

Centrifugal  Force 

Calculation  relates  to  the  theory  of  the 
unbalancing  effect  of  any  given  weight 
v/ould  be  that  the  centrifugal  force 
equals 

II'  V^- 


F  — 


where 

W  =  y.  oz.  = 
;?  =  10  in.  = 
G  rz  32.16; 


lb.; 


Babbitt  Lodged  on  Impeller 


V  —  Velocity    in    feet   per  second. 
For  an  r.p.m.  of  3600,   V  will  equal 


X  2  X  3600 


and 


F  =  J,  X  (3.1416  X  5.;  X  2  X  3600  ^ 
60)=  -=-  %  X  32.16  =  115  lb. 
This  unbalanced  weight  would  be  ap- 
plied as  a  concentrated  load  at  the  mid- 
dle of  a  shaft,  probably  3  ft.  or  so  long. 
The  theoretical  deflection  with  a  1  'A-in. 
shaft  would  be  about  0.01  in.,  according 
to  the  formula 

'  ~  48  EI 
where 

W  =  Weight  in  pounds; 
/  =  Length    between    the    bearings 

in  inches; 
E  =  Coefficient   of  elasticity,   which 

for  steel   is  30,000,000; 
/  =  Moment  of  inei-tia  in  inches  of 
the  shaft. 
For   a    l'<-in.    shaft   /    =    3.08.      The 
actual  deflection  may  be  much  greater. 
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Electrical     Department 

Conducted  to  be  of  service  to  the  men  in  charge  of  electrical  equipment  in  the  power  house 


Rotary  Converters  and   Their 
Operation 

By  Norman  G.  Meade 

A  rotary  converter  combines  in  one 
machine  the  functions  of  a  motor  and 
generator,  and  forms  the  electrical  con- 
nection between  an  alternating  and  a  di- 
rect-current system.  As  usually  installed, 
it  acts  as  a  synchronous  motor  driving  a 
direct-current  generator,  but  it  can  be 
inverted  so  as  to  consist  of  a  direct- 
current  motor  driving  an  alternating-cur- 
rent generator.  If  mechanically  driven 
it  will  supply  both  direct  and  alternating 
currents. 

In  construction  a  rotary  converter  is 
similar  to  a  direct-current  generator, 
with  the  addition  of  suitable  collector 
rings  connected  to  the  armature  wind- 
ing at  points  having  the  proper  phase 
relation.  It  can  be  built  for  single-,  two-, 
three-   or   six-phase   circuits,   but   single- 


of  force  exactly  as  though  the  arma- 
ture were  revolved  mechanically;  al- 
ternating currents  will  therefore  be  ob- 
tained from  the  collector  rings.  If  the 
operation  be  reversed  and  the  machine 
run  as  a  synchronous  motor,  the  al- 
ternating currents  will  be  transformed 
to  direct  current. 

By.  connecting  four  equidistant  points 
of  the  winding  to  four  collector  rings,  as 
in  Fig.  2,  two-phase  or  quarter-phase 
currents  will  be  obtained  and  there  will 
be  two  pairs  of  conductors  in  the  al- 
ternating-current line.  By  connecting 
three  equidistant  .points  of  the  armature 
winding  as  in  Fig.  3,  three-phase  cur- 
rents will  be  delivered.  Since  direct- 
current  armatures  have  closed  circuit 
windings,  the  connections  on  the  alternat- 
ing-current side  of  a  three-phase  rotary 
converter  are  always  delta. 

In  most  recent  large  installations,  six- 
phase  rotary  converters  are  used,  op- 
erated   bv    double-star    or    double-delta 


multipolar  machines  as  many  connection 
to  each  ring  are  required  as  there  ai 
pairs  of  poles. 

The  ratio  between  the  potential  at  th 
alternating-current  side  and  at  the  direct 
current  side  is  approximately  constar 
and  cannot  be  altered  by  changing  th 
speed  or  by  using  a  field  rheostat.  Wit 
a  sinusoidal  curve  of  electromotive  fore 
the  following  ratios  of  conversion  ar 
approximated,  the  potential  at  the  direct 
current  side  being  taken  as  unity:  I 
single-  and  two-phase  machines  the  pc 
tential  at  the  collector  rings  will  be  0.71 
three-phase,  0.61 ;  six-phase,  0.71,  or  0.6 
depending  upon  whether  a  star  or 
double-delta  connection  is  used.  Thus 
two-phase  rotary  converter  receiving  al 
ternating  currents  at  approximately  42 
volts  will  deliver  direct  current  at  60 
volts,  and  a  three-phase  rotary  converte 
with  approximately  366  volts  on  the  a' 
ternating-current  side  will  deliver  a  60C 
volt  direct  current. 


Fig.  1 


Fig.  2  Fic.  3 

Ele.mentary  Rotary  Converter  Windings  for  Different  Phases 


Fig.  4 


phase  converters  are  seldom  employed. 
Transformers  are  generally  interposed 
between  the  converter  and  the  alternat- 
ing-current system  to  lower  or  raise  the 
voltage.  This  is  usually  necessary,  owing 
to  the  fixed  relation  between  the  direct- 
and  alternating-current  voltages  of  the 
converter,  and  the  desirability  of  high- 
tension  transmission. 

Classification  of  Rotary  Converters 

To  illustrate  its  performance  let  Fig. 
1  represent  the  rotary  converter  arma- 
ture revolving  in  a  two-pole  magnetic 
field,  two  poles  being  chosen  for  sim- 
plicity. If  the  machine  be  equipped  with 
both  a  commutator  and  collector  rings, 
it  may  be  run  as  an  ordinary  direct- 
current  motor.  The  conductors  on  the 
revolving   armature  will  be  cutting  lines 


connections  from  three-phase  transmis- 
sion lines.  In  six-phase  rotary  convert- 
ers six  equidistant  taps  are  led  from 
the  armature  winding  to  six  collector 
rings,  as  in  Fig.  4.  Figs.  5  and  6  show 
respectively  the  alternating-current  and 
direct-current  sides  of  a  standard  six- 
phase  rotary  converter.  The  advantage 
of  such  a  machine  arises  from  its  rela- 
tively lower  armature  copper  loss.  It  is 
usually  of  large  current  capacity  as  the 
more  complicated  connections  in  the 
transformers  and  at  the  collector  ring 
brush-holders  outweigh  the  advantages 
in   smaller   machines. 

The  diagrams  have  shown  two-pole 
rotary  converters  only.  In  practice  multi- 
polar machines  are  used  to  reduce  the 
speed.  With  two  poles  only  one  connec- 
tion   to    each    ring    was    necessary.      In 


Rotary  converters  can  be  used  to  suf 
ply  three-wire  systems,  or  to  obtain  tw 
potentials  for  operating  variable-spee 
direct-current  motors.  For  such  circuii 
a  neutral  wire  is  used  in  conjunctio 
with  the  positive  and  negative  leads  o 
the  direct-current  side.  When  two-phas 
distribution  is  used  the  direct-currei 
neutral  wire  can  be  connected  to  th 
middle  point  of  the  secondary  coils  c 
the  tran«formers.  Upon  three-phase  sys 
tems  tjje  transformer  secondary  coils  at 
connected  in  the  interconnected  star  sys 
tem  and  the  neutral  is  brought  out  froi 
the  common  junction  point  of  the  sec 
ondary  coils. 

The  relationship  between  the  numb« 
of  poles,  the  speed  and  the  frequenc 
of  rotary  converters  is  the  same  as  th: 
of  alternating-current  generators;  that  i; 
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the  frequency  equals  the  number  of  poles 
multiplied  by  the  revolutions  per  minute 
divided  by  120. 

Hunting 

A  converter  must  run  in  synchronism 
with  the  generator  supplying  it,  but  if 
the  speed  of  the  latter  is  not  uniform,  the 
converter  will  tend  to  follow  the  fluctua- 
tions of  the  generator  speed.    If  the  gen- 


bars  embedded  in  slots  in  the  pole  face. 
Acting  as  dampers,  these  grids  prevent 
the  relative  position  of  the  converter 
armature  from  being  changed  by  the  cor- 
rective currents  more  than  the  initial 
change  in  the  generator. 

Voltage  Regulation 

Regulation  of  the  direct-current  volt- 
age  can   only  be   obtained   by  changing 


Fig.  5.    Alternating-Current  Side 

erator  speed  increases,  the  converter  will 
tend  to  acquire  a  similar  relative  speed, 
but  the  momentum  of  the  moving  arma- 
ture carries  it  beyond  this  speed,  after 
which  it  will  retard,  thus  causing  a 
surging  action.  This  is  commonly  known 
as  "hunting"  and  may  assume  disastrous 
proportions  if  not  provided  against.  As 
hunting  is  an  oscillation  each  side  of 
the    synchronous    speed,    the    corrective 


Fig.  6.    Direct-Current  Side 

the  alternating-current  voltage.  The  regu- 
lation can  be  nonautomatic  by  means  of 
transformer  loops,  potenrtal  regulators, 
induction  regulators  or  by  the  synchronous 
regulator  or  alternating-current  booster. 
Automatic  regulation  is  possible,  with- 
in narrow  limits,  by  using  a  series  wind- 
ing in  the  field,  and  with  the  necessary 


means  of  altering  the  potential,  however, 
cannot  be  used  while  the  apparatus  is 
in  service. 

The  potential  regulator  shown  diagram- 
matically  in  Fig.  7  consists  of  a  special 
transformer  having  the  primary  coil  con- 
nected across  and  the  secondary  coil  in 
series  with  the  line.  Several  taps  are 
taken  from  the  primary  coil  to  contact 
points  on  a  faceplate  or  drum.  A  revers- 
ing switch  is  provided  and  the  voltage 
can  be  increased  or  diminished  without 
regard  to  the  line  voltage. 

The  induction  regulator  consists  of  a 
transformer,  the  primary  coils  of  which 
are  movable,  with  respect  to  the  seconu- 
ary  coils.  The  core  and  winding  con- 
struction resembles  that  of  an  induction 
motor.  The  primary  coil  is  connected 
across  and  the  secondary  coil  in  series 
with  the  line.  By  shifting  the  position 
of  the  primary  winding  of  the  regulator, 
the  voltage  delivered  to  the  alternating- 
current  side  of  the  converter  can  be 
raised  or  lowered  without  opening  the 
circuit  and  the  voltage  on  the  direct- 
current  side   will   be  varied. 

Still  another  method  of  regulation  is 
to  use  an  alternating-current  generator 
having  the  same  number  of  poles  as  the 
rotary  converter  and  having  its  rotor 
mounted  on  the  same  shaft  with  the  con- 
verter armature,  between  the  armature 
windings  and  the  collector  rings.  The 
regulator  frame,  with  its  pole  pieces  and 
field  winding,  is  carried  by  brackets  from 
the  frame  of  the  converter.  This  avoids 
brushes  and  collector  rings  for  the  regu- 
lator, and  the  main  field  winding  of  the 
converter  is  free  from  regulating  de- 
vices. A  converter  of  this  type,  manufac- 
tured by  the  Westinghouse  Co.,  is  shown 
in  Fig.  8. 


Fig.  7.    Diagram  of  Potential 
Regulation 

currents  set  up  by  it  flow  first  in  one 
direction  then  in  the  other.  T>he  effect 
is  to  cause  the  magnetic  field  continually 
to  shift  back  and  forth  across  the  pole 
face.  A  similar  action  also  occurs  in  the 
generator.  That  hunting  is  always  accom- 
panied by  a  shifting  field,  make.s 
possible  an  effective  preventive.  This 
is  a  heavy  capper  grid  surround- 
ing each  pole  piece  and  having  its  cross 


Fig.  8.    Converter  with  Synchronous  Regulator 


control  apparatus  the  induction  regu- 
lator and  the  synchronous  regulator  can 
be   arranged   to   operate   automatically. 

Transformers  designed  for  service  with 
rotary  converters  have  taps  on  both  the 
high-  and  the  low-tension  windings,  for 
obtaining  small  variations  in  voltage.  This 


With  this  regulator  the  direct-current 
voltage  can  be  raised  or  lowered  by  al- 
tering the  strength  and  polarity  of  the 
booster  fields;  a  synchronous  regulator 
rated  at  15  per  cent,  of  the  capacity  of 
the  converter  is  capable  of  varying  the 
voltage    30    per    cent.      This    regulation 
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can  be  accomplished  by  hand  or  auto- 
matically and  the  regulator  field  can  be 
controlled  to  maintain  a  constant  po- 
tential or  a  constant  proportion  of  the 
load  on  the  rotary  converter.  The  latter 
is  particularly  desirable  when  operating 
in  parallel  with  other  rotary  converters 
or  with  storage  batteries. 

Compounding  of  Rotary  Converters 

The  field  strength  of  a  rotary  converter 
can  be  adjusted  so  that  the  direct-current 
output  will  be  obtained  with  a  minimum 
alternating-current  input;  varying  the 
field  strength  either  way  will  increase  the 
input,  while  the  output  remains  the  same. 

An  over-excited  field  sets  up  a  leading 
current  in  the  line,  and  a  lagging  line 
current  arises  from  an  under-excited  field. 
These  changes  in  field  strength  do  not 
appreciably  affect  the  direct-current  volt- 
age, and  the  only  way  to  vary  the  po- 
tential is  to  vary  the  alternating-current 
voltage  at  the  collector  rings,  owing  to 
the  fixed  ratio  between  the  two  electro- 
motive forces.  However,  it  is  possible 
by  proportioning  the  series  excitation  and 
providing  sufficient  inductance  in  the  sup- 
ply line  to  produce  a  change  in  the  volt- 
age at  the  collector  rings.  The  conditions 
for  rotary  converter  compounding  are 
therefore,  a  series  winding  on  the  field 
and  inductance  in  the  line  between  the 
generator  and  the  converter.  The  series 
winding  does  not  directly  increase  the 
direct-current  voltage  but  acts  indirectly 
through  the  inductance. 


A    Low  Record    Rate  for 
Electrical     Energy 

The  city  of  Winnipeg,  Manitoba,  has 
established  rates  for  commercial  electric 
service  that  seem  destined  to  outclass 
any  efforts  for  low  charges  on  the  part 
of  municipalities  in  the  United  States,  in- 
cluding Pasadena,  Calif.,  which  for  the 
past  few  years  has  practically  held  the 
record  for  a  minimum  consumption 
charge.  With  a  municipally  owned  hydro- 
electric power  plant  on  the  Winnipeg 
River,  the  city  has  made  a  base  rate  of 
3'/iC.  per  kilowatt-hour,  with  proportion- 
ate reduction  for  various  classes  of  ser- 
vice. 

The  plant  has  a  rated  capacity  of  32,- 
000  hp.,  with  available  water  power  for 
the  generation  of  about  twice  this  amount. 
The  power  plant,  transmission  system  (77 
miles  long),  distributing  I'nes  and  ter- 
minal station,  were  completed  in  October, 
1911,  at  a  cost  of  approximately  S3,250,- 
000.  With'  this  total  investment,  and  a 
population  of  about  175,000,  the  city  is 
earning  suitable  returns  with  the  follow- 
ing rates  of  service: 

Electric  lighting:  Base  rate,  S'jc,  for 
store,  factoiy  and  residence  use.  Dis- 
counts on  bills  of  S50,  or  more,  per  month, 
ranging  from  10  to  60  per  cent.  Minimum 
rate  for  residence  lighting  per  month, 
50c.;  for  business  lighting,  $1. 


Electric  heating  and  cooking,  for  do- 
mestic service:  A  separate  meter  is  in- 
stalled, with  a  rate  of  Ic.  per  kilowatt- 
hour.  Minimum  charge  of  75c.  per  month. 

Electric  power:  Rates  range  from  3!^!C. 
to  0.8c.  per  kilowatt-hour,  the  bills  be- 
ing subject  to  discount  as  noted. 


LETTERS 

Pilot  Lamps 

In  some  small  isolated  electric  sta- 
tions, the  opening  of  the  main  circuit- 
breakers  causes  the  entire  plant  to  be 
plunged  in  darkness.  In  such  cases  con- 
siderable time  and  trouble  can  be  saved 
by  a  slight  change  in  the  wiring  of  the 
lamps  on  the  switchboard.  By  connect- 
ing one  or  two  lamps  directly  to  the 
generator  leads  (as  is  usually  done  in 
the  larger  stations  I,  they  cannot  be  af- 
fected by  the  opening  of  the  main  circuit- 
breakers,  and  sufficient  light  is  left  to 
enable  the  attendant  to  operate  the  board. 

Not  long  ago  a  600-kw.  plant  in  a 
manufacturing  establishment  was  shut 
down  by  a  short-circuit,  every  breaker 
being  opened.  It  took  15  min.  to  find  a 
torch  or  lantern  by  which  to  see  the 
meters  and  ascertain  conditions  at  the 
switchboard  before  restoring  the  current 
to  it.  Meantime  the  engine  room  was  in 
total  darkness,  and  the  running  engines 
made  it  dangerous  to  move  about. 

Had  a  few  or  even  one  of  the  switch- 
board lamps  been  connected  directly  to 
the  generator  leads,  current  could  have 
been  restored  to  the  board  immediately. 
I.  C.   Chamberlain. 

Paterson,  N.  J. 


Rebabbitting  a  Large  Bearing 

A  short  time  ago  we  had  a  main  bear- 
ing burn  out  on  a  direct-connected  5(X)- 
kw.  direct-current  generator.  As  we  had 
already  experienced  the  high  cost  of  hav- 
ing a  similar  bearing  rebabbitted  at  a 
local  shop,  we  decided  to  do  the  work 
ourselves. 

This  unit  was  the  first  of  an  incom- 
pleted installation  and  was  already  run- 
ning two  cars  on  a  short  piece  of  track, 
which  depended  upon  it  entirely  for 
power.  Consequently  it  was  very  essential 
to  have  the  machine  running  as  soon  as 
possible.  In  order  to  remove  the  bear- 
ing, it  was  necessary  to  raise  the  arma- 
ture and  flywheel  with  the  shaft.  This 
was  accomplished  by  means  of  two  25- 
ton  jacks  under  the  shaft  and  one  50-ton 
jack  under  the  flywheel.  The  bearing 
was  removed  during  the  night  and  was 
ready  for  the  shop  by  seven  the  next 
morning. 

We  had  no  metal  mandrel  nor  means 
for  turning  up  a  wooden  one  and  the 
best  substitute  was  a  short  piece  of  pipe 
about  14  in.  in  dimaeter.  This  was  brought 
to  the  proper  size,  the  shaft  being  15  in. 
in  diameter,  by  wrapping  pieces  of  as- 
bestos paper  around  it,  this  paper  also 


acting  as  a  very  good  heat  insulator.  The 
bearing  was  in  four  pieces,  a  top  and 
bottom  and  two  quarter  wedges,  one 
piece  being  babbitted  at  a  time  in  the 
following  manner: 

The  piece  to  be  babbitted  was  stripped 
of  all  old  babbitt  and  heated  to  a  very 
high  temperature.  It  was  then  laid  on 
a  level  floor;  thin  strips,  about  !4  in. 
thick,  cut  from  an  old  belt,  were  laid  at 
the  ends  to  obtain  the  proper  thickness  of 
babbitt  and  the  pipe  rested  on  these.  The 
babbitt  was  then  heated  in  two  pots  and 
poured  in  from  both  sides  of  the  bearing. 
As  the  metal  shrunk  slightly  upon  cool- 
ing, it  was  necessary  to  keep  pouring  in 
a  little  metal  until  the  space  was  entirely 
filled,  and  no  more  metal  could  be  poured. 
After  being  scraped  and  the  oil  grooves 
cut,  the  bearing  presented  a  very  good 
appearance.  The  job  was  completed  by 
two  men  in  9  hr.,  as  against  3  days  re- 
quired in  the  former  case  and  at  about 
-,i  less  cost.  The  bearing  was  replaced 
the  same  evening  and  outside  of  a  slight 
scraping  the  next  day,  has  proved  entire- 
ly satisfactory. 

Dover,  N.  J.  J.  M.  Burns. 


Wattmeter  Connections 

Referring  to  Mr.  Crateau's  wattmeter 
connections  in  the  issue  of  Apr.  23,  I 
would  submit  the   following  explanation: 

Meter  No.  1  is  apparently  connected 
properly.  Meter  No.  2  has  both  current 
coils  connected  into  the  same  phase.  This 
is  incorrect  and  will  produce  one  of  two 
possible  results.  Upon  increase  of  field 
excitation  the  meter  will  slow  down,  stop 
and  reverse;  or  will  speed  up  rapidly, 
reaching  a  maximum  speed  of  173  per 
cent,  of  normal,  depending  on  the  phase 
into  which  the  current  coils  are  con- 
nected. 

Of  course,  the  solution  is  to  connect 
the  current  coils  into  their  proper  phases. 
It  should  be  impossible  for  meter  No. 
1  to  indicate  over  half  load.  The  syn- 
chronous motor,  at  full  load  and  50  per 
cent,  power  factor,  will  require  somewhat 
less  than  250  amperes  per  phase.  This 
would  require  a  current  transformer  of 
ratio  250:  5  to  give  full  load  indication  on 
the  meter.  He  is  using  one  having  a  ratio 
of  500:5  which  naturally  reduces  the 
meter  indication  one-half. 

Meter  No.  2  is  rated  at  150  volts  at 
five  and  ten  amperes.  With  the  potential 
transformer  he  is  now  using,  having  a 
ratio  of  20:  1,  he  will  get  110  volts,  which 
is  so  much  below  the  meter  rating  that 
I  doubt  if  the  meter  will  give  depend- 
able results.  The  meter  should  be  used 
with  a  transformer  of  a  ratio  of  15:  1. 

The  current  coils  should  have  a  ratio 
of  250: 5  and  the  five-ampere  current 
windings  should   be  used. 

If  these  changes  are  made,  the  meter 
should  check. 

H.  R.  Bodemuller. 

Necaxa,  Puebla,  Mexico. 
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worth-while  gas-engine  and  producer  information  treated  in  a  way  that  can  be  of  practical  use 


Bituminous  Producers  for 
Power* 

By  C.  M.  Garland 


In  the  develoipment  of  the  power  pro- 
ducer  for  the   gasification  of   fuels  con- 
taining above   12  per  cent,  volatile  mat- 
ter   the   manufacturers  at  an  early   date 
divided   on  the   question   of  the  method 
of  handling  this  troublesome  constituent 
and    proceeded    with    their   developments 
along  two  diverging  lines.     In  one  they 
sought   to   convert  the   condensible   com- 
bustible  constituem  of  the  volatile  mat- 
ter into  fixed  combustible  gases  by  draw- 
ing this  product  through  either  the  whole 
or  part  of  the  incandescent  fuel  remain- 
ing  after   volatilization;    in   the   other  to 
separate    the    condensible    portion    from 
the  permanent  gases  after  these  had  left 
the    generating    chamber.      The    former 
group   turned   their   energies   to   the   de- 
velopment of  down-draft  and  double-zone 
arrangements,    while    the    latter   directed 
their  efforts  toward  the  production  of  up- 
draft    producers     and     tar-handling    ap- 
paratus.   It  has  been  the  privilege  of  the 
writer  to  observe  the  operation  of  a  num- 
ber of  plants  of  the  latter  type  and  to 
analyze  the  results  of  the  operation  of 
others. 

Description  of  Apparatus 
The  plants  belonging  to  the  latter  class 
are    of    two    general    types,    suction    and 
pressure,  while  the  apparatus  is  essential- 
ly similar  in  each,  varying  principally  in 
•=ize    and    general    arrangement.      F:g.    1 
shows  a  vertical  section  through  the  pro- 
ducer  scrubber  and  the  water-sealed  gas 
main,'  which   is  a  characteristic  arrange- 
ment for  plants  up  to  about  1000  hp.  The 
pressure  plant  differs   from  the   suction 
plant  by  the  addition  of  a  fan-type  blower 
and   a  regulating  holder.     In  the  earlier 
plants  the  latter  served  as  a  large  stor- 
age  reservoir  with   capacity   sufficient  to 
keep  the  engines  operating  from  3  to  10 
min      It  was  also  thought  that  this  large 
capacity    tended    to    insure    greater   uni- 
formity in  the  composition  of  the  gas,  so 
that  the   holders   were   placed   in   series 
with  the  engine  and  scrubbers.     In  more 
recent  plants  the  size  of  the  holder  has 
been  greatly  reduced  and  in  most  cases 
floats  on  the  line  so  that  the  gases  do 
not  pass  through  it.  This  change  has  been 
brought    about   partly   because     a    large 
storage  capacity  is  not  required   and   in 
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many  places  is  undesirable.  Also  the 
mixing  effect  of  the  gases  in  the  holder 
has  proved  a  fallacy. 

From  Fig.  1  it  will  be  noted  that  the 
producer  A  is  of  the  water-sealed  type, 
with  a  central  blast  B  and  superimposed 
vaporizer  C.  The  gases  pass  direct  from 
the  producer  to  the  scrubber  D.  which  is 
provided  with  a  vertical  baffle  E,  from  the 
scrubber  to  the  water-sealed  main  F,  and 
from  this  to  the  tar  extractor  G.  The 
latter  is  of  the  centrifugal  type  and  is 
illustrated  in  detail  in   Fig.  2. 

Referring  to  Fig.  2,  the  gas  enters  at 
A  and  meets  a  stream  of  water  at  B.  The 
mixture  flows  upon  the  rotating  vanes  C 
and  is  discharged  into  the  stationary 
vanes  D.    The  water  and  a  portion  of  the 


constant  by  the  back-pressure  valve  J, 
while  the  air  pressure  on  the  main  K  is 
also  constant.  The  valve  L  is  therefore 
used  to  vary  the  amount  of  steam  de- 
livered to  the  blast.  The  butterfly  valve 
M  connects  with  the  holder  and  regulates 
the  amount  of  blast  delivered  to  the  pro- 
ducer. Changes  in  the  position  of  this 
valve  do  not  affect  the  relative  propor- 
tions of  air  and  steam.  In  more  recent 
plants  a  thermostat  located  in  the  blast 
pipe  operates  a  throttle  valve  in  the 
steam  line  from  the  vaporizer  in  order 
to  maintain  a  constant  temperature  of  the 
blast. 

The  fuel  is  fed  to  the  producer  by  the 
hand-operated  centrifugal  charging  device 
N,  which  insures  a  very  even  distribution. 
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Fig.  1.    BiTUM 


INDUS  Producer,  Scrubbrr  and  Tar  Extractor 


tar  are  thrown  out  against  the  casing  E 
and  follow  this  around  to  the  drain  F 
which  discharges  into  the  seal  pit  G. 
The  gas  leaving  the  stationary  vanes  D  re- 
enters the  rotating  vanes  H  on  the  op- 
posite side  of  the  disk  /.  The  gas  here 
meets  a  stream  of  water  from  the  nozzle 
;  moving  in  the  direction  opposite  to  the 
gas  which  removes  the  remaining  tar. 
The  gas  leaves  at  K.  The  extractors  are 
usually  designed  to  deliver  the  gas  under 
a  low  pressure  and  are  built  in  more  than 
one  stage  for  the  larger  powers. 

A  portion  of  the  steam  generated  in  the 
superimposed  vaporizer  C,  Fig.  1,  is  used 
to  saturate  the  blast.  The  amount  sup- 
plied is  indicated  by  the  temperature 
shown  by  the  thermometer  H.  The  steam 
pressure  on  the  vaporizer  is  maintained 


This  consists  of  the  hopper  provided  with 
a  ribbed  charging  bell  O,  which  is  rigid- 
ly mounted  on  the  shaft  P  and  held 
against  its  seat  by  the  counterweight  Q. 
When  the  fuel  is  charged  the  bell  is 
lowered  by  the  arm  R  and  at  the  same 
time  rotated  by  the  arm  S.  Both  arms 
are  hand  operated.  After  the  fuel  is 
charged,  the  counterweight  Q  causes  the 
bell  O  to  seat.  A  sliding  cover  closes 
the  top  of  the  hopper  wh'ch  prevents  the 
escape  of  gas  while  dropping  a  charge  of 
fuel. 

Thermal   Efficiency 
The  efficiency  depends  to  a  certain  ex- 
tent upon  the  volatile  matter.     For  fuels 
containing  as  high  as  30  to  50  per  cent, 
volatile    matter,    the    themial    efficiency 
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based  on  the  higher  heating  value  of  the 
gas  is  about  66  per  cent.,  while  the  efifi- 
ciency  based  on  the  effective  heating 
value  of  the  gas  is  ordinarily  5  per  cent, 
lower  than  this,  or  62.7  per  cent,  (ex- 
clusive of  the  power  required  to  drive  the 
tar  extractor).  Where  the  volatile  mat- 
ter does  not  exceed  20  per  cent.,  the  effi- 
ciency is  somewhat  higher. 

The  volume  of  gas  generated  per  pound 
of  coal  depends  upon  the  composition  of 
the  coal  and  the  condition  of  the  fuel 
bed.  In  a  seven-day  test  on  a  producer 
plant  using  run-of-mine  Pocahontas  coal, 
the  volume  of  the  standard  gas  generated 
per  pound  of  coal  was  approximately  71.5 
cu.ft.  For  lignite  the  volume  of  standard 
gas  varies  between  36  and  40  cu.ft.  per 
pound. 

A  large  number  of  tests  were  made  to 
determme  the  cleanliness  of  the  gas  de- 


In  so  far  as  the  yield  of  tar  is  con- 
cerned, there  are  but  three  objections 
that  can  be  urged  against  it: 

1.  Loss  in  efficiency  of  the  plant  due 
to  the  removal  of  a  combustible  con- 
stituent from  the  fuel. 

2.  The  expenditure  of  power  in  driv- 
ing the  tar  extractor. 

3.  Difficulties  in  the  disposal  of  the 
tar. 

The-magnitude  of  these  items  is  fairly 
well  known.  The  loss  in  thermal  effi- 
ciency varies  from  12  per  cent,  for  fuels 
containing  from  15  to  20  per  cent,  vola:- 
lile  matter  to  17  per  cent,  for  fuels  con- 
taining above  or  near  30  per  cent,  of  vola- 
tile matter.  The  power  required  to  drive 
the  tar  extractor  depends  upon  the  nature 
of  the  tar  produced.  With  lignites,  which 
produce  a  thin  yellowish  tar  resembling 
very  nearly  a  heavy  oil,  the  power  re- 
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livered  by  the  tar  extractors,  the  results 
of  which  showed  that  the  solid  matter 
averaged  about  0.0206  grain  per  cubic 
foot  of  standard  gas.  The  determina- 
tions were  made  by  drawing  samples  of 
the  gas  through  three  thicknesses  of  filter 
paper  on  which  the  solid  matter  was  de- 
posited. In  most  cases  simultaneous  sam- 
ples were  taken  from  the  entering  and 
exit  sides  of  the  extractor. 

Handling  the  Tar 

In  the  earlier  plants  difficulty  was  ex- 
perienced by  the  tar  accumulating  in  the 
scrubbers  and  pipe  lines,  causing  fre- 
quent shutdowns.  In  almost  every  case 
this  trouble  was  due  to  lack  of  experi- 
ence on  the  part  of  the  builders  in  de- 
signing these  parts,  and  to  the  operators 
who  failed  to  take  proper  precautions 
and  profit  by  their  first  troubles. 


quired  is  at  least  25  per  cent,  less  than 
the  amount  required  for  bituminous  coals. 
For  bituminous  coals  this  power  varies 
from  5  per  cent,  of  the  power  of  the  plant 
in  a  plant  of  100  b.hp.  to  about  3.5  per 
cent,  for  a  plant  of  1000  b.hp. 

As  to  the  difficulties  in  the  disposal  of 
the  tar  there  is  in  some  instances  a  ready 
market  for  the  tar  product;  in  other 
cases  it  can  be  burned  under  boilers. 

The  usual  method  of  handling  the  tar 
is  to  place  the  extractor  over  a  pit  con- 
taining water  info  which  the  mixture  of 
tar  and  water  from  the  extractor  is  dis- 
charged. The  pit  is  arranged  so  that 
the  tar  may  be  skimmed  into  a  barrel  or 
receiver.  .  Where  a  receiver  is  used  it  is 
provided  with  an  air-tight  cover,  and 
when  filled  the  cover  is  put  in  place  and 
either  steam  or  air  is  forced  in  under 
pressure;  this  in  turn  forces  it  through 


piping  to  the  point  of  disposal.  Where 
the  tar  is  thick  and  heavy,  it  is  necessary 
to  provide  the  receiver  with  a  steam  coil 
to  keep  the  tar  in  a  fluid  condition. 

Producer  Plant  Costs 

The  cost  of  producer  plants  and  of  op- 
erating them  are  by  no  means  fixed  quan- 
tities, so  that  it  is  very  difficult  to  give  fig- 
ures that  are  general  and  that  can  be  safe- 
ly applied  to  any  and  every  case.  Eacl 
plant  requires  individual  consideration 
but  the  following  applies  to  the  genera 
case: 

The  first  cost  depends  upon 

1.  The  service  or  load  conditions  anc 
the  magnitude  of  the  load.  These  deter 
mine  the  necessity  for  duplicate  or  span 
apparatus  and  the  number  of  units  int( 
which  the  plant  should  be  divided. 

2.  The  design  of  the  producer.  Witl 
a  given  fuel  one  type  of  producer  ma; 
gasify  50  per  cent,  more  fuel  than  an 
other  type,  or  one  type  may  be  capabli 
of  continuous  operation,  while  still  an 
other  may  require  a  light  load  during  thi 
period  of  the  removal  of  ash. 

3.  The  method  of  generating  stean 
for  the  blast;  that  is,  whether  or  no 
the  producer  generates  its  own  stean 
supply  or  requires  that  this  should  b< 
generated  in  separately  fired  boilers 
either  fired  direct  or  exhaust  fired. 

4.  The  characteristics  of  the  fuel,  in 
eluding  the  percentage  of  ash.  Witl 
low  ash  a  plain  water-sealed  produce 
is  satisfactory,  but  with  ash  above  12  o 
15  per  cent,  a  rotating  table  and  con< 
bottom  become  desirable. 

5.  The  scrubbing  apparatus  required 
which  depends  to  a  large  extent  upoi 
the  volatile  matter  in  the  coal. 

6.  The  method  of  handling  the  coa 
and  upon  local  conditions. 

The  operating  costs  are  intimately  con 
nected  with  the  first  cost  and  depen: 
upon 

1.  The  character  of  the  fuel,  som 
fuels  requiring  more  labor  than  others 

2.  The  design  of  the  producer. 

3.  The   amount  of  ash. 

4.  The  coal-handling  machinery. 

5.  Facilities   for  handling  the  tar. 

6.  Supervision  and  local  conditions. 

Future  Developments 
The  future  for,  this  type  of  plant  i 
promising,  as  more  economical  result 
are  now  recognized  as  attainable,  througl 
improvements  which  tend  to  reduce  th 
first  cost  of  the  plant  and  also  the  op 
crating  costs.  These  are  an  increase  i; 
the  rate  of  gas'fication,  a  decrease  in  th 
power  required  to  drive  the  cleaning  ap 
paratus,  and  utilization  of  waste  hea 
Increase  in  the  rate  of  gasification  ha 
been  made  possible  by  a  careful  stud 
of  the  effect  of  the  distribution  of  th 
blast  on  the  operation  of  the  producer. 

A  number  of  years  ago  the  write 
demonstrated  on  a  small  anthracite  pro 
ducer     in     the     mechanical-engineerini 
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laboratory  of  the  University  of  Illinois, 
that  certain  fuels  could  be  gasified  at 
rates  as  high  as  40  lb.  per  square  foot 
of  fuel  bed  per  hour  without  difficulty. 
Later  while  operating  on  lignite  in  Texas, 
which  produced  a  very  fine  ash  and 
caused  considerable  trouble  in  the  ordi- 
nary central  blast  producer,  the  prime 
reason  for  the  satisfactory  gasification  of 
one  fuel  at  a  very  high  rate  of  gasifica- 
tion and  the  failure  in  the  gasification  of 
another  fuel  at  the  same  rate,  was  most 
clearly  and  forcibly  demonstrated. 

From  this  study  and  investigation  it 
has  become  apparent  that  average  fuels 
can  be  gasified  at  rates  from  50  to  150 
per  cent,  greater  than  the  present  rating 
of  producers  (9  to  10  lb.  per  square  foot 
of  fuel  bed  per  hour),  and  with  no  in- 
crease in  labor.  This  means  a  great  re- 
duction in  the  first  cost  of  producer  plants 
and  also  in  the  operating  costs.  Fur- 
thermore, the  same  principles  pro- 
duce the  same  results  in  large  pro- 
ducers as  in  small  producers,  so  that 
it  is  just  as  practicable  to  build  a  pro- 
ducer of  large  as  of  small  diameter, 
while  the  labor  per  square  foot  of  fuel 
bed  required  in  the  operation  of  the  pro- 
ducer, the  first  cost,  and  operating  costs 
are  greatly  reduced.  A  producer  9  ft. 
in  diameter  inside  the  lining,  having  an 
area  of  63.6  sq.ft.,  requires  less  labor 
to  operate  than  two  producers  6  ft.  in 
diameter  (area  56.5  sq.ft.).  It  is,  how- 
ever, true  that  the  gas  from  two  smaller 
producers  will  probably  be  more  uni- 
form in  quality  than  the  gas  from  one 
large  producer.  The  writer's  experience 
would  indicate  that  producers  up  to  15  ft. 
inside  diameter  are  practical. 

Utilization  of  the  waste  heat  is  an  item 
that  has  received  some  attention  in  the 
past,  but  not  as  much  as  it  warrants. 
As  a  rule,  the  average  gas  plant  is  ex- 
tremely wasteful  of  heat.  About  12  per 
cent,  of  the  heat  in  the  fuel  is  thrown 
away  in  the  scrubber  water,  while  about 
60  per  cent,  is  thrown  away  in  the  cool- 
ing water  to  the  engine  cylinders  and 
in  the  exhaust. 


Testing    Internal    Combustion 

Engines 

By  Everard  Brown 

The  efficiency  of  an  internal-combus- 
tion engine  is  the  ratio  of  the  heat  con- 
verted into  actual  work  to  the  total  amount 
of  heat  received  by  the  engine.  In  a 
general  way,  the  difference  between  the 
heat  of  combustion  and  that  in  the  ex- 
haust is  the  measure  of  heat  turned  into 
work  which  may  represent  the  degree  of 
efficiency  without  expansion  losses.  An 
efficiency  so  determined,  however,  is  of 
but  little  value  and  must,  to  a  large 
extent,  be  based  upon  assumed  values. 
The  heat  of  combustion  is  always  vari- 
able, due  to  leakage,  radiation,  absorp- 
tion, mixture  of  the  charge,  etc. 


It  is  practically  impossible  to  record 
accurately  these  temperatures,  for  the 
clianges  are  usually  so  rapid  that  no  re- 
liable observation  can  be  made;  also  the 
computed  temperatures  are,  at  best,  only 
approximate  and  can  be  calculated  only 
from  the  known  heat  values  of  the  fuel 
constituents.  This  would  no  doubt  be 
fairly  accurate  if  the  inert  gases  of  pre- 
vious explosions  could  be  excluded,  but 
herein  lies  the  difficulty. 

Therefore,  it  devolved  upon  the  indi- 
cator diagram  to  show  what  is  going  on 
within  the  engine  cylinder  so  far  as  com- 
bustion and  expansion  are  concerned  and 
to  point  out  the  proper  adjustment  of 
the  valves.  While  the  diagram  is  being 
taken  it  is  essential  that  the  engine  run 
steadily  and  with  no  misfires,  so  that  the 
tr'ue  indicated  horsepower  will  be  re- 
corded. The  speed  should  be  recorded 
simultaneously,  but  the  fuel-consumption 
test  should  cover  a  longer  period — say, 
five  or  ten  minutes — because  it  is  rather 
difficult  to  accurately  determine  the 
amount  consumed  in  the  short  time  re- 
quired to  take  an  indicator  diagram.  Then, 
by  calculating  the  total  fuel  consumption 
for  one  hour  and  dividing  this  by  the 
average  indicated  power,  as  shown  by 
the  diagrams,  the  economic  rating  of  the 
engine  may  be  determined. 

Instead  of  taking  diagrams,  the  actual 
horsepower  may  be  found  by  using  a 
brake,  in  which  case  a  continuous  intn 
under  good  conditions  is  necessary.  One 
of  the  best  ways  to  determine  the  power 
of  a  combustion  engine  is  by  connecting 
it  to  an  electric  generator.  The  amount 
of  power  in  kilowatts  can  easily  be  found, 
and  corrected  for  the  loss  of  efficiency 
in  the  generator.  This  method  also  af- 
fords an  easy  means  of  determining  how 
to  develop  more  power  and  produce 
smoother  operation.  The  element  of  speed 
must  enter  into  any  test,  no  matter  how 
made,  as  it  is  important  in  establishing  a 
rating.  Much  more  elaborate  tests  can 
be  made  on  engines  of  this  type,  but 
they  are  much  finer  and  more  delicate 
and  require  expert  performance;  such 
tests,  however,  hardly  justify  the  trouble 
involved.  For  ordinary  commercial  pur- 
poses it  has  been  found  that  the  indi- 
cator diagram  or  the  electric  generator 
and,  in  some  cases,  the  brake  will  an- 
swer all  purposes.  The  horsepower  so 
determined  when  compared  with  the 
actual  amount  of  fuel  consumed  will 
give  quite  accurate  data  as  to  fuel  econ- 
omy, but  it  should  always  be  borne  in 
mind  that  before  starting  any  test  the 
cooling  water  should  be  allowed  to  flow 
until  it  attains  a  constant  temperature. 


By  July  1  all  the  Canadian  Pacific 
trains  on  the  Field-Kamloops  division  will 
be  hauled  by  oil-burning  engines.  This 
is  the  heaviest  road  in  the  Rockies  and 
the  use  of  oil  will  guard  against  forest 
fires. 


CORRESPONDENCE 

Troublesome  Bearings 

The  bearings  on  one  of  our  gas  en- 
gines gave  considerable  trouble  when  the 
machine  was  new  and  it  was  very  diffi- 
cult to  keep  the  engine  running  the  first 
few  months. 

It  is  a  center-crank  tandem  four-stroke- 
cycle  machine  having  a  belt  wheel  on  one 
end  of  the  crankshaft  and  a  balance 
wheel  of  the  same  diameter  on  the  other. 
The  three  bearings,  one  on  either  side  of 
the  crank  disks  and  one  between  the  spiral 
two-to-one  gear  and  the  belt  w.heel,  are 
of  two-piece  construction.  The  lower 
halves  are  cast  in  the  engine  frame  and 
the  caps  are  set  on  at  an  angle  of  about 
30  deg.  with  the  horizontal.  The  only 
adjustment  is  to  take  off  the  caps  and  put 
in  or  take  out  liners. 

These  bearings  seemed  to  contain  very 
inferior  babbitt  and  once  they  began  to 
heat,  it  would  tend  to  pull  over  and  fill 
the  oilways.  We  refitted  the  caps  several 
times  but  this  did  not  put  back  the  babbitt 
that  had  been   taken   from  the   bottoms. 

Early  one  Sunday  morning  we  jacked 
up  the  shaft,  made  a  runway  of  timbers 
for  the  wheels  and  rolled  them  out  of 
the  way.  We  could  do  little  more,  how- 
ever, than  scrape  out  the  roughest  places 
as  it  was  impossible  to  roll  the  shaft  in 
and  out  often  enough  to  get  a  good  fit  in 
the  limited  time.  We  put  things  together 
again  and  found  that  conditions  had  im- 
proved somewhat,  so  an  arbor  was  ordered 
the  same  size  as  the  shaft,  and  another 
Sunday  spent  scraping  and  fitting  the 
bearings.  We  got  the  engine  together 
again  by  evening.  It  turned  very  stiff 
when  barred  over  to  the  starting  posi- 
tion, but  after  exhausting  nearly  all  the 
air  in  the  receiver  it  finally  started. 

We  then  discovered  that  our  troubles 
were  not  over,  for  in  scraping  the  bear- 
ings the  shaft  had  been  lowered  so  the 
teeth  of  the  spiral  two-to-one  gear  meshed 
too  deeply,  and  it  soon  began  to  smoke. 
It  meant  either  to  lift  out  the  shaft  again, 
take  out  the  layshaft  and  scrape  the  bear- 
ings until  the  gear  meshed  correctly,  or 
file  off  the  ends  of  the  spiral  teeth  until 
they   cleared.     We  chose  the  latter. 

It  was  tedious  but  we  did  not  have  lo 
take  off  much  and  about  10  p.m.  were 
ready  to  start  again. 

Everything  seemed  in  good  shape  ex- 
cept that  there  was  a  click  about  the 
crank.  This  we  failed  to  locate  that  night, 
but  later  found  it  was  caused  by  the  tip 
end  of  the  crank  brass  grazing  the  bot- 
tom of  the  crankcase.  It  was  remedied 
by  cutting  the  corner  of  the  brass  with  a 
cold  chisel.  These  bearings  gave  no 
further  trouble  for  some  time,  but  as  we 
could  not  let  the  shaft  any  lower,  as  soon 
as  they  were  out  of  true  we  had*  to  re- 
babbitt  them. 

Eaul  Pacett. 

Coffeyv'lle,   Kan. 
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Heating  and  Ventilation 

Considered  as  power-plant  problems.     Layout  and  operation  of  systems  and  apparatus 


Hot  Water  and  Corrosion 

Following  are  excerpts  from  a  paper 
on  "Hot  Water  Troubles"  read  by  George 
C.  Whipple  before  the  American  Water 
Works  Association.  The  paper  deals 
specifically  with  house  heating,  but  that 
part  of  it  discussing  corrosion  may  in- 
terest engineers  in  charge  of  hot-water 
heating  systems  or  hot-water  service  for 
house  use. 

According  to  the  modern  and  generally 
accepted  theory,  corrosion  of  iron  by 
water  and  formation  of  iron  rust  require 
first,  presence  of  hydrogen  ions  in  the 
water;  second,  presence  of  dissolved  oxy- 
gen. Hydrogen  ions  are  electrically 
charged  atoms  of  hydrogen.  All  acids 
form  them  by  dissociation.  Whenever 
they  are  present  in  solution,  that  solu- 
tion possesses  acid  properties.  They  at- 
tack metallic  iron,  which  is  dissolved  in 
a  ferrous  condition.  The  oxygen  dis- 
solved in  the  water  then  oxidizes  this 
ferrous  iron  and  iron  rust  is  formed. 
Under  certain  conditions  this  precipitates 
at  once.  Under  others  it  apparently  ex- 
ists in  a  colloidal  state;  that  is,  an  ex- 
tremely finely  divided  state  with  its  par- 
ticles electrically  charged,  and  precipitates 
only  when  this  charge  is  neutralized. 
Very  little  is  known  about  this  phenom- 
enon. 

Iron  naturally  tends  to  dissolve  in  water 
as  some  hydrogen  ions  are  always  pres- 
ent. Pure  water,  therefore,  by  its  dis- 
sociation acts  as  a  weak  acid.  Even  the 
purest  distilled  water  splits  up,  or  dis- 
sociates some  of  its  molecules  into  hydro- 
gen ions  and  hydroxyl  ions.  Dist'Ued 
water  therefore  acts  as  an  acid.  Iron 
will  be  dissolved,  and  rust  will  form  if 
oxygen  is  present.  Whatever  increases 
the  hydrogen  ions  in  water  increases  its 
corrosive  power.  Acids  do  this  to  a 
marked  degree.  Whatever  decreases  the 
hydrogen  ions  reduces  the  corrosive 
power.  Alkalis  do  this.  When  alkalis 
are  ionized,  the  hydroxyl  ion  is  formed, 
and  its  electrical  charge  opposing  that  of 
the  hydrogen  ion  neutral'zes  it. 

A  further  conception  of  the  phenome- 
non of  iron  rusting  is  that  often  referred 
to  as  "the  electrolytic  theory  of  cor- 
rosion." According  to  this  a  battery  ac- 
tion takes  place  in  the  water  and  an 
electric  current  is  set  up  between  the 
metallic  iron  at  one  spot  and  some  other 
metal  or  impurity  at  a  ne'ghboring  spot. 
This  action  requires  that  the  water  be  a 
conductor;  it  must  contain  electrically 
charged    ions,    and    the    higher    the    con- 


ductivity the  greater  the  current.  As  a 
result  the  hydrogen  ions  give  up  their 
charge  of  electricity  to  the  iron,  which 
goes  into  solution,  while  gaseous  hydro- 
gen collects  on  the  metal.  As  this  gaseous 
hydrogen  is  a  nonconductor,  the  iron,  be- 
coming covered  with  a  film  of  it,  is  polar- 
ized, so  that  after  a  time  the  action 
ceases.  Whatever  removes  the  hydrogen 
from  the  metal  depolarizes  it  and  re- 
stores the  action.  Oxygen  present  in 
water  does  this,  as  it  unites  with  the 
hydrogen  to  form  water.  Circulation  of 
water  containing  oxygen,  whether  brought 
about  by  mechanical  agitation  'or  by 
thermal  currents,  also  tends  to  remove 
the  hydrogen.  Oxygen  therefore  aids 
the  corrosion  of  iron  in  two  ways,  by 
depolarizing  it  and  by  oxidizing  the  iron 
that   goes   into    solution. 

Presence  of  other  metals  also  affects 
corrosion  by  increasing  the  difference  of 
potential,  and  therefore  the  strength  of 
the  electric  currents.  This  is  termed 
"galvanic  action."  The  metals  act  dif- 
ferently in  regard  to  the  direction  of  the 
currents  between  them  and  iron.  Some 
cause  the  positive  current  to  fiow  toward 
the  iron  and  some  retard  it.  The  com- 
mon metals  and  hydrogen  are  arranged 
in  the  following  order  of  what  is  called 
the  potential  series:  aluminum,  man- 
ganese, zinc,  iron,  nickel,  tin,  lead,  hydro- 
gen, copper.  Each  tends  to  protect  any 
other  below  it  in  the  series  from  going 
into  solution,  but  in  doing  so  tends  it- 
self to  dissolve.  Thus  zinc  protects  iron, 
but  copper  acts  oppositely,  and  increases 
the  solution  of  iron.  Weston  has  shown 
recently  by  experiments  on  tin-lined  lead 
p-pe  that  the  tin  does  not  prevent  the 
lead  from  dissolving.  With  two  metals 
present,  whatever  increases  the  electrical 
conductivity  of  the  water  increases  the 
corrosion  of  one  metal  or  the  other. 

Corrosion  and  rusting  require  not  only 
presence  of  the  hydrogen  ion,  but  pres- 
ence of  oxygen.  It  has  been  proved  that 
where  the  hydrogen  ion  is  present  the 
rusting  is  proportionate  to  the  concen- 
tration of  the  oxygen.  The  more  oxygen, 
therefore,  the  greater  the  rusting.  Gen- 
erally speaking,  hot  water  contains  more 
than  enough  oxygen  to  oxidize  the  iron 
dissolved  and  probably  the  increased  cor- 
rosion attending  increased  amounts  of 
dissolved  oxygen  is  due  to  its  action  as 
a  depolarizer. 

Surface  waters  used  for  public  sup- 
plies are  usually  saturated  with  oxygen. 
Oxygen's  solubility  decreases  as  the  tem- 
perature rises.     Near  the  freezing  point 


water  dissolves  about  twice  as  much  oxy- 
gen as  at  summer  temperatures.  The 
solubility  decreases  according  to  a  regu- 
lar curve  and  at  the  boiling  point  be- 
comes nil. 

The  solubility  of  oxygen  is  also  af- 
fected by  pressure  and  increases  directly 
with  it.  Water  under  two  atmospheres 
pressure  will  hold  twice  as  much  oxy- 
gen as  water  under  a  pressure  of  one 
atmosphere.  The  solubility  of  oxygen  in 
water  at  different  temperatures  and  pres- 
sures is  shown  in  the  accompanying  table. 


SOLUBILITY    OF    DISSOLVED    OXYGEN    IN 

DISTILLED  "WATEK  AT  DIFFERENT 

TEMPERATURES  AND  PRESSURES, 

PARTS  PER  MILLION 


Water  Pressure 

Lb.  per  Sq.In 

0 

20 

40 

60 

80 

100 

Pressure  in  Feet  of  Water 

Temp- 

DeR.  F. 

0 

46.2 

92.4 

138.6 

184.8 

231.0 

32.0 

14.70 

34.7 

54.7 

74.7 

94.7 

114  7 

33.8 

14.28 

33.7 

53.1 

72.6 

92.0 

111   i 

35.6 

13.88 

32.8 

51.6 

70.6 

89.4 

108.1 

37.4 

13.50 

31.9 

50.3 

68.7 

87.0 

105.2 

39.2 

13.14 

31.0 

49.0 

66.8 

84.7 

102.6 

41.0 

12.80 

30.2 

47.7 

65.1 

82.5 

99  9 

42,8 

12.47 

29.4 

46.4 

62.4 

80.3 

97.2 

44.6 

12.16 

28.7 

45,3 

61.8 

78.2 

94.8 

46.4 

11.86 

28.0 

44.2 

60.3 

76.3 

92.5 

48,2 

11.58 

27.3 

43.2 

58.8 

74.6 

90.2 

50.0 

11.31 

26.7 

42.2 

57.5 

73.0 

88.1 

51.8 

11.05 

26.1 

41.2 

56.2 

71.3 

86.1 

S3. 6 

10  80 

25.5 

40.3 

54.9 

69.6 

84.2 

55.4 

10. 57 

24.9 

39.4 

63.7 

68.0 

82.; 

57.2 

10  35 

24.4 

38.5 

62.6 

66.6 

80.6 

59  0 

10.14 

23.9 

37.8 

51.6 

64.5 

79.0 

60.8 

9  94 

23.4 

37.1 

50.6 

64.0 

77. S 

62  6 

9.75 

23  0 

36.4 

49.6 

62.8 

76,  ( 

64.4 

9.56 

22.6 

35.7 

48.6 

61.6 

74  6 

66.2 

9  37 

22.2 

34.9 

47.7 

60.4 

73.: 

68.0 

9.19 

21.7 

34.2 

46.8 

59.2 

71.7 

77.0 

8.35 

19.7 

31.1 

42.4 

53.8 

65.1 

86.0 

7.60 

17.9 

28.3 

38.6 

48.9 

59.2 

95  0 

6.90 

16.3 

25.7 

35.1 

44.4 

53-8 

104.0 

6.18 

14.6 

23.1 

31.4 

39.8 

48.2 

113.0 

5.50 

13.0 

20.5 

27.9 

35.5 

42.8 

122.0 

4.82 

11.4 

17.9 

24.5 

31.1 

37,6 

131.0 

4. IS 

9.9 

15.6 

21.3 

26.9 

32,6 

140.0 

3.56 

8.4 

13  3 

18.1 

22.9 

27.7 

149.0 

3.0C 

7.1 

11.2 

15.3 

19.3 

23,- 

158.0 

2.50 

5.9 

9.3 

12.7 

16.1 

19.5 

167.0 

2.05 

4.8 

7.6 

10.4 

13.2 

16. C 

176.0 

1.66 

3.9 

6.2 

8.4 

10.7 

12.9 

185.0 

1.3C 

3.1 

4.8 

6.6 

8.4 

10.: 

194.0 

0.95 

2.2 

3.5 

4.8 

6.1 

7.4 

212.0 

0 

When  water  saturated  with  oxygen  is 
heated,  the  pressure  remaining  the  same, 
oxygen  is  liberated,  as  is  also  the  dis- 
solved nitrogen.  When  a  glass  of  cold 
water  stands  in  a  warm  room,  bubbles  of 
air  collect  on  the  glass.  For  super- 
saturation  to  occur  when  water  is  under 
pressure  the  temperature  must  be  raised 
considerably   and    the   greater  the   pres- 
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sure  the  higher  must  the  temperature  be 
raised.  For  example,  water  just  above 
the  freezing  point  contains  14.5  parts  per 
million  of  dissolved  oxygen.  If  placed 
under  40  lb.  pressure  per  square  inch 
the  temperature  would  have  to  be  raised 
to  135  deg.  F.  for  supersaturation  to  oc- 
cur, and  if  the  pressure  were  100  lb. 
it  would  be  necessary  to  raise  the  tem- 
perature to  170  deg.  F.  When  heated 
above  the  saturation  po'nt,  part  of  the  air 
goes  out  of  solution.  This  occurs  to 
some  extent  in  domestic  hot-water  sys- 
tems. Rumbling  of  kitchen  boilers  is  com- 
mon where  the  tank  system  is  used  and 
the  pressure  is  low.  The  liberated  air 
ultimately  escapes  through  the  expansion 
pipe  or  the  opened  taps.  Corrosion  in 
feed-water  heaters  has  been  commonly 
noticed  to  increase  with  the  temperature 
of  the  water  up  to  a  point  somewhere 
between  170  and  190  deg.  F.,  and  above 
that  to  decrease. 

Galvanized-iron  or  steel  pipes  are 
largely  used  in  hot-water  heating  sys- 
tems. They  do  not  often  corrode  serious- 
ly, because  the  water  is  used  over  and 
over  and  the  oxygen  becomes  used  up. 

The  more  rapidly  water  circulates 
through  a  hot-water  system  the  greater 
is  the  pipe  rusting,  because  the  circula- 
tion prevents  hydrogen  accumulating  on 
the  metallic  iron,  that  is,  prevents  polar- 
ization. This,  with  the  mechanical  re- 
moval of  the  oxidized  iron,  increases  the 
corrosion. 

Laboratory  experiments  made  by  vari- 
ous authorities  have  shown  relatively  lit- 
tle difference  in  the  corrosion  of  wrought- 
iron  and  steel  pipes.  In  tests  made  by 
immersing  samples  in  strongly  acid  solu- 
tions, steel  pipes  sometimes  have  shown 
up  better  than  wrought  iron,  and  some- 
times not  as  good.  The  laboratory  data 
on  this  point  are  inconclusive.  It  seems 
to  be  common  experience,  and  certainly 
the  prevailing  idea  among  engineers  that 
wrought-iron  pipes  resist  corrosion  by 
water  better  than  steel  pipes.  Whether 
this  is  due  to  inherent  differences  be- 
tween the  two  metals,  or  to  more  frequent 
imperfections  in  the  manufacture  of  steel 
cannot  be  determined  readily  from  the 
data  in  hand.  Homogeneity  is  important 
in  preventing  corrosion,  and  apparently 
steel  pipe  suffers  more  from  lack  of  it 
than  wrought-iron  pipe.  From  practical 
experience,  most  engineers  prefer  the 
best  grades  of  wrought  iron;  but  prob- 
ably the  better  grades  of  steel  pipe  are 
superior  to  the  poorer  grades  of  wrought 
iron. 

Much  depends  upon  the  thoroughness 
of  the  galvanizing.  Pure  zinc  affords  the 
best  protection.  The  coating  should  be 
sufficiently  thick  and  so  applied  as  to 
thoroughly  cover  the  pipe.  The  old- 
fashioned  dipping  process  gives  best  re- 
sults. 

If  the  above  mentioned  theories  of 
corrosion  are  correct,  the  logical  methods 
for  preventing  rusty  hot  water  would  be 


reducing  the  hydrogen  ions  in  the  water 
or  increasing  the  hydroxyl  ions,  getting 
rid  of  the  dissolved  oxygen,  reducing  the 
temperature,  pressure  and  circulation,  and 
using  good  quality  pipes  selected  with 
reference  to  the  nature  of  the  water. 
Practice  can  follow  theory  to  a  certain  ex- 
tent. 

Doubtless  the  most  effective  way  to 
avoid  rusty  hot  water  is  to  use  brass  or 
some  metal  other  than  iron  or  steel  for 
the  hot-water  pipes  and  boilers.  This 
increases  the  installation  expense,  but 
with  very  soft  waters  is  advisable.  Brass, 
if  used,  should  be  properly  alloyed  and 
well  annealed;  proper  fittings  also  should 
be  used. 

If  wrought-iron  or  steel  pipes  are  used 
they  should  be  of  the  best  quality  and 
well  protected  by  galvanizing  with  pure 
zinc  applied  by  dipping.  Experience  in- 
dicates that  wrought-iron  pipes  of  the 
best  grade  resist  corrosion  better  than 
steel  pipes,  but  so  many  exceptions  have 
been  found  that  this  cannot  be  considered 
definitely  established.  Poor  grades  of 
both  steel  and  iron  pipe  are  to  be  avoided. 
Reforms  are  needed  in  the  manufacture 
and  methods  of  branding  and  selling 
smaller-sized  pipe  for  use  with  hot  water. 

In  domestic  hot-water  supplies  it  is  not 
feasible  to  prevent  water  circulation  in 
the  pipes,  nor  is  this  desirable,  as  the 
circulating  system  has  several  distinct 
advantages.  The  hot-water  pressure  must 
depend  chiefly  upon  existing  conditions, 
but  in  designing  a  system  where  red- 
water  troubles  are  feared,  low  pressure 
should  be  favored.  Probably  the  tem- 
perature of  the  hot-water  supply  often 
is  maintained  higher  than  necessary  for 
domestic  uses,  and  then  red  water  could 
be  materially  reduced  if  excessive  heat- 
ing were  prevented  by  using  an  automatic 
control. 

Neither  is  it  feasible  nor  desirable  to 
remove  the  dissolved  oxygen  from  a  pub- 
lic water  supply,  except  for  boiler 
waters,  when  the  results  are  said  to  be 
beneficial.  Nothing  hinders  its  being 
done  for  hot-water  installations  in  large 
buildings,  as  apartments,  hotels  and  office 
buildings,  where  large  numbers  of  taps 
are  supplied  from  a  common  source.  By 
first  heating  the  water  to,  say,  175  to  195 
deg.  F.,  and  then  ra'sing  it  to  an  open 
elevated  tank,  much  of  the  dissolved  oxy- 
gen and  carbonic  acid  as  well  would  be 
liberated  and  its  corrosive  power  ma- 
terially diminished.  More  complete  re- 
moval might  be  obtained  by  using  a 
closed  storage  tank  with  a  partial  vac- 
uum. Whether  this  would  produce  bet- 
ter results  than  a  regulated  low  tempera- 
ture is  yet  to  be  determined. 

Most  effective  in  preventing  rusty  hot 
water,  next  to  avoiding  iron  and  steel 
pipe,  is  to  reduce  the  hydrogen  ions  in 
the  hot  water,  or,  what  is  equivalent,  in- 
crease the  hydroxyl  ions.  Th's  practical- 
ly means  that  the  public  water  supply 
should  not  be  too  soft.  Experience  seems 


to  indicate  that  the  alkalinity  should  be 
at  least  10  or  15  parts  per  million.  The 
higher  the  alkalinity  the  less  the  chance 
of  rusty  hot  water. 

Public  water  supplies  high  in  organic 
matter  and  low  in  alkalinity  may  be  ad- 
vantageously hardened  by  adding  a  small 
quantity  of  lime,  say  10  or  15  parts  per 
million.  This  practice  has  long  been  com- 
mon in  England. 

With  hard  waters,  where  the  hardness 
is  due  to  carbonates,  practically  no  pre- 
cautions need  be  taken,  as  the  hardness 
itself  sefems  to  be  sufficient  to  prevent 
rusty   water  troubles. 


LETTERS 

Hot  Water  Kink 

I  once  worked  in  a  plant  where  the 
management  could  not  see  its  way  clear 
to  provide  hot  water  for  the  help,  and 
so  the  man  in  charge  had  to  get  up 
something  to  stop  the  kicking.  We  rigged 
up  a  three-pipe  section  of  a  double-tube 
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Arrangement  of  Piping 

ammonia  condenser  so  that  the  exhaust 
steam  from  the  sump  pump  could  be 
passed  through  it.  The  city  water  was 
passed  through  the  inside  pipe  in  a  di- 
rection  opposite  to  the   steam. 

No  pressure  can  be  built  up  in  the 
coil  as  the  exhaust  steam  cannot  heat 
the  water  enough  for  that.  If  there  is 
any  call  to  shut  off  the  steam  from  the 
coil,  this  can  be  readily  done  and  the 
steam  exhausted  into  the  sump.  If  the 
water  should  get  too  hot,  the  two  valves 
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can  be  operated  so  that  half  of  the  steam 
could  be  passed  directly  into  the  sump 
and  the  balance  through  the  coil. 

Edgar  G.  Schindler. 
Roxbury,  Mass. 


Gas  Fired  Heating  Boilers 

In  a  14-story  office  building  there  are 
two  54-in.  by  16- ft.  fire-tube  boilers  used 
for  heating.  They  carry  40  lb.  steam 
pressure  and  steam  is  furnished  to  the 
heating  system  at  5  lb.  pressure  by  a 
reducing  valve.  The  safety  valves  are 
set  at  100  lb.  and  the  pressure  can  be 
raised  to  this  point  to  operate  a  steam 
elevator  pump  in  case  of  emergency. 


Each  boiler  is  set  up  and  equipped 
identically  the  same,  and  each  is  free 
from  scale  or  soot.  Yet  boiler  No.  2, 
next  the  wall,  uses  30  per  cent,  more  gas 
than  the  other  under  the  same  condi- 
tions. Only  one  is  used  at  a  time.  To 
do  the  same  work  No.  1  boiler  requires 
two  burners  and  for  No.  2  three  burners 
must  be  operated. 

The  sketch  will  give  some  idea  of  the 
layout.  Will  someone  explain  the  rea- 
son   for   this? 

L.  M.  Johnson. 

Glenfield,   Penn. 


Siphon  on  Return 

The  chief  requirement  of  this  system 
is  a  supply  of  water  under  pressure 
(about  60  lb.  in  this  case)  to  operate  the 
water  siphon  which  is  used  instead  of  a 
pump,  to  create  a  vacuum  and  remove  the 
condensation;  this  it  does  very  satisfac- 
torily. 

It  has  been  in  operation  for  two  win- 
ters and  has  given  very  little  trouble. 
The  system  heats  a  pattern  shop  with 
two  220- ft.  overhead  coils  of  IJ^-'n. 
pipe,  one  wall  coil  of  210  ft.  of  1^4 -in. 
pipe,  one  glue  pot,  a  lumber-drying  room 
having  396  ft.  of  2-in.  pipe  laid  on  the 
floor,  a  pipe  fitter's  shop  with  two  wall 
coils  containing  270  ft.  of  lJ4-'n.  pipe 
each,  a  repair  shop  having  two  wall  coils 
with  180  ft.  of  1'4-in.  pipe  each  and  one 
with  80  ft.  of  1'4-in.  pipe;  a  water  heater 
for  furnishing  hot  water  to  a  bath  and 
wash  room,  one  radiator  in  an  office  and 
three  in  a  small  laboratory  building. 

The  underground  mains  were  laid  in  a 
wooden  trough  packed  with  mineral  wool 
and  covered  with  corrugated  metal  arches 
as  shown  in  the  sketch. 

The  siphon  was  made  of  ordinary  pipe 
fittings.  The  discharge  is  connected  to 
the  sewer,  as  with  no  separator  on  the 
line,  the  water  is  slightly  mixed  with 
oil. 

The  buildings  are  quite  a  distance  from 
each  other,  as  shown  in  the  sketch.     The 
system   kept  all   the  buildings   heated   to 
about  70  deg.  F.  in  the  coldest  weather. 
E.  G.  Gerber. 

Middletown,   Ohio. 


Arrangement  of  Heating  Boilers 


"Supposing,"  said  the  examiner,  "you 
had  renewed  the  manhole  gaskets,  had 
tightened  up  the  nuts  on  the  manhole 
dogs  and  had  got  125  lb.  of  steam,  what 
would  you  do  if  a  dog  came  off  and  the 
handhole  plate  fell  in?" 

"I'd  go  in  after  it,"  answered  the  can- 
didate. "Any  plate  that  could  fall  in 
against  a  pressure  of  125  lb.  would  be 
worth  going  after." 


The  boilers  are  exactly  alike  and  are 
set  up  and  piped  alike.  They  are  fired 
with  natural  gas  by  means  of  four  Kirk- 
wood  gas  burners  under  each  boiler.  The 
gas  is  supplied  through  a  4-in.  pipe 
with  3-in.  branches  to  each  boiler  lead- 
ing to  a  set  of  burners  attached  to 
a  2-in.  manifold  by  I^-in.  pipes.  Each 
boiler  has  a  checkerwork  baffle  wall 
just  in  front  of  the  bridgewall.  Each 
baffle  wall  is  laid  up  in  the  same  way 
and  at  the  same  distance  from  the 
burners. 

The  smoke  uptakes  rise  from  the  front 
of  each  boiler  and  connect  to  a  common 
breeching,  from  the  center  of  which  the 
Hue  runs  to  the  back  of  the  boilers,  where 
with  a  45-deg.  turn  it  enters  the  stack 
which  rises  22  stories  above  the  boiler 
room  to  the  top  of  the  adjoining  building. 
The  damper  is  in  the  horizontal  flue. 


IZ  Xorru^afed  fie  fal ' 
Arch 
Old  Brick  Laid  in 
Bo  tfom  of  Trench 


oSe»er 

Layout  of  System  on  Which  Siphon  Was  Used 
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Water   in  the  Low-Pressure 
Cylinder 

In  another  column  is  told  very  lucidly 
how  the  low-pressure  cylinder  of  a  com- 
pound engine  may  be  wrecked  by  water, 
notwithstanding  the  impossibility  of  pull- 
ing it  over  from  the  condenser.  Some 
years  since  Power  recorded  a  serious  ac- 
cident of  this  kind  where  the  engine  had 
been  running  light  for  a  considerable 
time  and  the  end  of  the  drip  pipe  from 
the  receiver  was  submerged  in  a  drain. 
The  arrangement  of  the  piping  shown  in 
the  illustration  accompanying  the  pres- 
ent article  is  not  above  criticism,  but  the 
drawing  was  made  from  an  existing  plant 
and  there  are  many  others  to  be  found 
which  are  no  better. 

It  is  a  deplorable  fact  that  there  are 
engines  in  daily  operation  supplied  with 
steam  through  long  lines  of  piping  in 
which  there  is  no  separator.  There  are 
engines  running  without  relief  valves  on 
the  cylinder.  To  relieve  a  cylinder  of  a 
large  dose  of  water  in  the  limited  time 
available  would  require  a  relief  valve  of 
prodigious  proportions,  but  ordinary  re- 
lief valves  do  prevent  damage  when  the 
water  comes  in  limited  quantities  and 
might  furnish  an  admonition  against  a 
gathering  accumulation.  The  boilers 
should  be  kept  clean  and  watched  for 
signs  of  priming. 

There  are  feed-water  regulators  to  be 
had  which  will  prevent  the  carrying  of 
too  high  a  water  line  and  a  large  sep- 
arator near  the  engine  will  pay  for  it- 
self in  sustaining  the  initial  pressure 
and  the  reduction  of  the  baleful  effect 
of  water  in  the  cylinder  aside  from  its 
liability  to  cause  a  wreck.  It  goes  with- 
out raving  that  the  receiver  trap  should 
be  a  thoroughly  reliable  one  and  should 
be  watched  with  vigilance. 

A  trap  which  will  discharge  from  a 
vacuous  space  into  the  atmosphere  may 
be  used  or  it  might  be  possible  to  dis- 
charse  if  to  the  condenser  if  provision 
were  made  for  free  discharge  when  the 
condenser  is  not  in  operation. 

Engineers  who  are  sensible  of  liability 
to  accident  from  the  lack  of  these  pre- 


cautionary appliances  or  from  faulty  ar- 
rangement of  the  receiver  and  piping 
should  call  the  attention  of  those  in  au- 
thority to  the  existing  conditions,  ex- 
plain just  why  they  are  dangerous  and 
put  in  a  requisition  for  the  needed 
changes  and  appliances,  so  that  they 
may  be  upon  record  as  having  recom- 
mended means  of  prevention  if  an  acci- 
dent does  occur. 


Standard  Flanges 

There  is  war  between  the  societies  and 
the  manufacturers  of  flanges  and  flanged 
fittings. 

In  the  fall  of  1911  a  joint  committee 
of  the  National  Association  of  Master 
Steam  and  Hot  Water  Fitters  and  the 
American  Society  of  Mechanical  Engi- 
neers recommended  a  schedule  of  stand- 
ard-weight and  extra-heavy  flanged  fit- 
tings and  flanges,  tabulated  in  our  issue 
of  Mar.  19  of  this  year.  It  has  since 
been  approved  and  recommended  by  the 
American  Society  of  Healing  and  Venti- 
lating Engineers  and  by  the  Bureau  of 
Standards  of  the  United  States  Govern- 
ment. 

But  the  manufacturers  of  flanges  and 
flanged  fittings  will  have  none  of  it.  They 
claim  that  it  Was  sprung  upon  them  with- 
out consultation  and  adequate  discussion, 
and,  through  a  committee,  have  issued  an 
injunction  or  warning  to  engineers  not 
to  specify  or  order  fittings  by  the  so 
called  1912  Standard.  They  say  that  this 
standard  has  not  been  accepted  as  final 
by  the  manufacturers  and  will  not  be 
accepted  until  certain  necessary  revisions 
have  been  made,  "to  meet  the  practical 
requirements  of  all  concerned." 

The  committees  claim  that  the  coopera- 
tion of  the  manufacturers  was  sought, 
that  every  opportunity  was  offered  to 
them  to  discuss  the  changes  necessary 
to  bring  about  uniform  as  well  as  safe 
practice,  both  before  the  report  was  sub- 
mitted and  while  it  was  before  the  sev- 
eral societies  for  discussion,  but  that  the 
attitude  of  the  manufacturers  was  such 
as   to   discourage   any   change,   and   that 
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it  is  only  after  the  schedule  has  been 
adopted  and  promulgated  and  they  are 
receiving  specifications  under  it,  that  the 
manufacturers  have  shown  any  disposi- 
tion to  take  the  matter  seriously. 

The  desirability  of  a  uniform  standard 
is  undeniable.  One  should  be  able  to 
send  to  a  dealer  and  get  a  flanged  fit- 
ting which  will  fit  into  a  job  without  hav- 
ing to  look  up  the  history  of  that  which 
is  to  be  displaced  and  the  representative 
of  the  same  manufacturer  or  have  one 
made  to  order.  One  should  not  have  to 
make  a  separate  set  of  drawings  and 
calculations  for  the  same  job,  according 
as  one  or  another  manufacturer  is  to  fur- 
pish  the  flanges  and  flanged  fittings.  A 
10-inch  tee  should  be  of  the  same  length 
and  thickness  and  have  the  same  bolt 
circle  and  number  of  bolts  in  whatever 
shop  it  may  have  been  made.  The  de- 
sirability of  a  standard  is  too  obvious  and 
imperative  to  discuss,  and  its  importance 
far  transcends  any  consideration  of  in- 
convenience and  expense  which  the  man- 
ufacturers may  be  put  to  in  bringing  their 
patterns  and  catalogs  into  agreement.  If 
a  standard  schedule,  approved  by  those 
who  specify  and  buy  flanges  and  flanged 
fittings,  be  proposed  and  adopted,  those 
manufacturers  who  accept  this  schedule 
and  adapt  their  products  to  it  will  have 
an  advantage  which  the  others  cannot 
aftord  to  forego. 

There  has  been  no  such  uniform  stand- 
ard. With  the  exception  of  five  manu- 
facturers who  have  adopted  what  is 
known  as  the  Crane  Standard,  each  pro- 
ducer was  a  law  unto  himself.  These 
five  manufacturers  think  that  their  stand- 
ard is  good  enough,  better  in  fact  than 
that  of  the  societies,  and  that  if  uni- 
formity is  the  consideration,  a  standard 
upon  which  so  many  are  already  working 
should  have  been  adopted  instead  of 
something  which  will  impose  trouble  and 
expense  upon  everybody.  This  schedule 
was,  of  course,  before  the  joint  com- 
mittee when  it  made  up  its  schedule  and 
it  will  be  interesting  to  examine  the  de- 
partures from  it  which  the  comm'ttee 
has  recommended,  which  will  be  done  in 
an  early  issue  of  Power. 

In  the  meantime  the  societies  stand 
upon  the  schedule  recommended  by  their 
committees  and  the  manufacturers  are 
tr>-ing  to  discourage  engineers  from  using 
this  schedule  in  thcT  specifications.  If 
they  can  point  out  faults  in  the  schedule 


at  this  late  day,  they  should  do  so  and 
the  schedule  should  be  revised  to  cor- 
rect any  real  defects,  but  some  one  sched- 
ule— the  best  schedule — should  be  uni- 
versally adopted.  Uniformity  is  of  more 
importance  than  anybody's  individual 
preference  or  interest. 


soldiers  to  retreat  because  of  the  danger, 
nose  and  dust,  as  to  attempt  to  persuade 
an  engineer  that  his  best  interests  will 
be  served  by  shutting  down  his  plant  to 
increase  his  comfort  or  save  himself 
work. 


Foolish  Central  Station 
Arguments 

The  intelligence  and  reasoning  ability 
of  engineers  seem  to  be  questioned, 
judging  from  some  of  the  central-station 
literature  addressed   to  them. 

It  assumes  a  beneficent  interest  in  the 
welfare  of  the  isolated-plant  engineer, 
and  points  out  the  way  to  avoid  the  heat 
of  the  engine  room,  the  dust  and  dirt 
accompanying  the  handling  of  coal  and 
ashes  and  the  petty  details  of  plant  op- 
eration. 

No  real  engineer  would  even  think  of 
retiring  his  plant  in  favor  of  a  centra! 
station  just  because  it  is  hot — he  would 
put  in  a  ventilating  fan.  A  more  flimsy 
excuse  for  putting  productive  machin- 
ery out  of  commission  is  inconceivable. 
Every  isolated  plant  represents  an  in- 
vestment of  thousands  of  dollars.  If  it 
is  properly  operated  the  cost  of  produc- 
ing a  kilowatt-hour  at  the  switchboard 
should  be  much  less,  if  the  plant  is  of 
any  considerable  size  and  is  credited  with 
the  steam  used  for  heating,  than  that  at 
which  a  central  station  can  produce,  dis- 
tribute and  collect  for  the  same  electrical 
output. 

How,  then,  can  an  engineer,  having  the 
interest  of  his  employer  in  mind,  advise 
the  substitution  of  central-station  service 
for  the  isolated  plant? 

It  is  an  easy  way  of  making  the  en- 
gine room  the  coolest  part  of  the  build- 
ing, but  what  an  inducement  to  offer  to 
a  progressive  engineer! 

Of  what  moment  are  the  petty  details 
as  compared  to  the  brain  part  of  the 
job?  Doubtless  shutting  down  the  power 
plant  will  eliminate  all  details  relating  to 
isolated-plant  power  generation  and  the 
engineer  will  have  more  time  to  attend 
to  the  rest  of  his  job  (if  there  is  anything 
worth  while  left).  How  can  adapting 
central-station  service  resulting  in  a 
greater  yearly  cost,  make  an  engineer 
more  valuable  or  his  job  bigger? 

Such  ideas  are  advanced  for  a  purpose, 
but  it  would  be  as  convincing  to  suggest 
that  battles  may  be  won  by  ordering  the 


Analyzing  the   Exhaust  Gases 

For  many  years  boilers  were  operated 
by  rule-of-thumb  methods;  if  the  fire 
burned  brightly  and  looked  good  to  the 
experienced  fireman  the  boiler  was  ap- 
parently being  handled  efficiently.  Later, 
however,  more  scientific  methods  came 
into  use.  Engineers  began  to  realize  that 
there  was  such  a  thing  as  excess  air, 
also  that  furnaces  must  be  arranged  so 
as  to  aid  in  more  perfect  combustion  of 
the  gases;  each  of  these  having  an  im- 
portant bearing  upon  the  efficiency  of  the 
boiler.  Naturally  the  index  to  these  con- 
ditions was  the  composition  of  the  flue 
gases,  and  special  apparatus  was  evolved 
for  analyzing  them.  At  first  this  was 
more  or  less  of  an  experimental  nature, 
but  its  use  has  now  become  so  general 
that  a  boiler  room  is  looked  upon  as  in- 
complete unless  equipped  with  means  for 
analyzing   the   flue   gases. 

The  operation  of  the  gas  engine  seems 
about  to  undergo  a  similar  change.  Ordi- 
narily the  experienced  ear  of  the  operator, 
or  indications  of  the  switchboard  instru- 
ments (if  the  engine  drives  a  generator), 
are  depended  upon  in  regulating  the  mix- 
ture. This  introduces  a  personal  factor 
which,  at  best,  is  usually  undesirable 
when  unsupported  by  any  other  check. 
The  natural  place  to  look  for  such  a 
check  would  be  in  the  composition  of  the 
exhaust  gases.  Their  analysis  would  show 
not  only  whether  the  engine  was  run- 
ning on  the  proper  mixture  but  would 
prove  a  valuable  aid  to  making  adjust- 
ments of  the  mixer.  It  also  furnishes 
a  means  for  accurately  determining  the 
heat  wasted  in  the  exhaust  and  thus  per- 
mits calculating  very  closely  the  thermal 
efficiency  of  the  engine. 

Although  certain  steps  have  been  taken 
along  this  line  they  have  been,  for  the 
greater  part,  of  a  laboratory  nature.  Such 
work  is  very  often  necessary  before  mak- 
ing practical  applications,  but  we  venture 
to  predict  that  the  time  is  not  far  off 
when  an  Orsat  apparatus  will  be  just  as 
much  a  part  of  the  gas-engine  equip- 
ment as  it  now  is  of  the  boiler  room. 
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Axial  Flow  Turbine  Fan 

The  wheel  illustrated  is  Q'S  in.  in 
diameter  and  has  48  vanes  tapered  to- 
ward the  center  and  curved  in  cross-sec- 
tion in  stream-line  form.  The  shield 
must  be  designed  in  spaced  relation  to 
the  wheel,  to  prevent  the  center  of  the 
wheel  working  overloaded  and  to  bring 
the  center  air  up  to  the  velocty  of  the 
gyration  circle.  This  shield  may  be  ad- 
justed to  or  from  the  wheel  to  vary  the 
load.  No  casing  is  required  for  operating 
it  as  an  exhauster  connected  to  piping. 

In  starting  the  wheel,  a  rarefaction  is 
caused  by  the  moving  air  on  the  face  of 
the  shield,  wh'ch  tends  to  draw  air 
through  the  wheel  axially.    The  resultant 


Type  of  Bio 


Type  of  Blower 
/////  (Spiral  Cosing) 


side;  that  the  entry  edge  of  the  blades 
may  be  curved  forward  to  follow  the 
stream  line  formation  and  eliminate  im- 
pact, and  that  the  wheel  is  lighter  and 
better  balanced  for  high  speeds  than 
others. 

For  the  same  diameter  and  speed  this 
wheel  gives  half  the  pressure  of  a  multi- 
vane  centrifugal  fan.  If  the  wheel  perim- 
eter travel  is,  say,  2585  ft.  per  minute, 
then  a  point  at  the  radius  of  gyration 
from  the  center  will  travel  0.707  of  2585, 
or  1828  ft.  per  minute;  1828  and  2585 
ft.  per  minute  are  respectively  the  veloc- 
ities of  air  giving  'j  oz.  and  '4  oz.  p'^eb- 
sures.  Therefore,  for  the  same  pressures 
this  fan  would  revolve  1.43  times  faster 
than  the  multivane  centrifugal  fan  (the 
power  consumpt'on  is  the  same  for  a 
given  volume)  and  is  thus  better  adapted 
for  turbine  drive.  In  ventilating  work 
a  slow-speed  fan  for  low  pressures  could 
be  replaced  with  this  smaller  fan  at  a 
higher  speed,  giving  the  same  volume  at 
the  same  pressure  and  power  consump- 
tion. 

As  a  winnowing  machine,  shown  in 
the  illustration,  the  wheat  or  other  ma- 
ter'al  is  thrown  from  the  bowl  in  a  whirl, 
the  heavy  product  falling  near  the  .Tia- 
chine  while  the  lighter  is  blown  off;  lie 
operation  reminds  me  of  the  old  Spanish 
arrastra  which  was  used  by  the  Mexicans 
in  mining. 

I    would    welcome    criticism    from    in- 
terested readers  on  this  type  of  fan. 
C.  O.  Bretherick. 

Seattle,  Wash. 


Details  of  Turbine  Fan 

of  this  and  the  centrifugal  force  gives 
the  air  a  spiral  whirl  on  leaving  the  wheel, 
with  the  greatest  vacuum  at  the  center. 

The  ultimate  velocity  of  the  air  from 
the  whole  face  of  the  wheel  would  come 
on  the  principal  radius  of  gyration,  or 
0.7  of  the  wheel  radius,  but  in  operation 
a  greater  velocity  is  found,  showing  the 
air  travels  faster  than  the  wheel.  The 
blast   area  seems  to  be 

Area  of  face  of  wheel 
3 
which  is  a  larger  area  than  that  of  cen- 
trifugal multivane  fans  of  the  same  diam- 
eter.    The  power  consumption  compares 
well   with  other  types  of  fans. 

Features  peculiar  to  this  fan  are  that 
the  inlet  opening  is  the  full  diameter  of 
the  wheel ;  that  the  a'r  enters  normally 
to  the  plane  of  the  blades,  thus  eliminat- 
ing turns  and  the  tendency  to  "skid" 
along  the  blade  and  pile  up  on  the  fnr 


A  Strange  Accident 

The  illustration  shows  a  Hi -in.  counter- 
shaft, U  ft.  long,  with  shrunk  collars 
on  one  end,  coiled  about  a  4i''s-in.  main 
shaft.  The  peculiar  mishap  came  from 
a  sudden  application  of  load  to  the 
countershaft,  which  caused  the  driving 
belt  from  the  main  shaft  to  slip  from 
the  pulley  and  wrap  the  shaft.  As  the 
belt  wound  up,  it  dragged  one  end  of 
the  countershaft  with  its  hanger  over, 
and  all  became  firmly  entangled  in  the 
arms  of  a  large  pulley  on  the  main  shaft. 
The  hanger  on  the  other  end  broke,  and 
the  end  thus  freed  struck  a  girder  over- 
head which  held  it  unt'l  the  countershaft 
was  coiled  tightly  on  the  main  shaft. 
When  the  coil  had  wound  up  enough  to 
release  itself  from  the  girder,  the  revolv- 
ing end  tore  up  the  floor  planking  with- 
in its  range  and  created  considerable 
noise  and  commotion. 


To  resume  running  the  plant,  it  was 
necessary  to  saw  off  the  projecting  ends 
of  the  coiled  shaft,  and  at  the  first  shut- 
down the   coil   itself  was  removed. 

To  obtain  the  illustration  the  severed 
ends  were  wired  in  position  and  a  wood 
roll  of  the  same  diameter  as  the  main 
shaft  was  inserted  to  represent  it. 


Small   Shaft   Coiled   Around   Larger 
One 

The  main  shaft  was  turning  at  270 
r.p.m.  so  that  the  four  convolutions  were 
produced  almost  instantly,  and  anyone 
who  has  attempted  to  co'l  a  small  wire 
spring  can  appreciate  the  power  neces- 
sary to  produce  the  result  above  de- 
scribed. 

H.  E.  Osgood. 

Wilmington,   Del 


Losses  in  Uncovered  Steam 
Pipes 

We  have  4826  lineal  feet  of  steam 
pipe  from  1  to  4  in.  inside  diameter  in 
operation  at  the  present  time,  the  outside 
surface  of  which  is  exposed  to  the  at- 
mosphere. 

Up  to  the  present  it  has  not  been  ad- 
visable to  insulate  many  of  these  lines, 
due  to  changes  in  the  manner  of  opera- 
tion, which  caused  continual  changing  of 
lines  or  installing  new  ones.  Although 
the  loss  due  to  condensation,  etc.,  has 
been  heavy,  we  believe  it  has  been  justi- 
fied inasmuch  as  the  covering  would  have 
been  broken  up  and  spoiled  by  handling 
from  one  line  to  another. 

Our  main  lines  (10  in.  and  6  in.)  a'-e 
all  insulated  as  well  as  some  of  the 
permanent  smaller  lines,  and  as  the  bal- 
ance of  our  steam  lines  are  now  perma- 
nently located,  and  tight,  they  should  be 
insulated. 

According  to  publications  of  the  Ameri- 
can Society  of  IVlechanical  Engineers, 
the  rate  of  radiation  and  condensation 
is  2.706  B.t.u.  per  square  foot  of  radiat- 
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ing  surface  per  hour  per  degree  aver- 
age difference  of  temperature  inside  and 
outside  of  tlie  pipe. 

Our  average  steam  pressure  is  100  lb. 
per  square  incli,  or  115  lb.  absolute;  its 
corresponding  temperature  is  338.1  deg. 
F.,  its  total  heat  1188.8  B.t.u.,  its  latent 
heat  879.8  B.t.u. 

Based  on  an  average  atmospheric  tem- 
perature for  the  year  of  60  deg.  F.,  cur 
average  difference  is  278.1  deg.  F.  Tak- 
ing the  cojistant  of  radiation  2.70o  to 
one  decimal  place,  which  is  sufficient,  ^'e 
have 

2.7  B.t.u.  X  278.1  deg.  F.  =  750.87  B.t.u. 
per  square,  foot  per  hour  in  heat  radiated 
or  lost.  This  4826  lineal  feet  of  bare 
p'ipe  has  a  radiating  surface  of  3626.1 
sq.ft. 

3626.1    X   750   =   2,719,575  B.t.u. 
per  hour.    The  calorific  value  of  our  coal 
is  10,816.85  B.t.u.  per  pound 


able  receivers  and  traps,  a  large  amount 
of  this  water  may  be  returned  to  the 
boilers  at  a  fairly  high  temperature. 

This  system,  with  our  pipes  well  in- 
sulated, should  show  a  saving  of  90  per 
cent,  of  the  present  loss,  or  about  $2800 
per  year. 

J.   L.   Kezer. 

Bradford.  Penn. 


2,719,575 
10,816.85 


=  251.4/6, 


o£  coal  lost  per  hour,  or 

251.4   X   24  =  6033.6  lb. 
per  day  =  three  tons,  and  three  tons  at 
SI. 65  will  be  $4.95  per  day,  or  $1806.75 
per  year. 

Th'.s  is  our  direct  loss  by  radiation 
based  on  coal  as  delivered  to  the  coal 
trestle.  Our  total  loss,  due  to  these  un- 
covered lines,  in  steam  condensed,  which 
represents  coal,  labor,  etc.,  necessary  to 
generate  and  maintain  steam  at  an  aver- 
age of  100  lb.  pressure  is  as  follows: 

By  the  radiation  of  heat  units  from  the 
exposed  surface  of  the  pipes,  steam  is 
condensed,  due  to  the  loss  of  its  latent 
heat.  As  the  latent  heat  of  steam  at  100 
lb.  gage  is  879.8  B.t.u.  per  pound  and 
we  are  radiating  750  B.t.u.  per  square 
foot  of  exposed  surface  per  hour, 


750 
879 


=  0.S56  ib. 


of  steam  per  square  foot  of  exposed  sur- 
face per  hour  is  condensed,  and  as  this 
steam  has  done  no  work  it  is  an  abso- 
lute loss. 

0.856  Ih.  X  3626.1  sq.ft.  =  3103.9  lb. 

of  steam  lost  per  hour.  Our  cost  of 
steam  is  11.63c.  per  1000  lb. 

3103.9  lb.  X  0.1163  =  36.1  cents 

per  hour,  or  S8.66  per  day ;  S8.66  x  365 
=  S3160.90  per  year  lost  due  to  con- 
densation in  these  lines.  This  is  equiva- 
lent to  90  boiler  horsepower,  or  11.7  per 
cent,  of  that  developed. 

Based  on  a  sectional  pipe  covering  of 
70  per  cent,  efficiency,  this  loss  can  be 
reduced  to  about  S950  per  year,  and  pos- 
sibly more,  by  installing  a  better  grade 
of  covering. 

After  giving  up  its  latent  heat,  the 
condensation  still  has  a  heat  value  of 
309  B.t.u.  and  is  also  free  of  most  scale- 
forming  substances.     By  installing  suit- 


Draining  Steam    Pipes 

So  many  accidents  to  steam  engines 
can  be  traced  directly  to  water  in  the 
steam  pipes  that  their  frequency  should 
result  in  the  adoption  of  safeguards  by 
all  engineers  and  steam  users,  but  each 


If  this  engine  were  to  be  shut  down 
for  several  days  and  steam  required  in 
other  departments  of  the  shop,  these  two 
valves  should  be  closed,  but  if  this  is 
done  with  the  present  arrangement,  the 
pipe  will  fill  with  water  and  it  would  not 
be  safe  to  open  either  valve,  because 
water-hammer  might  split  the  pipe  or 
crack  the  fittings. 

If  a  reducng  cross  had  been  used  at 
ttie  point  indicated  by  dotted  lines,  the 
email  drip  valve  could  be  safely  opened, 
because  the  outlet  is  too  small  to  cause 
rapid  circulation  in  a  cold  pipe. 

In  everyday  service  the  small  drip 
valves,  shown  above  the  throttle  valves, 
are  opened  before  the  engine  is  started, 
and  then  closed.    This  disposes  of  water 
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Fig.  3 
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Fig.2 
Steam  Piping  Showing  Drain  Lines 


one  apparently  th'nks  that  such  an  acci- 
dent could  not  happen  in  his  plant,  sim- 
ply because  it  never  has. 

Fig.  1  illustrates  the  pipe  by  which  a 
double  Corliss  engine  is  supplied  with 
steam.  The  main  pipe  from  the  boilers 
is  brought  down  through  the  ce'ling  and 
fitted  with  a  reducing  tee,  forming  a 
branch  to  the  right  and  left,  as  shown 
by  the  full  lines.  Each  branch  has  a 
valve  to  shut  off  the  supply  if  only  one 
cylinder  is  used.  Two  45-deg.  ells  are 
used  in  the  right-hand  connection,  in- 
stead of  one  90-deg.  ell,  to  clear  an 
I-beam  which  supports  the  ceiling  at  this 
point. 


that  has  collected  since  the  engine  was 
shut  down,  but  does  not  carry  away  any 
coming  over  from  the  boilers  while  the 
engine  is  running.  The  cross  mentioned 
forms  a  good  drip  pocket  and  if  the 
small  pipe  is  connected  to  a  reliable  trap, 
it  will  keep  the  line  practically  clear. 
Relief  valves  on  cylinders  are  valuable, 
but  it  is  better  to  remove  the  water  be- 
fore it  goes  into  the  cylinders. 

Fig.  2  illustrates  a  very  poor  form  of 
pipe  connection  for  a  double  engine. 
Nearly  all  water  in  the  main  pipe  will 
go  into  the  first  cylinder;  th's  is  dan- 
gerous. If  a  good  separator  had  been 
installed,  as  shown  by  the  dotted  lines. 
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and  the  drip  pipe  had  a  good  trap,  only 
dry  steam  could  go  to  the  engine. 

Fig.  3  illustrates  a  good  device  used  in 
a  plant  where  the  boilers  prime  badly, 
sending  large  quantities  of  water  into  the 
main  steam  pipe.  As  steam  for  this 
engine  is  taken  from  the  top  of  this  pipe, 
little  will  go  to  the  engine  unless  the 
main    pipe    is   nearly    full. 

Fig.  4  shows  the  end  of  this  pipe  and 
a  tee  connected  to  form  an  outlet  at  the 
top  to  supply  steam  for  another  engine. 
The  bottom  of  the  tee  forms  a  good  drip 
pocket  and  the  pipe  from  it  discharges  in- 
to a  trap.  A  tee  in  this  pipe  looks  to  the 
left,  the  outlet  thus  provided  discharging 
into  the  boilers  below  the  water  line.  This 
is  used  most  of  the  time,  and  is  pre- 
ferred because  the  hot  water  is  saved. 
W.  H.  Wakeman. 

New  Haven,  Conn. 


the  top  of  the  joint  to  keep  the  flanges 
from  pinching  the  saw  and  saw  out  the 
remainder  of  the  gasket. 

Edward  L.  Johnson. 
Brooklyn,  N.  Y. 


Water    Level    Fluctuates 

Our  three-drum  type  Babcock  &  Wil- 
cox boilers  each  have  one  water  column 
and  gage-glass  connected  to  one  of  the 
end  drums.  The  water  will  at  times  sud- 
denly rise  and  at  other  times  fall  con- 
siderably in  the  glass.  I  believe  it  is 
due  to  local  circulation  within  some  of 
the  tubes  and  one  header.  Will  some 
interested  reader  experienced  with  this 
type  of  boiler  fully  explain  the  cause? 
B.   H.  Chester. 

New  York  City. 


Inserting    and    Removing 
Gaskets 

When  inserting  a  gasket  between 
flanges  that  cannot  be  separated  to  any 
great  distance,  it  is  often  troublesome  to 
get  the  gasket  into  position.  To  overcome 
this,  fold  a  piece  of  stiff  paper  as  shown 
in  the  sketch.    The  paper  and  gasket  can 
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Why  This   Peculiar  Exhaust? 

The  exhaust  pipe  from  our  engine  is 
run  into  a  well  12  ft.  deep  and  8  ft.  in 
diameter;  the  pipe  is  connected  as  shown 
in  the  illustration.  When  the  water  in 
the  well  rses  to  the  height  indicated  by 
the  dotted   lines,  no   steam   is  exhausted 


Gasket  Ready  for  Insertion  in  Flange 

easily  be  slipped  in  between  the  flanges, 
and  after  one  or  two  bolts  are  put  in 
place  the  paper  can  be  taken  out. 

To  remove  an  old  gasket  when  the 
flanges  can  be  separated  but  very  little 
is  usually  difficult  unless  a  length  of  pipe 
is  taken  out.  A  simple  way  is  to  drive 
a  cold  chisel  in  the  lower  side  of  the 
joint  sufficiently  to  loosen  the  flanges, 
and  then  run  an  old  saw  through  the 
Joint,  sawing  out  the  gasket.  After  saw- 
ing partly  through,   drive   the   chisel   in 


and  in  packing,  the  machinist  cut  off  a 
long  piece  of  coil  packing  and  wound  it 
around  the  shaft  and  drove  it  in  until  the 
stuffing-box  was  full.  As  it  got  hot  when 
running,  he  eased  up  on  the  gland  nuts, 
letting  air  leak  in  and  gradually  destroy 
the  vacuum.  I  found  the  water-seal 
spools  hanging  up  in  the  machine  shop. 
The  machinist  stated  that  he  could  find 
no  place  to  use  them.  It  took  40  min. 
to  get  the  pump  properly  packed  and 
working  to  full  capacity  with  no  further 
trouble. 

J.   C.   Hawkins. 
Hvattsv'Ile,  Md. 
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Exhaust  Pipe  Led  into  Well 

from  A,  which  is  open  to  the  atmosphere, 
but  when  the  water  level  is  just  below 
the  end  of  the  length  B,  both  steam  and 
water  are  exhausted  from  A.  The  top  of 
the  well  is  always  open  to  the  atmosphere. 
What  causes  this  peculiar  action? 

A.  O.  Fisher. 
Elkhart,  Ind. 


Correcting    a    Centrifugal 
Pump  Trouble 

Recently  I  was  consulted  regarding  a 
4-in.  motor-driven  volute  pump  running 
with  4-ft.  lift  and  35-ft.  discharge  head 
that  refused  to  raise  water. 

The  pump  and  motor  were  on  a  sub- 
base  and  to  erect  required  only  connect- 
ing the  pipes  and  wiring  the-  motor.  A 
machinist  did  this  and  packed  the  shaft 
bearings.  The  pump  would  work  well 
about  20  min.  then  gradually  lose  its 
water,  although  the  supply  was  constant. 
The  machinist  and  millwright  tried  for 
several  weeks  to  fix  it  but  unsuccessfully. 
During  th's  time  the  superintendent  wrote 
to  the  makers  who  stated  that  the  puinp 
was  tested  in  the  usual  manner  and 
found  satisfactory  before  shipment. 

First  I  examined  the  strainer  and  foot 
valve  and  found  them  clear,  then  I  pulled 
out  the  packing  and  discovered  the 
trouble.  The  water-seal  glands  were  sent 
packed  in  a  box  with  the  other  trimmings, 


Stud  Extractor 

The  illustration  shows  a  stud  extractor 
I  made  for  pulling  1-in.  studs  from  pis- 
tons. The  studs  had  been  in  use  over 
10  years  and  were  screwed  in  so  tightly 
and  closely  that  a  socket  wrench  was 
the  only  tool  possible  to  use. 

The  keyway  in  the  nut  A  was  cut  just 
deep  enough  so  that  when  the  cutting 
key  B  was  driven  it  would  only  cut  the 
threads  as  far  as  the  base  of  the  nut. 
Screwing  the  nut  on  the  stud  a  distance 
of  five  threads  and  driving  the  key  give 
sufficient  holding  power  to  allow  two  men 
to  back  off  the  stud  with  a  36-in.  pipe 
wrench.     After  the  stud  is  withdrawn  the 
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Stud   Extractor 

nut  is  placed  in  a  vise  so  that  the  col- 
lar C  rests  on  the  jaws,  and  the  key  is 
then  driven  out  with  the  driver  D. 

The  extractor  nut  should  be  tapped 
deeply  to  allow  for  shrinkage,  after  which 
it  should  be  case-hardened.  The  collar 
should  also  be  case-hardened  and  the 
cutting  key  and  driver  made  of  tool  steel. 
I  made  the  collar  large  enough  to  fit 
the  counterbore  of  the  follower  plate. 
David  G.  Young. 

Cliffside,   N.   J. 


What  Corroded  the  Pipe? 

A  1-in.  wrought-iron  gas  pipe  screwed 
in  the  top  of  a  4-in.  cast-iron  main  was 
badly  eaten  away  on  one  side  only.  Sev- 
eral holes  were  present,  and  around  them 
along  the  side  of  the  pipe  was  a  large 
area  that  had  materially  wasted  away; 
the  interior  was  unharmed. 

This  pipe  was  laid  only  three  years  ago 
in  a  paved  street.  No  other  pipes  run 
adjacent  to  it,  and  the  street-railway  lines 
and  power  house  are  a  block  away.  Was 
electrolysis  the  cause? 

J.  E.  B.  Phelps. 

Sarnia,  Ont. 
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Questions  Before  the  House 

Comment,  criticism,  suggestions  and  debate  upon  various  articles, 
letters   and   editorials    which  have  appeared  in  previous  issues 


The  College  Graduate  and 
Practical    Experience 

The  editorial  "The  Technical  Graduate 
and  the  Power  Plant,"  in  the  May  14 
issue,  and  the  foreword  "To  the  College 
Crad,"  in  the  May  28  issue,  are  decided- 
ly interesting  to  one  who  has  recently 
gone  through  that  part  of  the  mill  they 
refer  to. 

Some  graduates  feel  it  beneath  their 
dignity  to  get  down  to  manual  labor  as 
a  starter  after  graduation,  and  when  it 
comes  to  wiping  up  grease  and  getting 
under  a  machine  to  repair  it,  with  the 
oil  running  down  their  neck,  they  would 
rather  be  excused;  these  men  apparently 
have  a  yellow  streak  in  their  engineer- 
ing makeup  and  like  the  "quitter"  may 
"get  by,"  but  not  as  well  as  the  man 
who  is  not  afraid  to  get  dirty. 

A  couple  of  years  or  more  in  a  power 
plant  as  water  tender,  oiler,  watch  engi- 
neer, etc.,  going  through  the  different 
minor  positions,  may  be  good  experience, 
as  noted  in  the  articles  referred  to,  but 
two  years  in  a  large  industrial  establish- 
ment brings  one  in  contact  with  more 
and  varied  classes  of  men  as  well  as  po- 
sitions than  in  a  power  house;  after  which 
a  short  while  in  a  power  house  will  be 
excellent  final  training,  if  the  industrial 
establishment  was  one  manufacturing 
power-plant  apparatus. 

A  technical  graduate  can  get  much  out 
of  two  years'  practical  training  with  a 
large  industrial  establishment,  like  the 
General  Electric  Co.,  for  example.  Let 
him  start  in  the  machine  shop.  Here 
he  will  learn  how  to  run  the  various 
machine  tools,  and  realize  the  different 
environment  here  from  that  in  the  col- 
lege machine  shop.  Work  must  be  got 
out  because  a  promise  has  been  made  on 
this  or  that  requisition.  He  will  work, 
for  example,  with  the  day  workers  in  the 
tool  room  or  repair  shop  or  he  may  spend 
some  time  with  the  piece  workers  who  are 
pressed  for  time.  In  each  part  of  the 
shop  a  different  kind  of  human  nature 
predominates;  a  study  of  this  alone  is 
well  worth  the  experience.  Finally,  one 
may  take  charge  of  a  small  part  of  the 
work  and  here  comes  that  valuable  train- 
ing in  diplomacy  of  how  to  handle  men. 

Suppose  he  has  had  enough  of  the  shop 
and  now  goes  through  the  various  tests 
of  steam  turbines,  a'r  compressors,  gas 
engines,  etc.,  if  he  be  a  mechanical  man; 
motors,  generators,  transformers,  meters, 
instruments,  etc.,  if  he  be  an  electrical 


man.  In  each  place  he  again  applies  his 
theoretical  knowledge  practically,  and 
learns  the  short  cuts  the  professional 
tester  uses.  Here  a  different  class  of 
men  is  encountered  and  points  on  human 
nature  again  are  acquired  that  can  be 
ga'ned  in  no  other  way,  besides  that 
valuable  experience  of  how  to  handle 
the  apparatus  he  expects  to  operate,  de- 
sign, manufacture  or  sell,  some  day  in 
the  future. 

Then  comes  the  drafting  office,  and  en- 
gineering office  experience  and  perhaps 
some  cost,  or  production  department 
work,  if  he  be  inclined  that  way. 

To  cover  all  of  it  thoroughly  would 
require  more  than  two  years,  but  at  the 
end  of  that  time,  he  should  know 
definitely  what  branch  he  wants  to  fol- 
low. Then,  if  power-plant  work  be  his 
goal,  let  him  spend  a  short  while  in  a 
power  plant  and  he  should  soon  master 
the  details  of  his  chosen  work.  If  manu- 
facturing, designing  or  selling  were  his 
choice,  he  could  follow  these  up  similarly 
in  a  practical  way. 

Some  may  say  this  is  a  long  time  to 
spend  preparing  for  the  engineering  pro- 
fession. Perhaps  it  is,  but  compare  a 
physician — how  long  he  studies,  and  how 
much  time  he  spends  at  the  hospital  and 
then  building  up  a  reputation.  Our  pro- 
fession has  grown  so  in  size  that  it  can- 
not be  mastered  as  easily  as  formerly. 
Julius  G.  Berger. 

West  Lynn,  Mass. 


draft,  and  the  baler  referred  to  is  farthest 
from  the  stack.  It  is  possible,  however, 
that  the  individual  dampers,  if  such  ex- 
ist, may  be  so  adjusted  that  this  par- 
ticular furnace  has  the  most  intense  draft 
at  the  particular  point  where  the  clink- 
ers exist,  and  it  may  be  found  to  produce 
most  intense  heat  at  that  point  and  thus 
cause  the  formation  of  cl'nker. 

There  is  a  positive  reason  for  this 
particular  formation,  but  without  com- 
plete data  on  the  entire  plant,  or  draft 
in  this  particular  furnace  in  comparison 
with  the  others,  and  the  degree  of  cleanli- 
ness maintained,  it  is  hard  to  suggest  any 
conclusive  reason  for  the  existence  of 
the  trouble. 

I  trust  we  shall  hear  further  from  Mr. 
McDowell  on  this  matter,  and  particularly 
so  when  he  finds  the  reason  for  his  diffi- 
culty. I  would  experiment  with  the  con- 
ditions of  draft  of  the  three  boilers  in  a 
comparative  way,  and  also  take  meas- 
ures to  alter  the  thickness  of  the  fuel 
bed  on  this  particular  bo'ler,  and  care- 
fully note  any  effect  that  might  be  pro- 
duced. If  such  investigations  do  not  de- 
velop a  solution,  the  cleanliness  of  the 
water  bars  should  be  next  given  atten- 
tion. 

Ch.arles   H.  Parson. 

New  York  Citv. 


Why  Clinker  Forms 

The  peculiar  difficulty  cited  by  H.  B. 
McDowell,  in  his  inquiry  in  the  May  7 
issue,  is  not  as  easily  explained  or  cor- 
rected as  might  at  first  appear. 

The  clinker  formation  is  not  due  to  the 
fuel,  because  two  boilers,  one  with  a 
special  furnace  and  one  with  a  standard 
furnace,  are  exempt,  and  the  second  boiler 
with  the  special  furnace  only  evidences 
trouble  in  a  particular  part  of  its  grate. 

The  difficulty  might  be  due  to  the  tubes 
comprising  the  water  bars,  which  at  the 
particular  part  of  the  furnace  where 
clinkers  form  may  be  found  to  be  dirty 
inside,  and  thus  permit  the  fire  to  be 
hotter  at  that  point  than  it  would  be  if 
the  heat  was  absorbed  by  a  perfect  cir- 
culation of  water. 

Another  solution  may  be  found  in  the 
draft.  Ordinarily,  the  boiler  most  distant 
from  the  stack  would   have  the  poorest 


My  experience  leads  to  the  belief  that 
Mr.  AlcDowell's  clinker  trouble  is  due  to 
the   following  causes: 

The  temperature  of  the  fire  is  greater 
on  the  side  whxh  formed  the  clinker; 
this  is  caused  by  more  hot  air  being  fur- 
nished and  more  combustible  gases  be- 
ing distilled  and  burned.  This  condition 
could  exist  due  to  some  peculiarity  of 
furnace,  gas  passages  and  breeching 
which   produce   eddy   currents. 

Cecil  R.  Coile. 

Fort   Morgan,   Ala. 


Mr.  McDowell's  trouble  is  undoubted- 
ly due  to  poor  draft.  With  the  Hawley 
down-draft  system  particular  attention 
should  be  given  the  draft  as  it  must  be 
strong  to  produce  good  results.  The 
chimney  draft,  if  poor,  will  produce 
smoke  and  clinker,  and  if  Mr.  McDowell 
is  troubled  with  smoke  he  may  reason- 
ably attribute  the  clinker  to  this  cause. 

As  the  upper  furnace  containing  the 
water-bars  is  used  only  as  a  chamber 
for  d'stilling  the  gas  from  the  coal,  it 
is   important   that   distillation   should   be 
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complete,  leaving  only  coke  to  be  burned 
on  the  lower  grate.  If  it  is  not  quite 
complete  and  the  fuel  is  high  in  sulphur, 
clinkers  will  result,  especially  if  the  draft 
is  poor. 

I  would  suggest  that  Mr.  McDowell 
look  for  clogged  air  spaces  in  that  part 
of  the  lower  bars  affected.  He  might 
also  see  if  the  middle  door  closes  tight- 
ly, and  if  the  damper  on  No.  3  boiler  is 
working  well.  Admitting  additional  air 
through  the  lower  ashpit  might  stop  the 
trouble  if  the  breeching  and  grate  bars 
are  unobstructed. 

B.   H.  Chester. 

New  York  Gty. 

Unnecessary  Risks 

The  reply  to  "Unnecessary  Risks,"  by 
Charles  J.  Mason  in  the  June  4  issue,  is 
rather  inaccurate.  I  analyzed  it  and  then 
asked  an  old  Scotch  engineer  how  he 
plugged  tubes  before  patent  expanding 
tube  stoppers  were  made. 

Mr.  Mason  says  the  fire  in  a  Scotch 
boiler  was  smothered  with  green  coal. 
We  will  allow  that  no  carbon  dioxide 
or  other  obnoxious  gas  was  generated, 
and  that  the  furnace  temperature  was 
anything  you  like  to  call  it. 

The  diameter  of  Scotch  boiler  furnaces 
in  those  days,  say  25  years  ago,  was 
rarely  over  3  ft.,  but  assume  it  was  4 
ft. — an  unheard-of  size  for  that  time 
and  uncommon  now.  The  tops  of  the 
fire  bars  were  about  the  center  of  the 
furnace;  this  would  allow  2  ft.  from  the 
tops  of  the  bars  to  the  top  of  the  fur- 
nace. With  soft  coal  the  center  fire  bed 
would  be  from  6  to  10  in.  thick,  but  call 
it  only  8  in.  thick.  On  top  of  this  green 
coal  was  spread,  say  as  thin  as  2  in., 
and  on  top  of  the  green  coal  planks  were 
placed.  Allowing  for  a  2-in.  plank,  we 
have 

2  ft.  —  (8  in.  +  2  in.  +  2  ;>;.)  =  12  in. 
between  the  bars  and  furnace  top  at  the 
exact  center  of  the  furnace.  I  would 
like  to  know  how  men  went  in  a  space 
12  in.  high  "on  their  hands  and  knees." 
A  man  of  average  height  with  the 
femur  or  thigh  bone  at  right  angles  to 
the  body  measures  about  2  ft.  from  the 
knee  to  the  back.  The  way  the  job 
really  was  done  (and  sometimes  is  done 
to  th's  day  when  the  tube  is  so  badly 
salted  that  a  patent  stopper  will  not  go 
through)   is  this: 

The  Tire  was  drawn;  planks  were  laid 
on  the  bars  after  they  had  cooled  a  lit- 
tle. With  the  necessary  plug,  washer  and 
nut,  the  engineer  crawled  in  the  furnace 
and  lay  on  his  back.  The  engineers  or 
firemen  on  the  outside  pushed  on  his 
feet  and  slid  him  to  the  "back  end"  or 
combustion  chamber.  If  the  tube  was 
low  down  he  could  possibly  reach  it  from 
his  poa'tion  on  his  back  on  the  planks. 
If  he  could  not  reach  it,  short  pieces  of 
plank  were  passed  to  him  and  these  he 
laid  on  the  floor  of  the  combustion  cham- 


ber to  stand  on.  If  two  furnaces  ran 
into  a  common  combustion  chamber,  both 
fires  had  sometimes  to  be  drawn  but  there 
was  no  danger  about  the  job  beyond  the 
chance  of  a  few  drops  of  scalding  water, 
and  generally  a  liberal  supply  of  old 
sacks  would  prevent  any  trouble  from  this 
source. 

A  really  dangerous  job,  permitted  or 
even  ordered  by  some  marine  chiefs,  was 
expanding  tubes  while  the  boiler  was  un- 
der pressure.  My  informant  said  he  had 
been  ordered  to  do  this  many  times. 

The  Scotch  boiler  in  this  ship  had  four 
furnaces,  two  at  each  end,  with  a  com- 
bustion chamber  for  each.  The  fire  was 
drawn  in  the  furnace  below  the  leaky 
tubes  and  planks  were  laid  on  the  grate 
and  the  combustion-chamber  floor.  The 
pressure  in  the  boiler  was  50  lb.,  just 
10  lb.  below  the  blowing-off  pressure. 
With  a  Dudgeon  tube-expander  the  en- 
gineer went  into  the  back  end  to  expand 
the  tubes.  He  would  take  lO-m'n.  spells; 
that  is,  he  would  spend  10  minutes  in 
the  back  end  and  10  minutes  under  the 
ventilator  in  the  stokehold.  If  the  tube 
were  cut  by  the  expander,  the  engineer 
would   have  been  boiled  alive. 

L.    A.    SUVERKROP. 

New  York  City. 


of  other  departments  they  will  realize 
that  they  can  furnish  power  cheaper  than 
the  central  station  can  sell  it. 

J.  M.  Healy. 
Uxbridge,  Mass. 


Central  and  Isolated  Plants 

Previous  discussion  on  this  subject 
leads  me  to  believe  that  the  owners  are 
more  to  blame  than  the  engineers  for 
the  displacement  of  isolated  plants  with 
central-station  service.  We  are  advised 
to  keep  records  of  operation  in  plants 
under  our  charge.  Records  are  beneficial 
if  properly  kept  and  interpreted,  but  they 
will  not  rebore  a  cylinder  that  is  out  of 
true  and  wasting  steam,  nor  buy  latch 
blocks  for  the  old  Corliss  engine  that 
has  been  in  service  since  Adam  was  a 
boy. 

Owners  w'll  often  go  to  great  expense 
in  other  departments  to  obtain  the  high- 
est efficiency.  Why  not  include  the  en- 
gine room;  is  it  not  one  of  the  most  im- 
portant departments  and  worthy  of  the 
same  recognition? 

It  is  positively  unjust  that  some  en- 
gineers have  to  almost  beg  for  the  neces- 
sary supplies  to  keep  the  plant  in  suc- 
cessful operation.  While  talking  with  a 
salesman  for  a  well  known  line  of  pack- 
ing and  supplies,  I  asked  him  if  he  had 
called  on  Mr.  Smith,  and  he  replied:  "I 
went  to  the  office  and  stated  that  I  would 
like  to  show  their  engineer  my  line  of 
goods  and  I  received  this  answer:  'No; 
we  buy  all  the  supplies,  and  if  the  engi- 
neer we  have  cannot  get  along  with  them, 
we   w-11   get   one   that   can.' " 

I  wonder  if  that  same  superintendent 
would  buy  stock  suitable  for  making  a 
$2.50  pair  of  shoes  and  then  expect  his 
men  to  turn  out  a  S3. 50  pair. 

When  the  plant  owners  cooperate  with 
their  engineers  as  they  do  with  the  heads 


Frictional  Losses 

In  a  recent  issue  of  Power  friction 
load  was  discussed  and  in  the  case  cited 
was  found  to  be  24  per  cent,  of  the  total 
full  load.  Following  this  the  article  reads: 
"This  figure  was  ascertained  by  stopping 
all  machines  and  running  only  the  shaft- 
ing and  belts  on  idle  pulleys."  I  would 
like  to  ask  was  the  friction  load  meas- 
ured (1)  on  a  cold  or  hot  day,  (2)  on  a 
damp  or  dry  day,  (3)  at  starting  or 
stopping  time,  (4)  on  the  first  or  last 
day  of  the  week? 

When  a  comparison  of  friction  loads 
in  different  plants  is  made,  it  is  essential 
that  it  be  measured  in  each  plant  when 
the  conditions  are  as  nearly  identical 
as  possible.  OtherwisS  no  fair  compari- 
son can  be  made. 

Those  who  have  studied  the  question 
know  that  the  friction  load  is  apt  to  be 
higher  in  cold  dry  weather  (in  plants 
using  leather  belts);  at  starting  time 
(because  the  lubricant  in  the  bearings  is 
set  and  stiff)  and  on  the  first  of  the  week 
for  the  same  reason. 

A  discussion  of  this  subject  would  b" 
extremely  interesting.  Why  is  the  fric- 
tion load  in  some  plants  as  low  as  IS 
per  cent,  while  in  others  as  high  ai  62 
per  cent.?  Is  not  less  attention  gen- 
erally given  this  subject  than  it  warrants? 
How  many  engineers  regularly  take  cards 
from  their  engine  to  ascertain  the  full 
load  as  well  as  the  friction  load,  and 
how  much  variation  in  friction  load  in 
the  same  plant  is  caused  by  the  influences 
above  mentioned? 

Charles  F.  Chase. 

New  York  City. 


Clamps  and  Lacing  versus 
Cement  for  Belts 

In  the  Apr.  16  issue,  J.  N.  Fries  states 
in  his  article  on  belt  lacing  that  a  wire- 
laced  belt  is  the  best.  From  a  standpoini 
of  safety,  all  belt  fasteners  or  lacing 
are  dangerous  to  the  operator  of  a  ma- 
chine or  to  workmen  in  close  proximity 
to  the  belt. 

To  be  absolutely  on  the  safe  side,  al 
leather  belts  should  be  made  endlesi 
by  a  cemented  joint.  Belt  cement  car 
be  obtained  that  will  cement  a  belt  wit! 
a  loss  of  time  of  from  10  to  20  minutes,  st 
that  this  delay  does  not  amount  to  much 
A  handy  man  can  be  easily  taught  to  dc 
this  work,  and  it  will  prove  of  benefi 
to  the  men,  the  machines  and  the  sho[ 
in  general.  The  belt  will  run  smoothly 
the  flapping  noise  due  to  the  weight  of  : 
fastener  will  cease,  and,  best  of  all,  th( 
workman  cannot  get  his  clothing  caugh 
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and    be    whirled    about    in    the    shafting. 

All    belting   that   is   liable   to   come    in 

contact    with    the    workmen    should    be 

guarded   up   to   6   ft.    from   the   floor,   no 

matter  how  the  belt  is  fastened  together. 

A.    Rauch. 

Pittsburg,  Penn. 


Failure  of  Boiler  Tubes 

In  a  recent  issue,  W.  J.  Maxwell  asks 
why  boiler  tubes  fail.  This  is  due  in 
many  instances,  especially  with  water 
tubes,  to  an  improper  distribution  of  heat 
caused  by  baffle  wall  interference. 

Flame  plates  and  high  bridge-walls 
produce  right-angle  turns  of  the  hot  gas 
currents,  causing  changes  of  temperature 
in  different  places.  Especially  if  liquid 
fuel  is  burned.  Air  passing  through  the 
grates  will  be  more  evenly  distributed  to 
all  exposed  tube  surface  if  all  baffle 
walls,  etc.,  are  discarded. 

The  current  then  passing  through  in 
curves  and  bends  will  naturally  be  more 
effective.  The  bagging  of  tubes  and 
leaky  tube  ends  is  caused  by  the  chem- 
ical changes  of  the  water  inside  of  them 
and  the  end  leaks  are  more  or  less  due 
to  excess  air.  My  12  years'  experience 
with  boilers,  using  both  coal  and  liquid 
fuel,  and  the  many  tests  I  have  seen  made 
on  tubes,  boilers  and  furnaces  in  a  lead- 
ing university,  confirm  the  above. 

J.  H.  Smith. 
Austin,  Tex. 


Lacing  Belts 

The  recent  discussions  on  belt  lacing 
interested  me.  A  long  and  varied  experi- 
ence with  belts  has  taught  me  that  ce- 
menting, wire-lacing  and  rawhide  lacing 
are  the  only  correct  ways  to  join  belts. 
The  first  should  be  used  for  belts  from 
8  in.  to  6  ft.  wide  and  from  2  to  3  ply 
thick.  These  belts  do  not  require  tight- 
ening so  frequently  and  cemented  are 
ver>'  safe  when  driving  full  load.  ^X'ire- 
lacing  should  be  used  on  belts  from  1 
to  8  in.  wide,  heavy  or  light  double  thick- 
ness. If  properly  laced  with  composi- 
tion wire  and  the  strands  are  hammered 
flush  with  the  surface,  the  joint  is  hard  to 
surpass.  All  cone-pulley  belts,  on  lathes, 
for  example,  are  better  if  laced  with 
rawhide  as  they  may  be  easily  and  safely 
handled. 

Overhead  or  line-shaft  belts,  heavy  or 
light  double  thickness,  give  better  re- 
sults when  laced  wiih  wire.  I  have 
thrown  wire-laced  belts  on  pulleys  many 
times  when  running  full  speed,  and  never 
received  a  scratch  because  the  belts  were 
properly  laced  and  a  piece  of  leather  was 
used  to  protect  my  hand.  The  leather 
used,  cut  from  an  old  single  belt  and 
thoroughly  pliable,  was  circular  in  form 
and  5  in.  in  diameter.  This  hand  pro- 
tector must  be  grasped  by  the  thumb  and 
forefinger  and  under  no  circumstances 
fastened  to  the  hand  as  a  defective  belt 


might  catch  it,  causing  injury.  I  have 
put  the  tightest  of  belts  on  pulleys  in 
this  manner. 

Single  belts  from  I  to  8  in.  should  be 
rawhide  laced.  Strong,  thin  lacing  is  best. 
Wire  works  better  in  double  than  in  sin- 
gle belts  for  the  reason  that  in  hammer- 
ing the  wire  level  with  the  belt  face 
the  leather  is  weakened  because  twice 
the  diameter  of  the  wire  is  sunk  into 
the  single  ply  of  the  leather,  weakening 
the  section,  and  the  joint  will  part  under 
sudden  strain.  For  the  best  rawhide  lac- 
ing of  single  belts  the  holes  must  be  of 
the  right  size  and  punched  in  the  proper 
places. 

Of  the  many  ways  of  lacing  belts  with 
rawhide  I  found  but  two  which  were 
satisfactory  in  saving  time  and  giving 
results,  the  straight  strand  and  the  hinge 
joints.  Rawhide  lacing  is  excellent  for 
single  or  double  belts  that  have  lost 
toughness  through  age,  moisture  or  oil. 
James  McClure. 

Fletcher,   N.   C. 


Driving  a  Small  Pipe  Well 

The  pipe-well  drill  shown  by  George 
J.  Little  in  the  Apr.  2  issue  is  of  service- 
able construction  except  that  a  wooden 
block  should  be  used  on  the  driving  plug 
to  prevent  it  from  being  battered  out  of 
shape. 

My  experience  with  a  similar  machine 

teaches  me  that  if  great  care  is  not  taken, 

the  threads  on  the  pipe  will  be  stripped 

due  to  the  heavy  blows  from  the  driver. 

John  Thorn. 

London  Junction,  Ont. 


What    Caused    the  Sediment.? 

Mr.  King's  trouble,  mentioned  in  the 
Apr.  30  issue,  is  evidently  due  to  bicar- 
bonates  in  solution  in  the  feed  water. 
The  deep  red  color  of  the  deposit  proves 
that  there  is  a  large  proportion  of  iron. 
That  the  scale  is  hard  to  detach  indi- 
cates the  presence  of  lime  and  probably 
alumina.  An  analysis  of  the  scale  would 
be  the  best  way  to  determine  its  com- 
position. 

These  bases  exist  in  the  feed  water 
as  perfectly  clear  solutions  of  their  bi- 
carbonates.  As  soon  as  the  water  becomes 
heated  in  the  boiler,  carbon  dioxide  is 
evolved,  breaking  up  the  bicarbonates  and 
leaving  the  lime,  iron  oxide,  etc.,  in  the 
form  of  the  fine  sed'ment  referred  to. 

It  would  be  best  to  purify  the  water 
before  using.  This  can  be  done  easily  by 
adding  a  calculated  amount  of  soda  and 
moderately  heating.  In  a  small  plant, 
the  installation  would  probably  cost  more 
than  the  damage  done  by  the  scale. 

A  good  boiler  compound,  or  simply 
soda  ash,  should  be  added  to  the  feed 
water.  This  will  precipitate  the  impurities 
in  a  more  granular  condition,  and  fre- 
quent blowing  off  will  remove  the  greater 
part  of  them.     I  have  known  of  boilers 


being  blown  off  every  six  instead  of 
twenty-four  hours  when  using  a  feed 
water  with  much  lime  in  it. 

C.  T.  Dawkins. 
Ashland,  Wis. 


Water  Broke  the  Piston 

Mr.  Haight's  trouble,  mentioned  in  the 
May  7  issue,  in  my  opinion  is  caused  by 
water  being  carried  over  from  the  boil- 
ers". The  fact  that  the  piston  rod  was 
bent  in  one  engine  and  the  crank  and 
crosshead  were  damaged  in  the  other  is 
proof  that  the  piston  struck  something 
solid,  such  as  water  under  compression. 
The  piston,  being  weaker  than  the  head, 
let  go  instead  of  knocking  out  the  latter. 

Any  number  of  traps  on  a  steam  main 
will  not  relieve  an  engine  cylinder  of  a 
sudden  dose  of  water  caused  by  the  fire- 
man pumping  the  boiler  full.  I  have  seen 
piping  systems  equipped  with  both  traps 
and  drainage  systems  and,  in  case  of 
sudden  flooding,  the  traps  or  the  system 
were  useless. 

As  for  water  getting  into  the  piston,  I 
cannot  see  how  it  can  possibly  expand 
and  create  a  pressure  because  it  could 
get  out  the  same  way  it  got  in. 

W.   F.   O'Regan. 

Salem,  Mass. 


Gasket  Broke  Filter  Flanges 

W.  G.  Freer's  account  of  a  broken  con- 
denser head  in  the  Apr.  9  issue,  reminds 
me  of  a  similar  experience.  Two  36x72- 
in.  water  filters  were  being  installed,  and 
each  filter  was  in  two  sections  of  36  in. 
each,  the  sections  being  flanged  and  each 
contained  thirty-two  s.s-in.  bolts.  Rubber 
tubular  gaskets  were  used  having  34  in. 
outside  and  ]i  in.  inside  diameters,  and 
the  ends  were  joined  by  inserting  a  short 
piece  of  's-in.  soft  fuse  metal  into  each. 

The  erectors  laid  the  gaskets  just  in- 
side the  bolt  circle  and  then  tightened 
the  joints,  but  in  making  the  last  round 
a  helper  pulled  too  hard  on  the  wrench 
and  cracked  the  flange  at  the  hub  for  a 
distance  of  four  bolt-holes.  The  flanges 
had  a  4-in.  face  and  it  was  2  in.  from  the 
bolt  circle  to  the  inside  edge  of  the  flange. 

The  trouble  was  attributed  to  a  de- 
fective flange.  A  new  section  was  put  in 
and  after  about  two  hours'  service  a  sheet 
of  water  issued  from  the  new  joint.  In- 
vestigation showed  a  break  identical  with 
that  of  the  recently  broken  flange. 

I  condemned  the  type  of  gasket,  and 
contended  it  was  responsible  for  both 
breaks,  the  erector  arguing  to  the  con- 
trary and  claiming  the  flanges  were  de- 
fective. Finally  a  sheet-rubber  gasket 
was  used,  and  after  six  months'  service 
the  joint  is  still  tight.  To  my  mind,  the 
gasket  acted  as  a  fulcrum,  causing  un- 
due stress  on  that  portion  of  the  flange 
which  was  being  tightened. 

L.   M.   Johnson. 

Glenfield,   Penn. 
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Inquiries  of  General  Interest 

All  Questions  Must  be  Accompanied  by  Name  and  Address — Not  for  Publication 


High  Place  on  Dias;ram 

The  diagram  submitted  is  from  a  com- 
pound Corliss  engine  which  has  two  ec- 
centrics, and  runs  non-condensing  with 
considerable  back  pressure,  as  the  ex- 
haust is  supplied  to  turbines.  What  is 
the  cause  of  the  high  place  on  the  dia- 
gram    indicated     by    the     arrow?     The- 


High  Place  on  Diagram 

trouble  is  not  with  the  indicator,  for  it 
does  not  show  on  diagrams  taken  from 
other  engines  with  the  same  instrument. 
W.  J.  L. 
It  is  imposs'ble  to  say  from  the  in- 
formation given.  Take  a  diagram  from 
the  receiver  and  study  the  difference  be- 
tween the  receiver  pressure  and  the  steam 
line  of  the  diagram  at  this  point.  This 
study  can  be  facilitated  by  taking  the 
motion  for  the  paper  drum  of  the  indi- 
cator from  the  eccentric  or  valve  motion 
instead  of  from  the  crosshead,  which  will 
spread  out  this  portion  of  the  diagram 
and  make  it  easier  to  analyze. 


Lining  up  an  Engine 

Without  disconnecting  any  parts  of  an 
engp-ne,  how  can  it  be  ascertained  whether 
the  crankshaft  is  at  right  angles  to  the 
center  line  of  the  cylinder? 

W.  H. 

Stretch  a  fine  braided  line  over  the  en- 
gine parallel  to  the  crankshaft  and  stretch 
another  such  line,  just  touching  the  first 
one,  parallel  with  the  center  line  of  the 
cylinder.  The  longer  the  lines  the  bet- 
ter, provided  they  are  set  taut  and  firm. 
With  a  light  pine  rod  or  tram,  locate 
equal  distances  on  the  I'ne  parallel  with 
the  crankshaft,  each  side  of  its  inter- 
section with  the  line  which  is  parallel 
with  the  cylinder  center  line.  Then  if  the 
shaft  and  center  line  of  cylinder  are  at 
right  angles  to  each  other,  any  point  on 
the  line  parallel  to  the  cyl'nder  center 
line  will  be  equidistant  from  the  points 
first  laid  off  on  the  line  parallel  to  the 
shaft. 

Instead  of  taking  an  equal  distance  on 
each  side  of  one  of  the  lines,  the  angle 
between  them  can  be  tested  by  laying 
off  a   point   on   each   at   distances   from 


the  point  of  -ntersection  in  proportion 
of  3  to  4  and  testing  the  length  of  the 
hypothenuse,  which  should  be  5  to  the 
same  scale  if  the  two  lines  are  at  right 
angles  with  each  other.  It  is  better, 
however,  where  space  will  permit,  to 
check  the  angles  as  by  the  first  method, 
and  even  better  to  test  the  equality  of  all 
four  angles  made  by  the  cords  at  their 
point  of  crossing.  In  setting  the  lines 
parallel  with  the  shaft  or  center  line  of 
cylinder,  in  each  case  select  two  points 
of  reference  that  are  as  far  apart  as  pos- 
sible. The  line  intended  to  be  parallel 
with  the  shaft  may  usually  be  set  by 
plumbing  direct  over  the  shaft  center 
points,  or  by  horizontal  measurements  to 
plumbings  taken  with  proper  allowance 
for  any  differences  in  diameters  at  the 
points  of  measurement. 

The  line  parallel  to  the  center  line  of 
cylinder  may  be  located  in  a  s'milar 
manner  with  reference  to  any  bored  or 
turned-off  part  of  the  cylinder  which  is 
concentric  with  the  center  line  of  the 
cylinder. 


Gearing  a  Motor 

Is  it  well  to  use  a  pair  of  ordinary 
cast-iron  spur  gears  for  a  drive  from  a 
75-hp.  motor  making  715  r.p.m.  to  a 
shaft  which  is  to  make  85  r.p.m.? 

J.  Q.  A. 

It  would  be  better  to  use  an  adjustable 
intermediate  gear  than  to  depend  upon 
adjusting  the  position  of  the  motor  to 
preserve  proper  distance  between  centers. 
On  account  of  the  high  speed  of  the 
motor,  cast  iron  would  not  be  as  suitable 
for  the  spur  gear  which  meshes  with 
the  gear  on  the  motor,  as  cast  steel,  or 
bronze,  or  a  wheel  with  wooden  teeth, 
all  of  which  withstand  vibrations  better 
than  cast  iron.  It  would  be  better  still 
to  employ  spral  gearing  or  some  form 
of  smooth  running  gear  wheels. 


Pressure  in   Discharge  Line 

When  a  pump  is  not  running,  what 
pressure  should  be  indicated  by  a  gage 
when  connected  with  the  pump's  dis- 
charge line  to  a  tank,  at  a  point  which 
is  125  ft.  below  the  tank,  with  10  ft.  depth 
of  water  in  the  tank?  What  causes  the 
gage  to  indicate  more  pressure  when  the 
pump  is  discharging  to  the  tank  and  upon 
what  does  the   increase  depend? 

A.  T. 

When  the  pump  is  at  rest  and  there 
is  no  leakage  or  discharge  from  the  line, 


the  total  head  at  the  gage  would  be  12^ 
+  10  =  135  ft.  The  pressure  per  fool 
of  head  being  0.433  lb.  per  square  inch 
the  gage  should  indicate 

135  X  0.433  =  58.455 
or  practically  58'/,  lb.  per  square  inch 
When  the  pump  is  discharging  to  ths 
tank  the  pressure  indicated  by  the  gage 
will  be  increased  by  the  amount  of  pres- 
sure lost  by  friction  beyond  the  place 
where  the  gage  is  attached.  The  amouni 
of  increase  depends  upon  the  size  and 
length  of  the  line,  the  fittings  in  the 
line  and  the  velocity  at  which  the  watei 
is   pumped   through   the   line. 


Friction  of  Elevator  Plunger 

When  the  plunger  of  a  plunger-type 
elevator  is  all  the  way  down  in  the  cylin- 
der, does  the  hydraulic  pressure  againsi 
the  cylindrical  surface  of  the  plungei 
create  frictional  resistance  to  starting  the 
plunger  in  motion  or  tend  to  retard  the 
plunger  while  it  -s  in  motion? 

H.  T. 

No;  fluid  friction  is  independent  of  the 
pressure  of  the  liquid. 


Ejfect  of  Boiler  Patch 

How  much  reduction  should  be  made 
in  the  pressure  carried  on  a  60-in.  diam- 
eter by  16-ft.  boiier  on  account  of  the 
shell  having  a  patch  15  in.  wide  by  18 
in.,  measured  girthwise  of  the  boiler? 
H.  F. 

If  the  patch  has  no  corners  less  than 
6  in.  radius,  is  made  of  soft  iron  well 
shaped  to  fit  up  against  the  boiler  shell 
and  has  a  single  row  of  rivets  equal  to 
the  girth-seam  riveting  of  the  boiler,  then 
the  presence  of  a  repair  patch  should  not 
require  any  reduction  in  pressure  to  be 
carried   on  the  boler. 


Tube  Expanders 

Is  it  good  practice  to  use  a  taper  plug 
for  expanding  the  ends  of  boiler  tubes? 
Is  a  roller  expander  better,  and,  if  so. 
why? 

H.  M. 

It  is  not  good  practice  to  expand  boiler 
tubes  by  swedgjng  their  ends  with  a  taper 
plug  as  it  crystallizes  the  tube  ends  and 
produces  irregular  bearing  of  the  tube 
around  the  tube-sheet  hole.  A  roller  ex- 
pander is  better  as  it  stretches  the  tube 
gradually  and  presses  the  inequalities  of 
the  tube  up  to  uniform  bearing  all  around 
the  tube-sheet  hole. 
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Study    Questions 

This  Week's  Questions 
Last  Week's  Answers 


31.  An  electrician  making  up  a  bank 
of  resistance  with  a  certain  number  of 
incandescent  lamps  (less  than  100), 
found  that  if  he  arranged  them  in  three 
rows  he  would  have  one  left  over,  in 
four  rows  two  left  over,  in  five  rows 
three  left  over  and  in  six  rows  four  left 
over.  How  many  lamps  had  he  and  in 
how  many  rows  could  he  arrange  them 
with  none  left  over? 

32.  A  water  tower  200  ft.  high  is  en- 
circled exactly  five  times  by  a  spiral  stair- 
way from  the  ground  to  the  top,  the 
length  of  which  measured  along  the  wall 
of  the  tower  is  282  ft.  10  in.  What  is  the 
diameter  of  the  tower? 

33.  How  many  degrees  above  abso- 
lute zero  is  each  of  the  following  tem- 
peratures: 60,  100  and  247  deg.  F.,  and  0 
and   100  deg.  C? 

34.  What  was  the  original  tempera- 
ture of  a  pound  of  cast  iron  (specific 
heat  =  0.13)  if  its  immersion  in  2  gal. 
of  water  at  62  deg.  F.  raises  the  tempera- 
ture of  the  water  to  71  deg.? 

35.  How  much  does  a  brick  chimney 
weigh,  32  ft.  hgh,  with  walls  8  in.  thick 
throughout,  if  it  measures  40  in.  square 
on  the  outside  at  the  top  and  40  in. 
square  on  the  inside  at  the  bottom,  as- 
suming the  brickwork  to  weigh  120  lb. 
per  cubic  foot? 


Ansivers  to  the  above  will  appear  in 
the  next  issue.  Answers  to  last  week' a 
questions  follow: 

26.  On  one  side  the  crank  and  con- 
necting-rod are  in  a  straight  line  so  that 
7'j  ft.  is  the  sum  of  their  lengths.  On 
the  other  side  a  right  triangle  is  formed 
by  the  connecting-rod  as  the  hypothenuse, 
the  crank  as  the  altitude  and  the  cross- 
head  to  axle  distance  as  the  base. 

Let 

X  =  Length  of  the  crank; 
IjA  —X  =  Length  of  the  connecting-rod. 
Since  the  hypothenuse  of  a  right  tri- 
angle equals  the  sum  of  the  squares  of 
the  other  two  sides, 

(7'j  —xV-  =  x'-  +  (6.125)  = 

56.25  —  \b  x  +  X-  =  x'  +  37.5156 

15  t  =    18.7344 

X   =    1.24896 

or  closely    1 54    ft.   or   15   in. 

71/  —  -Y  =  6.25104 
or  closely  6^   ft.  or  75  in. 

27.  Since  a  cube  is  the  form  of  a 
closed  rectangular  tank  having  the  least 
surface  area  for  a  given  volume,  each 
half  holds  its  maximum  and  it  naturally 
follows  that  a  half  a  cube  is  the  form  of 
an  open  tank  to  hold  the  most.    Certainly 


the  base  should  be  square  and  it  can  be 
shown  that  the  height  should  be  one-half 
of  one  edge  of  the  base. 

X 

Let  X  =  one  edge  of  the  base  and  r 
=  height.    Then  the  volume  is 

5c  X  r  X  ^  =  Y  =  S  '^"•/'• 

and 

x'=  16; 
X  =  2.5198  ft.; 

^=   1.2599  ft. 
The    tank    should    therefore    be    2    ft. 
6%  in.  by  2  ft.  6'4  in.  on  the  bottom  and 
1   ft.  3^   in.  high  and  will  have  a  total 
surface  area  of 
2.5198  X  2.5198  -|-  4  (2.5198  X   1.2599) 

=  19.048  sq.ft. 
To  prove  that  th's  tank  requires  the  least 
material  for  its  volume,  try  other  values 
for  the  height  each  side  of  the  one  de- 
termined and  figure  the  corresponding 
base  dimensions  and  it  will  be  found  that 
the  total  surface  areas  will  exceed  that 
given  above. 

28.  As  explained  in  answer  No.  24, 

1  deg.  F.  =  V,  deg.  C. 

1  deg.  C.  =  v.,  deg.  F. 
Account  must  be  taken  of  the  different 
zero  positions — on  the  Cent  grade  scale 
at  freezing  point  and  on  the  Fahrenheit 
scale  32  deg.  below  freezing.  Therefore, 
after  converting  a  Centigrade  reading  to 
Fahrenheit,  if  above  zero  32  deg.  must 
be  added,  and  if  below  zero,  32  deg.  sub- 
tracted, and-a  Fahrenheit  reading  before 
being  converted  to  Centigrade,  if  above 
zero,  must  have  32  deg.  subtracted  and 
if  below  zero  32  deg.  added. 

Deg.  F.   Deg.  C.  Deg.  C.  Deg.  F. 

5  =  —15  1  =    33  8 

14  =  —10  — flO  =  —22 

41  =     F,  —25  =  —13 

OS  =20  90  =   194 

15S  =    70  120  =   248 

26r>  =   130 

29.  The  section  of  the  bar  is  2  x  li 
=  1  sq.in.,  the  length  36  in.,  making  the 
volume  36  cu.in.  A  cubic  foot  (1728  in.) 
weighs  480  lb.;  then  36  cu.in.  weighs 

''>  ''-''•'■ 

30.  One  gallon  of  water  weighs  8.3356 
lb. 

_  work  in.  jt.-lb.  _ 

time  in  min.  X  33,000 
108,000  X  8.3356  X  250  ^ 
60  X  33,000 

Errata:  In  the  answer  to  question  14, 
June  4,  the  weight  of  the  ladder  was  in- 
advertently taken  as  62  lb.  when  the 
original  question  gave  it  as  60  lb.,  and 
the  length  of  the  ladder  as  25  ft.  when  it 
should  have  been  30  ft.  These  inac- 
curacies affected  equations  (a)  and  (c) 
which  should  have  been 

60  X  6.14085  =  368.451  (a) 

and 

30  X  sin.  65  deg.  50  min.  =  30  X  0.91236 
=  27.3708 


(c) 


and  the  moment 

X    X    27.3708 
making  the  correct  answer 
(X  X   27.3708)  —  368.451  —  1535.2125 
=  0 

1903.6635 


A'  = 


27.3708 


69.55  lb. 


Errata:  In  the  answer  to  question  19 
in  the  issue  of  June  11  an  error  was 
made  in  reducing  the  equation  for  v".  It 
should  have  been 


1737.794 


1805.1251 


0.9627 
V  —  42.48  ft.  per  second. 


New    York   State  Convention 
of  the  N.  A.  S.  E. 

The  seventeenth  annual  convention  of 
the  New  York  State  Association  of  the 
National  Association  was  held  at  Yonkers, 
June  14,  15  and  16,  with  headquarters  at 
the  Getty   House. 

More  than  one  hundred  firms  occupied 
booths  in  the  main  hall  of  the  armory, 
which  was  tastefully  decorated  and  ar- 
ranged for  the  largest  mechanical  ex- 
hibit in  the  history  of  the  state  associa- 
tion. The  meetings  of  the  delegates  were 
held  in  an  adjo'ning  hall,  making  it  con- 
venient for  them  to  visit  the  display. 
About  fifty  delegates  and  alternates  were 
present  besides  delegates  from  associa- 
tions in  all  parts  of  New  York  State  and 
New  Jersey.  The  exhibit  proved  of  great 
interest,  and  was  largely  attended  during 
the  three  days. 

The  convention  was  formally  opened  at 
ten  o'clock  on  Friday  morning.  Charles 
Graham,  chairman  of  the  local  committee, 
called  the  body  to  order  and  introduced 
Mayor  James  T.  Lennon,  who  made  a 
warm  speech  of  welcome.  National 
President  Edward  H.  Kearney  responded, 
and  spoke  upon  the  general  topics  of  the 
N.  A.  S.  E.  Nathan  A.  Warren,  president 
of  the  Chamber  of  Commerce,  talked  in- 
terestingly of  Yonkers,  and  James  R.  Coe, 
national  state  deputy,  responded.  Camp- 
bell Scott,  superintendent  of  the  Otis  Ele- 
vator Co.,  then  extended  an  invitation  to 
visit  the  company's  plant,  which  was  ac- 
knowledged by  State  Vice-president 
George  O.  Kaley.  Following  the  appoint- 
ment of  several  committees,  the  meeting 
adjourned  unt'l  Saturday  morning. 

At  the  remaining  sessions  the  business 
of  the  convention  v.'as  rapidly  and  har- 
moniously dispatched.  Financially  the 
organization  is  in  a  healthy  condition.  A 
resoluton  was  passed  to  have  one  dele- 
gate to  every  twenty-five  members  in- 
stead of  fifty  as  heretofore,  the  object 
being  to  get  a  bigger  representation.  A 
small  assessment  was  placed  upon  each 
member  of  the  association  connected  with 
the  state  association  for  the  advancement 
of  the  educational  work.  Edward  Lee  was 
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elected  a  committee  of  one  to  officiate 
with  the  labor  and  industrial  committee 
at  Albany  to  further  the  interest  in  the 
license  movement,  and  a  sum  not 
to  exceed  five  hundred  dollars  was  ap- 
propriated for  this  purpose. 

On  Friday  at  noon  the  delegates  and 
guests  inspected  the  Otis  Elevator  Co.'s 
works.  Lunch  was  served  and  the  visitors 
were  pleasantly  entertained.  That  after- 
noon many  of  the  guests  were  invited  to 
the  home  of  Tim  Healy,  president  of  the 
Firemen's  Associat  on,  where  they  were 
heartily  receiver  and  were  served  a  good 
dinner.  In  the  evening  an  enjoyable 
vaudeville  entertainment  was  given  in  the 
exhibition  had  by  the  New  York  "Bunch." 

Sunday  afternoon  there  was  a  sail  on 
the  Hudson  River  with  refreshments, 
music  and  dancing. 

The  election  of  state  officers  resulted 
as  follows:     George  O.  Kaley,  president; 


Cling  Surface  Co.,  Cochrane  Heaters,  C. 
T.  Coe  Co.,  Coralline  Drug  &  Chemical 
Co.,  Crandall  Packing  Co.,  M.  T.  David- 
son Co.,  Dearborn  Drug  &  Chemical 
Works,  Dodge  Manufacturing  Co.,  Duryea 
Manufacturing  Co.,  Eddy  Valve  Co.,  En- 
gineers Mill  &  Supply  Co.,  Erie  City 
Iron  Works,  Estate  of  Edward  R.  Laden, 
Fuel  Engineering  Co.,  Oarlock  Packing 
Co.,  Green  Fuel  Economizer  Co.,  Greene, 
Tweed  &  Co.,  Hawkeye  Compound  Co., 
Heine  Safety  Water  Tube  Boiler  Co., 
Hewes  &  Phillips  Iron  Works,  Homestead 
Valve  Manufacturing  Co.,  Home  Rubber 
Co.,  International  Acheson  Graphite  Co., 
Iron  Works  Co.,  Jefferson  Union  Co., 
Jenkins  Bros.,  Keystone  Lubricator  Co., 
Knickerbocker  Smokeless  Coal,  Lagonda 
Manufacturing  Co.,  Leslie  Co.,  Samuel 
Lewis,  Lunkenheimer  Co.,  McLeod  & 
Henry  Co.,  W.  B.  McVicker  Co.,  Manning, 
Maxwell  &  Moore,  H.  W.  Johns-Manville 
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Charles  Fradenberg,  vice-president;  Ed- 
ward Pruyn,  secretary;  William  Downes, 
treasurer;  George  Harris,  conductor; 
James  Fitzgerald,  doorkeeper;  Joseph 
Gregory,  chaplain;  E.  T.  Gilroy,  state 
deputy;  Past  President  Charles  Scha- 
becker,  special  state  deputy. 

It  was  unanimously  voted  to  hold  the 
next  convention  at  Yonkers  in  June,  1913. 

The  Exhibitors 

Albany  Lubricating  Co.,  Alberger  Pump 
&  Condenser  Co.,  Alsen  Cement,  Ameri- 
can Engine  Co.,  American  Huhn  Metallic 
Packing  Co.,  American  Steam  Gauge 
&  Valve  Manufacturing  Co.,  Amer- 
ican Tool  &  Machine  Co.,  V.  D. 
Anderson  Co.,  Armstrong  Cork  Co., 
Ashton  Laird  &  Co.,  Boig  &  Hill,  Buhne 
Metallic  Packing  Co.,  Chapman  Valve 
Manufacturing  Co.,  Clement  Restein  Co., 


Co.,  J.  O.  Meara,  Inc.,  National  Engi- 
neer, Nat'onal  Flue  Cleaner  Co.,  New 
York  Belting  &  Packing  Co.,  Ohio  In- 
jector Co.,  Otis  Elevator  Co.,  J.  E.  Paw- 
son  Co.,  Peerless  Rubber  Co.,  Phila- 
delphia Grease  Manufacturing  Co.,  Pitts 
&  Kitts  Manufacturing  &  Supply  Co., 
William  Powell  Co.,  Power,  Power  Spe- 
cialty Co.,  Piatt  Iron  Works,  Practical 
Engineer,  John  R.  Robinson,  A.  Roebling's 
Sons  Co.,  Roto  Co.,  Joseph  C.  Ryan, 
Schaeffer  &  Budenberg  Manufacturing 
Co.,  Sherwood  Manufacturing  Co.,  Ship- 
ley Construction  &  Supply  Co.,  Skinner 
&  Connolly.  Smooth-On  Manufacturing 
Co.,  Southern  Engineer,  C.  E.  Squires, 
Murphy  Stoker,  J.  L.  Trumby  Co.,  Under- 
Feed  Stoker  Co.  of  America,  Vulcan 
Soot  Cleaner,  Washburn  &  Granger,  F. 
W.  Webb  Manufacturing  Co.,  Westchester 
Lighting  Co. 


Kentucky  N.  A.  S.  E. 
Convention 

The  local  committee  at  Owensboro, 
where  the  tenth  annual  convention  of  the 
Kentucky  State  association  of  the  Na- 
tional Association  of  Stationary  Engi- 
neers was  held,  did  full  justice  to  the 
reputation  for  hospitality  which  the  Ken- 
tuckians  justly  enjoy.  Although  the  busi- 
ness part  of  the  convention  occupied  only 
two  days,  June  14  and  15,  many  dele- 
gates and  guests  were  on  the  grounds  so 
that  the  supplymen's  exhibit  was  opened 
a  day  earlier.  The  exhibit  and  the  busi- 
ness meetings  were  held  in  the  Owens- 
boro armory,  which  was  ideal  for  both 
purposes. 

The  convention  was  opened  by  J.  H. 
Oelze,  state  president,  at  10  a.m.,  Fri- 
day, June  14.  After  the  prayer  offered 
by  the  Rev.  Lewis  Powell,  Mayor  Lam- 
bert welcomed  the  members  and  guests 
to  Owensboro.  In  responding,  Fred  Raven, 
the  national  secretary,  told  of  the  work 
of  the  association  and  its  growth.  George 
H.  Cox  then  spoke  on  "Our  City,"  en- 
larging upon  the  physical,  financial  and 
social  advantages  of  Owensboro.  After 
the  various  committees  were  appointed  by 
President  Oelze,  the  exhibit  hall  was 
formally  opened  by  Charles  Cullen,  vice- 
president  of  the  Central  State  Exhibitors 
Association. 

The  afternoon  session  was  taken  up 
entirely  with  organization  business,  such 
as  reports  of  the  various  officers  and 
committees.  The  license-law  committee 
was  continued  with  the  same  personnel 
and  instructed  to  use  every  legitimate 
means  to  increase  public  interest  toward 
securing  the  enactment  of  a  competent 
law. 

For  the  evening  the  delegates  and 
visitors  were  the  guests  of  Kentucky  As- 
sociation No.  9  on  its  annual  moonlight 
excursion   on   the   Ohio    River. 

At  the  Saturday  morning  session  re- 
ports were  received  from  the  various 
standing  committees  and  numerous  ad- 
dresses were  made.  W.  H.  Corwin,  Ken- 
tucky Association  No.  2,  Ashland,  spoke 
on  "The  Benefits  To  Be  Derived  from  a 
License  Law  in  Kentucky."  Frederick 
L.  Ray,  Kentucky  Association  No.  1, 
Louisville,  delivered  two  papers,  one  en- 
titled, "Self-Reliance,  the  Power  Behind 
Many  Successful  Lives,"  in  which  he 
cited  many  examples  of  success  achieved 
in  the  face  of  almost  heart-breaking 
handicaps,  simply  through  self-reliance, 
and  one  on  "Our  Educational  Work,"  out- 
lining a  system  of  suitably  graded  ques- 
tions which  the  author  proposed  should 
be  published  each  month  in  the  official 
organ  of  the  association.  The  National 
Engineer.  The  questions  were  to  be 
d'ivided  into  three  grades,  elementary,  in- 
termediate and  advanced,  so  that  men  of 
all  stations  could  participate  and  the 
winners  in  each  grade  were  to  be  awarded 
cash  prizes. 
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E.  H.  Breidenbach,  Kentucky  Associa- 
tion No.  9,  Owensboro,  who  is  manager 
of  the  municipal  lighting  plant  and  water- 
works, gave  an  illustrated  lecture  on 
"Water  Purification"  in  which  he  de- 
scribed the  methods  employed  at  the 
plant  of  which  he  has  charge  and  which 
he  illustrated  with  numerous  photographs 
of  the  plant  itself. 

Charles  D.  Scott,  Kentucky  Associa- 
tion No.  8,  Henderson,  gave  a  brief  ad- 
dress on  "Engineering  in  a  Small  City," 
in  which  he  told  of  the  handicap  of  op- 
erating engineers  in  small  communities 
where  opportunities  for  advancement  are 
scarce. 

Hopkinsville  was  selected  as  the  meet- 
ing place  for  the  next  convention  and 
National  Secretary  Raven  installed  the 
following  officers,  elected  for  the  coming 
year:  J.  L.  Shrode,  Hopkinsville,  presi- 
dent; C.  Carroll,  Louisville,  vice-presi- 
.  dent;  J.  R.  Morris,  Hopkinsville,  secre- 
tary; E.  Kochenrath,  Louisville,  reelected 
treasurer;  J.  H.  Stamper,  Lexington,  con- 
ductor; J.  N.  Draper,  Henderson,  door- 
keeper; T.  E.  Hopkins,  Louisville,  state 
deputy. 

The  meeting  then  adjourned  and  the 
delegates  and  guests  assembled  in  a  large 
open  lot  adjacent  to  the  armory  where 
the  annual  barbecue  and  fish-fry  was 
held  at  I   p.m. 

In  the  afternoon  an  automobile  ride 
was  taken  to  various  parts  of  the  city 
and  in  the  evening  an  entertainment  was 
given  by  the  Central  States  Exhibitors 
Association. 

The  following  members  of  the  Central 
States  Exhibitors  Association  had  repre- 
sentatives in  attendance  and  suitable  ex- 
hibits of  their  products:  American  Steam 
Gauge  &  Valve  Manufacturing  Co.,  V. 
D.  Anderson  Co.,  Crandall  Packing  Co., 
Dearborn  Drug  &  Chemical  Co.,  Gariock 
Packing  Co.,  Greene,  Tweed  &  Co.,  Hawk- 
Eye  Compound  Co.,  Hills,  McCanna  Co., 
Home  Rubber  Co.,  Jenkins  Bros.,  H.  W.' 
Johns-Manville  Co.,  Keystone  Lubricat- 
ing Co.,  Lunkenheimer  Co.,  Osborne 
Valve  &  Joint  Co.,  William  Powell  Co., 
Power,  Schaeffer  &  Budenberg  Manu- 
facturing Co.,  C.  E.  Squires  Co.,  United 
States  Graphite  Co.  The  following  as- 
sociate members  were  also  represented 
and  had  exhibits:  Diamond  Power  Spe- 
cialty Co.,  W.  H.  Niell  Co.,  Lagonda 
Manufacturing  Co.,  Guenther-Wright  Ma- 
chine Co.,  James  Clark,  Jr.,  Electric  Co. 
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vice-president  on  international  relations; 
W.  D.  Weaver,  vice-president  on  organ- 
ization; Henry  A.  Lardner,  vice-president 
on  Pacific  Coast  relations;  Edward  B. 
Rosa,  secretary,  and  Preston  S.  Millar, 
treasurer  and  business  manager.  These 
officers  constitute  the  executive  committee 
and  were  appointed  by  President  Dunn,  of 
the  American  Institute  of  Electrical  En- 
gineers. 

In  addition,  President  Dunn  has  ap- 
pointed other  institute  members,  who  are 
also  members  of  other  national  bodies, 
to  cooperate  with  the  executive  committee 
in  the  work  of  the  congress.  Among 
the  associations  so  represented  are  the 
American  Electric  Association,  American 
Electrochem'cal  Society,  Association  of 
Edison  Illuminating  Companies,  Associa- 
tion of  Railway  Electrical  Engineers, 
Canadian  Electrical  Association,  Empire 
State  Gas  &  Electric  Association,  Franklin 
Institute,  Illuminating  Engineering  So- 
ciety, National  Bureau  of  Standards,  Na- 
tional Electric  Light  Association  and  So- 
ciety for  the  Promotion  of  Eng'neering 
Education.  The  committee  of  organiza- 
tion includes  members  appointed  from 
the  Pacific  Coast  and  56  members-at- 
large. 
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beneath  a  big  switchboard.  The  trans- 
former is  of  the  oil-cooled  type  and  a 
sudden  flash  of  electricity  ignited  and 
spattered  the  oil. 

An  idea  of  the  intensity  of  the  heat  in 
the  cable  pit  is  gained  from  conditions 
found  after  the  fire.  The  three-ply  cop- 
per cables  were  bound  by  steel  tape, 
which  was  encased  in  a  lead-pipe  cover- 
ing and  in  turn  covered  with  asbestos. 
The  heat  had  melted  the  lead  cover- 
ing and  so  affected  the  cables  as  to  make 
them  resemble,  in  the  words  of  Manager 
Farrand,  "a  bunch  of  spaghett'." 


Coaling  the   "Moltke" 

Before  starting  home  to  Kiel,  the  Ger- 
man squadron  was  coaled  at  its  anchor- 
age in  the  Hudson  River.  It  was  a  small 
job  to  fill  the  bunkers  of  the  "Stettin" 
and  the  "Bremen,"  but  it  took  200  of  the 
German  tars  all  day  to  put  the  3600 
tons  into  the  "Moltke"  necessary  to  make 
the  homeward  voyage. 

On  each  side  of  the  ship  two  big  der- 
ricks extended  over  the  coal  barges,  with 
six  pulleys  each  with  cable  connections. 
The  sacks  were  lowered  from  these  pul- 
leys to  the  barges,  filled  and  then  hooked 
and  hoisted  by  electric  winches  on  board, 
each  having  an  individual  motor.  As 
each  sack  swung  free  of  the  sides  of  the 
vessel,  which  are  covered  with  canvas 
and  padded  to  insure  them  against 
scratches,  two  sailors  seized  it  and  gave 
it  a  yank  which  sent  its  contents  down 
a  chute  to  the  bunkers. 


Burst  Flywheel 

At  2:30  a.m.,  June  11,  a  15-ton  flywheel 
of  the  stationary  engine  in  the  Dela- 
ware &  Hudson  Ry.  shops.  Green  Island, 
N.  Y.,  burst,  but  luckily  no  one  was  in- 
jured. The  wheel  was  14  ft.  in  diam- 
eter, with  a  36-in.  face.  During  the  day 
500  men  are  employed  about  the  shops, 
but  at  the  time  of  the  accident  only  the 
engineer  and  his  two  assistants  were  on 
watch. 

From  some  unknown  cause  the  main 
belt  of  the  engine  broke  and  wound 
around  one  of  the  pipes  running  across 
the  engine  room,  pulling  the  pipe  down 
and  breaking  the  flywheel  in  several 
places.  Large  pieces  of  the  wheel  went 
through  the  building,  landing  several 
hundred  feet  away.  One  piece  went 
through  the  roof  and  another  tore  up 
several  feet  of  railroad  track. 

This  is  the  first  accident  to  occur  in 
these  shops.  The  company  immediately 
had  a  new  wheel  made  and  fitted.  The 
damage  was  SI 000. 


Fire  at  Newark  Plant 


International   Electrical 
Congress 

The  officers  for  the  International  Elec- 
trical Congress,  to  be  held  in  San  Fran- 
cisco at  the  Panama-Pacific  Exhibition  in 
1915,  have  been  announced.  The  com- 
mittee of  organization :  Charies  P.  Ste'in- 
metz,  president;  Arthur  E.  Kennelly,  vice- 
president  on  program;   C.   O.   Mailloux, 


Four  substations  of  the  Public  Service 
Electric  Co.,  at  Newark,  N.  J.,  on  June 
13  were  shut  down  by  a  fire  which  burned 
out  the  cables  in  the  company's  power 
house.  Several  municipalities  supplied 
with  light  and  power  from  these  substa- 
tions were  cut  off  for  several  hours. 

It  was  at  first  thought  that  a  500-kw. 
transformer  had  blown  out,  but  Manager 
Farrand  said  it  was  impossible  to  say 
definitely  what  caused  the  trouble.  The 
cables   rendered   useless   were   in   a  pit 


Increased  Power  at   Ross- 
land,   B.   C. 

Anticipating  the  electrification  of  the 
Canadian  Pacific  Ry.  from  Castlegar  to 
Rossland,  B.  C,  the  direction  of  the  West 
Kootenay  Power  &  Light  Co.  will  increase 
the  capacity  of  the  No.  2  plant  at  Ben- 
nington Falls.  This  plant  has  two  units 
of  6600  hp.  each,  to  which  an  8000-hp. 
unit  will  be  added,  making  21,200  hp. 
available.  When  the  plant  was  built  space 
was  allowed   for  two  additional  units. 

With  the  increased  power  all  of  the 
trains  on  the  Columbia  &  Western 
branch  of  the  Canadian  Pacific  Ry.  can 
be  handled  with  power  to  spare.  Before 
the  road  can  be  electrically  operated 
poles  for  the  trolley  wires  will  have  to' 
be  erected.  Presumably,  the  road  will 
use  the  overhead  rather  than  the  third-rail 
system.  The  latter,  besides  being  a  men- 
ace to  life,  would  hardly  work  advantage- 
ously where  there  is  so  much  snow.  It 
■Mil  be  several  months  before  this  sec- 
tion of  the  road  is  ready  for  operation. 

In  191 1  America  produced  83,000  000 
barrels  of  petroleum. 
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Europe  Interested  in  Panama 
Exposition 

John  Hays  Hammond,  chairman  of  the 
American  commission  which  went  abroad 
to  arouse  the  interest  of  European  na- 
tions in  the  Panama- Pacific  Exposition 
at  San  Francisco  in  1915,  has  returned 
much  pleased  with  the  result  of  his  trip. 

"I  was  especially  pleased  with  our 
reception  in  Russia,"  he  said.  "For  a 
time  I  thought  our  efforts  there  would 
not  equal  our  success  in  southern  Europe 
on  account  of  the  slight  friction  between 
the  two  countries.  .  Now  Russia  is  in 
line  with  the  rest  and  will  be  represented 
at  the  exposition. 

"All  of  the  European  nations  have  al- 
ready made  preparations  for  representa- 
tion, and  we  had  no  trouble  in  interesting 
them." 


Increased  Use  of  Water  Power 

Of  the  30,000,000  hp.  used  in  in- 
dustrial and  public-utility  enterprises,  re- 
ports the  Commissioner  of  Corporations, 
6,000,000  hp.  is  now  developed  by  water. 
At  a  conservative  estimate,  this  saves 
33,000,000  tons  of  coal  per  year.  Sev- 
eral million  more  horsepower  could  profit- 
ably be  developed  from  the  same  inex- 
haustible source. 

Of  the  6,000,000  hp.  now  developed, 
3,270,755  is  generated  for  sale  (that  is, 
not  for  private  use,  as  in  manufactur- 
ing) by  companies  or  groups  of  interests 
having  50,000  hp.  or  more  actually  de- 
veloped or  under  construct'on.  The  re- 
port concludes  that  it  is  not  feasible  to 
regulate  the  price  of  water  power  by 
itself,  but  rather  to  control  the  sites,  or 
their  uses. 


SOCIETY  NOTES 

The  International  Association  of  Mu- 
nicipal Electricians  will  hold  its  annual 
convention  at  Peoria,  111.,  on  Aug.  26  to 
30. 

The  annual  meeting  of  the  Institute 
of  Operating  Engineers  will  be  held  at 
the  Engineering  Societ'es  Building,  New 
York,  Sept.  6  and  7.  Details  will  be  an- 
nounced as  the  program  takes  more 
definite  form. 

The  June  bullet'n  of  the  Institute  of 
Operating  Engineers  announces  that  the 
second  annual  meeting  will  be  on  Sept. 
6  and  7.  At  the  July  2  meeting,  William 
A.  T.  Wil'ink,  master  operating  engineer, 
will  read  a  paper  on  "Efficiency  in  Steam 
Boiler  Furnaces." 

The  sixteenth  annual  convention  of  the 
Connecticut  State  Association  of  the  Na- 
tional Associpfion  of  Stationary  Engineers 
will  be  held  in  BridReport,  June  28  and 
29.  The  committee  is  hard  at  work  mak- 
ing final  arrangements.     The  mechanical 


exhibit  will  be  the  largest  the  state  has 
yet  seen  and  there  will  be  an  unusually 
big  attendance  of  delegates.  A  good  pro- 
gram of  entertainment  has  been  com- 
pleted. 

At  the  June  20  meeting  of  the  Ameri- 
can Society  of  Engineer  Draftsmen  in 
the  Engineering  Societies  Building,  New 
York  City,  William  B.  Harsel,  the  vice- 
president,  will  read  a  paper  on  "Sheet 
Metal  Industris."  Prof.  William  Noyes, 
of  the  Teachers  College,  Columbia  Uni- 
versity, will  lecture  on  ".American  Woods 
for  Commercial  Purposes,"  illustrated  by 
the  stereopticon.  The  public  is  invited 
to  attend. 


SCHOOL  NOTES 

The  dinner  commemorating  the  twenty- 
fifth  anniversary  of  the  founding  of  Pratt 
Institute,  held  in  the  Twenty-third  Regi- 
ment Armory,  Brooklyn,  N.  Y.,  June  15, 
was  attended  by  about  1800  graduates 
and  former  and  present  students. 

Prof.  Levi  L.  Conant,  for  the  last  year 
acting  president  of  the  Worcester  Poly- 
technic Institute,  will  continue  in  that  ca- 
pacity the  coming  year.  Prof.  Z.  W. 
Coombs,  acting  secretary  since  the  death 
of  Secretary  J.  K.  Marshall,  three  years 
ago,  has  been  appomted  permanent  secre- 
tary by  the  trustees.  John  Harland  Nel- 
son, formerly  head  of  the  department  of 
applied  mechanics,  of  the  Case  School 
of  Applied  Science,  in  Cleveland,  will 
occupy  a  similar  position  here  next  year. 
Prof.  H.  C.  Ives,  formerly  assistant  pro- 
fessor of  ra'lroad  engineering,  has  been 
advanced  to  a  professorship. 


PERSONAL 

Nathan  Owitz,  of  New  York  City,  has 
been  made  manager  of  the  Wheeler  Con- 
denser &  Engineering  Co.'s  Cincinnati 
office. 

S.  R.  Guggenheim  has  been  chosen  a 
director  of  the  International  Pump  Co. 
in  place  of  Benjamin  Guggenheim,  who 
was  lost  on  the  "Titanic." 

Charles  A.  Moore,  president  of  Man- 
ning, Maxwell  &  Moore,  Inc.,  recently 
returned  from  Europe  after  an  absence 
of  nearly  two  years.  Mr.  Moore  is  in 
excellent  health  and  is  resuming  his  at- 
tention to  business. 

George  F.  Murphy  has  been  appointed 
Eastern  sales  representative  of  the 
Busch-Sulzer  Bros.  Diesel  Engine  Co., 
of  St.  Louis,  to  succeed  W.  R.  Haynie, 
with  offices  at  30  Church  St.,  New  York 
City. 

Joseph  V.  Woodworth,  consulting  en- 
gineer at  the  New  York  office  of  the  Taft- 
Peirce  Manufacturing  Co.,  Woonsocket, 
R.  I.,  resigned  recently  to  accept  a  sim- 
ilar position  with  the  Boston  Pressed 
Metal  Co.,  Worcester,  Mass.,  with  offices 


in  the  Tribune  Building,  154  Nassau  St., 
New  York  City. 

Joseph  H.  McNeil,  chief  inspector  of 
boilers  and  chairman  of  the  Board  of 
Boiler  Rules  of  the  State  of  Massa- 
chusetts, has  tendered  his  resignat'on,  to 
take  effect  June  30,  when  he  will  be- 
come chief  inspector  of  the  Boston  de- 
partment of  the  Hartford  Steam  Boiler 
Inspection  &  Insurance  Co. 

Mr.  McNeil  has  had  a  wide  and  valu- 
able experience  as  an  engineer  and  in- 
spector. He  was  born,  February,  1865, 
at  Charlottetown,  Prince  Edward's  Island, 
where  he  was  educated  in  the  public 
schools  and  Prince  of  Wales  College. 
He  served  sx  years  in  the  mechanical 
and  executive  department  of  the  Prince 
Edward  Island  Ry.  machine  and  boiler 
shop.  After  several  years  of  stationary- 
engineering  practice,  he  entered  the  mer- 
chant-marine service,  where  he  became  a 
chief  engineer  of  ocean-going  vessels, 
under  license  by  the  United  States  Gov- 
ernment and  the  British  Board  of  Trade. 

In  June,  1898,  he  was  appointed  ai 
inspector  of  boilers  and  examiner  of  en- 
igineers  for  Massachusetts.  In  a  reor- 
ganization of  the  boiler  department  in 
1906  he  took  the  civil-service  examina- 
tion and,  ranking  the  highest,  was  ap- 
pointed chief  inspector  of  the  department. 
Mr.  McNeil's  training  was  such  that  he 
saw  great  possibilities  in  an  improved 
method  of  treating  state  supervision  of 
boilers,  and  became  a  strong  supporter, 
if  not  the  very  father,  of  the  laws  of  1907 
which  created  the  Board  of  Boiler  Rules. 

When  the  law  was  passed  and  the 
rules  formulated,  they  were  so  much  in 
advance  of  other  legislation  and  super- 
vision that  they  created  some  opposition 
among  owners  and  boiler  builders,  but 
the  admin'stration  of  the  rules  has  been 
so  fairly  and  justly  performed  with  Mr. 
McNeil  as  the  chief  executive  that  they 
are  now  looked  upon  as  being  equitable 
by  the  different  interests  of  the  state  in 
every  way  and  are  being  adopted  with 
hut  few  changes  by  other  states  and  in 
one  city  even  as  far  away  as  Man'la, 
Luzon  Island.  Mr.  McNeil  is  a  member 
of  a  number  of  engineering  societies,  in- 
cluding the  American  Society  of  Mechan- 
ical Engneers. 
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Moments  with  the  Ad.  Editor 


You  remember  the  story  of  the  Ger- 
man who  was  scared  half  to  death  be- 
cause he  was  being  followed  by  a  loud- 
ly barking  bull  dog — 

A  friend  stopped  him  and  said, 
"Don't  be  afraid,  Heine;  when  a  dog  is 
wagging  his  tail  like  that  one,  he  won't 
bite  you.     Don't  you  know  that?" 

And  Heine  trembHngly  replied, 
"Sure,  /  know  it,  but  does  the  dog 
know  it?" 

You  see  there  are  cases  where  a  com- 
plete understanding  is  absolutely  neces- 
sary— and  that's  the  reason  for  these 
little  talks  on  advertising. 

It  has  become  highly  important  for 
every  man  of  influence  in  this  country 
to  understand  something  about  adver- 
tising— 

And  that  applies  to  all  you  men  who 
are  responsible  for  that  most  funda- 
mental element  of  modern  industry — 
the  generation  and  transmission  of 
power. 

Here's  one  way  to  look  at  it: 

Supposing  a  manufacturer  today  put 
out  a  device  for  use  in  power  plants. 
Supposing  it  was  bad  in  principle,  de- 
sign and  construction  and  wouldn't  do 
the  work  he  claimed  for  it.  Supposing 
he  wanted  to  advertise  it  in  "  Power  " 
and  sell  it  to  you  readers  of  the  paper — 


What  would  happen? 

Well,  in  the  first  place  "Power" 
wouldn't  print  his  ad  at  any  price — 
nor  would  any  other  reputable  paper. 

In  the  second  place  if  he  could  get 
an  ad  before  you,  the  chances  are  100 
to  1  that  you  would  see  the  flaws  in  his 
illustrations  and  claims  and  laugh  at 
him. 

Or  you  would  make  him  show  you 
his  product  and  prove  its  merit  before 
you'd  buy  it. 

But  even  if  he  did  succeed  in  selling 
some  of  his  appliances  and  they  failed 
to  do  the  work,  then  the  ones  who  had 
been  "stung"  would  advertise  the  fact 
broadcast  and  the  manufacturer  would 
go  to  the  wall. 

That's  just  about  the  chance  a  fake 
manufacturer  would  have  in  these  days 
of  modern  advertising — 

And  it  gives  you  an  idea  of  the  great 
protective  value  of  advertising. 

The  advertiser  of  today  makes  his 
space  pay  him  by  making  it  pay  you  to 
buy  his  article — and  that's  the  only  way 
in  the  world  any  advertising  can  be 
made  to  pay. 

Which  is  the  chief  reason  why  it  will 
pay  you  to  read  the  ads  in  "Power"  and 
buy  the  goods  advertised. 


BINDING  SECT.     JUN  1 2  «®| 


TJ 
1 
P7 
V.35 

Engin. 


Power 


EWSTNf  sramGE 

PLEASE  DO  NOT  REMOVE 
CARDS  OR  SLIPS  FROM  THIS  POCKET 

UNIVERSITY  OF  TORONTO  LIBRARY 


BIN«|N<Ei  SECT.      .JUN^^  ^9BE 


TJ 
1 
P7 
V.35 

Engln, 


Power 


PLEASE  DO  NOT  REMOVE 
CARDS  OR  SLIPS  FROM  THIS  POCKET 

UNIVERSITY  OF  TORONTO  LIBRARY 


